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AHHOTAUUSA

Paspabotka 3pdheKTUBHbIX MEXAaHWM3MOB NOAAEPXKKM TEXHONOMMYECKMX MHHOBALMI SBASETCS OLHOM U3 BaXKHbIX 33434 COB-
peMEeHHOM CUCTeMbI ynpaBeHus. B naHHOM cTaTbe 0606LatoTCst pe3ynbTaThl BHEAPEHMS HOBbIX TEXHONOMMI, 06ecneumnBLLIMX
NpopbIB B pa3BUTUM BO30OHOBISIEMbIX UCTOYHMKOB SHEPTMM U NOBEKLLIMX 32 COBOM BbITECHEHME C PbIHKA TPAAMLMOHHBIX Yre-
BOAOPOAHbIX MCTOYHMKOB TONNMBA. Ha ocHOBe 0606LLEHMSI AaHHbIX M MCMOb30BAHMS CUCTEMHOO aHaNM3a pacCMaTPUBAOTCS
cnepyoLme NpopbiBHbIE TEXHOMOMMU: LMbPOBU3ALIMS, HOBbIE 3/IEKTPOCETH, PbIHOK BaTapei, XpaHeHMe 3NeKTPOIHEPTHM, INeK-
TPUDUKALMS KOHEYHBIX CEKTOPOB 3HEpronoTpebneHus. [MpnBoanTCS ONMCcaHUE TEXHOMOMMIA M NMOKA3bIBAETCS BAUSHUE AAHHbIX
TEXHOJOIMI Ha pa3BUTHE BO30OHOBNSIEMbIX MCTOYHUKOB 3Heprun (BM3). Takke npuBeneH nepeyeHb MHHOBALMOHHbIX TEXHO-
NOTUM, KOTOopble BYAYT MMETb peLLatoLLEe 3HAYEHUE HA pbiHKE B GimKaiwem byayLiem: HoBble TexHonornm 1 BUD (Mopckas
COMTHEYHAs M BETPSIHAA SHEPreTHKa, PEaKTop C PacmniaBAeHHOM COMbHO, BOIHOBOE SHEPreTUYECKoe YCTPOMCTBO). B 3akntoumntens-
HOM YaCTU QHANIM3UPYHOTCS NEPCNEKTUBbLI Pa3BUTUS MHHOBALMOHHbIX TEXHOMOMMIA B POCCMM C TOUKM 3pEHUS TOCYAapPCTBEHHOM
NOALEPXKKM, CYLLECTBYHOLLMX MHULMATUB M NpobnieM npu BHeapeHun. Ha 0OCHOBaHMM NPOLENaHHOIO aHanu3a, a Takke ycnew-
Horo onbiTa Kutas u fepmMaHuu npensiokeHbl peKoMeHaLMKM Mo NOALEPXKKE HOBbIX SHEPreTUYecKnx TexHonormin B Poccuu.
OTMeyaeTcs, YTo, HECMOTPS Ha HaIMuMe 3HAUMTENBHOTO UCCIef0BaTeNbCKOro noTeHuuana B 60-80-e rr. XX B., coBpeMeHHoe
pa3BUTME HOBbIX TEXHONOIMI B Chepe BO30OHOBNISIEMONM SHEPreTUKM B HaLLeM CTpaHe NoKa HAaXOoAMTCS Ha HavyasbHOM 3Tarne
pa3BuTus. O60CHOBbIBAETCS LienecoobpasHOCTb NOAAEPKKM BHELPEHWS NMEePCNEKTUBHbIX TEXHOOMMI U KOMMIeKCa Mep, yrpo-
LWAWMX TpaHchep M BHEAPEHUE HOBbIX TEXHONOMMIA. [TOCKONbKY OAHOM U3 KNoUYeBbIX MPobIeM COBPEMEHHOMO 3KOHOMUYe-
CKOro pa3BuTMs Poccum SBRSIeTCS HU3KMIA MNATEXECNOCOOHbIM CNPOC, A5 NOAAEPXKKM BHEAPEHMS NEPCMNEKTUBHbIX TEXHONMOI M

npepnaraeTcs cybcManpoBaHue CO CTOPOHbI FOCYAAPCTBa YacTy 3aTpaTt Ha NprMobpeTeHMe HOBOro 060pyA0BaHMS.
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ABSTRACT
The development of effective mechanisms to support the introduction of new technologies is one of the important
tasks of a modern management system. The paper summarizes the results of the introduction of new technologies
that provided a breakthrough in the development of renewable energy sources (RES) and resulted in the displacement
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of traditional hydrocarbon fuel sources out of the market. The following breakthrough technologies which have been
based on the data generalization and system analysis are considered as: digitalization, new power grids, the battery
market, electricity storage, electrification of the final sectors of energy consumption. There have been given a description
of technologies that showed their influence on the development of renewable energy sources. The paper provides a
list of innovative renewable energy technologies that will play a decisive role in the market in the near future: new
technologies together with renewable energy sources (marine solar and wind energy, a molten salt reactor, a wave
energy device). The final part analyzes the prospects for the development of innovative technologies in Russia from
the point of view of the government support as well as existing initiatives and implementation problems. Based on the
analysis performed and the successful experience of China and Germany, there have been proposed recommendations
for supporting new energy technologies in Russia. Ramarkable that despite the presence of significant research potential
in the 60-80s of the XX century, the modern development of new technologies in the field of renewable energy is still
at the initial stage of development. The paper substantiated the expediency of supporting the introduction of promising
technologies and a set of measures to facilitate the transfer and introduction of new technologies. Due to one of the
key problems of modern economic development in Russia is low effective demand, there is proposed to subsidize part
of the cost of purchasing new equipment from the state in order to support the introduction of promising technologies.
Keywords: new technologies; energy; energy transition; digitalization; renewable energy sources; governmental support;
Internet of Things (loT)
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BeeneHune

YeTBepTast aHepreTuyeckasi peBoIOLMS IpuBea K 13-
MEHEeHNIO TeH,ZLeHLU/[ﬁ pa3BUTMS TOIVIMBHO-3HEPIreTn-
yeckoro komiuiekca (TOK): HameTmics COBUT OT UC-
MOTb30BaHMS TPAAUIIMOHHBIX TOTUVIMBHBIX 9HEPTOHO-
cuTeeil — yraeBolOPOOB, K 3eJIeHOl 3HepreTuKe, Tjie
0co6oe 3HaueHe MMEIOT BO30OHOB/ISIEMbIE MICTOUHVKI
sHepruu (BM3). BUD ABASIOTCS K/IIOUEBBIM SHEPTeTU-
YeCcKMM pellleHreM B 60pbbe ¢ M3MeHeHeM KIumMaTa.
JIuib pa3BUTME BO30OHOBISIEMOJ SHEPTETUKY U BHE-
IpeHye Mep I10 MOBbIIIeHUI0 9HeProsheKTUBHOCTU
MTO3BOJISIT COKPATUTh TTAPHUKOBbIE BHIOPOCHI Ha 90%
K 2050 T.

BmecTe ¢ TeM IMIMPOKO M3BECTHBI ITPOG/IEMBI BO300-
HOBJISIEMOJ SHEPTETHUKM : CE30HHOCTDb BHIPAOOTKY, 3aBU-
CMMOCTB OT ITOrofpl. 1o HeKOTOporo BpeMeHy BUD Taxske
IIEMOHCTPVPOBAIN SKOHOMUYECKYIO HeIPHEKTVBHOCTD
U, KaK He0OXOIVIMOE CJIeICTBME JIJIs BBDKMBAHMS Ha PhIH-
ke TOK, 3aBMCUMOCTD OT TOCYIaPCTBEHHO TTOIAEPKKI.
Unrerpanus BMD B sHepreTMueckye CUCTEMBI CTajla
BO3MOSKHOJ 671arofapst pa3BUTUIO 3JIEKTPOCETEBOTO
X035/ICTBa, MepaM I10 YIIPaBIeHNIO CITPOCOM (YCTaHOBKa
MHOTOTapM(MHBIX CYUETUYMKOB U ITMOKOCTH IIeH Ha 3JTeK-
TPO3HEPTUIO), PA3BUTUIO TEXHOTIOT I XpaHEHWS SHEPTUH,
a TakKe OTpacieBOMY B3aMMOMEIICTBUIO I TUOKOMY
MIPOM3BOJICTBY 3JIEKTPOIHEPTUM HA TPAAULIMOHHBIX
IEKTPOCTAHUMSIX. [laTeHTHASs IesITEIbHOCTD B 061a-
cty BUD cBUAETEeNbCTBYET O 3HAUUTETbHOM Pa3sBUTUN
B MOCJIeTHME TOIbl MHHOBAIMIA, @ UMCJIO BbIAAHHBIX
MaTeHTOB POCIIO C Temmnamu 6otee 12% B rofi, UTO CUIbHO

OIepeskasio POCT KOJIMUECTBA TeEXHOTOTMYECKUX MHHO-
BallMii B IPYTUX ceKTopax. Ilepuop 6ypHOTO PasBUTHS
MHHOBAIMIA COBIAaZAeT ¢ Bbixogom BMD Ha muaupyroiue
TO3ULIVM HA PbIHKe.

[TpeononeHno HECOBEPILIEHCTB HOBBIX ICTOYHNKOB
SHEePTUM U BBIXOAY Ha IMAUPYIOIIVE TTO3ULINY HA PhIHKE
CII0CO6CTBOBAJIO PA3BUTHE TEXHOJIOTHAIA, TIOBBIIIAIOLIX
KOHKYPEeHTOCIIOCOOHOCTb BM3 1 ynyuIaonyx MHBeCTH-
LIMOHHBIN KumaT. OTpacieBble MHHOBALM — KIII0YeBast
MPUYMHA aKTMBHOTO BHEIPEHMS TeXHOMOoruii B3 kak
CaMOro IMHAMMYHOTO CETMEHTa COBPEMEHHOTO SHep-
TeTUYeCKOTo PhIHKA.

OmHOBpeMeHHO ycrex B pasButuy BVID u 6picTpoe
yBeJIMUeHMe ee IoIY B 9HeprobasaHce 6bIIM CBSI3aHbI
€ MacIITabHOV TOCyIapCTBEHHO ITOMITEPYKKOIA, OKA3bI-
BaBIIIE}iCSI HOBBIM TEXHOJIOTUSIM B €BPOIIEICKMX CTPaHaXx.
3aKyIIKH 3€JIEHO MIEKTPOIHEPTUH 110 605Iee BHICOKMM
LieHaM, CyoCuamy KOMIIaHUSIM, TIePEXOSIM Ha UC-
MOJIb30BaHMe HOBBIX TEXHOJIOTUIA, 3aMeTHO TOMOT/IN
OTpac/u Ha TepBbIX 3Tarax pa3BUTHSI.

B pamKkax mcciefoBaHMsI aBTOpaMy CTaBUTCS 3a/1aua
BBISIBUTD U CUCTEMATU3UPOBATh KITFOUEBbIe TeXHOIOTUN,
orpeesisIolie TpeHabl pa3BuUTus BUD 1 npenyioxkuThb
MepbI TOCYIapCTBEHHO MOIeP’KKY SHEePreTUUeCKO
OTPAac/N, CIIOCOOCTBYIOIINE YCKOPEHNIO SHepreTuye-
CKOTO Tiepexoza.

B craTbhe paccMaTpuBarOTCS MHHOBALIMM, KOTOPbIe
obecITeuniv Iepexoy K MCIoib3oBaHmio BV3, mocmoco6-
CTBOBAJIM POCTY CIIPOCA Ha HOBbIE MICTOYHVKM SHEPTUN
U BBITECHEHMUIO YT/IEBOIOPOAOB. PackpbiBaeTcs BusiHME
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VMHHOBAIIMM Ha Pa3BUTME, KOHKYPEHTOCIIOCOOHOCTD Ha
PBIHKE ¥ 9KOHOMMYECKYIO MTPYUBIEKATETbHOCTD HOBBIX
MCTOUYHMKOB SHEPTMH. B 3aK/TIOUMTE/ILHOI YaCTy CTAaThy
060CHOBBIBAIOTCSI METO/IbI TOCYIAPCTBEHHO IO I PIKKIA
BHeJIpeHMsI HOBBIX TEXHOJIOTMI B cepe BUD.

HoBu3sHa mccienoBaHus 3aK/I04YA€TCS B BbIIBICHUN
M CUCTEMATM3ALY HOBBIX TEXHOJIOIMIA, OTIPeIeIsTIOIX
COBpPEMEeHHBIIi 3TaIl pa3BUTUS PhIHKA 3JIEKTPOIHEepre-
TUKU ¥ BBIOOP METOIOB FOCYIapPCTBEHHOI IO Ie P3KKIA
TeXHOJIOTMUeCKO MOIepHM3aLIY OTPaCIN.

VccremoBanye 6a3upyeTcst Ha MCITOJIb30OBaHUM Me-
TOIOB CUCTEMHOIO aHaj3a, 0000IEeHNN IIPOKOTO
KpyTa HayYHBIX MCTOYHNMKOB, OTPAsKAIOIIMX ITPOIIECChI
BHEIPeHNsT HOBbIX TeXHOJIOTHI1 B chepe BO30OHOB/ISIEMOIt
SHePreTUKH, TOCYIAPCTBEHHYIO ITOAIEePKKY BHEIPEHNST
HOBBIX TEXHOJIOTUIA.

COBpEMEHHbIe uccneaoBaHuUa

BJIUSAHUA TEXHOJIOTMYECKUX

MHHOBaLMK Ha passutnue BUI: akueHT

Ha KO/IMYeCTBEHHbIX MEeTOoOaX aHa/In3a

B coBpeMeHHO0I1 5KOHOMMUYECKO IUTepaType MMUPOKO
00CY>KIaeTcsl BIMSIHME TEXHOIOTMUeCKUX MHHOBAIIV
Ha pa3BUTHE COBPEMEHHOM 3HepreTuku. BasxkHo oTMme-
TUTH, YTO aKILEHT B UCCANO0BAHMSIX U TPUMeEHSIeMOM
Mcc/iefj0BaTeAbCKOM afiiapaTe CerofHs 4acTo CTa-
BUTCSI Ha UCIOIb30BaHMM KOMMYECTBEHHBIX METOJIOB
a”anusa. B cratpe P. HImuara n P. MapumnHCcKoOro A1
OIMCaHMsI TEXHOJIOTUYECKOTO ITPOPhIBA UCIIONb3YeT-
CsI MOJe/Ib YaCTUUYHOT'O PaBHOBECHUS MMTPOM3BOLCTBA
sHepruu [1]. Pe3ynbTaTsl uccaen0BaHMs TOKA3bIBAIOT,
YTO CYIIECTBYET ABA COCTOSIHUS 9KOHOMMKMN: C BBICO-
KMM ypOBHeM Mpou3sBojcTBa BUD u Huskum. [Tepexop,
K Gosiee 6IaTONIPUSITHOMY COCTOSIHMIO OTHOCUTETbHO
BO30OHOBJISIEMOIT SHEPTreTUKM XapaKTepu3yeT CKau-
KOOOPa3HbIil POCT aKTMBHOCTY B MCCIEIOBATETHCKOM
cextope R&D (Research and Development) u poct
uHBecTUMit B BUD. Ilepexon K Mcnonb30BaHMio BUD
MOTYT 0OeCIIeUNTh: YBeIMUEHMe CITPOca Ha SHEPTOHO-
CUTENIN, COKpAIleHNe TIPeIJIOKeHUS TPAIUIIMOHHBIX
TOIVIMBHBIX MCTOYHMKOB SHEPIMUM UJIN TOCYyAapCTBEH-
Hble Mepbl MOAAEPKKY. VIHTepeCHO TakKe, UTO Mepbl
T10 TIOBBIIIEHNIO 9HEPT03(hHEKTUBHOCTI MOTYT Hera-
TUBHO BJIMSITh Ha CTUMYJIBI K 9HEPTreTUUeCcKoMy Iie-
pexomy, TakK KaK MMeIOT TeHAEHIIMIO K CMSITYaloIeMy
acddeKTy Ha 1[eHbl Ha 9HEPTOpecypchl. B pesynbrarte
MepBbI M0 TOIePSKKe SHeProdOPEKTUBHOCTM TOKHBI
COTIIPOBOXAATHCS APYTMMMU JOMOJIHUTEIbHBIMU Mepa-
MM, HallpaBAeHHbIMM Ha BOCCTAHOBJIEHME CTUMYJ/IOB
K MHBeCcTHpoBaHuIo B BUD. Pe3ynbpTaTsl aHanm3a Tak-

Ke TTIOKa3aJiu CyIeCcTBOBaHMe PhIHOUHOTO ITpoBajia Kak
CJIe[ICTBUSI HECOBMAZIEHMSI COLMATIbHOTO Y PhIHOYHOTO
ONTUMYMa.

B cratbe §1. WkamuH, 1. Baonuus, . Kepyii, K. JIn
IMOCPeNCTBOM 3MITMPUYECKUX MOjesieli TPOBOAUTCS
aHa/IM3 BIIVSTHISI MTHHOBALIVIA B BO30OHOBIISIEMOI1 SHepre-
THKe Ha 3e/eHy10 TonuTuKy Kuras [2]. PacueTst aBTOpOB
TI03BOJIVJIN CA,E/IATh BBIBOM, UTO TEXHOJIOTUUECKIE NHHO-
BallM UTPAIOT 3HAUUTEIbHYIO POJIb TUIIb TOT/A, KOTAA
OTHOCUTENIbHBI YPOBEHb J0X0/Ia B peTMOHe TOCTUTaeT
oIpe[ieJIeHHOTO YPOBHSI, IPOXOIUT Yepe3 KPUTUUECKYIO
Touky. [Tocsie OCTVOKeHMST OTIpefe/IeHHOTO YPOBHS 10-
X0m0B 3(h(dEeKTUBHOCTb TEXHOIOTMYECKIX WHHOBAITI
BO3pacTaer.

B nccnemoBanum H. Bamatu u A. Paodu Taxke nme-
MOHCTPMPOBAJIaCh 3aBUCUMOCTD OIlpeensaouux B1o
(baxkTOpOB (TeXHOMOTMUECKMX, SKOHOMUYUECKUX, IKOJIO-
TUYeCKIX) OT YPOBHSI J,0XO0a CTpaHsl [3]. OqHOBpeMeHHO
pacueTbl 3TOT0 UCC/IeA0BaHMSI TIO3BOIWIIN MO TBEPAUTD,
YTO MMPOV3BOJICTBO BO30OHOBJISIEMOIT 9HEPT MM B 3HAUM -
TebHOM CTeleH! OTpenesieTcsl 9KCIIOPTOM COBpeMeH-
HbIX TeXHOJIOTUIi B pa3BUThIe CTPAHBI.

B cratbe U.-1] Cy, M. Ymap u LI. KxaH aBTOpbI IPUILLIN
K (JIeLYIOIIMM BbIBOAAM: 9KOJIOTMYECKYe MHHOBALUM
CTIOCOOCTBYIOT PACHIMPEHNIO SHEPTETUUECKOTO TIOTPes-
JileHus1 TocpencTBomM BUD 1 CHUKEHUIO UCTIONb30BaHMST
TPagUIIMOHHBIX SHEPTOHOCUTENEel — YIJIeBOA0POIOB
[4]. Taxske aBTOpamu ObLT C/ie/IaH BbIBOJ, UTO Ilepesiaya
OTBETCTBEHHOCTU U BIACTU MECTHBIM T'OCYapCTBEH-
HBIM OpraHaM IPUBEAET K MOBBIIIEHNIO SHEPTro3dhdek-
TUBHOCTY U IIEePEKIIOUEeHII0 SHeprobasaHca Ha 6osee
YCTOMUMBBIE UCTOUHMKY 3HepTrUn. CXOXKUI pe3yabTaT
ObUI ITOTYYEH TIPY aHAJIM3€e SHEPTEeTUUECKOro 6aaHca
B CKaHIMHABCKMX cTpaHax M. Mpangoycrom. Ero rumore-
3bI JIEMOHCTPUPOBA/IM OJHOHAIIPABJIEHHYIO TPUUMHHO-
CJIeICTBEHHYIO CBSI3b OT TEXHOJOTMYECKMX MHHOBALIMIA
B BI3, uTO CBUIETENBCTBYET O BAYKHOCTM MHHOBALIUI
IUISE Pa3BUTHSI BO30OHOBIISIEMOI SHEPTeTUKM [5].

[[IpoKo mccaeqoBaHO BIAMSIHME SHEPTeTUYECKUX TeX-
Hosoruii B cepe BMD Ha Bri6pock! CO,. B. Jlu u [Ix. Iy
ITI0Ka3aJIN BJIMsSIHME TEXHOJIOIrMYeCKX MHHOBALIIM Ha
cHpKeHue BbI6pocos CO,, KOTOpOe YCHIMBAETCs € pac-
MIMpEeHNEM reHeparyy B BO306HOBIISIEMOI SHepreTHKe
[6]. K moxoskuim BeiBogam npuiiy B. lllen u 10. Jleii [7].
PesynbTaThl MX UCC/IEIOBAHMS TOKA3/IM, YTO CTPAHBI
C BBICOKMM YPOBHEM 3arpsi3HeHMsI BO3AyXa OrpaHUeHbl
BO3MOSKHOCTSIMM COKPAIIeHNST BHIOPOCOB 13-3a MEHBbITIEN
o/ UcIionb3oBaHys BMD. Tem He MeHee TexXHOJIorMue-
CKVie MHHOBAIMI BIVSIIOT HanboJiee 3aMeTHO MMEHHO
Ha CTPaHbI C OTHOCUTEIbHO BbICOKMMY BbiOpocamu CO,.
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B cratbe T. By, l11. SIur n [Ix. TaH moka3ainm, 4To rocy-
JapCTBEHHbIE CYOCUIVM HA UCCTIENOBaHMSI 1 pa3paboTKM
cepst B3 MoryT 3aMeTHO YCKOPUTb MHBECTUPOBaHMe
B BUD 1 OBBICUTH BEPOSTHOCTD TPUBJIEUEHNSI BEHUYD-
HOro Kanurana [8].

TakumM 06pa3oMm, B OOJIBIIMHCTBE COBPEMEHHBIX UC-
CJ1eIO0BaHUII OTMEYaeTCsl TeCHAasl B3aMMOCBSI3b MEXKITY
BHeJIpeHNEeM TeXHOJOTUYeCKMX MHHOBALIUIA U pa3BU-
Trem BUD, nokaspiBaeTcs, 4YTO yCIIEIIHOe pa3BUTHE
BUD3 TpebyeT orpeieIeHHOT0, IOCTAaTOUHO BHICOKOTO
YPOBHSI IOXOIOB ITOTPeOUTENE, 060CHOBBIBAETCS] HEOI -
HO3HAYHOE BJIVSIHME MeP TOCYyAapCTBEHHOV MOAAEPKKI
Ha pa3BUTME HOBBIX TEXHOJIOTHUI B PACIIPOCTPaHEHME
3JIeKTpOTeHepaluy Ha OCHOBE MUCIOIb30BaHust BUD.

B Poccuy B roc/iemHIe TOAbl HAGMIOMAeTCs POCT WH-
Tepeca K pacKpbITHIO B3aMMOCBSI3€eli MeXIy BHEOPEeHMEM
HOBBIX TeXHOJIOTUA, U3MEHEeHVEM CTPYKTYPbl SHEPreTH-
4ecKoro KoMrIiekca 1 passutuem BUD. [Ipexne Bcero,
Ba&KHO OTMETHTb ABA (PyHAAMEHTATbHBIX MCCTIETOBAHMS,
nioarorosieHHbIXx UHOU PAH,— «Ponb HayuHO-TeXHMUe-
CKOTO Iporpecca B pasBuTum sHepretku Poccum» u «Ilep-
CTIeKTUBbI Pa3BUTVSI MMPOBOJ SHEPTETUKY C YIETOM BJIU-
STHUSI TEXHOJIOTMYeCcKoro nporpecca» [9, 10]. OTnenbHbie
aCITeKTbI BVISTHMS BHEIPEHYSI 11/(DPOBBIX TEXHOIOTHIA Ha
pa3BUTHE SHEPTETUKN PACCMATPUBAINCh B UCCTIENOBAHMSIX
H.W. Bopomnas, M.B. I'y6ko, C.I1. KoBanesa, JI.B. Mac-
cenb, /I.A. HoBukosa, A.H. PajikoBa, C.M. CeHgepoBa
1 B.A. CteHHMKOBA, a Takke [.B. XonkunHa n 1.C. Ya-
ycoBa [11, 12]. BuMmMaHue MHOIMX aBTOPOB IIPUBJIEKAIN
BOIPOCHI TOCYIapCTBEHHO roaaepskky BVID Ha paHHUX
JTarax pasBUTHS Y BHEIPEHMS HOBBIX TEXHOMOTMIA [13-15].
BmecTe ¢ Tem B iMTepaType MOKa HEeIOCTATOYHO MPeNCTaB-
JIEHbI Pe3Y/IbTaThl KOMILIEKCHBIX 00600IIeHNIT BIVSTHUSI
HOBBIX TEXHOJIOTMIT Ha TpaHcdopmalyio chepbl BUD,
Ba)KHBIE 151 OITpeZesieHNs HallpaBJIeHNii M MeXaHU3MOB
rOCyIapCTBEHHOM MOAAEPsKKI Pa3BUTHMSI JAHHOM OTpacin.

KnioueBble TexHonorum, cnoco6creoBaBsLLme

npopbiBy B pa3Butun BUD

Pa3BuTHE HOBBIX TEXHOJIOTUI B SHEPTETUKE — KITIO-
4yeBOif (haKTOP TOBBIIIEHNST KOHKYPEHTOCIIOCOGHOCTY
BUD Ha sHepreTmueckoM pbiHKe. HOBbIE TEXHOIOTUM

HaITpaBjIeHbl Ha pelieHye IpobieM, XapaKTePHBIX IS

BO300OHOBJISIEMOI SHEPTETUKI : HECTAOWIIBHOCTD BbI-
paboTKM, 3aBUCYMOCTb OT ITOTOZ[bI, SKOHOMMUYECKAS

He3(PPEeKTUBHOCTh Ha PAHHMX STalax BHEIPEHNs TeX-
HOJIOTMU. ABTOPBI MCCIENOBAHMS BbIIEIUIN CIIeIy-
IOIIVe TEXHOJIOTUH, TIOSIBJIEHVIE Y Pa3BUTME KOTOPBIX
B HaMOOJIbIIIE} CTeIeH) CII0COOCTBOBAIO PACIIMPEHIIO
MCIT0Nb30BaHMst BUD 3a cueT yBelMueHUsT JOCTYITHO-

¢, 3P HEKTUBHOCTH, @ TAKKE CHIKEHMS OKYTIa€MOCTY
MIPOEKTOB B chepe BO30GHOBIIIEMOI SHEPTETUKU

1) umdpoBuU3aLMsi: MHTEPHET Belleii, 6JI0KJYeiiH,
VICKYCCTBEHHBII MHTEJIJIEKT;

2) HOBBIE JIEKTPOCETH (BO30OHOBJISIEMbIE MUHM-
ceTu, CyrepceTu);

3) pBIHOK OaTapeii (baTapeu KOMMYHaJIbHOTO Ha-
3HAUEHMs], SHEPrOaKKyMY/IMPYIOIIe YCTPOCTBA);

4) cucTeMbl XpaHeHUsT TeKTPOoIHepTrun (BoI0-
poIHast SHepreTuKa, KpMOTeHHas CUCTeMa XpaHeH s
sHepruu, CCS, CCUS);

5) snmekTpu@UKaLVST KOHEYHBIX CEKTOPOB (MHTEJI-
JIEKTyaIbHAas 3apsiiKa 97IeKTPOMOOWIIEit, BO30OOHOBIISI-
eMast SHEPTUSI B CEKTOPE OTOIUIEHNS).

Ilanee IpMBOAUTCS aHAINU3 TIePEUNCIIEHHbIX TEXHO-
JIOTMI1 TI0 CJIeyIOIIeMy CLieHapHIO: OIMCaHK e TeXHOI0-
M, Kakyio mpobnemy BVD oHa pemaeT, Kak BauseT Ha
OKYITaeMOCTb ¥ Ha pa3BUTHE ITPOEKTOB B chepe BO300-
HOBJISIEMOI S9HEPTeTUKU.

UundpoBusaumsa: uHTepHeT BeLen,
610K4Y€elH, UCKYCCTBEHHbIN UHTEIEKT
Pa3BuTne 1M pOBBIX TEXHOIOTMIT HAUAIOCh ellle B 70-x
IT. TIPOIIJIOTO BeKa, OMHAKO ITOHAI00MI0Ch HECKOTBKO
JecsITUIeTHi, 4ToObl 3aTOBOPWIIM 00 MHTEpPHETE Be-
11eit, 6;1oKyeliHe U MCKYCCTBEHHOM MHTesutekTe! . Lind-
pPOBM3AIMS CAIeTaaa BO3MOXKXHBIM MaCIITabMPyeMOCThb
BU3 u yBenmumiia X OCTYITHOCTb: BOSHUKHOBEHME
MUHMU-CeTeil U cyrepcereli B BUD, pacripeneneHHON
reHepaiu 0Ka3aaoCh KIKUEBbIMU TEXHOIOTUUECKH-
MM pelleHMsIMI, 00eCIIeuMBIIMY ITPOpPsIB. LiyihpoBbie
TEXHOJIOTUM BHEC/M BKIaz, B 3¢ deKTMBHOe yIipaB/ieHe
CITPOCOM, ONITUMM3ALIMIO SHEPrOIOTPedIeHus (maoi. 1).

PasBuTtune anekTpocerei

(B0306HOBNSIEMbIE MUHU-CETU, CYyNnEepCeTH)
MuHu-cetn 1 cynepcety caenany BUD 6omee qocTyTi-
HOJi TeXHOJIOTMeN, pacIMpuiIn BO3MOXHOCTb X BHe-
IIPEHVISI, a TAKKe AENAl0T TIOTPeOIeHNe SIeKTPOIHEPIUN
60s1ee '’MOKUM M SKOHOMUYHBIM. CYIIIeCTBYET GOMbIION
TIOTEeHIIMA JIJIs1 yBemaeHust fomv BUD B motpebiennn
SHeprum IyTeM IepeHoca rnepemMmeHHbIx BUD 13 otoa-
JIEHHBIX, HO 60TaThIX pecypcaMy paiioHOB B IIEHTPBI
cripoca uepes cymnepcetu. MUHM-ceTH MMEIOT U TTy60-
KUt cCoUMaIbHbIN 3P dEKT: pacIipoCTPaHSIIOT 3IeKTPO-
SHEPIUIO B TPYIHOLOCTYIIHbIE PETVOHBI (Mmaon. 2).

! Ycropus ViHTepHeTa Beleii. C uero Bce HaumHanoch? URL:
https://perenio.ru/blog/the-history-of-the-internet-of-things
(mata obpamienus: 11.06.2020).
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Tabnuya 1 / Table 1

HanpaBneHus BnnsaHusA ungpoBbIX TEXHONOMMIA Ha NoBbileHUe 3hPEKTUBHOCTU NPOEKTOB
B cepe BUD / Impact of digital technologies on projects’ efficiency in renewables

TexHonorus /
Technology

Kpatkoe onucanue /
Brief description

KauectBeHHOe BnusiHMe Ha npoekTbl BUD /
Quantitative impact on RES projects

McKyCCTBEHHBIN
uHTennekT / Artificial
intelligence

Mpouecc 1 ymeHue
QHaNM3MpoBaTh AaHHbIE.
JdpdekTMBHasg nMuTaums
ynpasneHus notpebnesmem
3Hepruu [16] / Process

and ability to analyze data.
Efficient simulation of energy
consumption management
[16]

[porHo3upoBaHue NpUpoAHbIX YCNOBWIA, SHEpronoTpebneHus
30aHUAMM, BbIpaboTku BM3, noTepb B anekTpuyecknx cetax.
OnTuMm3auma paboTbl MMKPOCETU U GOTOINEKTPUYECKMX
naHenen, sHepronoTpebneHus.

JddeKkTMBHOE ynpaBneHue CrnpocoM: NoBbILLEHME
3bdEKTUBHOCTM B3aMMOLENCTBUS IHEPTOCUCTEMDI

n notpebutenent / Forecasting of natural conditions, buildings’
energy consumption, RES output and losses in electric networks.
Optimization of mini-grids and photovoltaic panels, of energy
consumption.

Efficient demand management: interaction between the energy
system and consumers improvement

MHTepHeT BeLlein.
B sHepreTuke /
Internet of Energy

WHTepHeT Bewwen

obbeauHseT ycTponcTea

B KOMIMbIOTEPHYIO CETb

1 no3BonseT UM cobumpartb,
aHanu3MpoBaTb, 06pabaTbiBaTh
1 nepenasaTb AaHHbIE APYTUM
obbekTaM. B aHepreTuke:
B3auMMoOAencTene

B NPOU3BOACTBE,

nepegaye u notpebneHunn
3nekTpo3Heprumn / The
Internet of Things unites
devices into a computer
network and allows to
collect, analyze, process

and transmit data to other
objects. In the energy sector
that means interaction in the
production, transmission and
consumption of electricity

Bo3mMoxHOCTb noakntoyeHns 60bLIOro KoMYecTea
[leLLeHTPanM30BaHHbIX 06bEKTOB Ha OCHOBE MHTENIEKTYaNbHOM
cetu (smart grid): 06beKTbl NPOM3BOACTBA 3N1EKTPO3IHEPTMM HA
BWD, xpaHeHune 3neKTpo3Heprumn C nomoLLbto 6aTapei, 6bIToBas
TeXHWKa, MHTENNeKTyanbHble U3MepuTenbHble ycTpoiictaa [17].
YnaneHHoe ynpasneHue 3HepronotpebneHnem, pacnpeneneHHas
reHepawLms: 3KOHOMMS EKTPO3HEPrumn, CaMOCTOSTENbHOE
Npou3BOACTBO C NOMOLLbi0 06bekToB BM3; pacnpocTtpaHeHue
BO306HOB/IIEMbIX TEXHOMOMMI CPEfU KOHEYHbIX NoTpebuTenein,
B TOM YMC/e JOMOXO3MCTB.

KoppekT1poBka npon3BOACTBa B CBA3M CO CMPOCOM B peasbHOM
BpPEMEHM, ypaBHOBELIMBAHWE Cripoca Ha 3Hepruto / The ability
to connect a large number of decentralized objects based on
intelligent network (smart grid): objects of electricity production
on renewable energy sources, storage of electricity using
batteries, household appliances, intelligent measuring devices
[17].

Remote energy management, distributed generation: energy
saving, self-production with the help of renewable energy
facilities; distribution of renewable technologies among end
users.

Adjustment of production in relation to demand in real time and
balancing of energy demand

BbnokueinH /
Blockchain

BbicTpoeHHas no
onpeaeneHHbIM Npasuiam
HenpepbiBHAA Lienoyka
6110K0B, KOTOpasi N03BOASET
CcUCTeMaTU3NPOBaThb

1 nepenasatb MHbOpMaumio /
A continuous chain of blocks
that allows to organize and
transmit the information

Co3naHue 1 BHeApeHWe MUHU-CETEN, KOTOpble 06beauHAOT
KOHEYHbIX Npou3BoAnTenei anepruto us BM3.

Co3paHue nnathopm, KOTopble NO3BONAKT MHBECTMPOBATL B BMD,
no scemy mupy [18] / Creation and implementation of mini-grids
that bring together end-producers of RES.

Creating platforms that allow to invest in RES around the world
(18]

UcmoyHuk / Source: pa3paboTaHO aBTOpaMu Ha ocHoBe: MoruneHko A.B. VICKyCCTBEHHbI MHTENNIEKT: METOLbI, TEXHONOTUK, MPUMEHEHUE

B JHepreTuke. AHanutnyeckuii 063op. MoprotoBneH PoccuitcknuM sHepreTuyeckum areHTcTBoM MunaHepro Poccuum. URL: https://in.minenergo.
gov.ru/upload/iblock/2f9/2f9942ed69077878d3421e1ba259312c.pdf (nata obpawenns: 11.09.2020); Yto Takoe nHTepHeT Bewwei? URL:
https://trends.rbc.ru/trends/industry/5db96f769a7947561444f118 (pata obpawenns: 11.09.2020); Parsons A. How loT, Al and blockchain lead
the way towards a smarter energy sector. URL: https://www.bairesdev.com/blog/iot-ai-and-blockchain-for-smarter-energy (aata obpalueHus:
11.09.2020) / developed by the authors based on: Mogilenko A.V.Artificial intelligence: methods, technologies, and applications in the energy
sector. Analytical review. Prepared by the Russian Energy Agency of the Russian Ministry of Energy. URL: https://in.minenergo.gov.ru/upload/
iblock/2f9/2f9942ed69077878d3421e1ba259312c.pdf (accessed on 11.09.2020); What is the Internet of things? URL: https://trends.rbc.
ru/trends/industry/5db96f769a7947561444f118 (accessed on 11.09.2020); Parsons A. How |oT, Al and blockchain lead the way towards a
smarter energy sector. URL: https://www.bairesdev.com/blog/iot-ai-and-blockchain-for-smarter-energy (accessed on 11.09.2020).
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Tabnuya 2 / Table 2

BnunsiHua HOBbIX 31€KTpoceTel Ha noBbiweHue 3(PHeKTMBHOCTM NPOEKTOB
B cepe BUD / Impact of new grids on projects’ efficiency in the field of RES

TexHonorus / Kpatk R A e KauecTtBeHHoe BaMsHMe Ha npoekTbl BUD /
Technology patkoe onucanue et descriptio Quantitative impact on RES projects
Munu-cetn / OpaHa 13 GopM MHTErpupoBaHHOM YBenuuenune nonu nepemeHHbix BM3 3a cyer
Mini-grids 3HepreTMyeckon MHAPACTPYKTYpbl paclMpeHns BO3IMOXKHOCTU UX BHELPEHUS.
C pacnpeneneHHbIMU 3HepreTMyeckumMm CHabykeHne OCHOBHOM CeTH yCayramu:
pecypcamu 1 Harpyskamu, obecneymBarot obecneyeHune rubkocTu, BHeLpeHUe
aBTOHOMHbIV NMOTEHLMAN ANs YLO0BNETBOPEHUS pacnpefeneHHbIX 3HepreTMYeckux pecypcos.
CMpOoCa Ha 3NEKTPO3HEPruio 3a CHET MECTHOTo [oBbIWweHMe HaAeXHOCTU NOCTABOK,
npou3BoacTBa. MUHKU-ceTH MOTyT BbITb MM6O 3KOHOMMM 3neKkTpoaHeprum / Increase of RES
M30/IMPOBAHHBIMU U MOMHOCTbIO aBTOHOMHbIMMU, share by raising the opportunities of their
nmMbo NoACOeaMHEHHBIMKU K OCHOBHOM ceTn / A implementation.
form of integrated energy infrastructure with Supply of the core network with services:
distributed energy resources and loads that flexibility and distributed energy resources
provide autonomous capacity to meet electricity | introduction.
demand through local production. Mini-grids can | Improving the reliability of supply, saving
be either isolated and completely autonomous, electricity
or connected to the main network
Cynepcetn / KpynHas nepepatoLias ceTb, KOTopas No3sBonseT bonee BbiCOKas HafEXHOCTb SHEProCHAbXEHMS,
Supergrids Toproeatb 601bWUMKU 06bEMaMM INEKTPOIHEPTUN | [OCTYMHOCTb FrEHEPUPYIOLLMX MOLLHOCTEN,
Ha 6onblumx paccTosHuax / A large transmission CHMXKEHWE CTOMMOCTU INEKTPOIHEPTUn
network that allows to trade large amounts of B permoHax, rmbkoctb cuctemol / The higher
electricity over long distances reliability of power supply, availability of
generating capacity, lower electricity cost in the
regions, flexibility of the system

McmouHuk / Source: pa3paboTaHo aBTopamu Ha ocHoBe: Innovation landscape brief: Renewable mini-grids. International Renewable Energy
Agency. 2019. URL: https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Sep/IRENA_Renewable_mini-grids_2019.pdf?la=en
&hash=CFE 9676B 470A96F7A974CB 619889F5810A06043E (nata obpaeHus: 12.09.2020) / developed by the authors based on: Innovation
landscape brief: Renewable mini-grids. International Renewable Energy Agency. 2019. URL: https://www.irena.org/-/media/Files/IRENA/
Agency/Publication/2019/Sep/IRENA_Renewable_mini-grids_2019.pdf?la=en &hash=CFE 9676B 470A96F7A974CB 619889F5810A06043E

(accessed on 12.09.2020).

PasButue pbiHka 6aTape (6aTtapeu
KOMMYHaJ/IbHOIO Ha3Ha4eHus,
JHEeproakKyMynupytowme yCTpomuCTBa)
XpaHeHMe SHEPTUM UMeeT pellamlee 3HaUeHMe IS
MHTerpanum 60JblINuX 06beMOB IepeMeHHbIX B3I
B sHeprocuctemy. CTOMMOCTb 6aTapeil MoCTerneHHo
CHIKAETCST, YTO B COYETAHUM C BO3POCIIMM CIIPOCOM Ha
7IEKTPOMOOWIV U TIOSIBJIEHMEM U PA3BUTUEM YCTONYM-
BBIX MPEATIPUSITHI TPUBEJIO K 3HAYNTETbHOMY POCTY
MCCIIeNOBaHMI ¥ pa3paboToK B cepe co3maHus SHep-
TOaKKYMY/IMPYIOIIMX YCTPOVCTB. TexHomoruy 6atapert
TTO3BOJISIIOT JIETUe CO3aBaTh ¥ HaKaIUIMBATh SHEPTUIO
B TEMHOE BPeMSI CyTOK, 6e3BeTpeHHbIe THU, UTO CITO0-
COOCTBYET pacIIMpeHiIo UCIToNb3oBaumsa BUD? (maoi. 3).

2 The top 6 Renewable Energy Breakthrougs of 2018. Green Tech
Talk. 2018. URL: https://www.greentechtalk.com/renewable-
energy-breakthroughs-2018 (maTa o6pamienns: 11.09.2020).

XpaHeHue 3neKTpo3Heprum

(BoAOpOAHaA SKOHOMMKA,

KpuoreHHasa cucreMa XpaHeHus

SHepruu, CucTtemMbl ynaBinBaHuAa

v yaepxanua CO, — CCS, CCUS)

Barapen 3apekoMeHmoBaiu cebst Kak MpeKkpacHoe
pelieHue IJisg XpaHeHUSI HeOOAbMNUX 06bEMOB
37eKTPOIHEePTUM, UTO a0 TOTUYOK K Pa3BUTUIO
anekTpoMobmieit u B3, Tak Kak MosiBUIach BO3-
MOJKHOCTb JIOKaJIbHO aKKyMYJIMPOBaTh 3HEPTUIO.
Tem He MeHee MCIOJb30BaHMe 6aTapeli B Mpo-
MBINIJIEHHBIX MaciITabax Bce ellle He SBJsSeTCs
OTNTUMAaAbHBIM pellleHMeM. B TpoMBbIIIIe HHbIX
MacumTabax XpaHeHUs 37eKTPOIHepTUN pa3Bu-
THI0 BMD crioco6CTBYIOT BOLOPOHASI SHEPTETHUKA,
KpMOTEeHHas CUCTeMa XpaHeHMUsI SHePrun, a Takxe
cucTembl ynaBianBanus u yaepxauus CO, — CCS,
CCUS (mabn. 4).
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Tabnuya 3/ Table 3

BnusHua passutus poiHka 6atapeit Ha noBbilweHue 3¢ PEKTMBHOCTU NpoeKToB B cepe BUI /
The impact of battery market development on improving the efficiency of RES projects

TexHonorusa /
Technology

Kpatkoe onucanue / Brief description

KauecTtBeHHOe BausiHMe Ha npoekTbl BUD /
Quantitative impact on RES projects

batapeu ans
KOMMYHaNnbHOro
cektopa / Utility-
scale batteries

Hanbonee pacnpoctpaHeHHas TexHonorus
[aHHOM BaTapen — NUTUN-UOHHbIE
AKKYMY/STOPbI, KOTOPbIE TaKXKe 4acTo
MCMOJb3YHTCS B INEKTPOMOOUASX.

batapeu onTMManbHbl A8 UCMONb30BAHMUSA

B SHEPreTMKe Kak B Ka4ecTBe pe3epBHbIX
MOLLHOCTEI Ha Cly4alt MUKOBbIX HArpy3oKk,
Tak M B KaYecTBe CUCTEM A/ig obecrneyeHus
KayecTBa 3nekTpocHabxeHus. Bcnencrane
4acToro neperpesa He NoAXOASAT Ans
MPOMBILNIEHHbIX NPEANPUSTUIA, B OTINYUE OT
MpOTOYHbIX BaTapeil.

lMpoToyHble HaTtapen MCNoNb3yHTCS ANs
XPaHEHMS 3NEKTPOIHEPTUM, TPOU3BEAEHHON

Ha anekTpocTaHuumsix / The most common
technology of this battery is lithium-ion batteries,
which are often used in electric vehicles. The
batteries are applicable for use in the energy
sector, both as backup capacity in case of peak
loads and as opportunities to ensure the quality
of electricity supply. Due to frequent overheating,
these batteries are not suitable for industrial
enterprises, unlike flow batteries.

Flow batteries are used to store electricity
produced in power plants

Crabunusaums 4acToTbl, aBapUiiHbIN 3anycK

13 06eCTOYEHHOr0 COCTOSHUS.

CucteMa akKyMynSTOpOB MOMOraeT OTCPOUUTD
HeobX0AMMOCTb MHBECTUPOBAHMS B MUKOBOE
NPOW3BOACTBO M pacluMpeHne mMacluTabos
3HeprocucTem.

XpaHeHuWe U3NULLKOB 3Hepruu n passuTme BU.

B nape ¢ BO306HOBNSIEMbIMU FEHEPATOPAMU
6aTapewu No3BONSIOT MPOM3BOAUTb INEKTPOIHEPTUIO
B M30/IMPOBAHHbBIX CETAX U YAANEHHbIX
nocenenuax / Frequency stabilization, emergency
start from de-energized state.

The battery system helps delay the need to invest
in peak production and expansion of power
systems.

Storage of excess energy and development of
renewable energy sources.

The batteries can produce electricity in isolated
networks and remote settlements with renewable
generators

Hebonblumne
CTauMoHapHble
6atapeu / Behind-
the-meter batteries

Bbatapen BTM (behind-the-meter), unu
HebonblUMe CTaLMOHApHbIe BaTapeu,
MOAK/TIOYAIOTCS 32 CYETYMKOM KOMMYHANbHbIX
yCIyr KOMMEpPYeCKMX, MPOMbILLIEHHbIX

WK XUNbIX NOTpebuTenelt B nepeyto
oyepenp C LieNbio 3KOHOMUM CHETOB 3a
anekTposHepruio / BTM (behind-the-meter)
batteries, or small stationary batteries,

are connected behind the utility meter

of commercial, industrial or residential
consumers, primarily to save energy bills

Akkymynstopbl BTM moryT o6ecneunsatb
noaLepKKy HanNpsKeHWS, YaCToTbl, @ TaKXKe Apyrux
riokasarenei AN CUCTEMHbIX ONEPaTopoB.
AKKYMYNSITOpbl MO3BOISIOT KOMMNEHCUMPOBaTh
TPaAULMOHHbIE MHBECTULMM B NEpesayy,
pacnpegeneHve 1 reHepaLmio 3NeKTPO3HEPTUM,
roMoras CHW3WTb MUKOBYIO HArpy3Ky B cUCTEME.

B cucremax MMHU-ceTeln Ha ocHoBe BM3
AKKyMynsTopbl 06ecneynBatoT CTabunbHOCTb

1 CNocoBCTBYIOT 3aMeHe AM3eNbHbIX reHepaTopos /
BTM batteries can provide support for voltage,
frequency and other indicators for system operators.
The batteries compensate for traditional
investments in transmission, distribution and
generation of electricity, which helps to reduce the
peak load in the system.

In mini-grid systems based on renewable energy,
batteries provide stability and facilitate the
replacement of diesel generators

McmoyHuk / Source: pa3pabotaHo aBTopaMu Ha ocHoBe: Innovation landscape brief: Utility-scale batteries. International Renewable Energy
Agency. 2019. URL: https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Sep/IRENA_Utility-scale-batteries_2019.pdf (aata
obpateHus: 12.09.2020); BU3 + nautuit-moHHble akkymynstopbl = 6yayuee. URL: https://www.liotech.ru/media/vie-litiy-ionnye-akkumulyatory-
budushchee (nata obpawenus: 12.09.2020); 3aropckuit . CozpaHa npotoyHas b6atapes Bbicokon emkoctu. URL: https://www.vesti.ru/nauka/
article/1043517 (pata obpaenuns: 14.09.2020); Utility-scale batteries. Innovation landscape brief. URL: https://www.irena.org/-/media/Files/
IRENA/Agency/Publication/2019/Sep/IRENA_Utility-scale-batteries_2019.pdf (nata obpaienus: 14.09.2020) / developed by the authors based
on: Innovation landscape brief: Utility-scale batteries. International Renewable Energy Agency. 2019. URL: https://www.irena.org/-/media/Files/
IRENA/Agency/Publication/2019/Sep/IRENA_Utility-scale-batteries_2019.pdf (accessed on 12.09.2020); RES + lithium-ion batteries = future. URL:
https://www.liotech.ru/media/vie-litiy-ionnye-akkumulyatory-budushchee (accessed on 14.09.2020). Zagorskii I. A high-capacity flow battery has
been created. URL: https://www.vesti.ru/nauka/article/1043517 (accessed on 14.09.2020); Utility-scale batteries. Innovation landscape brief. URL:
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Sep/IRENA_Utility-scale-batteries_2019.pdf (accessed on 14.09.2020).
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Tabnuya 4 / Table 4
HoBble TexHonorun xpaHeHus sHepruum u passutue BUD / New storage technologies and RES development
TexHonorusa / . .. KauecTBeHHOe BnusiHMe Ha npoekTbl BUD /
Technology AP COE L U R Quantitative impact on RES projects
BopopoaHas Bonopoa BO3MOXXHO NPOM3BECTM M3 pasHbIX 3eneHblt BOAOPOA peLuaeT age
JHepreTunka / MCTOYHUKOB 3HEPTUN U TAaKUM 06pa30M BO3HUKaeT npuHUUNUanbHblE I'IpoﬁﬂeMbI JHEepreTuku:
Hydrogen BO3MOXHOCTb OMOCPELOBAaHHO XPaHWUTb HepaBHOMepHas 3arpyska cetu
energetics M TPAHCNOPTUPOBATL 3NEKTPOIHEPTUIO. 3€NEHDIN 1 HecTabunbHaa Bbipabotka B3 / “Green”
BOLOPOA MNPaKTUYECKM NONHOCTbIO YCTPaHAET hydrogen solves two fundamental problems
BbIOPOCHI M NPOM3BOAMTCS MOCPEACTBOM anekTponusa | of energy: unbalanced network load and
C ucnonb3oBaHnem BM3, 3ameTHO cnocobeTByeT unstable generation of renewable energy
pacnpoctpaHenuto BU3 / It is possible to produce sources
hydrogen from different energy sources and thus
electricity can be stored and transported indirectly.
“Green” hydrogen almost completely eliminates
emissions and while being produced by electrolysis
using RES, significantly contributes to the spread of
renewables
KpuoreHHas KpvoreHHas 3nekTpoCcTaHuMs HaKanIMBaeT SHEPTUIO Monnepxka cuCTeMbI Nepeaayn
cuctema BO BPEMSsl OTHOCUTENIbHO HEBbICOKOTO NoTpebaeHus W pacnpeneneHns 3neKTpo3Heprum.
XpaHeHus / MyTEM OXNIAXAEHMS BO3LYXa M NOC/EAYHOLLErO [nuTenbHoe XxpaHeHUe 3Hepruun No3BoOUT
Cryogenic system XpaHeHus ero B xuakon dopme / A cryogenic power onepaTopaMm yBeNUYUTb pa3BuTue
of storage plant accumulates energy during relatively low BO306HOBNEMOW 3HepreTukn 6es
consumption by cooling the air and then storing it in HeobX0AMMOCTM MCMOMNb30BaTb IHEPTUID
liquid form MCKOMaeMoro TOrinBa A8 KOMMNeHcaumm
nepe6oeB B NOCTaBKax 3MEKTPO3IHEPrum oT
BW3 / Support for power transmission and
distribution systems. Long-term energy
storage allows to stop offsetting shortfalls
in renewable electricity supply by fossil fuel
energy
YnasnuBaHue TexHonorun CCU (carbon capture and utilization) — JHeprus, nonyyeHHas 6narogaps BU3,
u xpaHenwe CO, / ynaBsnaunBaHue u ytunusaumus yrnepoga u CCS MOXET ObITb UCNONb30BaHA AN NONYYEHUS
CCy, CCs (carbon capture and storage) — ynaBnuMBaHue OTHOCWTENbHO [ELIEBOro 3eN1eHoro
U XpaHeHUWe yrepoaa SBASOTCS eLe OAHUM LUAroM BoAopoaa / Renewable energy can be
no MMHUMM3aumn Bbibpocos CO,. OnHa TexHonorus used to produce relatively cheap “green”
BPSA4 M CMOXET 3aMEHUTb APYryto, OLHAKO OHU hydrogen
MOTYT CYLL,ECTBOBATb COBMECTHO U LLOMOHSATb APYT
apyra / CCU (carbon capture and utilization) and CCS
(carbon capture and storage) can also contribute to
minimizing of CO, emissions. One technology unlikely
replaces the other, but they can complement each
other

McmoyHuk / Source: paspaboTtaHo aBTopamu Ha ocHoge: Deign J. So, what exactly is green hydrogen? Greentech Media. URL: https://www.
greentechmedia.com/articles/read/green-hydrogen-explained (nata o6pawenus: 11.09.2020); Cryogenic storage offers hope for renewable
energy. URL: https://www.bbc.com/news/science-environment-37902773 (nata obpawenus: 11.09.2020); KproreHHble cucTeMbl HakonneHus
1 xpaHeHus aHepruun. Engineering Technical Services & Know-how. URL: https://engineeringtsk.com/articles/tekhnologii/kriogennye-sistemy-
nakopleniya-i-khraneniya-energii (aata obpaenus: 11.09.2020); CCU or CCS? CCUS may be the answer. Sintef blog. URL: https://blog.sintef.
com/sintefenergy/ccu-or-ccs-ccus-may-be-the-answer (nata obpauwenus: 12.09.2020) / developed by the authors based on: Deign J. So, what
exactly is green hydrogen? Greentech Media. URL: https://www.greentechmedia.com/articles/read/green-hydrogen-explained (accessed on
11.09.2020); Cryogenic storage offers hope for renewable energy. URL: https://www.bbc.com/news/science-environment-37902773 (accessed
on 11.09.2020); Cryogenic energy storage and storage systems. Engineering Technical Services & Know-how. URL: https://engineeringtsk.
com/articles/tekhnologii/kriogennye-sistemy-nakopleniya-i-khraneniya-energii (accessed on 11.09.2020); CCU or CCS? CCUS may be the
answer. Sintef blog. URL: https://blog.sintef.com/sintefenergy/ccu-or-ccs-ccus-may-be-the-answer (accessed on 12.09.2020).
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AnekTpuPUKaLma KOHEYHbIX CEKTOPOB
(MHTennekTyanbHas 3apaaka
aneKkTpomobuneit, BO306HOBNsSIEMas
3Heprus B CEKTope OTOMAeHUs)
dnekTpudUKaIMS KOHEUHBIX CEKTOPOB — paciimpe-
HME 3JIeKTPONOTPebIeHMs B JOMANTHMUX X03SCTBAaX
BMECTO MCITOJIb30BaHMSI TPAAUIIMOHHBIX TEXHOIOT A,
6asupyIONIMXCS Ha MCIIOAb30BAHUM MCKOTIAEMOTO
TOIUIVBA, SIBJISIETCST KIIOYEBBIM aclleKTOM pa3BUTUS
BUD, HamboIee MHTEHCMBHO BBITECHSIOUIMM YIJIEBO-
IIOPOJHbIE METObI IPe0bpa3oBaHms sHeprun. Tem
He MeHee, HECMOTPSI Ha 3aMeTHbIe yCIieXu B pa3BUTUM
MMEHHO 3TOT0 HalpaBJjieHus], B KOHIE MPOIIJIOTO JIeCs-
TUJIETHS TOJIST TTOTPEeOIeHMs SHEPT UM, TTPOV3BEIeHHO
¢ TTIoMoIIbI0 BMD B KOHEUHBIX CEKTOPAaX SKOHOMMUKH,
OblJIa 3HAUMTEIbHO MEHbIIIE, YUeM OT TPaTUIMOHHBIX
TOIUIMBHBIX UCTOUHMKOB. CaMbIii GOJIBIION pa3phiB
MO-TIpeskHEMY JeMOHCTPUPOBA TPaHCIIOPTHBIN CeK-
TOD, IJIe OOJs MoTpebaeHus sHeprum ot BUD B o6iiem
SHEProIoTpedIeHNny CocTaBIsIa Becero 1%3. B cekTope
OTOTUIEHMSI U MTPSIMOTO MCITO/Ib30BaHMSI TAKXKe OIPOM-
HBII TOTEHLIVAI K BHEAPEHUIO 3€JIeHbIX TEXHOIOT U
(mabn. 5). OgHaKo u 3ech moist BUD 1moka ocraeTcst He
OYeHb BBICOKOI.

LndpoBu3aiys, yMHbIE IEKTPOCETH, COBPEMEHHbIE
CUCTEeMbI XpaHEeHMSI 2JIEKTPOIHEPTHUH, a TAKKe SIeKTPU-
(bMKaLysI KOHEYHBIX CEKTOPOB 9KOHOMMKM CITOCOGCTBO-
BaJIM IIPOPBIBY B pasBUTUM BMD 1 BEITECHEHMIO YITIEBO-
IIOPOJIOB C SHEPreTUUECKOTO PbIHKA. HOBbIE TeXHOIOrMM
TTO3BOJIMJIM PEIIUTD ITPOOJIEMbI, XapaKTepHble aj1st BUI:
HeIpeaCcKa3yeMOCTh BbIPAOGOTKY SHEPTUM, CJIOKHOCTH
XpaHeHMsI SHePIUM, OTCYTCTBIUE TMOKOCTY — U, KaK CJIel-
CTBUE, 9KOHOMMYecKast Hea(HeKTUBHOCTb pPa3BUTHS
TEXHOJIOTMI1 Ha TIePBbIX 3Tarax pa3BUTHSI OTPAC/IN.

MHHOBaLMOHHbIE JHepreTuyecKkue
TexHonoruu BUD

TeHIeHUINS K YBEIMYEHUIO YCTAHOBIEHHO MOLTHOCTY
BUD Habmropaetcst BO Bcem Mupe. Tak, yCTaHOBIEHHbIE
MOIIHOCTU COTHeuHo sHepretuku B 2018 u B 2019 rr.
eKeroiHO YBeJIMUMIIMCh Ha 25% 110 CpaBHEHMIO C ITpe-
opiaymum rogom. ITo oneHkam MeXayHapOgHOTO
areHTCTBA 110 BO30OHOB/ISIEMBIM MCTOYHMKAM SHEPTUU
(International Renewable Energy Agency, IRENA), ajist
obecrieueHMs] S9HEPTeTUUECKOTO0 Ilepexona U JOCTU-

3 Renewable energy in the end-use sectors. International
Renewable Energy Agency. 2018. URL: https://www.irena.org/-/
media/Files/IRENA/Agency/Events/2018/Nov/IRENA_End-use-
sector-policy.pdf?la=en &hash=60CFA3F90679F4529A2914A44
DACAT7DD 838E 76BC (mata obparienus: 11.09.2020).

SKeHIST KIIMMaTUUeCKuX 11efeit, monst BUD B MupoBom
sHeproobecedyeHuu gokHa K 2050 r. moctuub 65%
OTMETKM OT 06111ero o6beMa IoTpebisieMoit SHe P,
BmecTe ¢ TeM ceiiyac naaHOBbIN IIPOTHO3 COCTABIIS-
eT auib 27%*. 9TO 03HAUAET, UYTO I JOCTVIKEHUS
IOCTaBJIEHHBIX IIeJIeli Hy’KHO OKa3bIBaTh elle 6oyee
MIVMPOKYIO TTOIIePKKY HOBBIM TEXHOJIOTUSIM B cdepe
SHEePTeTUKM, CIIOCOOCTBYIOMIMM PaCIpOCTPaHEHNIO
BUD. Tanee aBTOPbI CTaThM IPUBOIST CIMCOK TEXHO-
JIOTMIi, KOTOpPbIE MOTYT CITOCOOCTBOBATh HOBOMY, CJle-
IyIOIeMy ITpopbIBY B chepe pa3sutust BUD (mabn. 6).

nepCHEKTMBbI pa3BUTUSA B Poccuun

HOBbIX JHEpPreTu4eCKmux TEXHONOrmm

U Mepbl rocyp.apCTBeHHoii noaaepKku
nepcnekTUBHbIX TexHonoruii BUD

B Poccuu snexktporeHepaiiusi Ha ocHoBe BUD roka pas-
BUTa HEAOCTATOYHO IIMPOKO, HECMOTPSI HA 3HAUUTEb-
HbIe yCIIeXy HepreTuyeckoii orpaciy B 50-80-X IT.
XX B. BUD TONMBKO HAUMHAIOT PACIIPOCTPAHSITHCS B CUITY
0CO6EHHOCTEl POCCUIICKOTO SHEPTeTUUEeCKOTO PhIHKA.
Bmecte c TeM ceromHst cepa sneKkTporeHepamnm Ha
OCHOBE JICII0/Ib30BaHMSI BO30OHOBJ/ISIEMbIX VICTOUHM-
KOB SHEPTUM XapaKTepu3yeTcst ObICTPHIM IIPUPOCTOM
BHOBb YCTaHOBJIEHHBIX MOITHOCTe. Pa3putue BND
HauMHAeT HAXOAUTb OTPaskeHue B rOCYAapCTBEHHOM
SHepreTuyeckom nonutuke. Tak, feicTByIoLas npo-
rpamma JIIM (moroBop o npenocTaBieHU MOLIHO-
ctu) BUD, paccunranHas mo 2024 r., 6b1a IpojajieHa
B CBSI3M C TTIO3UTUBHBIMM pe3yabTaTaMy peann3annumn
nporpamMmal. [IporpaMma OCyIeCTBASIETCSI C IOMO-
IIbIO TTPOBEIeHNSI KOHKYPCHBIX OTOOPOB ITPOEKTOB 10
reHepanuy Ha ocHoBe BMD°. B moceHme rofsl Oblaa
MIPUHSTA CepUSI TOCYAAPCTBEHHBIX MHUIIMATUB, CIIO-
COOCTBYIOIIMX PA3BUTHIO B CTPAHE HOBBIX TEXHOJIOTUIA,
B TOM UMCJIe COAENCTBYIOIIMX pa3BUTHIO BVO:

e 2017 r.: KoHLenus pa3BUTUS PbIHKA CUCTEM
XpaHeHUsI SHePIruu;

e 2018 r.: [1an MmeponpUsITUIL IO COBEPIIEHCTBO-
BAaHMIO 3aKOHOJATeIbCTBA U YCTPAHEHUIO aMUHU-
CTPATUBHBIX OaPbePOB B LIEJISIX 00eCIIeueHUs pean-
3auyy HalimoHaIbHOM TeXHOIOIMUECKOM MHULIMATUBbI

4 Remap energy demand and supply by sector. Statistics. 2019.
URL: https://www.irena.org/Statistics/View-Data-by-Topic/
Energy-Transition/REmap-Energy-Demand-and-Supply-by-
Sector (maTta ob6parienus: 12.09.2020).

5 [IpyHYyXIeHMe K 9KCITOPTY: MoAJepsKKa 3eJIeHO SHepreTu-
K1 HoKe oskumanmii. Anekcauap Co6ko. PUA Hosoctu. URL:
https://ria.ru/20190901/1558116222.html (naTta o6parmieHus:
15.10.2020).
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Tabnuya 5 / Table 5

HoBble TexHONOrMK, CNOCOGCTBYIOLIME INEKTPUDUKALUM KOHEUHBIX CEKTOPOB IKOHOMUKMU U pa3Butuio BUD /
New technologies that contribute to electrification of end-sectors and RES development

TexHonorus / Technology

Kpatkoe onucanue / Brief description

KauectBeHHOe BAusHUE
Ha npoekTtbl BU3 / Quantitative impact
on RES projects

NHTennekTyanbHas
3apsaka
3anekTpomobuneit /
Electric vehicle smart
charging

JnekTpoMobunn nMetoT 60NbLIOK NoTeHuMan ans
fekapboHM3aLMmM TPaHCMOPTHOIO M SHepreTUyeckmx
cekTopoB. BHeapeHue yMHOM 3apsaaku ons
3neKTpoMobunet Co3[acT NONOXKUTENbHYIO 06paTHYHO
cBsi3b € B3,

Mepuonbl NpocTos 3neKTpoMobuIen Ha NApKOBKax

C y4eTOM BO3MOXHOCTEN MX UCMONb30BAHUS B KayecTBe
€MKOCTeW AN HaKOMIEHUs IHEPTUM MOXKET CTaTb
rMOKMM pelleHneM Ans NOALEPXKKM SHEPrOCUCTEM:
371eKTpOMO6UIN MOTYT BbITb €A4MHULAMMU XPAHEHUS
3Hepruu, peryiMpoBaTh HarpysKky 3feKTpoceTen ans
nyywen nHterpaummn BN / Electric vehicles have a great
potential for decarbonisation of transport and energy
sectors. The introduction of smart charging for electric
vehicles creates a positive impact on RES.

Periods of electric vehicles down time in parking lots
can become a flexible solution for supporting energy
systems. Electric vehicles can be energy storage units
and regulate the load of the power grid for better RES
integration

MHTennekTyanbHas 3apsaka CHUXaeT
3aTpaTbl, CBSI3aHHbIE C Pa3BUTUEM
MECTHbIX 3/1EKTPOCETEN, CMSITYAET NUKK
Cnpoca Ha 3NeKTpo3Hepruto / Smart
charging reduces the costs connected
with local electricity networks
development and mitigates the peaks
of electricity demand

MNpeobpazosaHue BMD
B Tenno / Renewable
power-to-heat

Bo3obHoBnsemas TennosHepreTMka OTHOCUTCS

K TEXHOMIOTUSIM, UCMO/b3YIOLLMM BO306HOBNSIEMYHO
3N1EKTPO3HEPIUIO A8 BbIpAabOTKM Tenna Ang 34aHui unm
MPOMBILLNEHHbIX NPOLLECCOB (HanpuMep, C MOMOLLbHO
TEnMoBbIX HACOCOB). TENIOBbIE HACOCHI UCTONb3YOT
3NEKTPUYECTBO AJ151 MEPefayun Tenia OT OKPYXKaLLMX
MCTOYHMKOB (BO3AYXa, BOAbI, 3eM/M) K 34aHMAM. Tennosble
HACOChl MOTYT BbIMOMHATL KaK HarpeBaTeNbHble, Tak

n oxnaxpatolme dyHkumm / Renewable heat energy uses
renewable electricity to generate heat for buildings or
industrial processes (for example, by heat pumps). Heat
pumps use electricity to transfer heat from surrounding
sources (air, water, earth) to buildings. Heat pumps can
perform both heating and cooling functions

onekTpudurKaums OTOMIEHUS MOXET
MOMOYb CHU3UTb YINEPOLOEMKOCTb
3HEepreTUYECKOro cekTopa.
Mcnonb3oBaHue TennoBbix

HACOCOB M 3NEKTPUYECKMX KOT/IOB
cnocobcryeT nHTerpauum BU3

B €MHYI0 SHEPreTUYECKYH CUCTEMY,
perynMpoBaHUI0 NMUKOBBIX HAarpy3okK /
Electrification of heating can help
reduce the carbon intensity of the energy
sector. Heat pumps and electric boilers
contribute to integration of renewable
energy into a single energy system as far
as to regulation of peak loads

UcmoyHuk / Source: pa3paboTaHo aBTopaMu Ha ocHoBe: Innovation landscape brief: Renewable power-to-heat. International Renewable
Energy Agency. 2019. URL: https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Sep/IRENA_Power-to-heat_2019.pdf?la=en
&hash=524C 1BFD 59EC 03FD 44508F8D 7CFB 84CEC 317A299 (nata obpawenus: 11.09.2020); Innovation landscape brief: Electric-vehicle
smart charging. International Renewable Energy Agency. 2019. URL: https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/
Sep/IRENA_EV_Smart_Charging_2019.pdf (zata obpawenus: 12.09.2020) / developed by the authors based on: Innovation landscape

brief: Renewable power-to-heat. International Renewable Energy Agency. 2019. URL: https://www.irena.org/-/media/Files/IRENA/Agency/
Publication/2019/Sep/IRENA_Power-to-heat_2019.pdf?la=en&hash=524C 1BFD 59EC 03FD 44508F8D 7CFB 84CEC 317A299 (accessed on
11.09.2020); Innovation landscape brief: Electric-vehicle smart charging. International Renewable Energy Agency. 2019. URL: https://www.
irena.org/-/media/Files/IRENA/Agency/Publication/2019/Sep/IRENA_EV_Smart_Charging_2019.pdf (accessed on 12.09.2020)

T10 HATTPaBJIEHNIO «DHEPIKMHET»: B TOM Umcie B cepe
HaKOTUIEHUSI 37IeKTPO3HEPTHUH;
e 2019 r.: HauimoHasibHbIi MTpoeKT «LndpoBas sKo-

HOMMKa»;

e 2020 r.: IlepBas Bepcus pOCCUICKON ITpOrpam-
MHO m1aThOopMBbl YITPABIEHUS pacipeeeHHOM

SHEPreTUKOIA;

e Vxkas3 I[Ipesugenta PO ot 07.05.2018 N2 204 «O Ha-
LIMOHAJIbHBIX LEJISIX ¥ CTPAaTermyeckux 3amauax pasBii-

st Poccuiickoin @epepatiym Ha iepmop, 1o 2024 roga» —
pa3BUTHE pacIpenesIeHHON reHepalun;
o (demepasbHbIii 3aKOH OT 26.03.2003 N2 35-03 «0O6

SJIEKTPOSHEPIreTnKe» — MMUKpOTreHepanusi.

Peanusanyis nporpamm nopasepskku passutust BUD
" GYHKUMOHMPOBAHME KOMITAHM, OCYIIeCTBIISIIOIINX

3JIEKTPOreHepalio Ha OCHOBE TEXHOJIOTMIT BO3006-

HOBJISIEMO SHEPreTuKM, TpPaaMIIMOHHO CTAJIKMBAE€TCs
C KOMIIJIEKCOM HpO6JI€M, CBOICTBEHHBIX HE TOJIbKO
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Tabauya 6 / Table 6

MepcneKkTUBHbIE TEXHONOIMUM, CMOCOGHBIE NoaAepKaTh pasButue BUD B Gnnxaiiime pecatunetus /
Emerging technologies that can contribute to RES development in the coming decades

HoBbie TexHonoruu / New technologies

HassaHue / Name

Kpatkoe onucanue / Brief description

BnusHne Ha BU3 / Impact on RES

(DoTo3neKTpUYECKHUit
rMOPUIHBINA CONMHEYHbIN
konnektop / Photovoltaic
thermal hybrid solar collector

TexHoNormMs UCnonb3yeT COMHEYHbIV CBET

¥ NONYNPOBOLHUKM NS pa3feNeHns BOAbI Ha
BoAopoga v kucnopog, [19] / This technology
uses sunlight and semiconductors to
separate water into hydrogen and oxygen
[19]

HoBas poToanekTpoxuMmyeckas cucrema
MOXeT NOBbICUTb 3HEKTUBHOCTD
npeobpa3oBaHMs CONHEYHOMN

3Hepruun B BoAopoa c 3 0o 9% / New
photoelectrochemical system can increase
the efficiency of converting solar energy to
hydrogen from 3 to 9%

CraTnyeckune KomneHcaTopbl /
Statistic compensators

HeobxoaMMOCTb B KOMMNEHcaTopax
BO3HWMKAET, eC/IN CETU C BbICOKOM fonen
ucnonb3oBaHusa BMD He uMeloT MexaHU3Ma
camoperynmpoBaHus Yactotbl / The need for
compensators arises if networks with a high
share of renewable energy sources do not
have a frequency self-regulation mechanism

TexHonorus No3BonseT NoAAepXKMBaTb
MOCTOSIHHYHO YaCTOTY B 3/1€KTPUYECKOM
cetn / This technology allows to maintain
a constant frequency in the electrical
network

CBepxBbICOKOE HaMnpsiXKeHne
noctosiHHoro Toka / Ultra
High Voltage DC

JMHun anekTponepeaay, KOTopble UCMONb3YOT
LS TPAHCMUCCUM SNEKTPOIHEPTUM
noctosiHHbIM ToK / Power lines that use direct
current to transmit electricity

Mo3sonset 6onee apdekTMBHO NepenaBatb
3N1EKTPO3Hepruio Ha 6onbluMe paccTosHUS,
MOBbILWAET CTabWUAbHOCTb, HAAEXHOCTb

M NPONYCKHYH CNOCOBHOCTL 3nekTpoceTelt /
Contributes to more efficient transmission
of electricity over long distances, increases
the stability, reliability and capacity of the
power grid

Mexcucremnuas /1301 /
Interconnector capacity

IneKTpoCeTH, KOTOPbIe NO3BONSHOT
nepenaBaTth 3NEKTPOIHEPTUI0 Yepe3 rpaHuLLbl,
Mexay ctpaHamu / Power grids that allow
electricity to be transmitted across borders

Pelwenne npobnem, cBSI3aHHbIX

c nepebosiMu B paboTe 3neKkTpoceTei.
oBblIWEHWE NOKPbLITUS TEPPUTOPUIA
anekTpocetamu / Solution of problems
with disruptions of power grids. Increase
in coverage of territories with electric
networks

OnHamMmyeckue
anekTpokabenu / Dynamic
export cables

Kabenu no3BonstoT coeanHUTb NnaByyme
nnatdopmbl BUI co ctaumoHapHbiM kabenem
Ha MopckoMm aHe / The cables allow to
connect floating RES platforms with a fixed
cable on the seabed

06cnyxuBaHne nnaeyymx nnatdopm BU3 /
Maintenance of floating RES platforms

KoHueHTprpoBaHHas
ConHeyHas 3Heprus / Solar
concentration technology

YnyulueHme BO3MOXHOCTEN NMPOU3BOLCTBA
Tenna. TeXHONOrus CNocoBCTBYET YNYULIEHUSM
B cchepe NPOM3BOLCTBA 3/1EKTPOIHEPTUM, HO
noka He MOXeT yA0BNeTBOPHUTb NOTPeBHOCTH
MPOMBbILLIEHHbIX NpoLeccoB / Improving

the ability to produce heat. The technology
contributes to improvements in the field of
electricity production, but it cannot yet meet
the needs of industrial processes

TexHonorms LaeT IHeProeMKuM
NpeanpusaTUSM BO3MOXHOCTb 3aMEHUTD
MCNosb30BaHMe MCKOMAeMoro TonnBea

B CaMblX 3HEPrOeMKUX W 3arpsA3HAOLLMX
oTpacnax npomsbiwneHHoctn / The
technology gives energy-intensive
enterprises the opportunity to replace
the use of fossil fuels in the most energy-
intensive and polluting industries

MepcnekTUBHLIE BO306HOB/ISIEMbIE UCTOUHMKM dHeprum / Forward-looking RES

HaseaHue / Name

OcHoBHble xapakTepucTtuku / Main characteristics

Mopckas (opdLopHas)
CO/MIHeYHas 3HepreTuka /
Offshore solar

Mopckas conHeuHas 3HepreTMka SBASETCS pelleHneM npobnemMbl HEXBATKM CBOGOAHBIX
3eMeflb, UX BbICOKOM CTOMMOCTU. TEXHOIOMMS TaKkxKe sBseTcs 6oiee NpoayKTUBHOM No
CPaBHEHWIO C Ha3eMHbIMK aHanoramu. KM, texHonorum npumepHo Ha 15% Bbiwe, yem

y aHanoruyHbix 6eperosbix npoektos / Offshore solar energy contributes to solving the lack
of available land and its high cost problem. The technology is also more productive than
its terrestrial counterparts. The efficiency of the technology is approximately 15% higher

than that of similar onshore projects
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OkoH4yaHue mabnuysl 6 / Table 6 (continued)

MepcnekTUBHLIE BO306HOB/ISIEMblE UCTOYHMKM dHepruM / Forward-looking RES

HassaHue / Name OcHoBHble xapakTepucTukm / Main characteristics

bonee BbicOKasi NPOLYKTUBHOCTb BbIpAabOTKM 3HEPTMM 3a cYeT Hosiee BbICOKOM M MOCTOSIHHOM
cKopocTu BeTpa. bonblune efMHWYHbIE MOLLHOCTM U pa3Mepbl BETPOreHepaTopoB, YeM

y Ha3eMHbIX BeTpsaHbIX TypbuH / The higher energy production efficiency due to higher and
more constant wind speed. The larger unit capacities and sizes of wind turbines than that

Mopckas (oddLiopHas)
BETpsHas 3HepreTuka /
Offshore wind

of onshore

PeakTop c pacnnaBneHHoW
conbto / Molten salt reactors

0O6ecneunBaloT MEHbLUMI paaMaLMOHHbINA PUCK, YeM TPAAMLMOHHAA SaepHas 3HepreTuka /
Provide a lower radiation risk than a traditional nuclear power

BonHoBoe 3HepreTuyeckoe
yctporicteo / Novel wave
energy device

Cuctema ynaBnMBaeT IHEPruio OKeaHCKMX BOH. HoBas TEXHONOrMS He MpUYMHSET Bpeaa
OKeaHCKoM (nope 1 GayHe, a Takxe NO3BONSET AOCTUYL Honee BbICOKOW 3IDHEKTUBHOCTH
npeobpa3osaHuns 3Heprun BonH / The system captures the energy of ocean waves. The new
technology does not harm the ocean flora and fauna and also allows to achieve the higher
efficiency of wave energy conversion

McmouHuk / Source: pazpaboTtaHo aBTopamu Ha ocHoBe: Adis A. New inventions boost renewable energy. Offshore Energy. URL: https://www.
offshore-energy.biz/new-inventions-boost-renewable-energy (nata o6pawenus: 12.09.2020); Deign J. 5 emerging energy technologies to
watch out for in 2020. Greentech Media. URL: https://www.greentechmedia.com/articles/read/5-emerging-energy-technologies-to-watch-
out-for-in-2020 (nata o6paweHus: 14.09.2020); Larson A. Benefits of high-voltage direct current transmission systems. Powermag. URL:
https://www.powermag.com/benefits-of-high-voltage-direct-current-transmission-systems (nata o6pawenus: 12.09.2020); Electricity
interconnectors. Ofgem. URL: https://www.ofgem.gov.uk/electricity/transmission-networks/electricity-interconnectors (gata obpalLeHus:
12.09.2020); Heliogen’s new tech could unlock renewable energy for industrial manufacturing. URL: https://techcrunch.com/2019/11/19/
heliogens-new-technology-could-unlock-renewable-energy-for-industrial-manufacturing (aata o6paweHus: 14.09.2020); Deign J. Floating
solar gets ready for the high seas. Greentech Media. URL: https://www.greentechmedia.com/articles/read/floating-solar-gears-up-for-
the-high-seas (nata o6pawenus: 14.09.2020); Do you know how offshore wind farms work? Iberdrola. URL: https://www.iberdrola.com/
environment/how-does-offshore-wind-energy-work (aata o6paweHus: 14.09.2020); New inventions boost renewable energy. URL:
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cepe B3, HO 1 MHOTMM BbICOKOTEXHOJIOTUYHBIM
CeKTOpaM POCCUIACKOI SKOHOMUKHA. TUTTMYHBIMU IIPO-
6eMaMu SIBJISTIOTCS:

e CWIbHAs 3aBUCUMOCTD OT MUMIIOPTA, OTCYTCTBUE
poccuiickoit MUHOPaCTPYKTYPbI;

e CPaBHUTEJIbHO BbBICOKASI CTOMMOCTDb CUCTEM
HaKOIUIeHUS 3HePTUM, OTCYTCTBME YCIeIIHOM MpakK-
TUKU UX IPUMeEHEHNSs], HeCOBEPIIEeHCTBO HOpMa-
TUBHO-TIPABOBOTO M HOPMAaTUBHO-TEXHUUECKOTO
peryaupoBaHus 3JIeKTPOIHEePreTUKM, HeJjoBepue
MTOTEHIIMATbHBIX IIOTPEOUTENE®;

¢ Yayco U., Bypauu U., Psanun U., Do6poBonbckuii 10., Kopes
II. PBIHOK CMCTEM HAKOIUIEHMSI 3JIEKTPOIHeprum B Poccuu: mo-
TeHIIMaI PasBUTKS. DKCIIePTHO-aHAIUTUUECKUIT HoKIaz Po-
cHaHo. 2018. URL: https://www.rusnano.com/upload/images/
sitefiles/files/Condenses_System_Markets_in-Russia.pdf (mata
obparenust: 15.10.2020).

e BBICOKAsI UMIIOPTO3aBUCUMOCTb OT CEpPBEPHBIX
IIPOJIYKTOB M IIPOrpaMMHOTr0 obecrieueHus (0Impoc
AHanuTuyeckoro mneHtpa npu IlpaBurensctse PO).
OpHako, Mo JaHHBIM TOTO JKe MCTOYHMKA, 3KcrnopT UT
yoiryr B 2018 1. yBenimumiics B 2 pa3a 110 CpaBHEHMIO
¢ 2010 1., YTO CBUAETENBCTBYET O MOCTEIEHHOM CHU-
SKeHUM 3aBUCHMMOCTY OT UMIIOpPTa B chepe mporpam-
MHBIX TIPOTYKTOB;

e HEepa3BUTOCTb BHyTPEHHEro CIIpoca Ha BOLOPOT,
a TakXke OTCYTCTBME YTBePKIeHHOI rocylapCTBeH-
HO¥1 TIpOTrpaMMbl 110 Pa3BUTUIO BOJIOPOAHOM 3KOHO-
MUKU U JIp.

MOKHO ciesiaTh BbIBO/I, YTO MHOTME TeXHOJIOTUN,
CII0COOCTBYIOIIME IPOPBIBY B pa3BuTum BV, He TOIBKO
HaxoIsTCs B Poccuy Ha HAYaIbHO CTaaAuM pa3sBUTHS,
HO ¥ CMJIBHO 3aBUCST OT uMmopTa. O6061ieHne 3apy-
GE3KHOTO OITBITA, TPEXKIE BCETO OMbITA TAKMUX CTPaH,
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kak Kuraii u TepmaHusi, MO3BOMSIET YTBEPKAATD, UTO
Hanbonee 3G GEKTUBHBIMY METOIAMM TOIIE PIKKA
HOBBIX TEXHOJIOTMI1 MOTYT OBITb CJIeAYIOII/E MePbI:

e OKa3aHMe roCyZapCTBEHHO MOAIePXKKM HecTa-
OMTbHBIM PHIHKAM HOBBIX TEXHOJIOTMI HA HAYaIbHBIX
3Tanax Ux CTaHOBJIEHMUS;

e CTUMYJIMPOBaHME MEPCIEeKTUBHBIX MCCIeI0Ba-
HMIt B 0671aCTY HOBBIX TEXHOJIOTMIA;

e MOJepHM3aIusl U pa3BuUTHe MHOPACTPYKTYPhI
IIJIs1 JIOKaAu3alyuy Mpou3BOACTBA U BHeJIPeHUST HO-
BbIX TEXHOJIOTUIA;

e pacuupeHye COTPYLHUUECTBA C MHOCTPAHHBI-
MM KOMITAaHUSIMM, YYaCTVe B MeXIYHapPOIHbBIX MPO-
eKTax, UCCIeJOBaHUIX, BBICTABKAX C I[eJIbI0 TPaH-
cdepa ycnenrHoro onbita. Co3gaHue COBMeCTHBIX
MIPeATIpUSITUIL C MUHOCTPAHHBIMIM KOMIIAHUSIMMU;

e CO3JaHMe CUCTEMbI CTUMYJIMPOBaHMUS BHeApe-
HMSI HOBBIX TEXHOJIOTUI;

e pas3paboTKa AOJArOCPOUYHOI KAMMaTUUeCKOIA
CTpaTeruy, yUUTHIBAIOIIEI M3MeHeHU s Ha BCepoC-
CUIICKOM U peruMoHaJibHOM ypoBHe. [lommepskka
MepCIeKTUBHBIX TeXHOIOrni B BIID Ha ypoBHe ro-
CynapcTBeHHOV noautuku. CosgaHue cTpaTerumn
110 BHEJPEHUIO HOBBIX 3€JIeHbIX TEXHOJIOTUM, IVIaHa
peanm3anuy 1 pacipeneneHns: GMHAHCUPOBAHMS 10
KJTII0UeBbIM 17151 Poccuu TexHonorusm. Lienecoobpas-
HO (bMHAHCUPOBATh HOBBIE MIPOEKTHI U JIe/IaTh 3a1po-
ChI Ha MCC/IEIOBAHMS B HAYUHBIX LIEHTPaX M yueGHbIX
3aBefleHMsX; CO3aBaTh TOCYyJapCTBEHHbIe HayUHbIe
LIeHTPBI, CIIeMaaUu3UPYIOLIMeCcs] Ha HOBBIX TEXHOJIO-
rusix B BUD;

¢ KOHTpPOJb 3G GEeKTUBHOCTY IPUMEHEHMUS UH-
CTPYMEHTOB MOJAeP>XKY HOBBIX TEXHOJIOTUIA.

B maHHOM Cyiyyae aBTOPBI ITePEUYMUCININ TOIBKO
K/II0U€eBble Mepbl OAAEPKKH, COLECTBYIOIIME BHEAe-
HUIO [TepeIOBbIX TEXHOJIOIMIA B chepe BO30OHOBJISIEMOIA
sHepreTuk. OQHOBPEMEHHO Ba)XXHO MOJUYEPKHYTb,
YTO YCOEUIHOCTb Pa3BUTUS JIEKTPOTeHepaluu nu3
BO300HOBJISIEMbIX UCTOUHMKOB SHEPTUM Ha Peruo-
HaJbHOM YPOBHE B 3HAUUTEJbHOI CTeIeHU 3aBUCUT
OT NOAJEePKKM MEeCTHbIX OPTaHOB BJIACTH, CYILECT-
BYIOIIEro B TOM WJIM MHOM peruMoHe MUKPOKIMMATA,
OTHOLIEHMS K IPeCTaBUTENISIM MpeIpUHMMATEb-
CKUX CTPYKTYP. Tak, HarpumMep, aKTUBHAS TTO3ULIAS
PYKOBOZCTBA YIbSIHOBCKO 00J1aCTY B OTHOIIEHUU
pa3BUTUS BO30OHOBJISIEMOI SHEPTeTUKH CIIOCOOCTBO-
BaJla IpeBPallleHUI0 ITOTO PerMoHa B OLHY U3 TOYEK
pocta BMD Ha Tepputopun Poccuiickoit ®engepannn.
MO>KHO Ha3BaTh U APyTHE PETUOHBI, B KOTOPBIX pa3-
BUTHME HOBBIX TEXHOJIOTHUI U 3JIeKTPOTeHepalu Ha

ocHoBe BMD paccmaTpyuBaeTcsl B KaueCTBO OOHOM U3
CTpaTernyeckux 3ajad.

C yueTOM IIOKa ellle HeBbICOKO MOKYIIaTe/NbHOM
CITIOCOGHOCTY HACEEHUS U YaCTU MTPOMBIIIEHHbBIX
MIPeAITPUSITHUI 1eJIecoo6pa3sHO CyOCUIMpOBaHMe CO
CTOPOHBI TOCYAAPCTBA IJIs IPMOOPETEHNS B TOMAITHIX
X03$I/ICTBaX HOBBIX 00Pa31i0B SHEProcoeperarwInero
060pyIOBaHMS ¥ CUCTEM MUKPOTEHepaI IeKTPO-
SHeprum.

BbiBoapbl
B pamkax mcciemoBaHusl 06001eHbI HOBbIE TEXHOJIO-
I'uu, obecreunBinye pocT 3QpHeKTUBHOCTY MUCIIONIb30-
BaHMs B/I3 Ha cOBpeMeHHOM 3HepreTnuyeckoM phIHKeE.
BU3 aBAsIIOTCS K/IIOUEBBIM TTapaMeTpOM dHepreTuye-
CKOTO Iiepexofa 1, 10 MHEHUIO TIpeacTaBuTesneil Mex-
JIYHAPOIHOI'O areHTCTBA 10 BO30OHOBJISIEMbBIM MCTOY-
HMKaM 5HePTUM, CMOTYT IPUBECTU K 3KOIOTU3aLUU
SHEPTeTUYECKOTO CeKTOPa ¥ (OPMMUPOBAHNIO MOMIEN
3€eJIeHOI 5KOHOMVKM.

HecmoTps Ha cTpeMuUTeNbHOE Pa3BUTHE B MUPe
1 B Poccuit HOBBIX TEXHOJIOTUIT M3MeHeHMI, Bce paBHO
HEIOCTaTOYHO, UTOOBI BHITIOIHUTD IJIAH 110 pean3arym
KJIMMaTU4ecKoii crpaTerun. [locymapcTsa, i B TOM UMCIe
Poccust, MO/DKHBI pa3pabaThIBaTh CTPATETVM IO PA3BUTUIO
BUD 1 BHeIpeHMI0 HOBBIX TEXHOJIOTHI B JAHHO1 cepe.

Poccuist Ha cOBpeMeHHOM 3Tarie 3aMeTHO OTCTaeT 0
Pa3sBUTHUIO HOBBIX SHEPTETUUECKIX TEXHOJIOTHI U B 60JTb-
IOV CTETIEHU 3aBUCUT OT UX MMIIOpPTa. TeM He MeHee
€CTh TTO3UTUBHBIE CABUTH: B ITOC/IEIHNE HECKOIbKO JIeT
ObUTU ITPUHSITHI ITPOTPAMMBI IT0 TIOAIEPKKE BHEIPEHMST
HOBBIX TEXHOJIOTUIA, TOSIBWINCH PETMOHBI, CyMeBIIINe
B KOPOTKM CPOKU peain30BaTh CEPUI0 KPYITHBIX MPOeK-
TOB 10 PasBUTHIO BO30OHOBJISIEMOIH 9IEKTPOreHepaliit.

[TpencraBieHHOE VCCTIeIOBaHYE TTO3BOMSIET CHOPMMU-
POBaTh LIEIOCTHYIO KapPTUHY BAMSHMS HOBBIX TEXHOIOTUIA
Ha pasBuTye B u copmupoBaTh METOHOIOTMYECKYIO
6asy 1111 060CHOBaHMsI BbIOOpA MeXaHM3MOB I'OCYIapCT-
BEHHOI1 TTOAIeP’KKY MOJIepHU3ALM SHEPTeTUYeCKOTo
KOMILIeKca. Pe3ybTaThl JaHHOI paGoThl MOTYT CITO-
COOCTBOBAThH BHIOOPY IMEPCIIEKTMBHBIX MHHOBAIMOHHbBIX
peireHnii B cepe BMD. BMmecTe ¢ TeM aBTOPBI II0JIArakorT,
YTO 11eJ1eC000pa3HO AaTbHEIIIee TPOBeIeHIe UCCIeN0-
BaHMI1 B 06/1aCTY 9KOHOMIYECKOI OIIeHKM BHEAPEHMS
IepCIIeKTUBHBIX TeXHOOrMi1 B3 B Poccuiu, BbISIB/IEHUS
TIPensITCTBUIA /1151 UCTIO/Ib30BaHMSI HOBBIX TEXHOMOTUIA
¥ pa3pabOTKM JOPOKHBIX KAPT rOCyAapCTBEHHOI IO -
IePs>KKY MHHOBALIMIOHHBIX KOMITAHMI, pab0TaI0IMX
B paMKaxX BHeJIpeHMsI KOHKPETHbIX TPOPBIBHBIX TEX-
HOJIOTUIA.
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