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Llenn sToro ceaHca

* [OHATb, KAKME TEXHONOIMMU CO/THEYHOMN SHEPTEeTUKM
KOMMEPYECKM IKCNAYATUPYIOTCA HA IHEPreTUYecKux
PbIHKaX BO BCEM MUPE

* NaeHTUPnUMpoBaTb OCHOBHbIE TPEHAbI B
TEXHONIOTMN COTHEYHOM IHEPTETUKU U
LEeHOObpa3oBaHUM
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BceMumnpHbIN pocT BO30OHOBAAEMOMN SHEPTUN — CYMMAPHO

z,ggc\)/ . Obuias reHepupyoLLLaA MOLLHOCTb MUPOBbIX 3N1eKTpocTaHuuin — 6300 BT
® PV (Grid-Connected) Hons Bcen BO306HOBASIEeMOMN 3Heprumn — 32%
CSP
2,000 - = Wind
B Geothermal
® Biomass
1,500 ® Hydropower
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500
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Source: Data for 2005-2015 from Renewable Energy policy Network for the 215t Century (REN21); data for annual installed capacity for
2016 from The International Renewable Energy Agency (IRENA)
Note: CSP includes concentrating photovoltaics.
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BcemunpHbin ronosoun BBoa, I 3NeKTPOCTaHLUM

® Europe B Americas [ China B Asia-Pacific B Middle East & Africa | Rest of world B Total

[eHepupyloLaa MOLLHOCTb HOBbIX COJTHEYHbIX
3NEeKTPOoCTaHuUMM Bo Bcem mumpe B 2016 roay
Bo3pocsia Ha 50%.

The Guardian, 2017 https://www.theguardian.com/environment/2017/mar/07/solar-
power-growth-worldwide-us-china-uk-europe
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https://www.theguardian.com/environment/2017/mar/07/solar-power-growth-worldwide-us-china-uk-europe

[lepcneKkTuBbl Pa3BUTUA COJTHEYHOMW IHEPTETUKMU
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NcTouHnk ganHbix: Bloomberg New Energy Finance, 2017
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BceMUPHbIN POCT CONTHEYHOU SHEPTreTUKMU
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IEA-PVPS, 2016 http://www.iea-pvps.org/fileadmin/dam/public/report/statistics/IEA-

PVPS - A Snapshot of Global PV - 1992-2016 1 .pdf
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CebecToMMOCTb MOAY/1IeN CHUXKaeTCs
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UCTOUYHUKK: [aHHble ocHOBaHbI Ha ¢aiinax SEC Ha 1-i KBapTan 2017 (1 paHee) oS COOTBETCTBYOLMX KOMNAHWNA.
Deutsche Bank (18.07.17)
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Factory Gate Price ($/W-AC)
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LleHbl MHBEPTOPOB TaK¥e CHUKAIOTCA
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MUctouHuk: Niccheposanne GTM/SEIA “AHann3 pbiHKa CONHEYHOM 3HEpreTMKn: 2-i keapTtan 2017.”



3BONOLUMA LEH Ha ayKLMOHAX CONHEYHOW SHEPTUU

Figure 3 Evolution of average solar prices in auctions, January 2010-September 2016
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LleHbl Ha ayKUMOHaXxX A1 CONHEYHOM IHEPreTUKM MOryT BbiTb HUMKE,

YeM HOBblE YIOJ/IbHblE N HOBbIE NA30Bble 3/IEKTPOCTAHUNU

CpaBHeHMe UeH Ha CoNHeYHble U TenaoBble ycTaHoBKu (2016 T.)

7
=6
(92
=)
« 5
-}
o
<
= 4 — ——
()
S
= 3 I I |
S~
b
S2 — - . =
@)
1 I I I I I
O I I I I I I I 1
Mexico- Mexico- Chile- 2016 Chile- 2016 Chile- 2016 UAE- 2016 UAE- UAE-
Auction Auction Auction-  Auction-  Auction-  Auction- Commodity Hassyan -
Sept 2016- Sept 2016- Solar  Natural Gas Coal Solar Market- Coal
Solar Natural Gas Natural Gas

Power Plant Location and Type

NATIONAL RENEWABLE ENERGY LABORATORY



[pOrHO3MpyeTca, YTO UEeHbl OyayT CHUXKATLCA U Aanblue

BcemunpHble oLeHOYHbIe cpeaHme NosHble pacxoabl Ha Beog P
3/IEKTPOCTAaHUMM ceTeBOro macwTaba, 2009-2025 rr.

5000

2015 USD/kW
Lal

:

0
2009 2010 201 2012 2013 2014 2015

IRENA, Power to Change 2016
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Inverter

Racking and mounting
B Other BoS hardware
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B Other
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http://www.irena.org/DocumentDownloads/Publications/IRENA_Power_to_Change 2016.pdf
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http://www.irena.org/DocumentDownloads/Publications/IRENA_Power_to_Change_2016.pdf

[loTeHUManbHble BbIroAabl Pa3BUTUA CONNHEYHOM dHEPreTnku

*  JNEeKTPOCTaHUMM Ha NPUPOAHOM ra3e obecneymBatoT rMHOKoCTb
NHTErPUPOBAHUNA B SHEPTrOCUCTEMY COTHEYHbIX 3NEKTPOCTaHL NN

* [oBblWwaeTcsa AoNA NPUPOAHOrO ra3a B aKcnopTe

* PacTeT sSKOHOMMKA 1 CO34at0TCA HOBble paboyme mecTa

* MopaynbHOEe NoBbIlLEHME MOLLHOCTU ONTUMMU3UPYET KanuTaIbHbIe 3aTPaThl
* Bo3pacTaeT HaunoHanbHbIM BKNaa B CornaweHne no KanmaTy B Mapurke

(COP21) y
CocTaB reHepupyemMoi aneKTpPosHeprnumn B YabeknctaHe
* CoKpauwaeTrca nmnopTt 60

SHepruu -

e CHMKaeTcAa ypoBeHb -
3arpA3HeHun = = Coal*
* [unsepcudpunumnpytotca " ®m Hydro
Pecypcebl 10 m Natural Gas
*  Crabmnmsmpyrotca UeHbl
0

o’”o”’o"‘o"’é’o Q‘bo‘”\?»
D AT AT A AT A A A AT AD

Thousand GWh

McTouHMK: DHepropecypcbl Y3bekncraHa / npobaembl SHEpreTuKm.
BcemnpHbit baHk, 2013
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Bo3obHoBsseMada saHEPrMa CTUMY/IMPYET POCT 3aHATOCTU B

CLUA

There AreMoreJobsin Solar than Oil and Gas, Coal ExtractionintheU.S.

Employment grew 6 percent in solar and slumped 18 percent in upstream oil and gas and
support services

B Solar W Oil and gas extraction [ Coal mining
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Sources: International Renewable Energy Agency, U.S. Bureau of Statistics Bloomberg @
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ConHeYHble pecypchbl
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ConHe4vyHaAa pagunaumna

Atmospheric
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Cymma npamoro sy4a, andedy3HOro U oTpaxKEHHOTo OT 3eM/IN U3/y4eHUs NpeacTaBnaeT cobomn
NOHOE CO/IHEYHOE U3NYYEHMUE

Source: NREL
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[ToKa3aTenu conHeyHoro pecypca (obayyeHus)

Direct Normal Irradiance (DNI)

Source: nrel.gov

Global Horizont_zil Irradiance (GHI)

Source: esri.com

Source: kippzonen.com
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[MoKasaTenn conHeyHoro pecypca (obnyyeHus)

GHI = DNI + DHI * cos (zenith)

July 31, 2007

== Global Hz
Direct Hz

Dif Hz
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ConHeyHbin pecypc: DNI n GHI
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Solar Technology
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TexHonorua GoTo3/NEKTPUYECKUX CONHEYHbIX 3/IEMEHTOB — MPUHLMN AENCTBUA

Cover glass Sunlight
Transparent adhesive
Antireflective coating
Front contact
Current

Substrate
n-type semiconductor (-)
p-type semiconductor (+)

OcobeHHOCTU

* HenocpeactseHHoe Npeobpa3oBaHME COTHEYHOTO U3YYEHMUA B I/TIEKTPUYECTBO
* Co3gaHue NoCTOSIHHOIO TOKa, Npeobpasyemoro MHBEPTOPOM B NEPEMEHHbIN

* BO3MOXHOCTb BblpabaTbiBaHUA 3/1IEKTPOIHEPTUM OT NPSAMOro U Andpdy3HOro CONHEYHOrO
n3ny4yeHua (conHevHble n obnayHblie ycnoBus)

* BbiCOKMe KanuTanbHble 3aTpaTbl U TPeboBaHMSA K 3aHMMaeMon Naowaam

* HusKune pacxoabl Ha IKcNAyaTaLUIo (Manio NOABUMKHbBIX YacTel, HET Pacxoa0B Ha
TON/INBO)

Coto3 06eCcrioKOEeHHbIX YYeHbIX
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PasnunyHble TUMNbl POTOINEKTPUNYECKOU TEXHONOTNN

MoHoOKpucranamueckmnit Kpemuumi (c-Sl)

NMonukpucrannunueckmin Kpemuum (mc-Sl)

TOHKONNEHOYHbI amopPHbIiA KpemHuM (a-Si)
HaHo (nc-Si) unu mukpo (|c) Kpuctannmueckum NnoANKpPeMHUM

KpemHueBble rerepocTpyKtypbl (HIT)

MoHoKpuctannnueckum apceHung rannua (GaAs)

MHoronepexogHble (GaAs; GalnP; Ge)
Oucenenng mean-uHaua-rannua (CIGS)
Tennypug kagmusa (CdTe)

CeHcMbUNAM3MpPOBaHHbIE KpacuTenem
coNiHeuYHble anemeHTbl (DSSC)
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KM ¢oTo3NEeKTPNYECKNX CONHEYHbIX SN1EMEHTOB

Best Research-Cell Efficiencies .:NRE

ENEWABLE ENERGY LABORATORY

52

Multijunction Cells (2-terminal, monolithic)  Thin-Film Technologies

LM = [attice matched © CIGS (concentrator)
48 - MM = metamorphic ® CIGS

IMM = inverted, metamorphic O CdTe

V' Three-junction (concentrator) O Amorphous SiH (stabilized)
44 |~ 'Y Three-junction (non-concentrator) Emerging PV
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Types of Solar Power Plants
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cDOTOBJ’IEKTpl/IL-IeCKI/Ie ANIEKTPOCTAHUNN CETEBOIO K/1aCCa

PUKCUPOBAHHDBIN Yron
HAK/IOHa

CnexeHue no 1 ocu
CnexeHue no 2 ocam
[lpenmyulecTsa:

o CTommocTb
(duKCMpoBaHHaA)

o [lpon3soanUTeNnbHOCTb

(chexkeHune)

o CUMHXpPOHU3aAUMA
(chexkeHune)

Azimuth
o E

PV array facing south at fixed tilt.

One axis tracking PV array

with axis oriented south.

s Asis of rotation E

Two-axis tracking PV array
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PacnpeneneHHble POTOINEKTPUYECKME TEKTPOCTAHLNM
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KoHueHTpupoBaHHaA conHe4vyHasa aHeprusa (CSP)

lennosHepreTuyeckan 6allHA

o [lnocKkue 3epkana (rennoctatbl) GOKYCUPYIOT CONHEUYHYIO SHEPTUA B LEeHTPa/IbHON NPUEMHOM
cucteme

o B KaudecTBe Ten/sioHOCUTENA U ANA XPAHEHMA SHEPrnm 06bI4HO MCNOJIb3YHOTCA pacniaBbl conemn

MNapabonunueckune Kopbita

o Tenno cobmpaetca B BbICOKOTEMMNEPATYPHOM KMUAKOCTU, KOTOPAA NPOXoanuT Yepe3
Tenn100bMeHHUK

o Co3paBaembli Nap NpPMBOAMT B AeNCTBUE 0ObIYHYIO NAPOBYHO TYPOUHY
 Tapenbuartbiit gsuratenb CTUpauHra

o Mapabonnuyeckme Tapenkm KOHUEHTPUPYIOT CONHEYHYHO SHEPTUIO Ha NPUEMHMKE

o Not cost-competitive with PV

Ana CSP Hy>KeH BbICOKMU CONHEYHbI pecypc DNI
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PocT aneKktpoctaHuun CSP cHM3unca B nocneaHue roabl

O6waa mowHoCTb anekTpoctaHuun CSP B 2016: 4,8 IBT
o CpasHute ¢ 303 I'BT $OTOI/NIEKTPUYECKUX INNIEKTPOCTAHL NI

dneKTpocTaHuum CSP 0b6bl4HO coaeprKaT XPaHUAULLE TeNJI0BOM SHeprus,
YTO NO3BONAET NOCTABAATb ANCNETYEPUSYEMYIO NIEKTPOIHEPTUIO

World Total
Gigawatts

& 4.8 Gigawatts

Spain

United
States

2006 2007 2008 2009 2010 20m 2012 2013 2014 2015 2016

NcTouyHmnK: REN21 OT4yeT 0 BCEMUPHOM COCTOAHUU sHepreTuku, 2017
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0O630p PI nHBepTopa

* [lpeobpa3yeT NOCTOAHHbLIN TOK OT PO moaynen B nepemMeHHbIN
TOK ANA CeTu

* Peanusyet oTcnexnBaHMe TOYKN MaKCMMAJIbHOM MOLLHOCTU
 ObecneymBaeT MOHUTOPUHT CUCTEMDI
* Peanunsyet pyHKUMIO B3aUMOOENCTBUA C CETbIO

DC Inverter Section AC
Disconnect Disconnect
Transistor Utility . .AC i
Bridge Filter Meter Utility Grid

/ Protection

Switch

_J\___/ —

¥ Switch
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[locTnXeHna B GYHKLUUAX MHBEpPTOPA

* [lpoponxeHne paboTbl NP HU3KOM HAMPAKEHUN

* [MpoponkeHne paboTbl NPU CHUKEHMNM YaCTOTbI

e ®YHKUMM yNpaBieHUA peasibHON MOLLHOCTbIO

* [logaya peakKTUBHOM MOLLHOCTU U YAEPKMBAHNE HANPAKEHUA

* WHTepdencol cBaA3n
* MHBepTOpbI CTAaNUN OYEHb

pasyMHbiMU

173 YacToTa, gaHHble SHNU
Must Disconnaect

(@)

HMS
TS
"M x -8

Remaining Connected or Disconnecting is Allowed

nce

. J
ECPNomMz A

- —————— e ———

Remaining Connected or Disconnecting is Allowed

fo)
L LMS
L3

Must Disconnect

L Event Duration
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[locTU»KeHUs B NporpaMmMHOM obecrnevyeHnmn MeHeaKMEHTA pecypcos

O

Fretcod Sage Ass 3 R mained WX
X

_

JTa/NIOHHbIE IKCNAYyaTauynNOHHbIE

NnapamMeTpbl E; s 5l
icnpaBneHnA U KOHTPO/Ib KayecTBa

plaHHbIX fu)'mI‘ s v;.» ®e

MeHeaXXMeHT No 3HaHUAM — ————
AMNArHOCTUKa, MOUCK U YCTPaHeHMe
HEWCNPaABHOCTEN

OTcnexxmBaHue TpeboBaHUM
NPodUNAKTUYECKOTO TEXODOCNYKMBAHMUA

PacueT npodpnnakTUYeCcKoro nam BHENNaHOBOIO
TexobcnyKmMBaHUA
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bnaarogapto 3a BHUMaHue
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