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PGBIOMe, KJII04YE€BbIC BBIBOABI U METOJO0JI0TUHA UCCJICTOBAHUSA

Ocroenuvie 61600061

PaccmarprBaemble CerMeHTHI (COJNHEYHAs, BETpsiHAs, OWOIHEPreTHKa) SIBJISIOTCS HauOoiee
OBICTPOPACTYIIMMU CErMEHTAMH 3HEPreTUKH B MHUpE, OMepexas TPaJUulMOHHbIE HUCTOYHUKHU

SHEpTuH (yroJyb, ra3) U THAPOIHEPTETUKY.

e  Oskumaercs, 4TO JIMIIb 3TH TPU CETMEHTA YBEJIHMYaT CBOKO JIOJIIO B OOIIeH Ti100aTbHON
YCTaHOBJIEHHOM MOIIIHOCTH B nepcrnekTuse 10 2020 rona: conHeyHas 3Hepretuka — ¢ 4,5%
1o 7,7%, Betpsiaas — ¢ 8,2% no 10,4%, 6uosnepreruka — ¢ 2,4% no 2,6%.

e B 2016 roxy Obuia BBereHa pexopaHas MomHocTe BUD (mopsaka 161 I'Br), uro
cocTaBisieT 62% OT BceX HOBBIX BBEJIEHHBIX HYHEPre€THMUECKUX MOIIHOCTEW (y4HUThIBas
TOJIKO YUCTHIN mpupocT). B menmom ma BUD Oynyr Hampasiens! 10 2/3 riio0anbHBIX
MHBECTULMH B 3nekTpocTaniuu 10 2040 rox.

e B 2016 rony BUD cranm pemeBie W/WIM CpaBHSJIACh IO I[EHE C HCKOMAeMbIMU
sHeproHocutensimu 6oiaee yueM B 30 crpanax (ABcrpanus, bpasunusa, Mekcuka, Ywim u
ap.).

I'paduk 1. I'nobasibHasi ycTaHOBJIEHHAS] MOIIIHOCTD 110 HCTOYHUKY JHepruu, 2016
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B ATOMHas 3HepreTUKa
ConlHeYHas sHepreTMKa
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Ncrounuk: World Energy Outlook, Frost & Sullivan.

o ConHeuHas >HepreTuka mpubaBuia OOJbINE MOITHOCTH, YeM JHO00M APYrol MCTOYHUK
sHepruu — Ha CDO npunuiocs mnopsanka 47% HOBBIX MOIIHOCTEH BO300HOBIISIEMOM

SHEPreTUKH, Ha BETPSHYIO SHepreTuky — 34%.



K 2020 rogy wa nmomro CD Oyamer mpuxomuthesi 37,5% rino0anbHBIX WHBECTUIIUN B
AJICKTPOIHEPI IO, HA BeTpodHepreTuky — 21,0%.

I'moGanpuelii npupoct momHoctu PV B 2017 roay mpessicut 100 I'BT, uto Ha 30%
6onbmie, yem B 2016 roay (75 I'Bt) . B 2016 roay Bexyuumu crpanamu B npupocte CD
cramu Kwurait (34,5 I'Bt), CILIA (14,7 I'Bt), SInmonus (8,6 I'Bt), Ungus (4 T'Br),
BenukooOputanus (2 I'Bt). Beero ke Ha Ton-5 peiHKOB mpunuiocs nopsaka 85% Bceit
HOBOM yCTaHOBJIEHHON MolHOcTH B 2016 roxay.

B 2016 rony uaBectunuu B CO yBenmuumiuch Ha 11,6% 1o 126,9 mapa. nomwt. Oxungaercs,
riobanpHbIe nHBeCTUIMH B CD OyayT pactu B cpeaHeM Ha 9,0% exeroano a0 2020 roxa.
B 2016 rogy B Mupe ObIJI0 MOCTPOSHO BETPSHBIX CTaHIMM 0011el MomHocThio 54,4 I'BT,
yro Ha 13,3% wmenbmie mo cpaBHeHuto C 2015 r. CHmwkeHue ObUIO 00YCIOBICHO
HEOMpEAENEHHOCThIO B BOMpPOCE COXpaHeHHs (eaepaibHOW MONACPKKUA BETPSIHOMN
sHepreTuku B CIIIA, a Takxe cokpalieHueM cyOCUIUpOBaHusl OTPACIIU B PsJie KIHOYEBBIX
eBpOIEHCKUX cTpaHaxX, B ToM uucie Wcnanum u Uranuu. B 2017 rogy oxupaercs
BO300HOBJICHHE POCTa C BBOJAOM 110 57 'BT HOBBIX MOIIIHOCTEH.

Ha Kwurait npuxoautcs coime 30% rmno0anpHON yctaHoBieHHON morHoctd BOC, Ha
CIIA - 16%. Bo mHorux crpanax EBpombl 107151 BETPOIHEPIETUKH B SHEProdanaHce yxe
npesbimaet 10% (Benukobpurtanus, I'epmanus, Mcnanus), a B lanuu u Upnanauu nons
cocraBisieT 37% u 27% COOTBETCTBEHHO.

B cnengyromme 10 ner oxumaercs crabunm3ansi BBOAa HOBBIX MolHocTeir BOC Ha
ypoBHe B 58 I'Bt, a exeroausiii 00bemM HHBecTUIMM cocTaBuT nopsiaka 100 mupa gomr. K
2030 romy mnporHo3upyercs, uro Ha BOC Oynmer mnpuxomuthesi 15% BbIpabOTKH
NEKTPOIHEPIHH 10 cpaBHEHUIO ¢ 6% B 2016 rony.

B 2016 roay oOmasi MOITHOCTH BBEIEHHBIX B CTPOM SJEKTPOCTAHIMA HAa OUOTOIIMBE
cocrasuia 9,1 I'Bt, uto Ha 6,7% mensblie no cpaBHeHuto € 2015 .

OO0BeM MUPOBOTO pBIHKA 3JIEKTPOIHEPTUH, Mpou3BoauMon u3 Ouomaccel B 2016 romy
yBeanuuiics Ha 7,8% 10 CpaBHEHMIO C IPEABLAYIIMM I'OJ0M U B CTOUMOCTHOM BBIPa)KEHUU
coctaBmi 20,53 mupa nomn. Oxujgaercs, 4TO BbIpydka Ha 3ToM pbiHKE B 2020 romy

nocTurHeT 26,87 Mupy 1oiu, mpoaeMorcTpupoBas poct CAGR 5,5%.



Tab6auua 1. /IpaiiBepbl 1 OTPAHUYNTEIN PA3BUTHS AJTbTEPHATHBHOM HEPreTUKHU

/{paiiBepbl

SHEPreTUKY B BEAYIIUX S3KOHOMUUYECKHUX
peruonax (CesepHast Amepuka, EBpora,
Kwurait, Unaus)

Orpannunrenu

Crpaternyeckuii pokyc Ha Bo30OHOBIseMyl0 HenocrtaTok HHPpacTpyKTyphl U SHEproceTen

CHIKEHUE 1I€H Ha BO30OHOBIIIEMbIE
MCTOYHHUKHU SHEPTUU

CHMXeHHue rocyJapCTBEHHBIX CTUMYJIOB

PocTt 3K0OHOMUKH U TTOBLIIIIEHTE FJIO6aJIBHOFO
CIpOoca Ha AIEKTPOIHEPTHIO

KOHKypeHI_II/ISI CO CTOPOHBI TPAAUITUOHHBIX
HCTOYHHKOB SHCPIUHM B CBA3U C IMIAACHUEM
OCH Ha HUX

TexHOIOrHYECKOe pa3BUTHE, TOBBIIICHUE
3¢ (HEKTUBHOCTH TEXHOJIOTUH

TexHoJIOTMYECKHE OTPAaHUYCHHS, CBSI3AHHBIC
¢ Oonee HU3KUM KOA(PPHUIIHEHTOM
YTHIJIN3AI[MH MOIIHOCTH

CHMKEHUE 1IeH Ha KII04YeBoe 000pyA0BaHNE

YcrapeBmas HHPpacTpyKTypa (Harpumep
YTOJIbHbIE CTAHIIUH)

Ucrounuk: anamms Frost & Sullivan.

Tabauna 2. CpaBuenne LCOE nmo ucrounnkam 3nepruu, 2010-2016

Hcrounuk JHEpPruu

LCOE, moat. 3a 1 kBT*4 (cpeaHee 3HaYeHNE)

Junamuka, 2010-2016

2010 2016 (%)
BrosnepreTrka 0.056 0.081 +45%
T'eorepmanyras 0.047 0.064 +36%
OHECPICTUKA
T'unposnepreTrka 0.035 0.051 +46%
Omopnas 0.133 0.123 8%
BETPOSHECPIeTHKA
Hasemias 0.071 0.056 -21%
BETPOSHECPIeTHKA
CoJlHeYHast SJHEPreTHKA 0.347 0.131 -62%
Tenorepmasias 0.301 0.242 -20%
OHECPICTUKA

Ucrounuk: IRENA.

Memooonozcus uccnedoeanus

JlaHHBIN OTYET NpejAcTaBisieT cOOOW YacTh U3 CEPUM AHATUTHYECKUX OTYETOB, MHUIMATOPOM

KOTOPBIX BeICTymaeT Pernok ManoBanmii u MaBectumuit (PN Mockosckoit bupxn).

CDOKYCOM HUCCICA0BaHusA CTalIu HanOoee 6BICTpOpa3BI/IBaIOIJ_II/IeC$I CCI'MCHTBI aHLTepHaTHBHOﬁ

OHCPICTUKU: COJIHCUHAsA, BETPSAHAA U 61/103Hepr CTHKa.



MarepuanamMu WCCIIEIOBaHHMS TOCIYXWIA JaHHbIE BEIYIIUX OTPACIEBBIX AaCCOIMAINH,
AHATUTUYECKUX OPraHU3aL1i/KOMIIAHUH, yHUBEPCUTETOB, TOCYJaPCTBEHHBIX YUPEKACHH, B TOM
yucie MexIyHapoJHOE areHTCTBO MO0 BO300HOBJsIEMBbIM HCTOYHHMKaM sHepruu (International
Renewable Energy Agency — IRENA), MexayHapoaHoe sHepreTuueckoe areHTctBo, REN21,
MunucreperBo suepreruku CIIIA, WindEurope, Global Wind Energy Council, SolarPower
Europe. Kpome Toro, misi HOATOTOBKH 0030pa HCIOIB30BAIUCH JAHHBIC COOCTBEHHBIX

uccienoBanuii komnanuu Frost & Sullivan:

e 0030p pa3sutus MupoBoii sHepreruku, 2017 (Global Power Industry Outlook, 2017);

e MupoBoii peiHOK cosHeuHoil dHepretuku (Global Solar Power Market, 2016);

e [IporHo3 pa3BUTHSI MUPOBOT'O PbIHKA BETpsiHOM 3Hepretuku 10 2025 roxa (Global Wind
Power Market, Forecast to 2025);

e Mupogoii peiHok 6uosnepreruku 2016 (Global Biomass Power Market 2016);

e (O0630p priHKa Bo30OHOBIsIEMO# 3Hepretuku (Renewable Energy Outlook 2014);

e HaHoTexHOJOrWM B MPOU3BOJACTBE Jonacteil BeTpssHbix TypouH, 2016 (Nanotechnology
Innovations for Wind Turbine Blades, 2016);

e Hanorexnomoruu s conHeynbix cucreM, 2016 (Nanotechnology Innovations in Solar
Cells and Associated Systems, 2016);

e (OO030p pa3BUTHs TEXHOJOIMH HOBBIX MaTepuanoB JUIsl BeTpsHOM sHepretuku, 2015
(Impact Assessment of Materials in Wind Energy Generation, 2015);

e lIHHOBaIMK JJIsI MAJIOMOIIHBIX BETPSIHBIX TYpOWMH C FOPU30HTAIBHOW M BEPTHKAIBHOI
ocwio, 2017 (Innovations in Horizontal- and Vertical-axis Small Wind Turbines, 2017);

e CousHeuHas sHepreTrka Tpethero nmokonenus, 2016 (Third-generation Solar Photovoltaics,
2016).

OcHoBHBIE nmapaMeTpsbl, AaHAJIU3UPYEMBIC B JAHHOM OTYCTC BKIIIOYAIOT JUHAMUKY BBOJAa HOBBIX
MOHIHOCTei/JI I10 TUITY TCHCPAlUX, N10JIU CTPaH 110 yCTaHOBﬂeHHOﬁ MOIITHOCTHU IO THITY '€HEPpAlH,
OKOHOMHYCCKUC ITapaMETPhI (CG6€CTOI/IMOCTL BBOJa MOMHOCTCﬁ, 00BeM I/IHBCCTI/ILII/Iﬁ n T.,Z[.),

HCIOJIb3YCMBIC TCXHOJIOTUHU U HAIIPABJICHUA TCXHOJIOTUYCCKOI'O PAa3BUTHA.

OT4er NMOJArOTOBJIEH C LIENBI0 O3HAKOMJICHHUS HIMPOKOM myOnuku (6usHec, mHBectopsl, CMU,
roCy/lapCTBEHHbIE OpTraHM3allMM, YHUBEPCUTEThI) 00 OCHOBHBIX TEHIEHIMSIX pa3BUTHUSA

aHLTepHaTHBHOﬁ OHCPICTUKHU B MHUPC.



AOOpeBHATYPDI, HCIIOJIL30BAHHbIE B OTUYETE
BUD — B0300HOBIISIEMbIE HCTOYHUKN YHEPTUH

BD — BeTpsHas sHepreTuka

BOC — BerpsiHas anekTpocTaHIus

CD — cosiHe4Hast SHEpreTuKa

COC — conmHeuHast 3JIEKTPOCTaHIIUS

LCOE — npuBeneHHast CTOMMOCTb 3JIEKTPOIHEPTUU

PV — conneunas sHepreTuka/poTtoBosibranka (anri. Photovoltaics)



CoJsiHeyHasl JHEPreTHKA

0030p pvinka

CBoe cTpeMUTEIbHOE pa3BUTHUE COJIHEUHAs DSHEPreTHKa, KaK OJIH0 M3 HalpaBleHUU
aNbTEPHATUBHOM dHEPreTHKU, Havyasna B cepeaune 2000-X ro/1oB, 4TO, TJIABHBIM 00pa3oM, OBLIO
BBI3BAHO II€JICHANIPABICHHON MOJUTUKON PAaBUTHIX CTPaH, B 4acTHOCTU cTpaH EBpocoroza, mo
CHUKEHUIO 3aBUCUMOCTU YKOHOMHKHU OT YTIEPOJHOTO ChIPbS U CTPEMJICHHUEM JOCTHYb IIEJIEH 10
COKpAIICHUIO BBIOPOCOB MApHUKOBBIX Ta30oB. Kpome TOro, B 3HAYWTENHHOW CTENEHU BBICOKAS
IUHAMHKa oTpacid Oblia O0yCJIOBJIEHA CHUKEHHEM CTOMMOCTH IPOW3BOJCTBA COJHEYHBIX

naHesnen u pocra ux 3pGHEeKTHBHOCTH.

[To nanubiM EBpomneiickoii accormanuy coiHe4Hoi suepretuku SolarPower Europe, rio6ansHbiit
npupoct momHocTu PV (photovoltaics — comnneunas sHeprusi/poroBonbranka) B 2017 romay
npeBbicuT 0TMETKY B 100 I'BT, uro Ha 30% OGomnbiie, yem B 2016 roay, Koraa K HEProcUCTEMeE
Ob110 moaKIIFoUeHo 75 I'BT conreunoit sneprun. Tonbpko Kuraii 3a nepsoie 9 mecsues 2017 rona
yctaHoBui okoisio 42 I'Bt momHocTty, a k koHy 2017 roma cymmapsao nob6asut 6onee 50 I'Br,
YTO COCTaBJIsIET 0OJiee MOJIOBUHBI TPOTHO3UPYEMOT0 MHUPOBOTO MIPUPOCTA HOBBIX MOIIHOCTEH B
2017 rony. Jns cpaBuenus, B 2016 roxy npupoct eBpomneiickoro peiaka C3 coctaBui Bcero 6,7

I'Br.t

Ta6auua 3. Ton-5 conHevHBbIX dJ1eKTPOCTAHIMIT B Mupe, 2017

CaC ‘ Peruon (crpana) MouHocTh

Tengger Desert Solar Park Wyt (Kurait) 1547 MBT
Datong Solar Power Top Runner Base Haryn (Kurait) 1000 MBT
Kurnool Ultra Mega Solar Park Kapuyn (Uuaus) 1000 MBT
Longyangxia Dam Solar Park Lpicu (Kuraii) 850 MBt
Kamuthi Solar Power Project Kamynu (Mumgust) 648 MBT

Ucrounuk: Solar Insure.

! https://www.pv-tech.org/news/europe-installed-6.7gw-solar-in-2016-solarpower-europe
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I'padux 2. IlokazaTean momnocTu CI B Mupe, 2006-2020
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Hcrounux: IEA PVPS, REN21.

Bcero 24 crpansl umeror Oosbuie 1 I'BT coBokynHo# ycraHoBiieHHOM moutHoctu CO. M3 Hux
mecTh crpaH uMenu 6osiee 10 I'Bt obmeli momHocTH, yetwipe - 6osiee 40 I'Bt. Bee Gombiee
YUCJIO CTPaH PACCMATPUBAIOT Pa3BUTHE COJHEYHOW JHEPreTUKH B KA4YECTBE MPUOPUTETHOM

3anauu, B ToM yucie Typuus, Eruner, KOAP, U3pauns u apyrue.

Asuarcko-Tuxookeanckuit peruon (ATP) ¢ ycranoBnennoi momiHocteio PV B 147,2 I'Bt (o
cocTosiHMIO Ha koHer] 2016 r.) sBisgercs nuaepoM B Mupe. I maBHbIM oOpa3om aujaepctso ATP
obecrieunBaeTcsi pocToM pblHKa Kutasi, Ha KoTOpeld mpuxoaurcs Oosnee monoBuHbl (78 I'BT)
yCTaHOBJIEHHOW MoIIHOCTH B peruone. Eme 30% (42,8 I'Bt) npuxoautcs SnoHuto, Ha TpeTbeM

Mecte pacnonaraercs Muaus ¢ 9 I'Bt ycranoBnenHoit mouiHoctu PV.

B 2016 rony Begymumu crpanamu B npupocte C3 cranu Kuraii (34,5 I'Bt), CIIA (14,7 I'Br),
Snounus (8,6 I'Bt), Uunus (4 I'Bt), Benukobputanus (2 I'Bt). Beero xe Ha Tom-5 peIHKOB

npunuock nopsiaka 85% Bceit HoOBol ycTaHOBIeHHOM MottHOCTH B 2016 Tomy.

EBporneiickuii ppiHOK BbIpoc numib Ha 6 I'Bt 3a 2016 ron. CHukeHHe AMHAMUKH 00YCIOBIEHO
MOCTENICHHBIM OTKA30M OT «3eJIEHBIX» Tapu(OB U MEPEX010M Ha TEHIEPHYIO OCHOBY, CTarHaluei
B JHEPronoTpedIeHUH, MepeopueHTalueil poiHKa oT KpynmHomacmTaOHeix COC B CTOpOHY
CaMOCTOSITENILHOTO HCTIONb30BaHus PV 1omMoxo3siiicTBaMu, KOMMEPUECKUM U MHAYCTPUATbHBIM

CEKTOPOM.
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Ta6auuna 4. JIugepst C no ycraHoBJ1eHHOH MomHocTH, 2016

O61mas MmomaocTh CD, Tpupocr Hoas CO B 3Heprodagance
I'Br MOUIHOCTH B crpanbl, 2016 %
2016 r., I'Bt
Kuraii 78,1 34,5 1,07
Snonns 42,8 8,6 4,9
I'epmanus 41,2 15 6,4
CLIA 40,3 14,7 1,4
Uranus 19,3 0,4 7,5
BennkoOpuranus 11,6 2,0 3,4
Nunus 9,0 4,0 3,8
Opanist 7,1 0,6 1,6
ABcTpanus 59 0,8 2,4
Hcnanus 55 0,6 3,2
Poccust 0,096 0,2 0,03

Ucrounuk: IEA PVPS, Frost & Sullivan.

U SIBIIIETCSI BTOPBIM pernoHoM B mupe ¢ ero 100 I'Bt o6meit momuoctu CO. BenukoOputanus
TpEeTui roJ1 MOAPsIA 3aHUMAET repBoe MecTo B EBporie nmo npupocty motHocte CO (mpuMepHo
2,5 I'Br B 2016 roay). [lunamuka pbiHKa ['epMaHuM ocTaeTcsi CTaOMIIBHBIM Ha MPOTSHKCHUH

MOCJICIAHUX TPEX JICT C CIKCTOAHBIM 00BbeMOM BBOJIa MOIITHOCTEN Ha YpPOBHE 1,5 I'Br.

Poccuiickuii peiHOK CD HaxomuTcs TONbKO B cTaguu (opmupoBanus. Hecmorps Ha
3HAYUTENbHBIN NOTEeHIIAN (0COOEHHO B I0KHBIX PErMOHaxX eBporeickoil yactu Poccun, a Takxke
Ha tore Cubupu u Ha J[lanbHem Bocrtoke), mo nmaHHbiIM CHCTEMHOro oIepaTropa eIuHOU
sHeprerudeckoii cucremsl (CO EDC) Poccun, Ha 1 ssuBaps 2017 roga cymmapHasi yCTaHOBIJIEHHAs
MomHocth COC cocraBmsuia aumib 75,2 MBT, To ecth 0,03 % ot 236,3 ['BT — ycTaHOBIEHHOM

MOIIHOCTH 3JICKTpOCTaHIII/Iﬁ OHEPTOCUCTEMBEI. 2

Bcero xe B Poccum neiictByer 18 COC (na nHOos0ps 2017 roma), ¢ oOmieil ycTaHOBIECHHOM
MOITHOCTBIO 0K0JI0 230 MBT, KpymnHeiiue u3 KOTOPBIX paclookeHbl B peciyonukax Anrail u
bamkopTtoctan, B Opendyprekoit, CaparoBckoit 1 Actpaxanckoit oonactsax. Eme 13 COC obmeit

MonHocThio 400 MBT Haxondarces B Kpeimy.

2 http://so-ups.ru/fileadmin/files/company/reports/disclosure/2017/ups_rep2016.pdf
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CornacHo mepedHio mpoektoB BUD®, 0TOGpaHHBIX 1O pe3yibTaTaM KOHKYPCHOTO OTOOpa

WHBECTHIIMOHHBIX MPOeKToB, K Hadany 2018 roma ycranomnenHas momHocTe CO B Poccum

JIOJKHA cOCTaBUTh 0Kouo 363 MBT MomHocTH, a k 2020 rogy — 978 MBT,

0030p mexnonocuii

IIo CHOCO6y MOJIYUCHHA OJHCPruM M3 COJHIA BBIACIIAOT JABC OCHOBHBIC TCXHOJOIMYCCKUC

CHUCTEMBI.

e ®doroasnexrpuyeckue (PV) — mpsMoe npeoOpa3oBaHUe COTHEYHOTO CBETA B MOCTOSHHBIM

C)HeKTpI/ILIeCKI/Iﬁ TOK. L[J'IH IIOJIYUYCHHA IMEPEMEHHOI'O TOKa HeO6XOI[I/IMO HCIIOJIB30BAaTh

npeoOpa3oBaTeNii — HHBEPTOPBL. JHEPTHSI MOKET HCIIOJB30BAThCA KaK HANPSAMYIO, TaK H

HAKOINIATBCA B aKKYMYJIATOPHBIX 6aTape$1x AJI1 UCIIOJIB30BAHHA B KAaYCCTBC PE3CPBHOIO

WCTOYHMKA nuTaHus. IMeHHo Ha ,HaHHOﬁ TCXHOJIOI'MHM OCHOBAaHa pa60Ta cBhIe 98% Bcex

COC B mupe.

e ®ororepmuyeckue (CSP — concentrated solar power) — mpeoGpa3oBaHHE CBETOBOI

OHEPIUU B TCIJIOBYIO, a4 3aTCM, IIPU H606XO,I[I/IMOCTI/I, B DJICKTPHUYCCKYHO.

Cucremsl PV MoryT ObITh Ki1acCU(ULIMPOBAHBI 110 APYTUM PA3JIUYHBIM aCIIEKTaM:

CHUCTCMEI B GI[I/IHOI;'I CUCTEMC BHGKTpI/I(bI/IKaIII/II/I WJIN QBTOHOMHBIC CHUCTEMBI,
BCTPOCHHLIC B 3JIaHUS UJIU IICPCHOCHBIC,

YCTAQHOBJICHHBIC HA KPBIIIC UJIN HA3CMHBIC CUCTECMBI,

CHUCTCMbI C UBMCHCHHUEM YI'JIa UJIU C (I)I/IKCI/IpOBaHHBIM HaKJIOHOM;,
CHUCTEMbI C MUKPOMHBEPTOPAMH U LICHTPAJIbHBIM HHBEPTOPOM,

CHCTEMBI C HCIOJb30BAaHHEM TEXHOJIOTHH KPpUCTAJNIMYECKOI'0 KPEMHUS HUIIA

TOHKOIIJICHOYHOM TEXHOJIOTHH.

KpOMe TOT'0, BBIACIIAIOT HECKOJIBKO MOKOJIEHUI COJHEUHBIX 3J'ICMCHTOB/(I)OT03.HCMCHTOB. Yy

COJIHCUHBIX 3JICMCHTOB IHCPBOTO ITOKOJICHUA HanOoJiee BBICOKHMH IIOKAa3aTellb B(I)(I)CKTI/IBHOCTI/I

(KTI 15-20%), ogHako OJHOBPEMEHHO TaK)Ke HanOOJIee BBICOKHE 3aTPaThl HA TPOM3BO/ICTBO.

3 https://www.atsenergo.ru/vie/proresults
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ConHevHBIC DJIEMEHTHI BTOPOTO TOKOJIGHHS Oojiee JemieBblie (3a CYET MEHbBIIEro oObema
HeoOXOoaUMBIX MatepuanoB) W MeHee sddektuBasie (KIIJ 10-15%). Yame Bcero sto
TOHKOIUICHOYHBIC CHCTEMBI, TJIaBHBIM 00pa30M Ha oCcHOBeE cenenuaa meau-unus-ranus (CIGS),
TEJUTypuaa KaaMmusi, U3 amMopGHOro KpPEeMHHUS U MHKPOMOpP(HBIE KPEMHHEBBIC COJIHCUHBIC

OJICMCHTBI.

ConHeYHBIE 3IE€MEHTHI TPETHETO IIOKOJICHHMA IIOKa HaxXOdATCA Ha CTaauu I/ICCJ'IG,I[OBaHI/Iﬁ u
BKJIFOYAIOT MMOJIMMEPHBIC KIICTKU, OPIraHUYICCKHC, CGHCI/I6I/IJII/I3I/Ip0BaHHBIe KpaCUuTeCJICM COJIHCYHBIC
OJICMCHTHI, COJTHCUHBIC 3JICMCHTBI C KBAHTOBBIMH TOYKaMHU U IICPOBCKUTHBIC Q)OToaneKTquecxne
9JIEMEHTHI. AHAJIOTHYHBIM O6p&30M, HCKOTOPBIEC TCEXHOJIOTHH, CBA3AaHHBIC C COJIHCYHBIMU
QJICMCHTAMU TPCTHEIo IIOKOJICHUA, IIPCACTABIIAIOT co00lf MHOI'OCBSI3HEIE q)OTOSJ'IeMeHTH,
TAHACMHBIC KJIICTKH W HAHOCTPYKTYPUPOBAHHBIC COJHCYHBIC 3JICMCHTHI. CoyiHEYHBIE 3JICMEHTEI
TPETHETO ITOKOJICHUA CIIOCOOHBI npeoaoJieBaTb Npeacj MOIHOCTH, KOTOpBIfI cocrasjsgeT ot 31 a0

41%.

Tadoauua 5. [TokoJiennst pa3BUTHS COJTHEYHBIX 3JIEMEHTOB

IokoJienne MarepuaJ KILA TexHosorus

MOHOKPUCTAIIIMYECKUI KPEMHUN
) 14-20%
(Mono c-Si)
| Kpucrannmuecknii kpeMHHAN
[TonukpucTaIIM4eCKUil  KpEMHUN
o 10-15%
(Multi c-Si)
AmopdHbIi kpeMHwuii (a-Si) 5-10%
Temnmypun kagmus (CdTe) 8-15% TOHKONIIEHOYHBIE  COJIHEUHEIE
1
Cenenun MeIN-UHAAS-TaIIns AIEMEHTHI
10-12%
(CIGS)
CeHCHOMITU3UPOBAHHBIE
4-10%
KpacHTelleM COJTHeuHble OaTtapen
Oprannueckue COJTHEYHbBIE
2-5%
1 3JIEMEHTHI Hanorexnonoruu
l'uGpunHbie comHeuHbie aneMeHTsl | 3-8%
HanoctpykryprupoBaHHBIE
5-10%
COJIHEYHBIE HJIEMEHTHI

Ucrounuk: ananus Frost & Sullivan.
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Ha xpeMHueBbIe IIIaCTUHBI TPUXOAUTCS ceroaHs npuMepHO 40% LIEHbI COTHEUHBIX 3JIEMEHTOB, U
OCHOBHOI KOMIUIEKC HCCIIEZJOBAHUN HAINpaBieH Ha CHW)KCHHE TOJNIIMHBI IJIACTUH i Oolee
3¢ (GEKTUBHOTO HCIIONB30BaHUA KpeMHUs. J[pyroil 3amaueil sBisieTCS CHIDKEHHE YJIEIBbHOTO
notpebienust cepeOpa, HCIOJIB3YeMOro B MPOM3BOACTBE. B kauecTBe OIHOW M3 albTEPHTHB

paccMaTpruBacTCAa MC/b.

Bemyrcst paboThI 110 TEXHOJIOTHYECKOMY COBEPIICHCTBOBAHHIO CTPYKTYPBI COTHEUHBIX MOIYJICH
C LIEJIbI0, YTOOBI MOIITHOCTh MOJYJIsi B cOOpe Obliia BBIIIE, Y4EM CyMMapHasi MOITHOCTh SY€EK, U3
KOTOPBIX OH COCTOUT. DPPEKT mocTuraetcst 6iarogaps yiaydlieHHOMY YIPaBICHUIO CBETOBBIMU
MMOTOKAMH B KOPITyCE MOJYJIs — IepPEHANpPaBICHUIO CBETa ¢ HEAKTUBHBIX ILIOMIAJACH MOMYIIS Ha
aKTUBHbBIC. biiarogaps moBbIeHUIO YPPEKTUBHOCTH COJHEYHBIX SYEEK U TEXHOJIOTUYECKOMY
COBEPIICHCTBOBAHNWIO KOMIIOHOBKH TaHEJIEH, MOIIHOCTh CIWHUYHOTO MOJYJS TIOCTOSITHHO
MOBBIIIACTCSI TIPU TOCTOSHHOM KOJHMYECTBE SYCCK, W3 KOTOPBIX OH coOpaH. BakHbIM
SKOHOMHYECKUM IIOCJIEACTBUEM SIBISETCS CHIDKEHHME IOJIE3HBIX IUIOIAAEH, OTBOISMIIMXCS IO

COJIHCYHBIC 3JICKTPOCTAHIIUU HA TY K€ MOIIIHOCTD.

PV-texHomornu B HaCTOSAIIEE BPEMs JOCTUTAIOT MaKCUMAIBHOTO ipeena 3ppexTuBHOCTH B 25-
27%. WccnemoBaHus HaNpaBlieHbl HA Pa3pabOTKy COJHEYHBIX 3JEMEHTOB C 3()(PEeKTHBHOCTHIO
30% wunu BbIIE MyTEM W3MEHEHUS XUMHUYECKHX, (PU3NYECKHX U KOHCTPYKIIMOHHBIX CBOWCTB
COJIHEYHBIX 37IeMeHTOB. K TpuMepy, HCClieoBaTeNn MOIUTEXHMYECKOTo HHCTUTYTa Rensselaer
pa3zpaboTaiii KpUCTAJUTMUECKYIO PEIIETKY MEePEeKPHIBAOIINXCSI HAHOTPYOOK, 00pa3yIOIIyIO CETKY.
B wtore, yBenMuMiOoCh CBETOMOTJIONMIEHHE (POTOHHOTO HAaHOKpUCTauia ToimmHon 900
HaHoOMeTpoB Ha 1-2 nmopsaka. K Tomy ke, JaHHBII METO]T MOKET MTO3BOJIUTH HCIIOIH30BAHIE MEHEE
JIOPOTUX MaTepUajoB B COJIHEYHBIX IIEMEHTaX, TAKUX KaK JUOKCHU]l TUTaHA, a TaKKe YITy4IIUTh

XapaKTePHCTHKH KPEeMHHs",

HeiHeniaue coaHedHbIE 3JIEMEHTHI CITOCOOHBI norjaomaThb COJIHCYHBIM CBET TOJLKO W3 OJHOTO
CIICKTpPA, YTO 3HAYUTCIIbHO CHUKACT 3(1)(1)CKTI/IBHOCTI> pa6OTBI. HccnenoBatenu u3 yHI/IBepCI/ITeTa
OcIlI0 COBMECTHO ¢ HCCICO0BATCIIIMU U3 HCHTpa MaTCpHAJIOBCACHUSA pa3pa60TanH COJIHCYHBIC
OJICMCHTHI, CIIOCOOHEBIE norjomarb COJIHEUHBII CBET B Oosiee 4YeMm OIHOM CIICKTPE IIYTEM

KOM6I/IHI/IpOBaHI/I$[ JABYX Ppa3HBIX MAaTCpUaJIOB C pa3jIMYHBIMU KOS(i)(bI/II_[I/IeHTaMI/I IIOTJIOLICHUS,

4 Frost & Sullivan, Advancements in Solar Cells, Water Systems, Facial Recognition, Portable Narcotic Drugs
Screening Devices, and Resins (November 2017).
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TakuM oOpa3zoM jenas ero Oosiee 3(h()EKTUBHBIM, YeM CyIIeCTBYyIonMe THUIbL. K Tomy ke,
COJIHEYHBIH 3JIEMEHT CIPOCKTHPOBAH C aHTHOJIMKOBBIM MOKDPBITHEM, KOTOPOE 3HAYUTEIHHO
YMEHBIIIAET OTPAKEHHUE U YBEIMYUBACT MOTJIONIEHHE cBeTa. MI3MEHss TONIIMHY HaHOMAaTepuana,
MOKHO M3MEHHUTH AJIEKTPUYECKHE CBOMCTBA Marepuaia M A0cTU4b dpdexTuBHOCTH B 35-40%.
[Tp1 KOMOMHUPOBAHUH K€ C MaTepHaIaMH, OOTaTBIMH BOJOPOIOM, MOXKHO TAK)KE YBEIIMYUTH CPOK

3KCHJIyaTaHI/II/15 .

CrhepxuBaromuM (aKTOPOM SIBISIFOTCS BBICOKHE KallUTAIBbHBIE 3aTPAThl, TOTEPH SHEPTUU TpU
nepegaye. CymecTByeT HEOOXOAMMOCTh B pPa3pabOTKE COJHEYHBIX JIIEMEHTOB, KOTOpBIC
SIBIISTIOTCSL  HEZOPOTMMH, 3((HEKTUBHBIMU, CTAOWJIBHBIMH W MOTYT TE€HEPHPOBATH OOJIBIIOE
KOJIMYEeCTBO AJiekTpodHepruu. Komanna uccnemoBareneid u3 [lomuTexHuueckor J1abopaTopuu
Jlozauusl (EPFL) co3nana Hemoporue MepoBCKUTHBIC CONHEYHBIC 3JIEMEHTHI ISl TIOBBIIICHHS
3((HEKTHBHOCTH TMPOM3BOJICTBA 3JIEKTPOIHEPruu. HOBBIM METOJ, MO3BOJISIOMUN TOBBICHTH
CTa0MIIBHOCTh COJTHEUHBIX 3JIEMEHTOB Ha OCHOBE IEPOBCKUTA, BKIIFOUACT BBEJCHUE PYyOUIMs B
CTPYKTYPY IEPOBCKUTHBIX COTHEYHBIX 3JIEMEHTOB. DTO MOBHIIIAET CTAOUIBLHOCTh IEPOBCKUTHBIX

KJIETOK, TEM CaMbIM IO3BOJISIS stueiikam 3¢ peKkTHBHO paboTars B TeueHue Oosee 500 wacoB mpu

85 °C.

HccnenoBanust BeAyTCsi M B HAIPaBICHUM CO3[JaHMsS HOBBIX MaTepUalIoB (Hampumep, Ouo-
COJIHEYHBIE 3JIEMEHTHI), KOTOpble OyayT 001a/1aTh YHUKAJIbHBIMH CBOMCTBAMH, a TAK)KE€ METOJIOB
MOKPBITUSL OPraHMYECKUMHU COJIHEYHBIMHU JJIEMEHTaMHU OoiblinxX moBepxHocTeil. [logoOHbIe
WHHOBAIIMM OTKPBIBAIOT MyTh I Oyaymux cdep NpUMEHEHHs, TaKUX KaK HHTerpanus

OpraHNYCCKUX COJIHCUHBIX 3JIECMCHTOB B OKHA UJIM BEPXHUC OCTCKIICHUA B 3,Z[aHI/IHX6.

CIIA noMUHHPYIOT B HCCIEIOBAHHUAX M pa3paboTKax HAHOMATEpPHAlOB IS TBEPAOTEIHHOMN
dorosnekTprudeckoil mpoaykinund. HekoTopsiMu KITHOYEeBBIME Hrpokamu siBisitorest Innovalight
Inc, Solarmer Energy Inc u BLOO Solar Inc, koTopbie mpoBOAsT UcCeq0BaHUs IO pa3padoTKe

NEepCA0BBIX CBOfICTB, B 4aCTHOCTH (I)OTOHHLIX CBONCTB.

HCCMOTpSI Ha TOT (baKT, yto TexHonoruu CO HpI/I6J'II/I)KaIOTC$I K CTaauun 3pCJIOCTU, KOJIUYCCTBO

MHHOBAIIMOHHBIX paspa60T01< YBCINYNBACTCA, O YEM CBUACTCILCTBYCT e>1<er0)1H51171 pocT

5 Frost & Sullivan, Innovations in Plastic Recycling, Solar Cells, Healthcare, Nanocoatings, and Artificial Neurons.
(April 2017).

8 Frost & Sullivan, Advances in Renewable Fuels, Solar Cells, Algae Cultivation, and Weapons Detection (August
2017).
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nareHTHON akTuBHOCTH. C 1 stHBaps 2012 roga mo 31 aBrycra 2016 roma Bo BceM Mupe OBLIO
3apeructpupoBano 10 127 maTeHTOB, CBA3aHHBIX ¢ pa3paboTKoil HaHOTeXHONOTHH B PV. Tonbko

B CIIIA 05110 3a84BJI€HO CBBIIIE 4 THIC. ITATEHTOB.

I'padux 3. KosuyecTBO MATEHTHBIX 3asiBOK B MUPe B 001acTH PV-HaHoTexHoJ0rmii, 2012-2016

3000 o7
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2000 1810 1835 1857 1918
1500
1000
500
0
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Ucrtounuk: Frost & Sullivan.

B Poccun TeXHOJIOTMSAM COJHEYHOM SHEPreTHKU B IOCIEIHEE BPEMs TaKKe CTalu YACIATh
6onpme BauManus. B 2016 rony cnennanuctsl HaydHO-TeXHHUECKOTO IIEHTPa TOHKOIUIEHOYHBIX
TEXHOJIOTUI B DJHEpPreTHKe (JOYEepHssl CTPYKTypa KOMIaHUM «XeBel» — COBMECTHOIO
npennpusitust 'K «PenoBa» um AO «PocHaHo») mnonyumnu mepBbli oOpasen s4yeiku
¢dorosnexTpuyeckoro npeobpazoBarens (POII) 1o  reTepocTPyKTYpHOH — TEXHOJIOTMU
(Heterojunction Technology) tommuHo# 90 mukpoH (MkM). [lomydeHHBINH pe3yibTaT — camas
ToHKas B Poccun gueiika conneynoro moayis. CtangapTHas TOJIIMHA TaKOW sUEHKU B JiBa pasza
Bbime — 180 mxm. [IpakTrueckuii aekt ot pa3pabOTKH BbIpakkaeTcsi B S(KOHOMUHU KPEMHHUS TTPH
M3TOTOBJICHUM COJHEYHBIX MOJYJEH M CHI)KEHHH CeOeCTOMMOCTH MPOU3BOJCTBA KPEMHHUEBBIX
mnactuH  Ha  20%. TeTepoCcTpyKTypHass TEXHOJIOTHS MPEACTaBiseT Cco0oil  rubpua
KPUCTAJUIMYECKOTO M TOHKOIJIECHOYHOI'O THUIIOB KPEMHHEBBIX COJHEYHBIX JJIEMEHTOB. B
pe3yabTare ynaercs OOBEJUHUTH OCHOBHBIE MPEUMYIIECTBA KPUCTAJUIMYECKHX MOJyJeH
(Beicokuit KIIJI, oTcyTcTBHE CBETOBOM JAerpajalvi) M TOHKOIUJIEHOYHBIX MOAYJIEH (HU3Kas
ce0ecTOMMOCTh, BbICOKas 3()(PEKTUBHOCTh MpPH MOBBIIMIEHHBIX TeMIEpaTypax SKCILTyaTalluu
MOJYJIEH, JIydlllee BOCIPUATHE PACCESIHHOIO CBETA M B INEPCHEKTUBE 3KOHOMHMS KPEMHUS C
nepexoaoM Ha Oonee ToHKue miuactuHbl). B 2017 rony B MaiimuHnckom paiione PecryOnuku

Anrail BBeZieHa B 3KcIulyaTanuio nepsasg COC, mocTtpoeHHas Ha TeTepOCTPYKTYPHBIX MOAYJISIX
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poccuiickoro mpou3BojicTBa. B pesdynbraTe Poccus Bomuia B nepedeHb CTpaH Hapsiay ¢ SAnoHuein
u Kopeeil, HCNONB3yIOMUX TEXHOJOTUIO TETEpOIlepexo/a B IPOMBIIIICHHBIX MacmTadax.
Buenpennas Ha 3aBoge «Xeem» B HomoueGokcapcke (Uysamickas PecmyOunnka)
TETEPOCTPYKTYpHAsE TEXHOJIOTMSI B MHUPOBOM IIPAKTUKE OTHOCUTCA K HOBOMY ITOKOJICHUIO
KPEMHHUEBBIX COJIHEYHBIX 3JIEMEHTOB, oTiinyaroniuxcsa Hanoosnee Boicokum KII/I sueiiku — 6omee

22% n IIUPOKUM TEMIICPATYPHBIM JUalla30HOM HCIIOJIB30BaHMS.

Hepcnekmuebl paseumus ompaciiu u 06301) IKOHOMUUECKUX d)akmopoe

TexHoNOrMYeCKNe W3MEHEHUS B KOMIIOHOBKE U TIPOU3BOJCTBE COJHEYHBIX MOAYJICH —
HETpepbIBHBIN Mpolecc. McciaenoBarenbckie J1abopaTopun €KEIHEBHO HAXOMSATCS B TOUCKE
TEXHOJIOTUYECKA ¥ SKOHOMHUYECKH ONTUMANIBHBIX perieHui. [I0CTOSHHOE pa3BUTHE OTpajkaeTCs
Ha DKOHOMHKE COJIHCUHOW JHEpPreTHKH. B TeueHWe MOCIemHUX JABYX JIET IIEHAa Ha MOIYJIH
ymenbiuiack ¢ 0,58 mo 0,35 mos. 3a Bart. BaxkHbIM 95KOHOMHYECKUM MOCIIEACTBUEM SIBIISICTCS
CHIDKCHHE TIOJIC3HBIX IUIOMIAICH, OTBOJSIIMXCS TOJ COJHEYHBIC 3JICKTPOCTAHIIMU HA Ty JXKe
MOIITHOCTh. B Bompoce Tapu¢oB /it KOHEUHOTO MOTPEOUTEINsI, CaMblii HU3KUH MOKa3aTelb ObLI
3adukcupoBan B HOsiOpe 2017 roga B Mekcuke. On coctaBun 1,77 uentoB/kBt*u — tapud O6b11
npeninoxeH kommanueir ENEL Green Power. Jlo atoro nemiesiie Bcero CD 00X0aumIach KUTEISIM

Caynosckoii Apasuu (1,79 nenTos/kBr*4)’,

Aznarcko-THX00KeaHCKHI PETHOH OCTAETCS KPYIMHEUIITUM U CaMbIM OBICTPOPACTYIIUM PETHOHOM
s rnobaneHbiX nHBecTuIMi B CO. Ha Kuraii, Unauto u SAnonus npunercs 6onee 80% Bceit

HOBOU yCTaHOBJIEHHON MOIIHOCTH PV B TeueHHE CAeAYIOMUX S JIeT.

B 2016 rony mnBectunmu B CO yBenumumwmmch Ha 11,6% mo 126,9 mapna. gomn. Oxumaercs,
rino0anbHble nHBecTULMHU B CO OynyT pactu B cpeaneM Ha 9,0% exerogno no 2020 roga. Kuraii

yBean4M uHBeCcTUIMU ¢ 35,5 mupa. nomi. B 2016 roay o 50,7 mupa. nomt. B 2020 roxy.

7 https://electrek.co/2017/11/16/cheapest-electricity-on-the-planet-mexican-solar-power
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I'padux 4. UHBecTHIIMM B HOBbIE MOILIIHOCTH COJIHEYHOI IHepreTuku B mupe, 2016-2020
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Ucrounuk: Frost & Sullivan.

179

2020

CornacHo mpornozam, k 2020 roay Ha gomo CO Oyaer mpuxomutbes 37,5% rnobanbHbIX

MHBECTUIMN B JJIEKTPOIHEPTUIO, YTO, K IPUMEPY, 3HAYUTEIBHO OIEPEkKAeT HHBECTULUU B

BETPOdIHEPreTuKy ¢ aoieit B 21,0%.

18



Berpsinas JHepreTuka

0030p pvinka

B 2016 rogy B Mupe ObLJIO TOCTPOEHO BETPSHBIX CTaHIMK 00miel MontHocThio 54,4 I'BT, uTo Ha
13,3% wmenbmie mo cpaBHeHuto C 2015 r. Bo MHOrom cHuxeHwe ObUIO 0O0YCIOBICHO
HEOMPEACIICHHOCTHIO B BOIIPOCE COXpaHeHUs (enepabHON MOMIEPKKHA BETPSHON SHEPTETHKH B
CIIA, a Takke COKpalleHHEM CyOCHIMpPOBAHHS OTpacid B psAe KIFOUEBBIX €BPOIEHCKUX
cTpaHax, B ToM uncie Ucrannu u Utamuu. B 2017 rony TeM He MeHee 05KU1aeTCsl BO30OOHOBIICHHE

pocta ¢ BBoioM /10 57 I'BT HOBBIX MOIIIHOCTEH.

Cpennue TOJIOBBIE TEMIBI MPUPOCTA MOIIHOCTH 3a mocieanue 10 ner mpeswimanu 20%, a
rJ100anpHas yCTaHOBJIEHHAs MOUTHOCTh YBEIMUMIIach B 6,5 pa3 3a nepuox 2006-2016 rr. K koniy
2016 roma 9 crpan umenu yctanoBieHHY0 MomHocTh cBbie 10 I'BT: Kurait, CIIA, I'epmanus,

Wunus, Ucnianms, Benukoopuranus, Kanaga, bpaszunus u @panmms.
I'pa¢uk 5. luHamMuka pocTa MOIIHOCTH BeTPO3HepreTuku B Mupe, 2006-2016
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Ucrounuk: Global Wind Energy Council, REN21.

JlpaiiBepoM OTpaciid B IMOCJIEIHHUE TOJbI BBICTYMANA TOCYIapCTBEHHAs MOAICPIKKA, HAIPUMED
nayorossie kpeautsl B CIIIA (Production Tax Credit — PTC) u «3enensriit» Tapud B Kurae (Feed-
in-Tariff — FIT). B wactioctu 8 CIIIA 10 40% HOBBIX BBOJUMBIX SHEPTOMOIIIHOCTEH TIPUXOAUTCS

MMEHHO Ha BETPOIHEPTETHKY.
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ITo mammeiv World Energy Council, ma Bocrounyto Aswuio (Bkiarouas Kwutait) u EBpomy
npuxoautcs nopsiyika 70% Beelt 171006anbHOM YCTaHOBIEHHOM MOLTHOCTH BETPOIHEPTETHKH, €IIe
20% — na CeBepnyto Amepuky. B pa3pese oTnenbHbIX cTpaH Jmaepamu siBisiioTcst Kuraii u CLLIA,
KaKk 1o OOIIel YCTaHOBICHHOW MOIIHOCTH, TaK W MO JWHAMUKE BBOJa HOBBIX. Ha Kwuraii
npuxoautcs csbiie 30% riaobanbHON ycTaHoBIeHHOU MomHocTH, Ha CIIA — 16%. Bo MHOrHX
cTpaHax EBpombl 701 BETpOPHEpPreTUKH B OSHeprodamaHce yxe mnpesbimaetr 10%
(BenmukoOpuranus, ['epmanus, Ucnanus), a B Jlanuu u Upnanauu Hanpumep, I0JISE COCTABIISET

37% u 27% COOTBETCTBEHHO.

Ta6auuna 6. YcTaHoBJIeHHAs1 MOIIHOCTH M BBO/J HOBBIX MOIIHOCTEHl BETPOIHEPIreTHKH 110
OCHOBHBIM cTpaHaMm, 2016

YcraHoBJ/ieHHasi MOLIIHOCTb, BBoa HOBBIX MOIIHOCTEH, 2016

2016 (I'BT1) (I'BTt)
Kuraii 169,0 234
CIIIA 82,1 8,2
I'epmanus 49,5 5,0
Unanus 32,2 54
Ucmanus 23,1 0,049
Benukobpuranus 14,5 0,736
OpaHuus 12,1 1,561
Kanana 11,9 0,7
bpazunus 10,7 2,0
Uranus 9,3 0,282
Poccus 0,1 -

Hcrounnk: REN21, WindEurope, World Energy Council.

PaCCManI/IBaH HOCIMOYKY CO3aHnsA CTOUMOCTH HA PBIHKE BETPOIrCHEpAlli, MOKXHO BBIJACIIUTD 6

OCHOBHBIX T'PYIII UTPOKOB:

e [locTtaBuuku KOMIIOHEHTOB 3aHUMAIOTCS MTPOU3BOJICTBOM COCTaBIISTIOIINX
BETPOTECHEPATOPA, TAKUX KaK OAIIHH, JTOMACTH, dJICKTPOHUKA U .
e IlpousBoautenu  OOOpyHOBAaHHMS  TIOCTABJISIIOT ~ CPEJACTBA  MPOM3BOJCTBA IS

MIPOU3BOIUTENCH TYpOUH.
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Kommanuu OEM (Original Equipment Manufacturers) n3roraBiauBaroT HEOCPEICTBEHHO
BeTpsinple TypOuHbl. Hekxotoppie OEM Takke mnpemocTaBisieT MEIbId  KOMIUIEKC
CONyTCTBYIOIMX  YCIYT, BKIIOYas  WHXXAHUPUHT, T[IOCTaBKH, YCTaHOBKY H
nyckoHanagounbie padotel (Engineering, Procurement, Installation, Commissioning —
EPIC).

Komnanuu, sBIstONIMECs orepaTopamMu MPOEKTOB — BETPSIHBIX (hepM.

CrpoutenbHble (GUPMBI OCYIIECTBISIOT IUIAHUPOBAaHUE U cTpouTesbeTBO BOC ¢ menbio
nanpHelnen nponaxu BOC 3auHTEpecOBaHHBIM CTOPOHAM.

CepBucHble TpOBaifepbl IMPENOCTABIAIOT YCIAYTH IO YIPAaBICHUIO U TEXHUYECKOMY

obcykuBanuio BOC nocie Hadana mpoexTa.

Tadauua 7. Ton-10 nazemunsix BOC B mupe, 2016

Berpsinasi pepma Perunon (crpana) MomHocTh
Gansu Wind Farm [Mposuniws I'anscy (Kutait) 6000 MBT
Alta Wind Energy Center Kamudopuus (CLIA) 1548 MBT
Muppandal Wind Farm Tamun-Hany (Mumus) 1500 MBt
Jaisalmer Wind Park Pamxacrxan (Muaus) 1064 MBT1
Shepherds Flat Wind Farm Operon (CIIIA) 845 MBT
Roscoe Wind Farm Texac (CILA) 781.5 MBt
Fowler Ridge Wind Farm WNupnana (CILIA) 750 MBT
Horse Hollow Wind Energy Texac (CLIIA) 735 5 MBT
Center
Capricorn Ridge Wind Farm Texac (CLLA) 662.5 MBT
Fénténele-l(::;?ﬁalac Wind (DLIHTLI(I;;JII\EIHI;:)L[manaK 600 MB1

Hcrounuk: Energy Digital (saBaps 2017).
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OcCHOBHbBIE MOUIHOCTH IO MPOU3BOJICTBY BETPOTE€HEPATOPOB COCpPenoTOoUYeHBl B cTpaHHbIX EC,
CIIA u Kurtae ¢ BBICOKMM YpOBHEM PBIHOYHOM KOHIIEHTpau: Ha Tomn-10 UrpokoB MpuXoanuTcs
cepiie 70% wmwupoBoro mnpousBojacTBa. B 2016 roxy MUPOBBIM JIMAEPOM B IPOMU3BOJCTBE
BETPSHBIX TYpOMH cTaia Aarckas kommnanus Vestas — ee qoms cocrasmia 15,9%. Beero kommanus

nmocraBmiia TypouH i HazeMHbIX BOC 06mieit monaocTeio 9,7 I'Bt, B 35 cTpaH.



Ha BTOpoM MecTe mo nmone phlHKa pacroyiokuiack amepukaHckas GE, mocraBku koTopoii
cocramm 6,5 I'Bt (#a 0,6 I'Bt 6onbie, uem B 2015 roay). HecMoTpst Ha TO, 4TO KOMITaHHS
yCcTynuiia IepBEHCTBO Ha KitodeBoM ist cedst peiake CLIA, GE pacmmpuio cBoe mpuCyTCTBHUE

1o 21 ctpanbl B 2017 rony (1o cpaBHenuto ¢ 14 B 2016 rony).

I'padux 6. KpynHeiimue npousBouTe/ M BeTPSIHBIX TYpOuH, 2016

M Vestas (JaHus)

B GE (CLUA)

B Goldwind (KuTait)

B Gamesa (McnaHua)
M Enercon (FepmaHus)

B Nordex (FfepmaHus)

3,6% m Siemens (FepmaHus)
3,6% Guodian
4,0% Mingyang (KuTai)
4,1% Envision (Kutai)
4,9% [pyrite
[Ipumeuvanus:

1) Cymma 3HaueHHit MOXeT He cocTaBiaTh 100% Mo npu4rHEe OKPYIIICHHS;

2) Jpyrue kommanuu: Suzlon, Sewind, XEMC, DOOSAN, CSIC u T.1.
Hcrounuk: Frost & Sullivan.
Kuraiickas kommanust Goldwind Wind & Technology, mugep 2015 rozaa, omycrunack Ha 3 MeCTO
¢ oovemoM noctaBok B 6,5 I'Bt B 2016 rony, no npudnHe 3ameuieHus pocta peinka Kutas. B

OcIoM, IJId OOJIBIIIMHCTBA KUTAHCKUH KOMITAHMH JIOKAIbHBIN PBIHOK 3aHUMACT JOMUHUPYIOIIYIO

AO0JIKO € OYCHBb OT'PaHWUYCHHBIMHU o0beMaMHu OKCIIOPTHBIX IMOCTABOK.

Cpemu pBIHOYHBIX TPEHIIOB MOXKHO BBICIHTH JAIBHEHINYI0 KOHCOJNMIANMIO OTPacid H
YKpYIIHEHUE UTPOKOB (KaK TOPU3OHTAJbHAsA, TaK M BEpTHUKAIbHA MHTErpauus). B dactHocTH B
2017 rogy ObLIM 3aBEpLICHBI CICNKH MO ciusiHUI0 Siemens u Gamesa, npuodperenuro LM Wind

Power (pousBoauTens omnacteit u3 Janun) komnanueii GE.

B cBa3u ¢ YACHICBIICHUEM TGXHOJ’IOFI/II\/II, MHNOBBINICHHUEM HX 3(1)(1)6KTI/IBHOCTI/I, HaIlCJICHHOCTBIO
MPaBUTCJIBLCTB CTPAH HA PA3BUTUC BO300HOBJISIEMBIX MCTOYHHKOB BCTPOSHCPICTHKA IMOCTCIICHHO

IIPUBJICKACT BCC 0oJIbIlIEE KOJIUYCSCTBO UT POKOB U3 CMCIKHBIX 0Tpacneﬁ CMECXKHBIX 0Tpacneﬁ -
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TPaIUIMOHHBIX dHEprokommanuii, Hedrsausix kommanuii (Shell, Statoil), npeampusaTuii KKX.
[ToTpeOuTEId  DIEKTPOIHEPTHH, OCOOCHHO B PAa3BUTHIX CTpaHax, TaKXKe ITOCTCIIEHHO
MEPEOPUCHTUPYIOTCS B CTOPOHY BO300OHOBIIIEMBIX HMCTOYHHKOB, B TOM YHCJE BETPSIHOU

sHepreruku. Cpeau HUX Takue kopropaiuu kak Google, Amazon, 3M, Microsoft, Intel.

Texnonozuueckue mpem)bl

BeTprHHe QJICKTPOCTAaHIIUK MOXXHO KJ'IaCCI/I(bI/IHI/IPOBaTI) 110 HECKOJIBKHUM OCHOBHBIM KPUTCPUAM:

e [Ilo mecropacnoJioxkenuto. HazemHbie BeTporeHepaTopsl (pacroyiOKEeHbl Ha CyIIe) U
Mopckue/ohduropHbie/mensdoBpie (PacloioKeHHbIE Ha BOJAC, B NMPUOPEKHBIX 30HAX
mnbo Ha menbde Ha paccrosHUM 10-12 km). Hambomee pacmpocTpaHEHHBIM THUIIOM
HCIIOJIb3YEMBIX BETPOTCHEPATOPOB SIBIISIOTCS HA3EMHBIE — HA HUX IPHUXOJUTCS CBBIIIE
95% HOBBIX BBOJIUMBIX MOIIHOCTEM.

e Ilo Tumy ocu BpameHusi. BbiiensioTcss BeTpOreHepaTOphl ¢ TOPU3OHTAIBHOM OCBIO

BpaieHus (Hanbosee pacnpoCcTpaHeHHBIN THIT) U BEPTUKAILHOM OCBIO.

HaﬂLHeﬁHlaH KJ'IaCCI/I(I)I/IKaL[I/IH MOKET OCYWCCTBIATHCA IO PA3JIMYHBIM TCXHUYCCKUM U
KOHCTPYKIHWOHHBIM ITapaMETpaM: 10 MOIMHOCTH, I10 KOJIUYCCTBY HOHaCTeﬁ, I10 BBICOTC, IUAMETPY

poropa H T.J.

3a mocnegHue To/bl TEXHOJOTHH BETPOIHEPreTHKH MPUOIM3UINCH K CTaJUH CBOEH 3pPElIOCTH:
TEKyIIUI YpOBEHb IO3BOJISIET H3BJIEKaTh Mopsika 50% BO3MOXKHOM SHEpruuM U3 BeTpa NpHU
TeopeTHueckoM Makcumyme 10 60%% HecMoTps Ha pasnuuHble MOMBITKH OTOMTH OT
TPaJULIMOHHON KOHCTPYKIIMK BETPOTE€HEPATOPOB K CO3AAHUIO MPUHIUIUAIBHO HOBBIX CIIOCOOOB
U3BJICUCHHUS] DHEPTUHM W3 BeTpa (Hampumep Jerarouipe TypOuHbl oT craprarma Makani Power,
KyIUIEHHOTO KoMmnaHuedd Go0ogle), GONBIIMHCTBO TEXHOJOTMYECKHX HHHOBALUA B JaHHOM
CEKTOpE HAIpaBJeHbl HAa PELIEHUE JIBYX OCHOBHBIX 3aJau: COKpAILIEHHE CTOMMOCTH BETPSHBIX
TypOMH U TOBBIIEHUE UX IPPEKTUBHOCTH (CHUKEHUE 3aBHCHUMOCTH OT IOTOJHBIX YCJIOBHIA,
MOBBIIIEHNE KO3 (UILIMEeHTa UCHOJB30BaHUs MouIHOCTH). [Ipu 3TOM KpymHeimne KoMIaHUH

COCPCAOTOYCHELI HA pa60Te B CJICAYIOIHNX HAIIPABJICHUAX!

® yBEJIMUYEHHUE pa3Mepa (BBICOTHI) BETPOTE€HEPATOPA;

® yBEJIMUYEHHUE Pa3MEPOB POTOPA BETPOTEHEHEPATOPA;

8 World Energy Council, World Energy Resources 2016|Wind
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¢ TIOBBIIIIEHUE MOIITHOCTH BETPOTCHEPATOPA;

® COBCPIICHCTBOBAaHWE W/WIM BHEAPEHHE HOBBIX MAaTEPHAIOB B  KOHCTPYKIIHIO
BETPOrCHEPaTOPA,;

e omnrTuMu3aIs paboThl BETPOr€HEPATOPOB B YCIOBHUIX HU3KHX CKOPOCTEH BETPA;

¢ JUIrHTaJIrM3alusa CCKTOpa U aHaJInu3 6OJIBIJ_II/IX JAaHHBIX C HOCJIbH OIITHUMU3AIIUN BBIGOpa

Mectopacnoioxennus BOC, BbipaboTKH 3/3 H T.JI.

Uccnenosanue, nposenenHoe MunuctepctBoM sHepretuku CIIIA, mokazano, 4To cpensss
HOMHUHaJIbHAs MOITHOCTh BHOBb YCTAHOBJICHHBIX BETPsHBIX TypOuH B 2016 romay cocraBmma 2,15
MBT, uto Ha 200% Bbimie nokazareneit 1998-1999 rr. u va 11% Boite cpennero 3Hauenus B 2011-
2015 rr. B T0 e Bpems cpennuii quamerp poropa B 2016 roxy coctaBuin 108 meTpos, uto Ha 11%
BhIie ypoBHst 2011-2015 rr., a cpeaHsisi BbICOTa BeTporeneparopa (0T OCHOBaHHS J0 pOTOpa)

HCEMHOI'O YBCIIMYNJIACH B YKaBaHHLIﬁ nepuon — 1o 83 MeTpOBg.

g odopubix BOC nunamuka pocta MomHocTH enie Boie. Tak, B EBpone Tonbko 3a 2016 roa
CpeIHssl MOLIHOCTh HOBBIX BO3BOAMMBIX Mopckux BOC yBennuunnacs 10 4,9 MBT, uro Ha 15%
BbllIE 110 cpaBHEHUIO ¢ 2015 r. u Ha 62% BbIIe, yem 10 set Hazan. K koniy 2016 rony Ha peiHKe
ObLTM  KOMMEpPIHAIN3UPOBaHbl O(IIOPHbIE BETPOTeHEepaToOphl MOMHOCThIO A0 8 MBT.
O>xujaercsi, 4To CpeAHss MOIIHOCTb HAa3eMHBIX BETPSHBIX TypOuH yBenuuutcs a0 4,5 MBT k

2022 romy, B TO BpeMs KaKk MOIIHOCTh OQQIIOPHBIX TypOHuH AocTurHeT 15 MBT.

Bmecre ¢ TeM CTOMT OTMETUTh, UYTO MAPAIEIBHO UAET Pa3BUTHE TEXHOJIOTMH MaJOMOIIHBIX
Typ6un (o 100 KBt), Haxonsaumx npumenenus B BIIK, TerekoMMyHUKallmOHHOM oTpaciu, Ha
yIaJ€HHBIX TEPPUTOPUSX U B CEIILCKOW MECTHOCTH, a TaK)K€ B JOMOXO03siicTBax. OCHOBHOE HX
MPEUMYIIECTBO — HU3KHE 3aTpaTbl Ha YCTAHOBKY, OTCYTCTBHE€ HEOOXOAMMOCTH B
noaaepxuBawoie uHdpactpykrype. Ilo cocrosuuio Ha 2016 rom oOmias ycTaHOBIIEHHas

MOIITHOCTh TaKOTo TUMa TypouH coctaBuiia 830 MBT npu exerogHoMm pocte 6osee 10%.

Jlnist opIIoOpHOM BETPOIHEPTETUKH JpaiiBEpOM B OinKaif1ei mepcreKTHBe MOXKET CTaTh pa3BUTHE
TEXHOJIOTUH TeHepaluy Ha O0JIbIIuX r1youHax. JJOMUHUPYIOIIUM B HACTOSIIIIMI MOMEHT SIBJISI€TCS
ucnosb3oBanue npudpexHsix BOC, koTopele ycraHOBIeHb Ha ¢yHaameHTe. OpHako uX

HCIIOJB30BaHHUE BO3MOXHO Ha MCJIIKOBOAbC (Ha FJIY6I/IHC A0 50 M) ", COOTBETCTBCHHO, OI'PAHUYCHO

9 US. Department of Energy, 2016 Wind Technologies Market Report
10 REN21, Renewables Global Status Report 2017
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B HEKOTOPBIX CTpaHax, B 4acTHOCTH Ha pbiHKax CIIA u fAnonus. Pazsutue xe miaByunx BOC
MO3BOJIUT PAa3MECTUTh UX Jalibliie OT Oepera, rzie MOroHbIe yCIoBHs (CKOPOCTh M MOCTOSHCTBO

BETpa) MO3BOJISIOT BEIPAOATHIBATh OOJIBIIIE IIEKTPOIHEPTUH.

JIpyruM TpPEHJOM TOCJIETHEr0 BPEMEHH CTajl0 pa3BUTHE THOPUIHBIX HHCTAJUISLUI:
ANIEKTPOCTAHIMI COBMELIAIONINX TEHEPallMi0 C HCIOJIB30BAHUE PA3IMYHBIX TEXHOJOTHH
BO300HOBIIsIEMOI1 SHEepreTuku. Hanbomnee pacpocTpaHeHHBIM IPUMEPOM SBIISSIOTCS THOPUIHBIC
cranuuy, copmemaronime COC u BOC. OHu MOT'YT UCHIOIB30BaThCS B KOMIUIEKTE C JU3€IbHBIMU
reHepaTopaMH, YTO JIeNIaeT UCIOIb30BaHUE JAHHBIX THOPUIHBIX CUCTEM OCOOCHHO aKTyaJbHBIM

B MECTax, ra€ OTCYTCTBYIOT DJICKTPOCETH.

TexHOMOTHYECKHEe WHHOBAIMHA PAa3BUBAIOTCA M B HANPABJICHHH HOBBIX MaTEPHUAJIOB, KOTOPHIC
JTOJKHBI TOBBICUTH MTPOYHOCTH JIOMACTEH, YTO 0COOCHHO BaXKHO MPU HEOJIATONPHUATHBIX TTOTOHBIX
yCcIIoBUSX (HU3Kas TeMIeparypa, Biara). Hampumep, B paMkax MCCI€I0BATENIbCKON MPOTPaMMBbI
«A3UMYT», MOCBAIICHHOW Pa3BUTHUIO TEXHOJIOTUN OPIIOPHON BETPOIHEPTreTHKU, KOHCOPIIUYM
n3 11 ucmanckux kommanuii U 22 R&D-11eHTpoB BO T1aBe ¢ kKoMItanuer Gamesa co3ial MoKphITHE
MIPOTHUB HAJIEU, MPEICTABIISIONIYI0 COO0M HaHOM00aBKy K Kpacke. B kauecTBe npyroro mpumepa
MOXHO mpuBecTH pa3paborky kommanuu Applied Nanotech — yriepogHeie HaHOTPYOKH,
UCIOJIb3YEMbI€ JIJISl TTOBBIMICHUS MPOYHOCTH CTEKJIOMIACTHKA (OJUH U3 OCHOBHBIX MaTEpHUajOB
s nomacteit). [loBbIlIeHHEe MPOYHOCTH MAaTEpUajOB M HMX PE3UCTEHTHOCTH K MOTOAHBIM
YCIIOBUSIM SIBJISIETCSI OJJHOM M3 HauOoJiee aKTyaJbHBIX 3aJa4 OTPACIH, MOCKOIbKY 110 25% Bceil

AJIEKTPOIHEPTHH, BhIpadaThiBaeMoil BOC, mpuxoauTcst Ha CTpaHbI C XOJIOIHBIM KITMMAaTOM.

Crnenyromasi BoJHA TEXHOJOTHUECKUX WHHOBAIMI Ha PHIHKE BETPOIHEPTEeTHUKU OXKUAAECTCA B
00J1aCTH HUCIIOb30BaHUs CEHCOPOB M AaHHbIX — MHTepHer Bemeit (Internet of Things — 10T) u
aHAINTUKA. JlaHHBIE TEXHOJIOTHH ITO3BOJISIFOT KOMIIAHHSIM OCYIIECTBIISITH MOHUTOPUHT BETPSHBIX
TypOWMH B PEaTbHOM BPEMEHH IS CBOCBPEMEHHOTO PEAardpOBaHUs HA Pa3IMIHBIC CHTYAIHMH
(M3MeHeHe OTOIHBIX YCIIOBUH, TOJIOMKA U T.J.), ONTUMU3AIMH OTIEPAIIHOHHOMN 2(EKTUBHOCTH,
ylajJeHHOW JUArHOCTHKH, MPOTHO3MPOBAHHUS TPEHIOB, YTO B KOHEYHOM HTOTE MO3BOJISET
COKpATUTh 3aTPaThl HA TEXHHUYECKOE OOCITY)KMBAaHWE W CHU3UTH OlNEpanHoHHBbIe pucku. Cpemn
KJIFOUEBBIX UTPOKOB, pa3pabaThIBAIOMIMX PEICHHs B 001acTy 10T 1 aHaTUTUKA MOXKHO BBIJICITUTH

Siemens AG, Bachmann electronic GmbH, Rockwell Automation, Inc., ABB.
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Ilepcnekmuegul pazeumus ompaciau u 0030p IKOHOMUYECKUX PAKMOPOE

HazemHas BeTposHepreTuka coBepilnia 3HAUUTEIbHBINA PHIBOK 3a MOCIeIHuE AecaTtuieTus. Tak,
MOKa3aTelib  MPHUBEACHHOH  CTOMMOCTH  DJCKTPOIHEPTHH/HOPMHUPOBAHHOW  CTOMMOCTH
anexkrposHepruu (Levelised Cost of Electricity — LCOE), orpaskatoriuii cpeiHIO0 ce0eCTOMMOCTb
MIPOU3BOJICTBA AJICKTPOIHEPTHH HA MPOTSHKCHUH BCETO KMU3HEHHOTO IMKJIA 3JIEKTPOCTAHIUH, B
nepuon 1983-2016 rr. B cpeqnem cokpamaincs Ha 15% npu kaxa0oM yIBOCHHHM YCTaHOBJIEHHOU
morrHoctr. B 2010-2016 rr. LCOE s nazemusix BOC cokpatuics Ha 18% — o 0,07 momt. 3a
1 xBt. CpenHeB3BenieHHbIN 00beM HHBECTUIIMN B HA3EMHYIO BETpPOreHepaIuio 3a nepuoxa 1983-
2016 rr. cokpatuiics 6onee yem Ha 2/3 — ¢ 4880 momn. 3a 1 kBt g0 1457 nomt., 4To 00yCIOBIEHO
s dexToM MacmiTaba, COBEPIICHCTBOBAHUEM TEXHOJIOTUNA M IPOU3BOJCTBEHHBIX Mpoleccos. [1o
JTaHHBIM MeXIyHapOIHOTO areHTCTBA 10 BO30OHOBJIsIEMbIM UCTOYHKMKAaM SHepruu (International
Renewable Energy Agency — IRENA), B Kutae u Mnauu nanHbIi 10Ka3atens emie Huke — 1244
u 1120 momn. cooTBeTcTBeHHO. bonee Toro, 3a mocnemnue 20 JET TaKkKe YAAIOCh JOCTHYb
yBeJIMYEHUS KOAPUIIMEHTA UCIIONb30BAHMs YCTAaHOBIEHHOM MOIIHOCTH (B cpeanem ¢ 20% mo
29%). IIpu 3TOM CTOUT OTMETUTH, uTO Ha HEKOTOPbIX BOC koaddunuent nocrturaer 40-50%, a c

pa3BuTHEM 00Jiee BEICOKMX YCTAaHOBOK IMPOTHO3UPYETCs yBennueHue 10 65%.

I'paduk 7. IIpornos pocra ycTaHOBJIEHHOI MOIIHOCTH BeTPO3HEPreTHKH B Mupe, 2016-
2020
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Ucrtounuk: Frost & Sullivan.
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B pe3ynbpTare mOoCTENIeHHOT0 CHMYKEHUSI CTOUMOCTH TEXHOJIOTUH 3aMETHBIM TPEHIIOM MTOCIIETHUX
JIBYX JIET CTAJIO COKPAIICHUE TOCYIaPCTBEHHBIX CYOCHIMIA OTPACIIN, OTMEHA «3EJICHBIX» Tapru(OB
U TIepexo/l Ha TEHICPHYIO OCHOBY, B pE3yJIbTaTe JOJITOCPOYHBbIC TapU(Bl 3a4aCTYIO TOCTUTAIOT
PEKOPJIHO HU3KHX YpOBHEW misi oTpaciu. Tak, mo maHHeIM moptana RenEn, B ogHOM w3
nocnenHux TeHaepoB B Kanane (mpoBuHmms AsbOepTa) B Xoje TOProB Oblia 3adHUKCHpOBaHA

PEKOpPAHO HHU3Kas [IeHA, SKBUBATICHTHAS IPHOIM3UTENbHO 1,7 pyoueit 3a kBr¥u. 1!

Pa3BuTHe BETPOIHEPTreTUKH IMO3BOJSET peliaTh HE TOJBKO 3adady Mo TpaHchopManuu
sHeprobansanca B CTOPOHY 3KOJOTHYECKH UYUCTBIX BO30OHOBIISIEMBIX MCTOYHUKOB DHEPTHU, HO
TaKkKe UMEET MPsSMON SKOHOMHYECKHH 3(h(EeKT Ha co3maHue padoumx MecT (Hampumep Ha
yIaJeHHBIX TEPPUTOPUSX), UHBECTUIIUU (CTPOUTEIHCTBO CTAHIIMI, YHEProceTe MPOU3BOJCTBO
obopynoBanus u T.1.). MHorue ctpasbl (B yactHocTH Kurtaii u Poccust) BBOoaAT 00s3aTe/bHbIC
TpeOOBaHUS TI0 JIOKATM3AIUH ITPOU3BOJICTBA O0OPYIOBAHUS C TICIIBIO MOJICPIKKH OTPaCId. Mepsl
0 JIOKAJIM3alUK MOTYT J1aTh OUTYTUMBIH 3 (EKT, UTO OTUETIMBO MPOCICKHUBACTCS HA MIPUMEPE
Kuras, rae ¢ 2007 mo 2010 roasr nefictBoBano tpeboBanus mo 70% ypoBHIO jJokanuzauuu. B
pe3yibTaTe, KUTAWCKUE KOMIAHUU SIBIIIOTCS OJHUMH W3 JIMJIEPOB B MPOU3BOJCTBE BETPSIHBIX
TypOUH, OTHAKO IO OOJBIIEH YaCTH KOHIICHTPUPYIOTCA Ha JIOKAJIbHOM pbiHKe. B Poccuu BHepen

aHAJIOTUYHBIN MTOKAa3aTeNb 10 JIoKanu3auu (65%).

120 - MJIDA X011,

100,3

I'paduxk 8. UuBecTHIIMM B HOBbIEe MOIIIHOCTH BETPSIHON IHepreTuku B mupe, 2016-2020
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Ucrounuk: Frost & Sullivan.

1 http://renen.ru/wind-energy-1-7-rubles-per-kwh-tender-results-in-canada/
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OCHOBHO TIPOOJIEMOiT pa3BUTHS BETPOIHEPTETHUKH (KaK Ha3eMHOM, Tak U 0(h(HIIOPHOI) OcTaeTCs
HEJ0CTaTOK UH(PPACTPYKTYpHI ANeKTponepeaaun (0co0eHHO XapaKTepHblIit Ais pbiHka Kutas, rae
3a4acTyl0 B CHJIy M30bITKa MOIIHOCTU mNpuxoautTcs octaHaBiauBate BOC). B pesynbrarte, B
cienyromue 10 et oxumaercsi crabuM3aIys BBOIa HOBBIX MOIIHOCTEH HA MPUOIU3UTEITHHOM
ypoBHe B 58 I'BT, a exeroansiii 00beM nHBecTHIME cocTaBuT mopsaka 100 mupa momwt. K 2030
roxy npornosupyercs, yto Ha BOC Oyner npuxoautbes 15% BBIpaOOTKH 3JIEKTPOIHEPTHH T10

cpaBHeHuto ¢ 6% B 2016 roxy.
I'paduxk 9. BBoa HOBBIX MOIIHOCTEl BeTpo3HepreTuku, 2016-2025

°1 1 By

59 -

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

B HazemHble B3C OdwopHbie BIC

Ucrtounuk: Frost & Sullivan.

Poccuiickuit ppIHOK, B CBOIO OY€pEb, HAXOIUTCS TOJBKO Ha HAYaJIbHOM 3Tarle€ CBOEro pa3BUTHS,

CyMMapHasi yCTaHOBJIEHHAas MOIITHOCTh He octuraet u 1 I'BT.

B pesynpTraTe konkypcHoro oroopa B 2017 roxy koncopunym @optym-PocHaHo momyuns npoexT
ctpoutensctBa BOC 06mum 06bemMom MomHOCTH B 1 I'BT. CoBMECTHBIN MHBECTUIIMOHHBIN (OHT
JBYX KOMIAHUH IUTaHUPYET BIOKUTH 10 30 MipJ pyoOiielt B poccuiicKyto BeTposHepreTuky. [pu
ATOM TEXHOJIOTUYECKUM IMapTHEPOM BBICTYIIUT MHPOBOW JIMJEP OTpaciyd — AATCKas KOMITaHUS
Vestas, miaHupyoIas J0KalTu30BaTh MPOU3BOACTBO JionacTel U cOOpKy ToHmod. Takxke ObLT
3akimtoueH MeMopanayM mexay PocHano u ITAO «Cunossie MamuHb» 1o cosznanuto CII mo

MIPOU3BOJICTBY KOMIUIEKTYIOIIUX (OaIIHU, TOHOIbI).
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B cBoro ouepensr NovaWind (mouepnee mnpenmpustusi rockopropaiuu «Pocarom»)
roJutaHackuii mpousBoautens Lagerwey B 2017 roay cozganu CIT Red Wind, B pamkax KkoToporo
HOBAsi KOMITaHMsI OyJIeT OTBEYATH 32 PEaTH3AIINIO MPOTPaMMBbI JIOKaTH3aluu npon3BoacTsa BOC,

a FOJTAHJICKUH MapTHEP OCYIIECTBUT TPaHC(HEP TEXHOIOTHH.

B paMKax IporpaMmbl pa3BUTHA BO300HOBJISIEMBIX HCTOYHUKOB OHEPIryuu IMmpearojgaracrcsa, 4ro

yctanoBiieHHas MoiHocTh BOC B Poccun nocturuer 3,35 I'BT k 2024 rony.
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buojsHepreruka

0030p pvinka

buosnepreTuka — ucnosnp3oBaHre Oromaccel, Topha U OpraHMUECKUX OTXOI0B I IIPOU3BO/ICTBA
TeIIa, YICKTPUYECTBA 1 MOTOPHOTO TOIUIMBA. buoMacca MOXKeT HCIONIb30BaThCs IS Pa3IHYHbBIX
nenei — or oborpeBa JKWIMII 0 HPOHM3BOACTBA AIIEKTPOIHEPTUH W MOTOPHOTO TOILIHBA.
CoBpemeHHass OMO3HEPreTHKa OCHOBaHA Ha BBICOKOA((EKTUBHBIX TEXHOJIOTHX ITPeoOpa3zoBaHus
Oouomaccel B YAOOHBIC ISl WCHOJB30BAHUS BHJIBI SHEPTUU (DIEKTPOIHEPTHIO, KHUIKUE U

ra3006pa3HHe TOILJIMBA U IMOATOTOBJICHHOC TBEPAOC TOHJ'II/IBO).

Poccus obnamaer camoii 60ibIION B MUpe pecypcHOM 0a3oi Ansi pa3BUTHs OMOIHEPreTHKU
(exxerogHo mpoayuupyercst 14-15 mupa. 1. Omomacchbl, SHEPrusi KOTOPOH SKBUBAJIEHTHA ~ &
MJIpPA.T. yCI. TOIUIMBA), OJIHAKO CTpaHa 3aHUMAET OJHO W3 IMOCICAHUX MECT B MHpE MO €e
UCIOJIb30BaHUI0. Jlake Mpu MUHUMAIIBHON pean3alui PeCypCHOTO MOTEHIMaNa peaTucTUYHO
obOecnieunBaTh 3Heprueil Ha ocHoBe Omomacchl OoT 30% no 100% cenbCKUX W yAaNEeHHBIX

Tepputopuii Poccun.

MexayHapoIHOE JHEPreTHUECKOe areHTCTBO NPUICPKUBACTCS CIEAYIONMEH KiIacCU(pUKAITIH

OHOTOIINBA:

¢ [0 HUCTOYHUKAM IMPOUCXOKIACHU: OHOTOILIMBO U3 NIPpOAYKTOB JICCOIMPOMBIIIJIICHHOT'O
KOMIIJICKCA, OMOTOILIMBO U3 IMPOAYKTOB arpOIpOMBIIIJICHHOTO KOMIIJICKCA U OHOTOILIMBO

13 OMOJIOTHYECKUX MYHUIIUITAJIBHBIX OTXOOOB;

® 1[I0 TUIy BEIIECTBA: TBEPJOE OMOTOIUIMBO, JKUAKOE OHMOTOIUIMBO M Tra3000pa3zHOe

OHOTOIIIUBO.

K nacrosimiemy MOMEHTY OHMOTOIUIMBO 3aHMMAeT BEChbMa HE3HAYMTEIBHYIO JIOJI0 MHPOBOTO
SHEPTEeTUYECKOT0 PhIHKA — MEHEe JBYX MPOIEHTOB OT Bcero oobema BUD B mupe. [lupoxo
pa3BHUBaeTCS UCIOIB30BaHWE OMOMACCHI NSl TMONYYCHHs TEIUIOBOM SHEPrud, KaKk B YaCTHOM
CEKTOpe, TaK U B CHCTEME IEHTPATU30BaHHOTO TeriocHaOxeHus. Ha Ouomaccy mpuxoautcs
Oosbinas yacTh npousBeneHHoro u3 BUD Temnma B Mupe. AKTUBHO pa3BUBaeTCs JaHHOE
HarpaBJIEeHUE UCIIOIh30BaHms Onomacchl B EBporie, B wactHocTH, B [lIBetinu, @unnsaanu, Jlannm,
Asctpun, ['epmanuu u Hunepnangax. Hampumep, B IlIBenuun Gmomacca sBISIETCSI OCHOBHBIM

CbhIPLCM, UCIIOJIb3YCMBIM B TCHJIOCH8.6)KCHI/II/I, a TAKXXC IMPUMCHACTCA AJId MPOU3BOJACTBA TOIIJIMBA
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s Tpancniopta. B 2015 r. B llIBennu 060beM npon3BOACTBA SHEPTUHU U3 OromMacchl cocTaBuil 35%,
orepenuB HeTh. Bo MHOTHX cTpaHaX, Kak pa3BUTHIX, TAK U Pa3BUBAIOLINXCS, BKIrOYas Kuraii u
Wuauto, BO3pacTaeT MCIOJIb30BaHHE OMOMAcChl I TPOU3BOJICTBA JIEKTPOIHEPT UM, OJTHAKO €€

OTHOCHUTEJIBHBIA 00hEM OCTACTCS HEOOIBIIIHM.

I'padux 10. O6bemM ycTaHOBIEHHOH MOIIIHOCTH B ceKTOpe OMo3HepreTuku B Mmupe, 2013 —

2020
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Ucrounuk: Frost & Sullivan.

I'paduk 11. MupoBoii ppIHOK OHO3HEPTeTHKH M0 pernoHam (mo Beipyuke), 2016

W CrpaHbl ATP
M Espona
B J/TaTuHCKaa AmepuKa

BavkHMA BocToK 1 AdpuKa

CeBepHaa AmepuKa

Ucrtounuk: Frost & Sullivan.
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Tab6auua 8. CoBokynHoe nepBuyHoOe NOTpedIeHre OMOIHEPTUH 110 PerHoHaM, MJIH T. y.T.

1990 2016 2020 2025 2030 2035 2040

Crpanbl OJ9CP 210,0 420,0 495,7 542,9 588,6 632,9 680,0

Crpanbl He Bxoasimue B OOCP 1082,9 1545,7 1705,7 1797,1 1877,1 19443 2000,0
CIIA 88,6 138,6 160,0 175,7 192,9 210,0 230,0
EC 67,1 200,0 235,7 257,1 275,7 290,0 304,3
Kuraii 285,7 308,6 317,1 324,3 334,3 348,6 368,6
Wnpus 190,0 268,6 298,6 307,1 310,0 304,3 298,6
Poccus 17,1 10.0 12,9 14.3 17,1 24,3 31,4

Bcero B Mmupe 12929 1965,7 2201,4 2341,4 24671 2578,6 2682,9

Ucrounuk: BP Statistical Review, Frost & Sullivan.

CoBpeMEHHBIN OMOIHEPreTHYCCKHA KOMIUIEKC MPEACTABISICT COO0H COBOKYITHOCTH OTpaciie,
pa3IMYAOIIMXCST PEeCypcHOW 0a30i W KOHEUHBIM MPOIyKTOM. Hambornee WHHOBAIIMOHHBIC
MPOAYKTHl — KHUAKOE MOTOpPHOE OMOTOIUIMBO, OMOTa3 M TBEpAbIE TOIUIMBHBIE MesuieTsl. [lo
JAaHHBIM MeXIyHapOJAHOTO SHEPreTHYecKoro areHrcrsa, B 2016 T. COBOKyNHOE MHPOBOE
MEPBUYHOE MOTPEOICHHEe OMOIHEPTUH pacIpe/eNieHO cieayronmm oopazom: 4,9% — xuakoe
owororuBo, 91,8% — TpamunmoHHOe TOTpeOIcHHEe OWOMAacCHl C Y4eTOM MOTpeOJIeHUs
COBPEMEHHBIX BHJIOB TBEpAOro OuWoTOmIMBa, 2,2% — Ouoras, nmopsaka 1,1% — mepepaboTka

TBEPJIBIX KOMMYHaJIbHBIX 0TX0710B (TKO).

MotopHOoe OHOTOILUTMBO OOECIIeUMBAET B HACTOSIIUNA MOMEHT mopsiaka 2,6% moTpedHoCcTen
MHPOBOT'0O TpaHCnopTa, a k 2040 r. 1aHHBIN TOKa3aTeab MOKET BbIpacTu 10 5,8%. Bricokue Temibl
0TpacjeBOro pocra, IeMOHCTpUpyeMble B nocineanue necstunetus (¢ 10,1 maa Ty.1. B 1990 1. 10
101,1 maH T y.1. B 2014 1.), 66UIM 00YyCNIOBIEHBI Pa3pabOTKOW W NMPUMEHEHHEM CTaHAAapTOB
TOIUIMBHBIX cMmecen (Gomee yeMm B 60 CTpaHax). Kpynnenmmmu
MIPOU3BOIUTEISIMU/TIOTPEOUTENIMUA MOTOpHOTO OroToruiBa B 2016 . siBisumncs CIIA (42,9 muta
T y.T.), bpazunmus (23,9 mua T y.1.), ctpasst EC (16,6 MaH T. y.T.), ApredaTuna (3,6 MiIH T y.T.),

WNunonesus (3,9 muH T y.T.) 1 Kutait (2,9 MuH T y.T.).

ITopsanka 80% COBOKYIMHOrO MHPOBOTO IPOU3BOJCTBA COCTABIJISET 3TaHOJ, ocTaBmmecs 20%

MPUXOJUTCS Ha OWomm3enb. B KpaTKOCPOUHOH IMepCrieKTHBE MPOTHO3HPYETCs MpeodianaHue
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OMOTOIINBA MEPBOTO MOKOJIEHUS, TPOU3BOIMMOTO HAa OCHOBE CEIIbCKOXO3SHCTBEHHBIX KYIbTYP:
3TaHoJa Ha OCHOBE CAXapOHOCHBIX M KpaxMalOCOJEpPKAaIIUX KYJIbTYp, OMOIM3ENs HAa OCHOBE
MacJIMYHBIX KYJIbTYp; B CpPEAHECPOYHOM IEPCHEKTUBE OKUIAETCA KOMMEpLHMAIU3AIMs
MEPCHEKTUBHBIX TEXHOJIOTUN BTOPOTO MOKOJICHUSI OMOTOIUIMBA — OCHOBAHHBIX Ha MepepadoTke
JUTHOLCIUTIONO3HOW OMOMAacchl; B JOJTOCPOYHOW TMEPCHEKTUBE BO3MOXKHO IOSIBICHHE
OMOTOIINBA TPETHEr0 MOKOJEHHUS, OCHOBAHHOI'O Ha MepepadoTKe BOJOPOCIEH M PaCTUTENbHBIX
KYJIbTYP C KOPOTKMM BEr€TallMOHHBIM LUKJIOM. BO3MOXHBIE NEPCIIEKTUBHBIE NHHOBALIMOHHbBIE
MPOAYKTHl — OMOOYTaHOI, TUMETWI- 3GUp, OMOMETAaHOJ, THAPUPOBAHHBIC PACTUTEIIBHBIC KHUPHI

1 Omoau3enb, pypaHuKC, BOJIOPOI.

MoTtopHOe OMOTOIIMBO OTJIMYAETCS MPEUMYILIECTBEHHO JIOKAIbHBIM (Ha YpOBHE I'OCYJapCTBa)
IIPOU3BOJICTBOM U MOTPEOIEHUEM, OJIHAKO OINpeeIeHHbIE 00BEMBI ChIPbs U TOTOBOM MPOAYKLUU
IIOCTABIISAIOTCS U3 OTIENIbHBIX CTpaH (IpeumMyliecTBeHHO — bpasunuu u crpan FOro-BocTounoii

Azun) Ha kpynHeimue peinku — B CIIA u EBponeiickuii coro3.

buoraz mpencraBiasier co0oif  MPOAYKT MepepadOTKH  IIUPOKOTO  CIIEKTpa  OTXOAOB
(CenbCKOXO3SIIICTBEHHBIX, OBITOBBIX, IMPOMBIIUIEHHBIX), COAEPKAIIUNA BBICOKYIO JIOJII0 METAHA.
Hcnonp3yercst B KauecTBEe TOIUIMBA JJIsl DJIEKTPOTEHEpauu U oToruieHus. Hanbomnee BbIcOKHE
TEMIIBI pOCTa OTpacib JIEMOHCTpUpYeT B crpaHax EBpomeiickoro coroza, CILIA u Kwurae. Ilo
OLIEHKaM JKCIepToB MeXayHapOoIHOTO SHEPreTH4ecKoro areHTcTra, B 2016 r. nons 6uorasza B
COBOKYITHOM TNEPBUYHOM NOTpedseHun ouosnepruu B crpaHax OOCP cocraBuna 8% (mopsaka
28,6 MJIH T y.T.). JIugepoM no pa3BUTHIO oTpaciu siBisercs EBpomnelickuii coro3, B KOTOPOM Ha
Havano 2017 r. meiictBoBano 17 240 6uora3zoBeix yctaHOBOK (u3 HUX 10 786 — B 'epmanun).
OTnenbHOrO YNOMUHAHMS 3aciyKUBaeT pa3BuUTHEe oTpaciu B Kwurtae, nemoHcTpupytoee
MPAKTUKY JEHEHTPAIU3AIMN YHEPronoCcTaBoK jJoMoxo3siictBaM. B 2015 r. mo ganaeiMm MDA,

Mpoun3BOICTBO Ouorasa B Kutae cocraBmino nopsinka 11,4 MiH T y.T.

ToruBHBIE TpaHyNbl M MENJIEThl MPEACTABISAIOT cOOOM >HEPrOHOCHTENb, MPOU3BOAUMBIN U3
OTXOJIOB JIepeBONepepadaThIBAIONIETO KOMIUIEKCA M CeNbCKOro xo3siiicrBa. Mcmonb3yercs B
KauecTBE TOIUIMBA I AJIEKTPOTEHEpallud U TeIJIoCHAaOXKeHusa. B mocienHee necsTuierve
OTpaciib JAEMOHCTPUpOBAJa YCTOMYMBBIE TeMIbI pocTa, K 2016 T. COBOKYITHOE MHPOBOE
MIPOU3BOJICTBO MEJUIET COCTaBMIIO 25 MiH T (1o cpaBHeHHto ¢ 2 miH T B 2000 r.). Kpynueiimmm

pbiHKOM siBisieTcst peiHOK EC, noTpebnenue koroporo B 2016 r. coctaBuio 18,8 MitH T. DKCepThI
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OIIEHUBAIOT TMOTEHIMAN pocTa oTpaciau a0 52 miaH T B 2025 r., Opu 3TOM HPOTHO3ZUPYEMOE
notpebnenue EBpomneiickoro coro3a omeHuBaercs B 38 MuIH T. BakHEHITMM IperMMyIIeCTBOM
yKa3aHHBIX OTpaciiell SBIISETCS KOMIUIEMEHTApHBIA XapakTep OHMOTOIUTMBA M TPAAUIIMOHHBIX
SHEPrOHOCUTENIe — TBepHas OMoMacca U TOIUIMBHBIC TPAHYIIBI MOTYT MOTPEOJIATHCS C YIIIEM,
3TaHOJ — ¢ OCH3MHOM, OMO/IM3eNb — C TPAJAULUOHHBIM JU3€eeM, OHora3 — C TPaJIUIUOHHBIM.
Kpome »3TOro, coBpeMeHHbIE OMOTEXHOJOTHUM MO3BOJISIIOT POU3BOJIUTH MAaKCHMAaJbHO
JNEUEHTPAIM30BAHHYIO QJUIOKALUIO TMOTEHUIUAIBHBIX PECYpCOB B PErHOHAaX, 3aBUCUMBIX OT
UMIIOpTa TPATUIIMOHHBIX AHEProHOCUTENeH. OTH QakTopbl OyIyT CIOCOOCTBOBATH POCTY
noTtpebyieHnss OMO’HEPreTUKU B KIIOUEBBIX OTPACHAX XO3SHCTBEHHOW MAEATEIbHOCTH — Ha

TPaHCIIOPTEC, B IPOMBIIJICHHOCTH, 3JICKTPOICHEpAlluU U TEMI0CHAOKEHNH

Ha ceronnsiiinuii n1eHp B CTPYKTYpE TeHepaluu dHepruu Ha ocHoBe BUD B Poccuu BeiensroTcs
Tpu auzaepa: mansle ['9C, OnosHepreTrka u reorepmaibHas sHepreTuka. [1o oreHkam 3kcnepros,
pealn3yeMblil MOTeHIMAa pa3BUTHs OuosHepreTuku B Poccun (6rnomaccsl u Ouorasa) coctaBisieT

nopsiaka 180 mupa kBt u/rox k 2020 r.

[To nannpiM HanmoHanbHOTO coro3a 1o OMOo3HEepreTuke, BO30OHOBIAEMbIM HCTOYHUKAM SHEPTUU
u skonorun (HCBD), B Poccun no cocrosinuto Ha Havyano 2017 roga o6pasyercs okosio 450 MiH
TOHH OTXOJIOB JKMBOTHOBOJCTBA (58 MIIH TOHH MO CYXOMY BEIECTBY), YTHIM3ALUS KOTOPHIX
aHa’POOHBIM COpakKMBaHUEM IO3BOJIUT T€HEPUPOBATh 0K0IO 33,4 mMipa KyOomeTpoB Ouorasza B
rof. JlomosHUTENbHOE JIOCTYIHOE ChIphE JUIsl MPOU3BOJICTBAa Ouorasa oOpasyercs Takxke B
nepepadaTbIBaroIlell MPOMBIIICHHOCTH M OTPAciid pacTeHUEBOJCTBA, YTO MO3BOJISET B OOMIEH
CIIO)KHOCTH TMOJTy4yaTh €KEroJHo He MeHee 63 mupa KyOoMeTpoB Ouorasa (SKBHBAJEHTHO
pUMepHO 35 MJIH TOHH O€H3MHA WJIM JM3EJIbHOTO TOIUIMBA WJIHM, B Cllydae KOreHepaluu, — He
MeHee 144 toeic. 'B1/4 anexktposnepruu u He Menee 1 mupn ['Jx TeroBoit sneprun) u 120 mux
TOHH BBICOKOKQU€CTBEHHOT'0 OPraHn4ecKoro ynoopenus. Ilpoune cekTopsl, B TOM YHcCie, JECHOM
U OBITOBBIX OTXOJOB, TakXe OOJaJal0T CYIIECTBEHHBIM IOTEHLIHUAIOM K HPOU3BOJICTBY
omosneprun. Tak, mo maHHbIM OOmiecTBa OMOTEXHOJOTOB Poccuu, MOTEHIMAIBHBIA 00BEeM
OTXOJIOB JIepeBO0OpadaTHIBAIOLIEH MPOMBIIIIEHHOCTH cocTaBisieT nopsaka 200 MitH kyboMeTpoB
B TOJI, @ ©KETOAHBINA 00HEM MTPOMBIIIJICHHBIX U OBITOBBIX OTXOJIOB, MOAJIEKAIUX UCTIOIB30BAHUIO

C ICJIBIO MMPOU3BOACTBA DHCPIUH, — OKOJIO 165 MIH TOHH.
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OnHako TMepcneKTHBBI pa3BUTHA OnodHepreTuku B Poccuiickoit denepaniuu HE MO3BOJISIOT B
KpaTKOCPOYHOU MEPCIIEKTUBE OKUATh TOCTUKEHHS OTPACIIEBBIX [TOKA3ATENEH, XapaKTEPHBIX IS
TUAMPYIOIIUX B 3TOU o0yiactu rocyaapcTB. CBsA3aHO 3TO ¢ MHOTHMH (hakTopamu. Bo-miepBhIX, B
Poccun, nanpumep, no cpaBHeHUIO ¢ EBpOIION HE CTOUT BONPOC CHUKEHHS 3aBUCHUMOCTH OT
UMIIOPTHOTO Ta3za. B curyanum, xorga cTpaHa cama oOecrieurBaeT ceOsi ra3oM, CTUMYJBI 110
Pa3BUTHIO MPOU3BOJCTBA OMOraza 3HAYUTENILHO CHUXAOTCS. BO-BTOpBIX, 3aKOHOIATENHCTBO B
obnactu 6uosHereTkU B Poccun pasBuBaeTcs ¢ OonpIuM omo3nanueM. Tonapko B Havane 2015
r. OBUIM BHECEHBI TIOMPABKHU B PsiI HOPMATUBHBIX JIOKYMEHTOB 10 BOIIPOCAM CTHUMYJIHPOBAHUS
UCIIOJIb30BaHUS BO300OHOBIISIEMBIX HCTOYHHUKOB DSHEPIUHU, B KOTOpbIE OBLIM BKIIIOUEHBI
«reHepupyoIre 00beKThl, HYHKIIMOHUPYIOIIKE Ha OCHOBE BO30OHOBIIIEMOI YHEPTHUH OMOMACCHI.
Kpome Toro, xkuakoe OMOTOIUIMBO KaK CIHMPTOCOJEPKAIIMNA MPOAYKT IOINAJAET MO aKIu3,
KoTopbld ¢ Havdasia 2016 r. coctaBun 102 py6. 3a nuTp, 4TO JAENIa€T €ro MPOU3BOJCTBO 0e€3
JOTIONIHUTEBHBIX ~ CyOCUAMi (AaKTUYECKH HEpPEeHTAOECNbHBIM, a Mepbl TMOIACPKKH —

Hed(DPEKTUBHBIMH.

Otpacne OnosHepreTukn B Poccuu B HACTOSIIUIT MOMEHT INpEICTaBI€HA B OCHOBHOM TOJIBKO
MIPOU3BOJUTENIAMA TBEPAOro OMOTOIIMBA (TOIUIMBHBIX MEJUIET W TPaHyll), PHIHOK SBIISETCS
JOCTaTOYHO KOHIIEHTPUPOBAHHBIM, IPOM3BOACTBO PACIHPOCTPAHEHO I10 TEPPUTOPUU CTPAHBI
HEpaBHOMEpPHO, cocpenoroueHo B Ceepo-3anagHoM u CuOUpCKoM ¢enepaabHbIX OKpyrax. JTo
CBSI3aHO C PACIIPEAEIEHUEM JOCTYITHOIO JAPEBECHOTO ChIpbs HAa TEPPUTOPUU CTPAHBI, a TaK¥Ke
0OyCIIOBJIEHO TE€M, YTO JJaHHAs MPOAYKLHUS HE UMEET CUCTEMATUYECKOro cObITa Ha BHYTPEHHEM
pPBIHKE M MNPAKTUYECKH IOJHOCTHIO OTIpPABIISETCS HAa PBIHKA EBpOMNbI, M TakXke HauyWHaeT
MOCTAaBJIATHCS Ha a3MaTCKue pbIHKU. OHAKO OTpacib OMOTOIIIMBA B 1I€JIOM U pacCMaTpUBAEMBbIH
PBIHOK B YaCTHOCTH OYEHb OBICTPO Ppa3BUBAIOTCS U BUJOU3MEHSIIOTCS B IOCIEIHEE BpeMms,
MI03TOMY B CKOPOM BpPEMEHH OKHJACTCSI CHI)KEHHWE KOHLEHTpPAlUW IMPOU3BOJIUTENEH 32 CHET
yXoJla ¢ pplHKa KPYITHOTO UTPOKa M BEPOSATHOIO MOSBJIECHUS CIpoca Ha TBepAoe OMOTOIIIMBO Ha
BHYTpEHHEM pbIHKE. [locieHss TeHAEHIINS MOXKET OJIYyYUTh Pa3BUTHE, TaK KaK B PSI€ PETMOHOB,
yAaJeHHBIX OT TPaJWLMOHHBIX MCTOYHUKOB 3HEPruH, Hcronb3oBaHue BUD Moxer XoTs Obl

YaCTUYHO PEUINTh MPobieMy TOIUIMBHOTO o0ecnieueHus — peruonsl Cubupu u lansuero Bocroxa.

CpCIlI/I OCHOBHBIX HpCH}ITCTBI/Iﬁ Ha IOYTH PA3BUTHA 6I/IOBHCpFCTI/IKI/I B Poccum — OTCYTCTBHC
CHUCTCMBI T'OCIIOAACPIKKU, OTCYTCTBUC CTAHAAPTOB BI/I3, HU3KHEC TapI/I(bBI Ha DJICKTPOSHCPIUI0 U

TEIJI0, CIIOKHOCTU MHBECTHPOBAHUSA — MPEKIAC BCCTO, AOJITOCPOUYHOTO (OKyrIaeMOCTB ITPOCKTOB
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MOYKET HacTynuTth yepe3 10-15 net, 4To B pOCCUUCKUX peaIUsIX 3a4acTyrO SIBIISIETCS CEPhE3HBIM
HPEISITCTBHEM), OIOPOKPATHUECKHE MPOOJIEMBI C COTJIACOBAaHMEM IPOEKTOB U T. 1. KiroueBoit
npobnemMoit 6nosHepreTuku B PO aHanuTUKK CYMTAIOT TOT (PaKT, 4TO OMOTa30BBIE YCTAHOBKH
SBIISIIOTCSL TPUOBUTFHBIMU TOJIBKO TPU O€CIIaTHOM U OecriepeOOiHOM CHA0KEHUU OTXO/aMHU.
Kpowme Toro, nponsBoauTessiM On03HEPTUU HEOOXOMM rapaHTHPOBAHHBIN COBIT IPOU3BECHHON

SJICKTPOOHEPIUH — 4Y€TO B pOCCHfICKI/IX YCIIOBHAX I10OKa HE Ha6J'IIO,Z[aeTC5I.
0030p mexnonozcuii

B Poccun 6H03HepFeTI/ILIeCKI/Ie TEXHOJIOTHH Pa3BUBAKOTCA IO CIACAYIOIIUM HAITPAaBJICHUAM:

1) u3bICKaHUE U CO3/1aHKE KPYITHOMACIITAOHbBIX, BBICOKOIPOAYKTUBHBIX HCTOYHUKOB OMOMACChI
(dboTocuHTE3, TPOU3BOACTBO APEBECHOW OMOMACCHI, MPOMBIIUICHHOE pPa3BEICHUE PACTEHUN —
IIPOAYLICHTOB YTJIEBOJOPO/IOB, IPOM3BOJCTBO YIJIEBOACOAEP)KAIEH HENMUIIEeBOM Ouomacchl,

IIpOU3BOACTBO BOI[HOﬁ 6I/IOMaCCBI, HCIIOJIb30BAHHEC TBCPABIX OTXOI0B FOpO,Z[OB);

2) OMOTEXHOJIOTHYECKAasi KOHBEPCHs (TIOJIyde€HHE STHIOBOTO U JPYTUX CIHUPTOB, OPTaHUYECKUX

KHCJIOT, PACTBOPUTENIEH U3 pa3IMUYHbIX BUJIOB OMOMAcChl, MOIy4YeHHe Ouoraza u BOJI0poAaa);

3) TepMOXUMHUYECKass KOHBEPCHs (MPSAMOE CXKUTaHUE, Ta3udUKaIUs, TUPOIU3, CKIKeHne, pect-
MUPOJIN3, CHHTE3) JUIS OTYyYEHUS KUAKOTO, TBEPIOTO U ra3000pa3Horo Toruea. buomacca —3to
pacTUTENbHBIM M JKUBOTHBIH MHP UM MPOAYKTHl HX TEXHUYECKOW M (PU3NOIOTHYECKON
nepepaboTKH, BKIIIOYasi MHOTOYUCIICHHBIE OpraHudeckrue oTxoabl. buomacca wnm buopecypcsr -
3TO MONIHBIA MOTEHUHUAIBHBII MUPOBOM MCTOYHUK TOIUIMB W CHIPbSA Uil XUMHUH. buomacca
TpaHCPOPMUPYETCS] B TOIIIUBO WM DHEPTHUI0 METOAAMU OMOJOTHYECKONH U TEePMOXUMUYECKOM

KOHBEPCHH.
Beiensrores cieyronyie OCHOBHbIE TEXHOJIOTHU:
1. Tlpsmoe cxuranue

Haubonee crapblii 1 npopaOoTaHHBIA METOM, HO HAMMEHEE YKOHOMHUYECKHU BBITOHBIN MPOLIECC C
KIIJ momyuenust teruioBoid sHepruu 15-18 %. OgHako CyIIecTBYIOT Takue BHJIbI OMOMAacchl,
KOTOpBIE BBITOJIHEE CXKUTaTh IIPH YCIOBUH CO3/1aHUs TEIJIOBBIX arperatoB ¢ 6osee Beicokum KIT/I.

K TtaxuMm Bumam OmomMacchl OTHOCSTCS
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®  COJIOMA 3JTAaKOBBIX U KPYISHBIX KYJIbTYP, CT€0JIH MOJCOTHEUHUKA U KYKYPY3bl, U3 KOTOPBIX

T'OTOBAT TOIINIMBHBIC I'PAHYJIbI - IICJIJICTHI;
® HCKOTOPBIC BUABI APEBECHUHBI, IPEBECHBIC OTXObI;
® TBCPAbIC OTXOAbI CEIIbCKOXO031CTBEHHOT'O IIPOU3BOACTBA; T'OPOACKUEC TBEPABIC OTXOABI;

¢ OTXOJBI ITPOU3BOACTBA Caxapa U3 CaxapHOIro TPOCTHUKA — 6aracca, KOTOpaid Ipu ImpaMomM
C)KUI'aHUW HCIHOJIB3YCTCA JIA HNPOU3BOACTBA IIapa, 3JICKTPHUYCCTBA, ITYJIbIIbI, 6YMaI‘I/I,

KapToHa, KOpMa JIJIsl )KUBOTHBIX
2. Iluponus

TepmoxuMuueckas KOHBEpCUs ChIphsi 0€3 JocTyma Bo3ayxa mpu Temreparype 450 - 550 °C
no3BosisieT U3 1 M3 abcomoTHO cyxoi ApeBecuHbl noaydyaTh: 140 - 180 kr gpeBecHOro yris, He
COJIep>KaIlero Hu cepbl, HU Gochopa U UCTIOIB3YEeMOro AJsl MOTYYSHHS TYYIIUX COPTOB CTallH,
280 - 400 kr »XKUAKUX MPOIYKTOB — METAHOJA, YKCYCHOW KHCIIOTHI, aleToHa, ¢peHonon; 80 kr

TOpPIOYMX Ta30B — METaHa, MOHO OKCHJIa yriepoja, Bojoposa. 5.1.3.
3. Tazuduxanms

Cxxuranue 6uomaccel npu temmeparype 900 - 1 500 °C B npucyTcTBUM BO3AyXa WU KHCIOPOIa
Y BOJBI C MOJIYYEHUEM CHUHTE3-Ta3a, COCTOSLIEr0 U3 CMECH MOHO OKCHJA yriepoja, BOJI0poaa U
cTeknoobpasznoit maccel (7 - 10 % wmaccel HMCXOIHOTO MaTepuana), MPUMEHsIeMOH Kak
HaloOJHUTENb JUIA JIOPOXKHBIX MOKpbITUH. [azudukanms — Oosiee NPOrPECCUBHBIA U
SKOHOMUYHBIM CIOCOO HCMOJB30BaHUSI OMOMACCHI JUIsl TIONYYEHHUs TEIUIOBOM DHEPrUH, 4YeM
nuponu3. Cuares-ra3 umeet Boicokuii KI1/] TernoBoit konBepcuu. OH MOXKET yIOTPeOIsIThCs s

MOJIyYEHUs1 METaHOIA.
4. CxmxeHmne

[Ipon3BOCTBO KUAKOTO TOIIMBA M3 OMOMACChl IyTEM TEPMUYECKOW KOHBEPCHUU: TEPMHUUYECKUN
MUPOJIN3 WU Ta3u(pUKalKs B IPUCYTCTBUM KaTaIM3aTOpPOB. Peakuuy npoucxoauT Tak, 4ToObl B
Ka4yeCTBE OCHOBHOI'O IIPOJYKTA IOJIY4aJoCh KUAKOE TOIUIMBO, U IIPH TOM MOKHO IIPOU3BOJIUTH

yroJib U ras.

5. BeicTpslit muponu3
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buomacca B TeueHHE KOPOTKOTO BPEMEHHU IMOJBEPraeTcsi BO3ACHCTBUIO IKCTPEMaIbHO BBICOKHX
temmeparyp (700 - 1 400 °C), B pe3ynbTaTe KOTOPOTO MPOUCXOIAT OBICTPOE Pa3IOKEHUE
HCXOHBIX MTPOYKTOB M 00pa30BaHUE HOBBIX COCIMHEHUN: 3TaHOJIA, TPOIUIICHA, YTIIEBOI0POIOB,
Onmu3kux K OeH3uHy. ['a3, moiydaemblii ¢ MOMOIIBIO OBICTPOTO MUPOJHN3a, COJIEPKUT BOJOPOI,
MeTaH, 3TujieH, mnponuieH. Mcrnonap3oBanue OBICTPOro MUPOJIM3a OHMOMACCHI BBITOJHEE, YEM
MUpoJM3a yIyisl, TaKk Kak Ouomacca COAEPKHUT 3HAUUTEIHHO MEHBIIE 30JIb, U €€ MOXKHO
MOABEPTHYTh BO3JCUCTBUIO 0OJiee HU3KUX TEMIIEpaTyp. DTO HAIpPABJICHHUE SBIISACTCS OJHUM U3
HamOoJee TMEepPCICKTUBHBIX, TPU YCIOBUHM JaJbHEHUIEro pa3BUTUS U COBEPIICHCTBOBAHUS

TEXHOJIOTUH.
6. Cunres

Karanutuueckuii cuHTe3 MeTaHONIa M3 Ta30B, OOPa3yIOUIUXCS NPU TEPMUUYECKONW KOHBEPCUU
OoromMaccel. VI3MeHssl TeMIiepaTypy U JaBJICHHE, a TAK)KE UCTIONb3Ysl YHHUKAIBHBIC KaTaIH3aTOPHI,
KpOME METAaHOJa MOXHO IMOJY4YUTh LENbId psAa Apyrux coeauHeHud. I[lpome- KyTouHbIe
coeuHEeHHs 00pa3zyroTcs U U3 aurauHa. U3 1 T apeBecuHsl MOkHO cuHTe3upoBath 410 - 540 n
MeraHona. Eciam cuHTE3 NPOM3BOAUTH B MPUCYTCTBUU BOJOPOAA, IOTYYAIOLIErocs MpU

3JIEKTPOJIM3€E BOJIbI, TO BBIXOJ MeTaHoJa yBenuuuBaeTcs 10 1 400 .
7. BuosHepreTHUeCKUe TEXHOJIOTUU

K 6H03HepFCTI/I‘-ICCKI/IM TEXHOJIOTHUAM OTHOCATCS TAKUC IMPOLECCHI, KAK: Onora3oBbIe TCXHOJIOTHUH,
IMPOMU3BOJCTBO 3TAaHOJA; ITOJIYUCHHUC 6I/IOI[I/I3€J'II>HI)IX TOIIMB, KUPHBIX KHCJIOT, PACTUTCIIBHBIX

YTJI€BOIOPOOB; MPOU3BOICTBO OMOBOIOPOAA, OJTyUYEHUE TENIOBOM SHEPTHH.
8. buorazoBbie TEXHOJIOTHH.

buoraz — cMech MeTaHa M YIJIEKUCIOrO Ira3a - MPOJYKT METaHOBOIO OpOXKEHUs OPraHUYECKUX
BEIIECTB PACTHTEIHHOTO M YKMBOTHOTO TPOHMCXOXKIEHHS, OCYIIECTBIIIEMOTO CHEIH(PUIECKIM
MPUPOJHBIM OHOIIEHO30M aHa’dpOOHBIX OaKTepui pa3IuYHbIX (PU3HMOJOTUYECKUX TPYIIIL.
MetanoBoe OposkeHue mpoTekaeT npu Temreparypax oT 10 10 55 °C B Tpex 4eTKo oIpeesieHHbIX
muanazonax: 10 - 25 °C — mncuxpodunshoe; 25 - 40°C — me3o¢punbHoe; 52 - 55 °C —-
TepMO(UIb- HOE; BIAXHOCTh cOCTaBisieT oT 8 10 99 %, ontumanbsHas 92-93%. ConepxaHue
MeTaHa B OWorase BapbHPYeTCSI B 3aBUCHMOCTH OT XHUMHUYECKHX CBOWCTB CHIPhS U MOXKET

cocTaBiATh 0T 50 10 90 %. B 3aBHCHMOCTH OT IPUPO/IBI HCXOIHOTO CHIPbSI U3MEHSETCS M BBIXOJ
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oumoraza: ot 200 mo 600 m Ha 1 T abcomoTHO cyxoro BemecTtBa. K HacTosimeMmy BpeMeHU
pa3paboTaHO M TPUMEHSAETCS MHOXKECTBO TEXHOJOTHM IMOJTydeHUs Ouorasa, OCHOBAaHHBIX Ha
HCIIOJIB30BAHUM DPA3JIMYHBIX BApUALMA TEMIIEPATYPHOIO PEXKUMA, BIIAKHOCTH, KOHILICHTPALUH

0aKTepHaIbHON MACChI, ITUTEILHOCTH MIPOTEKaHU OMOpEaKLnii.
9. IIpousBoacTBo 3TaHONA

DTaHoJ, a TakXKe JPYyrue HHU3IIME CIHUPTHI, ajdbJAECTHUABl U KETOHbI — MPOIYKTHl CIIUPTOBOIO
OpOoXXKeHHs pa3HOOOpa3HBIX caxapo- M Kpaxmajocojepxamux cyocrparoB. OgHako Hambosee
pacipoCTpaHEHHBIMUA BHJIAMU CBIPhS I IPOU3BOJICTBA ITAHOJIA SIBIISIOTCS OTXOBI CaXapHOTO
MPOM3BOJICTBA: Oaracca wiM Menacca (caxapHas CBEKJa), a TakKe KpaxMman KyKypysbl, COpro,
kapToderns, mieHulbl 1 puca. B Poccuu 3TaHon nony4aroT Takke npu OpoKEHUH THIPOIU3aTOB
IpeBecuHbl (1esTo03bl). Hanbonee 3HaunTeIbHBIN MHTEPEC B MUPE K JKUJIKUM OHMOTOILTUBAM
(0coOGeHHO K ATaHOJY) ISl KCTIOJBL30BaHUS Ha TPAaHCIIOPTE mosBmIiIcs B iepuo ¢ 1970 mo 1990 r.
1 00s3aH 3TUM BBICOKMM IIeHaM Ha He(dTh. B HacTodiee BpeMs B pa3BUBAIOLIUXCS CTpaHax
TEHEJCHIIMSI POCTAa HCIOJNB30BAaHMUSI JTaHOJA COXpaHSETCs, B TOM UHCJIE BCJEACTBUE
HAKaITUBAIONTUXCS SKOJIOTHYECKUX MPoOIieM. B HEKOTOPBIX cTpaHax 3TaHOJ B YUCTOM BHJIE WU
B cMecH ¢ O€H3UHOM (Ta30X0J1) IMHUPOKO npuMeHsiics B 1970-e rojsl asist iBUTaTENel BHYTPEHHETO

CrOpaHUSL.
10. Buoau3enbHOE TOILUIMBO

BI/IOI[I/I?;GJ'IBHOG TOINIMBO HMMECT TC KC XAPAKTCPHUCTHUKHU, YTO H OOBLIYHbBIE JAU3CJIbHBIC Maciia,
KOTOPBIC MOT'YT MCITIOJIB30BATHCS B AU3CIIBHBIX JIBUTaTCIIAX. BI/IO}II/I?;CJ'IBHOG TOIIJIMBO MOYKET OBITh
MOJIyYeHO M3 JII000Tr0 MacioCOJepiKalllero pacTeHUs — CeMsH parca, COM, KaKTyCOB U T.I..
[IpenmymiecTBo 6MOAN3EIBHOIO TOIIMBA COCTOMT B TOM, YTO €r0 NMPOU3BOJACTBO OCHOBAHO HA
IOAUPOKO HU3BCCTHBIX TEXHOJOIUAX IMMOJIYYCHHSA PACTUTCIBHBIX MACCI C HUX I[aJ'ILHefIHIHM
METWJIMPOBAaHUEM M PACTUTENbHBIX yriieBogopooB. B 1980-e roasl BoO3poc HHTEpec K
pacTuTeNnbHbIM yrieBogopoaaM. Kak mpaBuio, 3QpQpekTHUBHbIE MPOIYLEHTHl YIIIEBOJIOPOJIOB H
Macesl SIBIAIOTCS NPEACTABUTENIIMU TPOMUYECKOH M cyOTpornuuec-koi ¢uopbl. OgHako U B
YMEPCHHOM KIIUMATC UMCIOTCA KYJIbTYPHBIC PACTCHUA, CEMCHA KOTOPBIX COACPKAT 3HAYUTCIBbHBIC

KOJIMYECTBA MACCJl, — IMOJCOJTHCYHUK, KOHOILJIA, JICH, paric u ap.

11. Dk30TEepMUYECKOE OKHUCIICHUE.

39



[Tonydyenue TEmIOBOW HHEPrUM AKTHBHBIM KOMIIOCTUPOBAHHEM (MHUKPOOHOE OKHCIIEHUE).
Hcnonb30BaHue 3TOro MeToa JUisl YTHJIM3alMi TBEPAOH Oromacchl U, MPEKIE BCEro, TBEPAbIX
OpPraHUYECKUX OTXOJO0B TAKKE MOKET BHECTH CYIIIECTBEHHBIN BKJIa/l B DHEPreTUKY, B YACTHOCTH,
B MPOU3BOJICTBO TEIIOBOM 3HEpruu. MeTo OCHOBaH Ha Mpolecce 0aKTEPHUAIBHOTO OKUCICHUS
TBEPABIX OPraHMYECKHUX BEILIECTB C OOpa30oBaHHEM TEIUIOBOM HSHEPruM, KOTOpas IMOBBIIIACT
TeMmmepaTrypy mnpomyckaemoro Bosayxa a0 80 - 90 °C. Ilyrem Kommpeccuu TemIieparypy
BBIXOJIAIIMX Ta30B MOXHO noAHsATh A0 110°C. B HexoTOphIX cTpaHax, Hampumep B Snonuw,

pa3paboTaHbl ONBITHO-TTpOMBITICHHBIE ycTaHoBKH KIIJ] koTopbix mocturaer 95 %

Haubonee TeXHOJIOTMYHBIM U MOMYJISPHBIM BUJIOM TBEPIOTO OMOTOIIINBA SBIISIOTCS TOIIMBHBIC
rpaHyiibl (WIHM MEJUIeThI), KOTOPbIe MOXKHO M3TOTABJIMBATH U3 CaMbIX Pa3HBIX BHIOB OHMOMACCHI.
[lennersl cerogHsi HAYMHAIOT COCTAaBJIATH CEPHE3HYID KOHKYPEHILMIO TPAIUIIMOHHBIM
(uckomaeMbIM) BUJaM TOruIUBa. [lesieTsl MOKHO UCIIOJIb30BaTh B KAUE€CTBE AJIbTEPHATUBBI YTITIO
WM COBMECTHO C HUM Kak JUIsl TIOJYy4E€HMs TEIUIa U SHEPIHH AJI1 CHUCTEM HHAMBHUIYaJbHOIO
OTOIUICHHUS KHIIBIX JIOMOB, TaK U B BBICOKO d(h(PEKTHUBHBIX 3JEKTPOCTAHIINS ¢ KOMOMHHUPOBAHHBIM
MIPOU3BOJICTBOM 3JIEKTPO3HEpruu U Teria. B mocneanue roasl B EBpone Habmtonancst ObICTPHIN
POCT cIIpoca Ha MEJUIEThI, CBA3aHHBIN C CYIIECTBYIOIIMMH 3aKOHOAATEIbHBIMUA OIPAHUYEHUSMU
Ha BBIOPOCHI MAapHUKOBBIX Ta30B B pamkax KuoTckoro mpoTtokoia, a Takxke JMpeKkTuBoil mo

BO300HOBJISIEMBIM HCTOUHUKAM SHEpPIUun EC.

buoyrons («Greencoal», «Charcoal», «Biocoal») o0bdHO MoNTy4aroT B mpoliecce HarpeBaHUs
JAPEBECUHBI, CTeOJICl PacTeHNI WITH IPYTHX OPraHUYECKUX MATepHaioB 0e3 T0CTyna KUCIOpO/a.
Haubonee pacrpocTpaBHEHHbIH CIOCO0 MoMydeHHs OMOYyrisl — mupoiu3. B mocneqHue rofpl
BO3pacTaeT MHTEPEC K MNPUMEHEHHIO TEXHOJOTHH OTXura Ouomacchl (Toppedakis),
MOBBIIAIOIINHN 3P PEKTUBHOCTh MPOU3BOACTBA 3JIEKTPOIHEPruu. JlaHHAs TEXHOJIOTHUS MTO3BOJISIET

IoJIydaTb OHMOTOIIJINBHLIE rpanyJibl C BBICOKHUM 00BEMHEIM TCIIJIOCOACPIKAaHNEM.

Oxono 90% mupoBoro norpeOieHUss OUOTOIUIMBA MPHUXOIUTCS Ha OMOATAHON M OMOAU3ETb.
[Ipumenenne OuoromnuBa B cepe TpaHCIOpTa SBISETCS BaKHBIM CIIOCOOOM COKpAIICHHUS
BBIOPOCOB BPE/IHBIX BELIECTB B aTMOc(epy HapsAy ¢ MOBbIIIEHHEM ee dP(PeKTUBHOCTH. BaxkHyto
poiib pa3BUTHME NPUMEHEHHUS JaHHOIO BHJA TOIUIMBA OyaeT wurpath uid obecreyeHus
IbTEPHATUBHOIO HU3KOYTJIEPOAMCTOTO TOIUIMBA ISl CAMOJIETOB, MOPCKHUX CYAOB U APYTUX

TSKCJIBIX BUAOB TpaHCIIOPTA.
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CoBepIIIeHCTBOBAHHUE 3aKOHOMATENIbHON 0a3bl M pPa3BUTHE TEXHOJIOTHH OyaeT crmocoOCTBOBATh
pOCTy pBIHKa OHOTEXHOJIOTHH, YBEIMYCHHIO YHWCJIA PEIICHHWH, MPeayCMaTPUBAIOIINX

MCIOJIb30BaHNE BO30OOHOBIIIEMON YHEPTETUKHU.
Ilepcnekmuegul pazeumusn ompaciu u 0030p IKOHOMUUECKUX PaKkmopos

O0beM MHPOBOTO PHIHKA JICKTPOIHEPTHH, TIPOU3BOAUMOM 13 6romacchl B 2016 roy yBenmuduics
Ha 7,8% 1O CpaBHEHMIO C MPEABIAYLIMM 0J0M U B CTOMMOCTHOM BbIpaykeHuu coctaBui 20,53
MiIpa goJut. OkuaaeTcs, 4To BbIpydka Ha 3ToM pblHKE B 2020 roay qocTUrHeT 26,87 MIIpJ 10U,

npoaemoncTpupoBaB poct CAGR 5,5%.

Pacter 3HaueHHe peryiasTOPHON Cpeabl M BEACHUS KOPPEKTHOH TapU(pHON NMOJUTHUKU, KOTOPAs

IMO3BOJIUT pa3BHUBATb PBIHOK U OCYHICCTBJIATL MHBCCTULIMU B OTPACIIb.

Haubonee nuHaMn4HO MUPOBOM PHIHOK Oy/IeT pa3BUBaThCS B A3uu, ocooeHHo B Kurtae u Unanu,
a take B crpaHax HOro-Bocrounoit Aszuu. KirodeBble mpousBoguTeld 00OpYAOBaHUSA U
pa3paboOTYUKN TEXHOJOTUH OYyIyT CTPEeMHUTHCS BBIUTH Ha phiHOK ATP camocrositensHo, 1100

COBMECTHO C MECTHBIM ITAPTHEPOM.

I'padux 12. Croumocts BBoAa 1 kBT MomHOCTH OMOIHEPreTHKY NPH MCNOJIb30BAHUHN

Pa3JIMYHbIX TEXHOJI0THIi, 2016

CKuraHme B Tonke 3050 noaa. CIIA

I

C)KUraHMe Ha KMnAwem cnoe 3300

lasunoukatop 3950

CoBMeCTHOEe CXuUraHme - 650

lasudukaTop (BbipaboTKa Tenna 1 sHeprun) 6 250

|

2 000 4 000 6 000 8 000

o

Ucrounuk: Frost & Sullivan.
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ITo mepe pocra 3 (PEeKTUBHOCTH MPUMEHSEMBIX TEXHOJIOTHH WX JOJS B dHeprodanaHce Oyaer
pacTu, OJTHAKO CETMEHT BCE PABHO OCTAHETCS OTHOCUTEIHLHO HEOOJBIINM JIaXKe B JIOJITOCPOYHON
nepcrnekTuBe. BmecTe ¢ TeMm, HUIIEBbIE PBIHKM W NPUMEHEHHs OYAyT MpPHUBIEKATh Kak
pa3pabOTYMKOB, TaK M WHBECTOPOB, CTPEMALIMXCSA AUBEPCU(PUIIMPOBATH BIOXKEHHS B cdepy
sHepretuku. [1o Mepe pocta 3pdekTuBHOCTH OYAYT PacTH NOKA3aTEIH HA BIOKCHHBIN KalMTal,
JOCTHTasi CPETHUX MTApaMETPOB MO OTPACIIH U Jiejast BIOXKCHUs B OMOIHEPTETUKY ONPaBIaHHBIMH

110 CPAaBHEHUIO C aJIbTEPHATHBAMHU B BUJIe MHBIX BUD.
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0030p KJIKYEBbIX HTPOKOB B CEKTOPE aJIbTEPHATUBHOM

JHEPreTUKU: NMPOPUIH KOMIAHUKT

\&_4

AO «Bempo OI'K»

|\ BetpoOI'K

‘ TRYNNA KOMN3HWA ATOMIHEPIOMaW
J

O KoMIIaHuU:

AO «Berpo OI'K» — mouepnsst kommanuss AO «OTOK» (muBuszmon 'K «Pocatom» mo

YIPABJICHUIO HEATOMHBIMH AKTUBAMH).

I'ox ocHoBanms: 2011 r.

HITa6-kBapTupa: r. MockBa

OcHoBHbIE HANIPABJIEHUS 1eATEJIBLHOCTH . BETPOIHEPreTHKA
JesiTeJIbHOCTH KOMIIAHUU:

e B 2017 rogy «BerpoOI'K» crama mobenuTenemM KOHKypca Ha CTPOUTEILCTBO OOBEKTOB
BETPOBOW TeHeparuu obmieid mourHocThio 360 MBT. CymMmapHbIii 00BEM MOITHOCTH
iaHupyeMbeix 00bpekToB «Betpo OI'K» cocraBnser 970 MBT, nnn 43% poccuiickoro
pBIHKA BETPOI€HEPALIUH.

e TIpou3BOACTBOM BeTpOreHepaTopoB OyzeT 3annMarhes komnanus Red Wind Ha mtomaake
B Bonromoncke — CIT NovaWind (nodepHee npeanpustie Pocatoma) u rosiaHackoro
npousBoutens Lagerwey. [IporpamMmma HauHETCs ¢ mpousBoacTBa BOY MomHocThIO 2,5
MBrT. B nepcnektuBe miiaHupyeTcs JoKalIn3aius Ipou3BOACTBa TYpOMHBI MOIITHOCTBIO 4
MBrt. B pamkax CII npeanonaraercs moctaBka 388 BeTpoycTaHoBOoK a0 2022 rona.
BerpoOI'K  Oyzer BmajenpueM  CTpOSILIUXCA  BETPONMAPKOB U IMOCTaBIIUKOM
ANEKTPOIHEPIUH.

e OmuH U3 mepBBIX NPOEKTOB Oyner peanuszoBaH B Pecnybnmuke Appires (tpu BOC
CyMMapHOU MOITHOCTHIO B 610 MBT). CTpouTeNnbCcTBO MEPBOI OUEpeIr HAYHETCS BECHOU
2018 roma. B cocraB mepoii BOC wmommuocteo mo 150 MBT Bolimer ao 60

BCTPOSHCPIETUICCKUX YCTAHOBOK.
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HHAO «@opmym»

O KoMnaHuu:

poccuiickasi HepreTHuecKas KOMIaHus, co3nanHas B pesynbrare peopmbr PAO «EDC Poccun

(npenpiaymee HaumeHoBanue kKommanuu — OAO «TT'K-10»); B 2008 r. KOHTpOJILHBIN TMaKeT

KOMITaHUU NpUoOpeTeH GUHCKUM SHEPreTHYeCKUM KOHLIepHOM Fortum.

T'ox ocnoBaums: 2005 r.

IITad-kBapTupa: r. YensiOunck

OcHoBHBIE HanpaBJIeHUsd JesITEeJIbHOCTH . IIPOU3BOACTBO U COBIT SHGKTpH‘IeCKOﬁ H TETJIOBOM

OHCPIur; BETPOSHCPICTUKA.

I[eHTeJIbHOCTb KOMIIAaHUMU:

B 2017 romy POCHAHO wu «®oprym» ytBepaunu co3ganue PoHja pa3BUTHSA
BETPOIHEPreTUKN JJII HMHBECTHLMH B CTPOUTEIBCTBO BETPOINAPKOB, JIOKAIU3ALUIO
IIPOM3BOJICTBA BETPOYCTAHOBOK, BEHUYPHBIE TPOEKTHI BO30OHOBISIEMON IHEPIETUKH.

B pe3ynbraTte koHKypcHOro or6opa B 2017 rogy xoncopiuym @oprym-PocHaHo nomyuus
mpoeKThl cTpouTenbcTBa BOC ob6mmM o0bemom momHoctd B 1 I'Bt 2018-2022 rr.
WuBectunuu coctaBiat 1o 30 mipza pyOnell. TexHOTOrMYecKHMM MapTHEPOM BBICTYIUT
MHUPOBOH JINJEP OTPACIM — IaTCKasi KOMIIaHus Vestas.

B nacrosimiee Bpemsi «@optym» 3aBepiraetr ctpoutenbctBo BOC momHocts 35 MBT B
VYnbsaHoBckol o0nactu. Beoa B sxcrutyaranuio @oprym-Cumoupckoit BOC oxunaercs B
nepBoM kBaptaiie 2018 roga. Beero mmanupyercst crpoutensctBo 26 BOC, B TOM uncie B
Pocrosckoii obnactu, Kpacnomapckom kpae, CTaBpONOJIBCKOM Kpae, YIbSHOBCKOM
obnactu, MypmaHnckoii obnactu u Tatapcrane.

B Hos6pe 2017 roma «®PopTym» MAOroBOpMiIach O TOKYNKE TpPEX COJHEYHBIX
NIEKTPOCTAHLIMN y IPYNIbI KOMIaHUi «XeBen», B ToM uncie [Inemanosckas (10 MBT) n
I'pauesckas (10 MBT1) COC B Openbyprekoit o0nactu, a tak xe byrynpuanckas COC (15
MBT) B Pecniy6niuke bamkoptocrtan. Bcee Tpu COC BBeneHsl B akcmtyaranuto B 2016-
2017 rr. m mnomywaroT IUIaTy 3a MOIMHOCTL Ha ocHoBe JIMII. OmnepanuonHoe

O6CJ'Iy>KI/IBaHI/IC CTaHIUM IpOAOJIKUT OCYHICCTBIIATH prnna KOMITAaHUM «XEeBel».
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I'pynna komnanuii «Xeeen» I —.I E VE L

SOLAR
O KoMIIaHuu:

coBMmecTHoe npeanpusitue ['pynnel komnanuiit «Penosa» u POCHAHO.
I'ox ocoBanms: 2009 r.
IITad-kBapTupa: r. Mocksa

OcHoBHbIE HaNPaBJIEHUs 1eATEJIbLHOCTH  TIOJTHBIA KOMIUIEKC YCIYT B chepe COITHEUHOM
SHEPreTHKHU — OT MMPOU3BOJICTBA COJTHEUYHBIX MOAYJIEH IO MPOEKTUPOBAHMS, CTPOUTENIBCTBA U

IKCILTyaTauu (POTOAIEKTPUICCKIX CUCTEM.
JesiTeJIbHOCTH KOMIIAHUU:

e  «XeBem SBISETCS JIUAEPOM OTPACIU COJTHEUHOU 3HepreTuku B Poccuu. Beero komnanus
noctpouna 164 MBt C3C na Teppuropun Poccuu u mnanupyet a0 2024 roma BBECTH B
sKcIutyaTanuto eme okoso 1 I'Bt conneuHnol renepauum.

e B 2017 rogy KOMIaHMs 3aBepUIMIa MOJECPHU3ALUIO TEXHOJOTMUECKOW JIMHUM U
YBEJIMYMIIa MOITHOCTh MPOU3BOJACTBEHHOT0 KoMIuiekca 10 160 MBT B roa, 4To mo3BOIUT
Ha 50% obecneunTs Tekyle MOTpeOHOCTH poccuiickoro peiaka C3. 3aBox B
HoBouebokcapcke Hauaia BBIIYCK COJIHEYHBIX MOAYJIEH IO TETePOCTPYKTYPHOMH
TexHoJioruu ¢ 6oiee BeicokuM KII/] stueek.

e B 2017-2019 rr. «XeBem» mnanupyet noctpouts Tpu CIC ob1eit momHocTeo 135 MBT
ActpaxaHckoif o6iactu. MHBecTHLIMU cOCTaBAT 6osee 15 mupa pyOnei.

e B 2017 rony «XeBen» coBmectHO ¢ Hyundai Corporation u AHO «ArenTtctBo JlanbHero
BocToka no npuBiie4eHNIO HHBECTUIIUH U MOAJIEPIKKE IKCIIOPTa» OOBSIBUIIM O pealn3aluu
MPOEKTa CTOUMOCTBIO OKOJIO 8§ MIIpA pyO. MO CTPOUTENHCTBY THOPUIHBIX COJIHEUHO-
IU3eIbHBIX deKkTpocTanuil B JIPO obmeit momrHocThIO 40 MBT.

e B nos6pe 2017 roma kommnanus 3axinounia cornamenue ¢ [IAO «Doptym» o mpoaaxke
TpEX COJIHEYHBIX DJIEKTPOCTAHIMKA OOIIel yCTaHOBJIEHHON MomHocTei0 35 MBT
(ITnemanoBckas u I'paueBckas COC B OpenOyprckoit obnactu (mo 10 MBT xaxnas), a

tak e byrynpuanckas COC Ha 15 MBt B Pecniybnuke bamkoprocTas.
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