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MeXayHapoaHoe areHTCTBo no
BO306HOBASAEMbIM UCTOYHMUKAM S8 IRENA
sHepruun (IRENA)

MexXayHapoaHana opraHu3auusa, noaaepXmsaemas
npasuUTe/IbCTBAMM CTPAH-Y/1IEHOB

» LUTab-kBapTUpa: Aby-abu, OAD

» YneHbl: 182 cTtpaHbl (158 cTpaH patudumumnpoBanm cornallieHme)

» 3apauun: Yctomumsoe pa3sutme wectn BUI

(3Heprmnsa buomaccol, reoTepmanbHas SHEPrus, FIMAPO3HEPreTUKa, SHeprusa
OKeaHa, CO/IHEeYHas 3Heprus, sHeprua BeTpa)




NeatenbHocTtb IRENA B Ka3zaxcTtaHe

International Renewable Energy Agency

» OUueHKa pecypcoB: BebuHap c yyuactuem M3 PK n KEGOC B uensax
obcyaeHnAa nccnegoBaHUM No oueHKke Tepputopumn (mam 2018 r.).
ObcyxaaeTca BO3MOXKHOCTb NPOBEeAEHMNA COBMECTHbIX MUCCAed0BaHMUM.

» AHTErpauusa nepemeHHoOW B0306HOBASEMON SHEPrnum B
3Heprocucremy: CemnHap no BU3 B popmate «C5+1» (aHBapb 2018 r.)

» Mepbl n npasuna B obnactu passutmna BUI: CemmnHap no mexaHU3amam
NONUTUYECKOM noadepKKn B baky (oKTabpb 2018 r.)

» COOP AaHHbIX N CTAaTUCTUKK No BUI: CemunHap no cTaTUCTUKE pa3BUTUA
pPernoHanbHbIxX npoektTos no BU3, Aby-abu (ceHTabpb 2018 1.)

» MoaaepXKa pa3paboTku NPOEKTOoB: [ThaHMpyeTca NpoBeaeHme
pernoHasibHOro cemunHapa.

» NoBbllWEeHne 0CBeA0MNEHHOCTU: YyacTmne B Expo Astana (MtoHb 2018) u
nporpamme nccnegosaHmi «REmap (goporkHaa kapta BN3)» (c 2016 r.)




KnioyeBble MOMEHTbl AaHHOM
f &® IRENA
n pe3e HTa uM M Infernational Renewable Energy Agency

» KpanHe Ba*KHO MMETb AO0NTOCPOYHbIN NPOTrHO3

» [lna nnaHMpPOBaHUA pPa3BUTUA CUCTEMDBI € Bonee
BbICOKOW aonen BUI, Kputnyeckyto ponb nrpaet
COBMeELLEHME Pa3/INYHbIX NPOLECCOB NJAHUPOBAHMUA (C
TOYKM 3PEHUA YYpEXIEHUN U CPOKOB)

» IRENA npegnaraeT nogaepr<Ky B Bblbope/pa3paboTke
MEeTOAMK NJAAHNPOBAHUSA



B yem npenmyuiecTtso A40Nr0CPOYHOro
NNAaHUPOBAHUA Pa3BUTUA B IRENA
3Heprocucrtembl?

» KntoyeBom KOMMNOHEHT: pa3paboTKa cueHapus

» Mpoueaypa PoOpMUPOBaAHUA KOHCEHCYCA HA OCHOBE
TPAHCNAPEHTHbIX AONYLLEeHUM
» OnpeaeneHne KPAaTKOCPOUYHbIX 3a4a4
» Pa3paboTka mep
» HopmaTtuBHble TpeboBaHMA
» TeXHNn4YecKaa NoAroToBKa

» OBMEH MHEHMAMM Ha MeXAYyHapOoaHOM U
HaLMOHaNbHOM YPOBHSAX

» OcBeaoOM/IEHME MHBECTOPOB U CTUMY/IMPOBAHME HOBbIX
npeanpUHUMaTENbCKMX BO3MOXHOCTEN



MpenmyLiecTea AONTOCPOYHOTO |
NNaHMPOBaHUA G® IRENA

International Renewable Energy Agency

CBoAKa U3 AOKYMeHTa «[lnaHuposaHue cmpamezull no pazsumuto
BU3: aHepeemuyecKuli cekmop ApuKu, 0oCmuiceHuUsa u
nepcrniekmussi», Aby-Nabun, aAHBapb 2015 roaa

ﬂ,onrocpquoe nnaHMpOBaHMe B 3HepI'ETM‘-IECKOM ceKTope npu
NpPaBUNAbHOMN ero peanaunsauum,

» ObecneymsaeT eUHYIO NO3ULMIO 3aUHTEPECOBAHHbIX CTOPOH

» [lomoraeTt nsbexkatb A0POrocTOALLNX MHBECTULMOHHbIX OLIMOOK

» CHWKaeT HeonpeaeieHHOCTb B Bbibope NnpoeKkTa/noNTUYEeCKoro Kypca

» WUHPopMUpPYET MHBECTOPOB O TUNAX M 06 beMe MHBECTULIMOHHbIX
notpebHocTen

» YCKOpAeT npenocrtaBaeHue ycayr °



Llenb AONTrOCPOYHOro N1aHNMPOBAHUA B

JTaTUHCKON AmepuKe U cTpaHax ®@|RENA
KapubcKkoro 6acceiHa:

OcHoBa ANnA pa3paboTKu NONUTUKU, NPUBAECYEHUA
WHBECTUL MM N B3aMMOAEUCTBUA C 3aUHTEPECOBaHHbIMU
CTOPOHaAMM .

o N

Konyméus: R

"‘ -
OcHoBa anA pa3paboTku NOANTUKMN, SO . bpa3unus:
onoseLlleHue 06 t‘,

Ncnonb3yeTtcs B Ka4ecTBe
u onpeaeneHune '
. OCHOBbI gN1A pa3paboTKu
noTpebHOCTEN B HapaLLMBaHUN v
rocygapcrBeHHOMU
NMNOoTEHLINAJIA
- NOJINTUKU
Ypyreau: s A
Ana pa3paboTtku mep B ./ PreHTUHa:
8% Co3aaHue OCHOBbI A4

noaAepKy TEXHONOMNI
{ obcyaeHNA HOBbIX

HanpaB/IEHUN NOIUTUKU U
obcyxaeHunsa c

nogsunxKeHnAa m

@

a1\

npeacTaBUTENAMM OTPAC/N.



HauunoHanbHble oTyeTbl NO nﬂaHMpOBaH&@ IRENA

B JTaTUHCKON AmepuKe

", Ministerio de Energia y Mineria
¥ Presidencia de la Nacion

Escenarios Energéticos 202

ia de Esce de Prc
Secretaria de Planeamiento Energético Estratégico
Diciembre 2016

ApreHTuHa

PLAN DE EXPANSION DE REFERENCIA
GENERACION — TRANSMISION
2016 - 2030

PM=

Plan Maestro de
ELECTRICIDAD
2016 - 2025

gupme

Konymbus
JKBagop

PLANO NACIONAL DE ENERGIA

(%)

Termo de Referéncia
(TDR)

" 'PNE 2050

PLAN ELECTRICO
DEL ESTADO
PLURINACIONAL DE

Bolivia, 2025

Rio ce Janwiro
Abril de 2013

Bonunsua

bpasnnua

SISTEMA ELECTRICO
NACIONAL

201 4 2030

PRODESEN

SENER

MeKkcukKa

PLAN ENERGETICO NACIONAL 2014-2025

International Renewable Energy Agency

Proceso de Planificacion
Energética de Largo Plazo

Informe Preliminar

Ministara ds Ensrgis

20 de junio de 2017

Yunum

ADMINISTRACION NACIONAL DE ELECTRICIDAD
PR e, T e g

studios
Seetidn Eshadios de Ger

o)

Documento de Trobajo

PLAN MAESTRO DE GENERACION

PERIODO: 2016 — 2025

AGOSTO 2016

MNaparsan



MacLwTtabbl nnaHupoBaHua B JIaTUHCKOM
P &® IRENA
AM e p M Ke International Renewable Energy Agency

ApreHTMHa  DHepruA 2025 exkerogHo
bonneusa DNEeKTPUYecTso 2025 HEe NPUMEHNMO
bpa3sununa JHeprua 2050 5-10 net

HYunn JdHeprua 2046 5 net
Konymbua  dnekTpuyectso 15 net eXXerogHo
JKBa4op DNEeKTPUYecTso 2025 2 roga
Mekcuka DNeKTpU4yecTso 15 nert exxerogHo
Maparsan dHeprus / aneKTpmn4ecTso 2040 / 2025 5/2ropa

MNepy JHeprua 10 net 2 roga

Ypyreai dHeprua / anekTpmuyecTso 2035 /2040 eXKerogHo



HoBaa KamnaHuA napTHepcTBa
CEM & S-Ean @@ IRENA

W MINISTERIAL

International Renewable Energy Agency

[ ONrocpoyHble CUeHapun nepexosa Ha 3KO/I0TMYECKH
ynctyto sHepruto (LTES)

» Hayano: man 2018 roga B xoge 9-ro 3acenaHusa CEM,
KoneHrareH

» CPOK: 04uH rof, (BO3MOXHO npoasieHne Ha HeCKO/IbKO neT -
» Begaywime cTpaHbl: aHua, lepmaHma e

» AcnonHutenb: IRENA

Llenb: 6onee wupoKoe BHeapeHue u 6onee apdpeKTnsHoe
UCNOab30BaHMeE A0ArOCPOUHbIX CLEHapPMeEB Nepexoaa Ha

3KO0JIOrMYECKM YUCTYIO SHEPruio
CTpaHbl-y4aCTHULbI KaMNAHUMK:




NMaaHupoBaHue pa3BUTUA
P P A IRENA
SHEepProcucTemMbl: OCHOBHbDbIE MPUHLMUMbI o mesemoo oo

Kakum byaeT cnpoc Ha 3NeKTPO3HepPrmio?

ANA yAOBNETBOPEHMA 3TOro cnpoca’?

KaKkue ynyylieHua cetm noHagobarca ans
obecneyeHmna becnepebonHOM Noga4u
3NEeKTpu4yecTsa’?

AnAa oTBeTta Ha 3T BONPOCbI UCNONb3YIOTCA MoAenu
dHeprocmcrtembli, C yueTom SKOHOMUYECKUX U
TeEXHUNYEeCKUux ﬂOCﬂep,CTBMﬁ nPpUMEeHeHuA
albTePHATUBHDbLIX BADUAHTOB.

&
‘i Kakne obvembl 1 TUMNbl reHepaumm noTpebyrorca

11



MnaHMpoBaHMe B SHEPreTUYECKOM CeKTope:
YeTbipe HanpaB/ieHUA TEXHUKO- @@lRENA
3KOHOMMYECKOro aHaam3a

5000

< 2000 .. NnaHnpoBaHue pacwumpeHun
E— 3000
g W reHepauunum
& 1000 "  MUWHUCTEPCTBO 3HEPreTUM
" AreHTCTBO MO NJIaHUPOBAHUIO
"  KOMMYHa/bHble CNyX6bl
[eonpoCTpaHCTBEHHO
MopaenunpoBaHue LU el I E LS
* [lpaBUTENbCTBEHHOE
pacnpeaeneHna Harpys BElOMCTBO »
*  KoMMyHa/ibHble CyKObl "  AreHTCTBO MO NAAHUPOBAHUIO
= Perynatopel =  KommyHasbHble CNy»KObl
=  OnepaTton CUCTEMDI =  OnepaTop CUCTEMDI
Eiiz TexHuueckue
- uccnepoBaHuUA A
:z cegu ; N (V1T ]
0 = ~OnepaTop ceTeM Y
= Perynatop e

= [lesenonep



1. MnhaHnpoBaHUe pacluMpeHUn @ IRENA

Capacity (MW)

reHepaLuum
5000 " byayulas cTpyKkTypa aHeprobasnaHca u
ol MHBECTULMOHHAA CXema
AW, = CobnrogeHne A0NTrOCPOYHbIX Lenen
5 000 3HepreTU4ecKkomn NONUTUKNK
000 " [lONINTUYECKNIN KOHCEHCYC

= HacTo nepeknnKaeTtca c

NAaHNPOBaAHUNEM HESHEPIETNHECKOTO
CEKTOPaA

. REPUBLIC OF KENYA El o (Rex
Philippine Energy Plan 3ol Integrated m—w
2012-2030 % - /;.’-?/ Resource e
2030 o o)
an
Volume |
Umm [m m mmmmm Let’s turn the answers NACIONALINE ENERGETIKOS STRATEGIIA
STUDY PERIOD: 2011 - 2031 -
MARCH 2011
9:;_&:5;2"___}_ W" im March 31,2015 “QPACIFICORP |00
JenaptameHT PerynmpytoLwmii KomuteT JHepreTnyeckme CneynanusmpoBaH

IHepreTnkn KOMMNaHN1 HOe areHTCTBO



Capacity (MW)

1. MnhaHupoBaHUue pacwimpeHuna f
reHepauuun: UHCTPYMEHTbI ™

5000

| Renewable Energy Agency

Mopagenu pacwumpeHus
reHepauuu, moaenu
AONroCPoOYHOro
3HepreTuyeckKoro
NAaHUPOBaAHUA

4000 ==5

w
o
o
o

2000 -

1000 -

= Jlonrocpo4Hana nepcneKktuea (Ha 20-40 net Bnepen,)
= HapawwusaHue noteHumMana c warom B 1-5 ner

CoBmecTHaa oNnTMMM3aLMA UHBECTUL UM, pacnpeaeneHma m
nepeaauu

* OrpaHUYeHHOE BpeMeHHoe pa3pelieHune (YnpoLweHHoe
pacnpegeneHmne Harpyskmu)

= OrpaHUYeHHOE NPOCTPaHCTBEHHOE pa3pelleHmne (YynpoLuleHHoe
noToKopacnpeaeneHue)

14



2. feonpocTpaHcTBeHHoe naaHuposaHnéXS IRENA

nternational Renewable Energy Agency

Windhoek

" Bblbop mecTa pazmelleHuns
reHepaToOpoOB U onpeaeneHme
NONTOCPOYHbIX NOTpebHOCTEN B
Pa3BUTUU CETU Nepeaaumn

= CueHapuu c Bbicokon aonen BU3 ana
NPOEKTUPOBAHUA CETU NEPeSaAUn

" NpeHTuPumKauma 30H ANs
CTUMY/IMPOBAHMA NPUBIEYEHUS
MHBECTUL NI

UHCTpYMeEHTDI:
reouHpopmaLMOHHaA
cucrema (GIS), KapTbl

) Main wind potential zones

@ Main load centres




2. [eonpocTpaHCTBEHHOE NJIAHUPOBAHU

NaHHble Ana nepexoaa Ha caeayrolime 3Tanbl

NAAHUPOBAHUA

= CoBMecCTHaA onTUMM3aLUA C paclUMpeHnEem
reHepaummu

= YacTb TEXHUYECKUX NCCIeJ0BaAHNIN CETU

MoOynbHebll naaH pazsumus obuweesponelickoli

cucmemeol nepedayu K 2050 200y (3neKTPOHHbIN nopTan
ENTSO-E)

== Starting grid
w2040 least-regret grid

CueHapui UICKONaemowm m

§ o o Figure 18; L‘EC‘M':CME"U' 2040, robust to the five :ce;:u;::. starting grid; purple: reinforcements)
aneDHON SHEDIUM CueHnapum 100% BUD €CrnpourpbIHbIE MHBECTULUMN

w® IRENA

nfernational Renewable Energy Agency

[NpeannoxeHHble
cueHapuu
reHepauun sHeprmu

feonpocTpaHCTBEHH
ble AaHHble

OnTumanbHoe
noToKopacnpeaeneH

ne ‘

MnaH ynyyweHna
3HeprocucTemsbl 4o

2030
\ 4

[NMpoBepKa
HanNpPAXeHnA n

ctabunbHoctn  °



3. MoaenupoBaHue pacnpeaeneHus B IRENA

H a r py3 K M International Renewable Energy Agency

=180
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= PacyeT CTOMMOCTM TONIMBA M SKCNAYATALUMOHHbIX Pacxoa0B
= [lnaHMpoBaHME TEXHUYECKOTO 06CNyKMBaAHUA

=  OnTMmanbHOe NoToKopacnpeaeneHmne

=  Pa3paboTka pbIHOYHbIX M HOPMATUBHbIX TPebOBaHUI

=  WccnepoBaHue uHTerpaunm MNBa 17



3. MopenupoBsaHue pacnpeaeneHna =e IRENA
Harpy3KM : MHCprM EHTbl International Renewable Energy Agency

Mopaenun npousBoacTBEHHbIX
3aTpaTt, MoAaenun pasgeneHusa
06a3aTenbCTB U HArpysKwy,
MmoAenun aKkcnayatauum
3HeprocucTtemMbl, mMoaenn pbiHKa

" BAKU3KO K cpegHecpoYHOMY BpeEMEHHOMY UHTepBany (0T HECKO/IbKUX
mecsues go 20 ner)

" Mcnonb3yeTca TaKKe ANA NPUHATUA PELLEHUIN B PeXKMME peasibHoro
BPEMEHMU

" HapalwwuBaHMe NOTeHLUMaNa YacTo BbIXOAMT 338 PAaMKU OXBaTa

= Cyb6-yacoBoe - YacoBOe MOAE/IMPOBAHNE HA Nepmnoa A0 HECKONbKUX NeT

= YacTto YYUTbIBAKOTCA OrpaHN4YEHNA CETU

18



4. TexHuueckue uccnepgosanua cetn  YBIRENA

AHanuns
noToKopacnpeaeneHuna

= MogennposaHue
NOTOKOpacnpeaeneHna cetu
NPU CNOXKHOW CUTYaLUMN

= OnpeaeneHne noTpebHoOCTEN
B paCLUMpPEeHUn ceTtun

= WN3ydyeHUe nHTerpaumnm B3

TRANSMISION SYSTEM OVERVIEW 2016

| AHanns yctonumsoctu

[\ - = MopaenupoBaHue
] \‘ 7 ™, .
//;\/‘\4 =TT 4yBCTBUTENIBHOCTM NO

/ ;’I HaNpPAMEHUIO N YacToTe Ha
c/ly4an HenpeasuaeHHOM
cUTYaLmm

e | | " W3yyeHue uHTerpaumm MBI o



4. TexHNYeCKue nccnegoBaHuA ceTu.

MHCTPYMEHTDbI

Cratnyeckue cetesble mogenu

TRANSMISION SYSTEM OVERVIEW 2016

= JlaeTcA TONonorna cetmun
BapWaHT pacnpeaeseHnA

= B pexmme peasibHOro BpemeHu
UNn cpeaHecpoYHON
nepcnektmse (oo 20 net)

= OAHOMOMEHTHbIN aHaNU3

& IRENA

International Renewable Energy Agency

AuHamunyecKkue ceteBblie moagenu

= JlaeTcsA noapobHoe onucaHue cetu

" B pexXnme peasibHOro BpemeHun uau
banxKanwen nepcnekTnse (Ha
HEeCKONbKO /IeT Bnepea)

= [IMHaMUYECKNIM aHa/In3 B C/ly4ae
HenpeaBUAEHHbIX 06CTOATENLCTB

(OT MUNNNCEKYHA, A0 HECKONbKUX

MMUHYT) .



BpEMEHHbIe OTpEe3KU Nn1aHNpoBaHUA @ IRENA
PA3BUTUA SHEPreTu4eCKoro CeKTopa e mme———

TunnuyHoe BpemeHHoe
pa3pelwieHue

4 MnaHupoBaHuMe paclUIMPEHUA reHepaLUm

Mo ce3oHam mnu cyb-
NHEBHO

leonpocTpaHCcTBEHHOE NNAaHMPOBaHUE
Mo ce3oHam mau cyb-

AHEBHO
(cTaTnyeckoe)
MopaennpoBaHue pacnpeaeneHua Harpysku

Mo yacam nnm cyb6-4acoso 0 0 0

TexHU4YecKUe nccnepoBaHmA cetu

Cyb6-yacoso unm cyb- o O "I )
CeKyHaHO v
< >
KpaTkocpo4yHasa JlonrocpoyHan
NepcnexkT1Ba BpemeHHble MHTepBa/bl nepcneKkTMBa
nNAaHNPOBaAHUA
MctouHuK: IRENA (2017), NnaHnposaHue byayuwero BUI: [lonrocp0GHOE MOAENTNPOBAHME M MHCTPYMEHTbI pPacllMpPeHUn 21

MCMO/Ib30BaHUA NepemMeHHON BO30OHOBAAEMOM SHEPTUN B PAa3BMBALOLLIMXCA CTPAHAX



NO ans moaennposaHua — ykazateno ST IRENA

International Renewable Energy Agency
MESSAGE Quantum GIS

MARKAL/TIMES

ArcGIS

NEPLAN
PLEXOS-LT PLEXOS-ST

BALMOREL

Power Factory

Grid-View

OPT-GEN

WASP

GT-MAX

il
H

,
& ll

R

s
bt
bt

sEEEEEEEEE

PacwupeHue leonpocTpaHcT Pacnpegenenue CTaTuKa OdunHamunka
reHepauuu BeHHoe Harpv3ku



NHCTPpYMEHTbI NJ1IaHNMPOBaHUA

-
Mopaenu A0NATOCPOYHOr0o NNAHUPOBAHUA
(paspelLeHne No BpeMeHU: Yacbl — CEKYHAbI)
.
p
Mopaenu reonpocTpaHCTBEHHOrO NaAaH-a BosmoxkHocTH

(pa3peweHme No BpemeHU: Yacbl— CE30HbI) reHepauunmn un cetu
(G
( Mopaenu nponsBoACTBEHHbIX

usgepxek Tononorua cetu
[ Mopgenu craTMuHo cucTembl
(pa3peLLeHne No BpemMeHu: MoapobHaa nHpopmauma o

L 04HOMOMEHTHO) pacnpeaeneHnn n pabore

" Moaenn AuHaMUYHOM

cncTtembl
(paspelueHne No BpeMeHu:

TOKU n HanpAxXeHnA B
CTauMOHaAPHOM COCTOAHUN

NcTtouHumk: IRENA (2017), MnaHnpoBaHue byayuiero BU3: JonrocpoyHoe MOAENMPOBAHNE N UHCTPYMEHTbI
pacLlUMpPEHNs UCNONb30BaHMA NepPeMEHHOM BO30OHOBAAEMOW SHEPTUM B PA3BMBAIOLLMXCA CTPaHaX

& IRENA

International Renewable Energy Agency

Hu3Kkaa
Aetanunsad,
na/
LLnpokuni
oxBaT

BbicoKan
AeTtanusay,
na/
Y3Kui
oxBarT

23



Tunosble TpeboBaHMA K AaHHbIM @ IRENA

International Renewable Energy Agency

Cnpoc, npoduab cnpoca
3anaTbI Ha TEXHONOITNN, TEXHONOrM4eCKkne sKCnayatTauymoHHbIE
XapPaKTEPUCTUKM, LEHbI HA TONJIMBO, Ha/IM4YMe pecypcoB

METpOI’IOI’MLIeCKl/Ie AadHHbIE
& XapaKTepuCTUKK cnpoca B
onpeaeneHHOM MecTe PacrosioXKeHus

Ob6begnHeHUe MOLLIHOCTEN, TONO/IOTNA CeTU

[leTanbHbIM NPodUNb HArpPy3KM U TEXHUYECKNE
XapaKTePUCTUKM

[MoapobHaA Tononorma CeTM n TeXHUYECKME CBOMNCTBA
Cnpoc Ha KaXXaom y3ne
[MpaBuNa skcnayaTayunum n TeXHMYECKoe peryampoBaHmne

HacTpoWKku cuctemol 3aWnTbI

BegomcTBa, obecneymBsaroLlme NepBUYHbIN KOHTPOb/
peryavposBaHue



MB3 B npouecce n1aHNPOBAHUA

CBOWMCTBA

XAPAKTEPUCTUKU CUCTEMBI

nB3

HecnHxpoHHaa \ YyBCTBUTENLHOCTb NO
HaNPAXEHUIO U YacToTe

MNoTpebHocTH B

OrpaHuyeHus no KOHTpPONE
pasmelLEeHNIo U _ HanpaAXeHuA
pacnpeaenexmio NoTpebHocTM B
_ NPOMNYCKHOW
cnocobHocTu
MNoTpebHocTH
HecTabuabHOCTb -
aJanTUBHOCTU

M3IMeHYUBOCTb _

NcTtouHumk: IRENA (2017), MnaHnpoBaHue byayuiero BU3: JonrocpoyHoe MOAENMPOBAHNE N MHCTPYMEHTbI PaclUnpeHmn

MCNoJZib30BaHUA I'IepeMEHHOl\/JI BO306HOBAAEMOM SHEPrnn B pasBnBatOWLUXCA CTPAHAX

J\

J\

J\

@ IRENA

International Renewable Energy Agency

3TAIMbI
NNAHUPOBAHUA

leonpocTpaHcTBEeHHOE
nAaHUpoBaHue U
TexHu4yeckue
uccnepoBaHUA ceTu

feonpocTpaHCTBEHHOE
nAaHUpoBaHue U
TeXHUu4YeckKkue
uccnenoBaHUA ceTu

MopaenuposaHue
pacnpegeneHusn
HarpysKu

NnaHnpoBaHue
pacwmpeHus
reHepaumm

25



JdonrocpoyHoe naaHuposaHue cNB3 GE®IRENA

International Renewable Energy Agency

O6paTtHas
CBA3b NO

BCEM

YpoB Moaenu foNroCcPOYHOro pacluMpeHus reHepayum

FapaHTUpPOBaHHaA MOLLHOCTb

\ MOAEI’IM reonpoCcTrpaHCTBEHHOro nNnJ1aHNpPoBaHUA / BO3N\OH‘(HOCTM
HoBasa nepepgaua reHepauuun n cetm
Moaenu npousBoACTBEHHbIX U3AepPXKeK
s : - s /Tononorvm ceTu
ApanTnBHOCTDL

PacwupeHue nepegaumn pacnpegenexHuu u pabore
Mopgenvu guHaMu4HO cucTtemMbl
TOKM 1 HanpAXKeHUA B

CTauUMOHAPHOM COCTOAHNUA

Huskaa Bbicokasn

_ AKTyanbHOCTb BO34eNCTBUA BKAtOYeHMA MBI B

A4ONTroCpoYvYHOe nji1aHnposaHue

Hun3kan
neTtanusal,
ns/IWMPOKU

N oxBaT

BbicoKan
AeTtanusay,
ns/y3Kkui
oxBaTt
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Ba MEeToA0N0rM4Yeckmux nocobusa ot
‘IDF'{ENA a &® IRENA

SO IRENA

PLANNING FOR THE
RENEWABLE FUTURE

LONG-TERM MODELLING AND TOOLS TO EXPAND
VARIABLE RENEWABLE POWER IN EMERGING ECONOMIES

Moaenu ponrocpoYHOro N1aHUPOBaHUA

(pa3peleHne No BpeMeHU: Yacbl — CE30HbI)

OnpepeneHue coyeTaHuaA
MOAEI‘I U reonpoCcTpaHCTBEHHOro njaH-a NPON3BOACTBEHHDIX

(pa3peu.|eHl4e Nno BpemMeHu: 4acbl — Ce3OHbI) MOLLHOCTEU B AOArOCPOYHOMU
nepcneKkTuee u
MHPPACTPYKTYpPbI Nepepaumn

Moaenu nponsBoaCTBEHHbIX
usgepKeK
(paspelueHme nNo BpeMeHN: MUHYTbI — Yacbl)
Mopaenu ctaTuyHoOM cetn

G® IRENA

ELECTRICITY SYSTEMS IN
SMALL ISLAND DEVELOPING

UccnepoBaHuUaA
(pa3spelleHne No BpemeHu: T STATES WITH VARIABLE
OJHOMOMEHTHO) RENEWABLE ENERGY
3HEeprocucTembl nNpu
Moplen” 3aAaH|.|o|‘,'i MOLLHOCTU U A METHODOLOGICAL GUIDE FOR
e TECHNICAL STUDIES
AVWHaAMUNYHOU CeTUu MH}paACTPYKType
(paspelueHne no BpemeHu: nepeaaum

MWNCEKYHAbI — MUHYTbI)
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Ba)XXHO aencTBOBaTb NPaBU/IbHO C CAMOro Havana!

yfly‘-ILUl/lTb metToao/,10run moageanposaHmA
AO0/ZITOCPOYHOIO PaA3BUTUA

/ 3HEpProcUcTemMbl C y4eTOM KHOYEBDIX
XapaKTepucTuk MNB3

Kak?

\ CKOOPANHMPOBAHHOE

NAaHUPOBAHME MeXAY
3aMHTEpPecoBaHHbIMM CTOPOHAMM

NMporpamma IRENA no nogaep:Kke CTpaH
npeanaraert cogencresme HauMoHa/IbHbIM
YCUANAM NO NJIAHUPOBAHUIO
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RE costs development




MATb rnaBHbIX TEXHUYECKUX PaKTOPOB

& IRENA

An ﬂ o n T M M a n b H o ro Aon ro c p O‘-I H O ro Infernational Renewable Energy Agency

pa3BepTbiBaHuA MBI

» bbICTpOEe CHUXeHune
cebecTonmocTu

»

»

»

»

!

-.‘l

S O RN

MnaHupoBaHMe, KOTopoe
YYUTbIBAET BO3MOXHOCTb
[O/ITOCPOYHOr0 CHUMKEHMUSA
cebecToMMOCTU, MOXKeT

obecneynTb AONTOCPOYHYIO
3P PEeKTUBHOCTb
cebecToMmocTu B
3Heprocucteme n nsbexxaTb
3aBMCMMOCTU OT TEXHONOTUN.
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@@ IRENA
Concentrating solar
power

International Renewable Energy Agency

Offshore wind

W

Solar PV

CO/IHEYHOU U BETPOBOU 3HEPrumn

Onshore wind

CxoammocTb pesynbtatos A1 ana

[ ze0t
L 0z0¢
L 8107
L 9107
L 7107
L z102
L ol0t

Fossil fuel cost range

[ 220z
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L v10z
loz
L 0l0z

= 020C
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- 9102

- 710¢

i cler

(o é )i

(@M1« = 0L0C

- 0cOC
peilere
F910¢
- 710C
= ¢l0¢

® Auction database
@® LCOE database

=010

2
1
0.0

o o
YMA/asn 9loz

0.4
0.3
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N3meHeHUue cebectommocTu
BO306HOBNASsIEMOMU 3HEpruun

Biomass Geothermal Hydro Solar Concentrating  Offshore
photovoltaic solar power wind
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@ IRENA

International Renewable Energy Agency

Onshore
wind
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Source: IRENA Renewable Cost Database.
NcTouHuK: AHanus 3aTpaTt Ha BD IRENA
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KaK peanbHOCTb onepexaer o IRENA
NMPOrHoO3bl 3KCNEepTOB

NMM3 (WEO): MNMporHo3 mmposomn sHepretukn ot MIA

2 800 esmHistory
-8-WEO 2014
2400 -4-WEO 2013
- -~-WEO 2012
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Z 1600 oL ae
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2 - WEO 2006
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w
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; -*-WEO 2000
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Year

NcTouHuMK: Metayer et. al (2016), MporHo3bl Ha byayLiee U Ka4ecTBO NPOLL/IbIX MPOrHO30B MUPOBOM SHEPTETUKM ANA CONHEYHbIX DI 1 apyrnx
TexHonornii BosobHosnsemon aHepruu; u Gilbert et. al (2016), HenpaBuabHbIV B3rnA4: NpeaB3aToCTb, BO30OHOBASEMAnN 3/TIEKTPOIHEPTUA U
mozenmposaHue sHepretnkum B CLUA



KaK peanbHOCTb onepeXaeT NPorHo3bl |,
4 g P ®® IRENA
3 KC n e pTo B : n p M Me p Con H eq H 0 M ¢3 International Renewable Energy Agency

'3 (AEO): FloaoBOM NPOrHO3 3HEPreTMKnN ot AreHTCcTea

$/kw  mHpopmauum no sHepreTuke (EIA) CLLUA
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NcTouHuMK: Metayer et. al (2016), MporHo3bl Ha byayLiee U Ka4ecTBO NPOLL/IbIX MPOrHO30B MUPOBOM SHEPTETUKM ANA CONHEYHbIX DI 1 apyrnx
TexHonornii BosobHosnsemon aHepruu; u Gilbert et. al (2016), HenpaBuabHbIV B3rnA4: NpeaB3aToCTb, BO30OHOBASEMAnN 3/TIEKTPOIHEPTUA U
mozenmposaHue sHepretnkum B CLUA
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IRENA Project Facilitation




The RE Project Development Challenge C® IRENA

International Renewable Energy Agency

»

»

»

»

Most countries know they have RE potentials.
However, they lack the projects to achieve the
desired deployment.

Conditions inherent to certain countries/regions
translate into high costs and risks, e.g. SIDS.

Stakeholders involved in a project often lack the
know-how to complete a bankable project
proposal.

» This leads to higher project development costs and risks.

Fund securement process and financing options
themselves aren’t transparent.

=» IRENA aims to strengthen the project development base and improve the

bankability and visibility of projects, facilitating the financial closure process and

increasing the number of successful projects on the ground. .



IRENA Project Facilitation: O IRENA

Online Project Navigator Platform
IRENA REGISTER
FOR FREE
Learn Develop | Finance
» Project development » Interactive workspace to » Simplified connection
process guidance build a successful with financing
» Technical concept renewable energy instruments
guidelines project proposal " @
European
» Apply custom project ’ ok
» Tools, templates and PP y proj A e WORLD BANK
case StUdieS detalls and track IBRD + IDA | WORLD BANKGROUP
progress EACHOEI IR EAIK | i
‘ ; Performance y - g IRENA ADFD
{ s 700 | QEf Supporting Energy Transition
[ — | : Q" ) ‘ P
- | - S, | AR

Source: IRENA 38



IRENA Project Navigator A@ IRENA

International Renewable Energy Agency

Obijectives
» Increase the bankability of projects by:

» Enhancing Technical, Environmental, Social, Economic and Financial
parameters,

» Reducing costs and mitigating risks through proper planning and efficient
use of funds

» Facilitating effective implementation

Renewable energy technology coverage

= N

On-shore wind Solar PV

Small Hydro

Solar horme systems Mini-grids Geothermal 39



Project Navigator Platform

Learning Section

» Project development and
technical guidelines

» Best practices
» Examples & Case Studies

Identification Screening i Assessment

Start a Project

»

»

»

»

»

Personal and private
workspace

Tools, templates, checklists
Stepwise approach

Track your progress

Export documents

@ IRENA

International Renewable Energy Agency

: Selection : Pre-development Development

mf>we o l

Financial Navigator

» Information on multiple funds
» Filter by region and technology

» Information includes fund
types, requirements and
contact details among others.



Technical Concept Guidelines @ IRENA

International Renewable Energy Agency

SCOpe i TS IRENA
. Technical Concept Guidelines
» Technology evaluation R TS
» Technical Project planning and design A AN | B EEREL

45T ‘ ? Technical Concept Guidelines
ST Geothermal Power Projects

» Technical aspects for Financial closing

» Project execution and commissioning o A é! R SEIRENA
- - AN — {F Technical Concept Guidelines
BRGuect @ IRENA 4 Solid Biofuels from
» O&M g%ﬂ ) BIRENA | i b
. 6‘ Technical Concept Guidelines X , : 3 - W%
M a I n Feat u reS / Residential PV Systems &) .‘7('(:

TBIRENA

» Minimum requirements for bankability of a

Technical Concept Guidelines £

prOJeCt UTiIiW-SCOIeSoIorPVAL
, | : 7 Ak
» Comparison of possible options ; A ‘e e"ﬁ
» Case studies and tools \Emaaa “gfeff<>f\ = 2
43N S ADEONKIRX

» Financial model

» Lessons learned / Do’s and Don’t’s from
previous projects



Risks in PV project development |RENA

International Renewable Energy Agency

#IRENASA
» Realization of risks can affect the
profitability of a project:
» Lower thanexpectedrevenues
» Higher than expected costs
Offtaker

» Delay of incoming cash flows

; : : Grid Connec’non -
» 0SS OT assels
Gmstruch@

» The t?ankability of a project. will depend ‘ Developmen’r
heavily on how well these risks are Market ‘.,g" |
managed \, (Operating

Currency £ 1

» Risk assessment and risk management is . - ©  Political

extremely important Financing o .| RSIIGy
e
» Standards and quality assurance are @chnolo@ Environmental

essential to assure the safe and reliable
performance and safety of a PV plant

Tec hnology Risk Operahng Risk

Resource Risk Cons‘rruc'rlon Risk
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Appendix C

Standards, Quality Assurance, and Quality Infrastructure




Supporting countries to develop and

afioncl Renewable Energy Agency

Intem

BOOSTING
SOLAR PV MARKETS:

THE ROLE OF QUALITY
INFRASTRUCTURE

IRENA

INSPIRE

hitp://Inspire.irena.org

: : A® IRENA
I m p l e m e nt Qu a I Ity I nfra St ru ct u re fo r R E Infernational Renewable Energy Agency

SCALING UP VARIABLE
RENEWABLE POWER:
THE ROLE OF GRID CODES

\YA'
VAV,

s%@@ ® ®'©

Download for free today:
www.irena.org/publications

O® IRENA

ITOtonat Rorawan i Enay Agwicy

Quality Infrastructure for
Renewable Energy @UOH)‘V Infrastr o

Technologies NGy

Small Wind Turbines

T8 IRENA
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http://www.irena.org/publications
http://inspire.irena.org/

IRENA - Cooperation in Quality

Assurance & Standards

Requests

v" China: Technical standards for Offshore
Wind technology

v' Japan: quality control for PV and Wind
technologies in extreme weather
conditions

v Latin American region: In cooperation
with PTB, quality control for solar thermal
and PV systems

v" MENA region: In cooperation with EU
GCC testing for PV systems

v" UAE: International Standards for PV
systems

v" Mauritania: Request for support on grid
connection codes

v Colombia: Grid codes

v Tanzania: Solar thermal

& IRENA

International Renewable Energy Agency

International Electrotechnical Commission - IEC:
Workshops for Countries on use of standar
INSPIRE

German Metrology Institute- PTB: Quality
infrastructure support, Workshop in Costa Rica,
Green climate dialogue in Germany

ENTSO-E, SolarPower Europe and Solar United:
PV and grid codes

Solar Bankability

WWEA: Standards in small wind Technologies

}

W
EU GCC Clean Energy Technology Network :
GCC Inception meeting & fraining-Solar
Photovoltaic Testing Centres Network oo,
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Solar PV Cost Trends

Total installed cost Capacity factor
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Onshore Wind Cost Trends

Total installed cost Capacity factor
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Source: IRENA Renewable Cost Database.
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TBIRENA

Electricity Storage:
ELECTRICITY STORAGE
AND RENEWABLES:

COSTS AND MARKETS TO 2030

AT THE HEART OF THE
NERGY SECTOR TRANSFORMATIO




Current prices of different @ IRENA
storage technologies

Current energy installations costs (USD/kWh of storage) Reference
case 2016

Lead-acid High-temperature Flow LiHion
Flooded LA VRLA Na$S NaNiICl VRFB ZBFB NCA NMC/LMO LFP LTO
1000 The total
installed cost of
a Li-ion battery
c could fall by an
§ 500 additional 54-
a2 61% by 2030 in
f-“ I . I stationary
3 . applications
]
¢ o [l mm ] H N B
S 0%
O
T 20% Central estimate for the energy installation costs from A drop for Li-ion
c between USD 150 and USD 1 050/kWh in 2016 to batteries for
&) 409 between USD 75 and USD 80/kWh by 2030 stationary
E ’ o applications to
5 -50% -50% b6% between
-60% < -66% ° <o o -54%
6% 60% o 59% 0% o1 USD 145 /kWh
-80% and USD
2016 2030 2016 2030 2016 2030 2016 2030 2016 2030 2016 2030 2016 2030 2016 2030 2016 2030 2016 2030 80/kwh

Note: LA = lead-acid; VRLA = valve-regulated lead-acid; NaS = sodium sulphur; NaNiCl = sodium nickel chloride; VRFE = vanadium redox flow battery; ZBFB = zinc bromine
flow battery; NCA = nickel cobalt aluminium; NMC/LMO = nickel manganese cobalt oxide/lithium manganese oxide; LFP = lithium iron phosphate; LTO = lithium titanate.



Cost reauction drivers ot
battery electricity storage
systems

Increasing

production
capacities

New Research & Improved
applications development batteries

More field
experience

@ IRENA

International Renewable Energy Agency

Drivers are not exclusive
to Li-ion (or batteries in
general), as other
technologies are likely to
experience a similar
dynamic as their
deployment grows.

However, with the
dominance of Li-ion
batteries in the EV
market and the synergies
in the development of Li-
ion batteries for EVs and
stationary applications
the scale of deployment
that Li-ion batteries likely
to be of magnitude
higher than for other
battery technologies.



