Gkl 3

S ORI RET RV — REEADOXRGS DOREER ) & D 7RI

ARERHT, BT ROFRRAZDBEANE FZBRT 572012, FEEE= 2L X —HE (EA)
WEEOBR, Bfll, A7 MEH. ZRRRTHHSMEDE AT OfREL D XD
2% L w7z linsight Series]  (FRIEMNZHY) OEE. HROKRTH 5,

AAREANOFZ X RKEEAZFLNROES] - TRLF—FHEIIONTUL, 20
KR DOMES 0 b O Z B O RBFEOFFHICES T FHwIISNATVWD, LnLl, 20
Mz 25 % OB « =X —ORERRIZIE, B » =30 X =5 O,
T & & DI HIE, MRS D 100 50 OKRE REERRD S, 22 i
AT 2 70I2id, SR ® - P - BT - WERERSHTY — 2D
X%/V%%‘gkj‘éo

DX RINNEE O R E, A~ ATHR—FT50EFRETHY . TNEh
DB OHEMFE, BEBRENPEE S THRFTDHZIENMLETHS, L., BLFEITIE,
PO Z ENBHEENL., YHOEY R ADKE R EEZNENDNLGEZHFLIZEZIND
Thd, £, WHOFEREBZZBIZTLHHELRONTHSZOVE->TH LD
MICAETHLEZAZMAL TRATLEI R EDHIL AR BN,

BEifbHlES —BRBEOLDOAZEATLHZ LICKRT S L., HifithbniEth s
o723 DO FEMOBIIRNEANTE RV, &R CICKREREHI AT D,
HIECTHIUE, T OHIEIZHE > THEE, BIBEERI T, TOS5RME2HERL 2T
T b7enz EiE, HIENRTE 72k, BUVRERE CORESEDO KX N5,

CDX)BBELIRNEH SN U DBET, 2. R ONEN L ERE T D
=0Il, REBREZED, Box, &/, TRV —OKEOEGDOT =7V
A RELT, AELEEKONEEZMEH Z L 2RV EE 20,

2B, XTHOMNAFEVE, ERTOARIORER EFEE LT, B FOAEE SO BE
THEHTRE EHICOWTERRTN S,

International Energy Agency

Insight Series 2018
s

System Integration of ' 4
System Integra of
Renewables Rangiables .‘
An updateé an Best Practice
An update on Best Practice

(2018.1 ZAEH) o

e
SR R =
e e
e fh v



http://www.iea.org/publications/insights/insightpublications/system-integration-of-renewables.html
http://www.iea.org/publications/insights/insightpublications/system-integration-of-renewables.html

AREIZIZ, IEA D 3OO HRRY T&H 5 “Next Generation Wind and Solar Power” . “Getting Wind
and Sun onto the Grid”. “Status of Power System Transformation 2017” 7> 5 & X 4072 B2 A R A
BOLINTVD, ZULIFTHAGDII, VAT AFRAIE OGN 2BEE 2 A L |
— Tl OOMRRERM AT 2 22 BEL TV D,
BARBNCIE, AFIL, L FOEZMEAGOE TARZEIER S L,
e Next Generation Wind and Solar Power: From cost to value

. Executive summary

. Chapter 2: Next-generation wind and solar power and system integration

. Chapter 3: Achieving system-friendly VRE deployment
e Getting Wind and Sun onto the Grid: An Manual for Policy Markets

. Executive summary

. Grid integration: Myths and reality

. Different phases of VRE integration

. Phase One: VRE capacity is not relevant at the all-system level

. Phase two: VRE capacity becomes noticeable to the system operator

« Conclusions and recommendations

. Annex2: Focus on the grid connection code
e Status of Power System Transformation 2017: System integration and local grids

. Executive summary

. Chapter 3. Transforming power system planning and operation to support VRE integration

. Chapter 4. Policy, regulatory and market frameworks to support VRE integration

. Chapter 5. Topical focus: Evolution of local grids

. Annex A. Details of technical measures to address power system challenges

AR SOV TIIEOmE FEEL SRS iz,



= .
B B - Executive summary

BALEABAREDHRBREILX. XIBEBREXEEMOAX FOBMNBETOLOHIZ, E2LD
ETEBIZRAEICKRE L=, 2016 EXFETIZ. Cho5DEM (HANLEHT HEERAE
IRILEX— (VRE) EMFER) (X, N—F 2 FTEREEENED 2 HTODEBEARLEL ST,
2016 FEDTI—Y TH VRE OHEBEN=EIFHN 45%. 7ML 2 FERRAL U TIEH
20%I(2tEM L7z, 2022 FFETIC, dE. 1 VK, KELGEDKBELEN AT LTIE,
VRE DEAR(IEE L T 10%ZBZEHEFEEINATINS,

COREIZEAMDH ST, VRE OFBITDOVTOERIL. B8R, EHE. FIZIXB-1-1F
WK >TIRARELE L TEGOATWS, LKEHNDHZ L ELT. VRE DIFEBICIEEA
FEAEHREEHTHY . REDOFKBHIL VRE BARDILKICEVERICEVNEMI X ~
[2EHEINBEVNSTENHD, CDXIHERIF. EETHINREMICITIEETTRE
HEENMNCERREEDIEZE LT UREMAHY. ChEHERELIEWVEETIE, VRE
DEAZRESEDZEICHLD,

AEL, BERIAIEEPIRILT—EORFINLEBORZ Y ID=HIZEMTEY. 2200
FHENLAH S, F—I(X VRE OBEANBPICETT 2ENFHEZHLONICT L L, £
. EDESICINONREEZS FLBENMLEBINEIONTREEEZSZLETHS,
Fr. FYBWVWEAETO VREHEDEBRAZICEATIRFIONITLIRET 5,

AETIK. VREEADADDEET, BENVATLOERAXMMREERIEEHEFEIT SO
DARNEDELSICEDLLINEALNIT D, ChoDERETIX. VRE DEEANEMNT
BIZHSDTEAVARATLIZEZ DA 21N FARELEDLY, BANHADERE L =hh
RIGEVHISICDONT, BEIELFTOOOERLGREHZTRYET 5,

E—ERMEIEEICEMTHD, VRE IR TLAICHEELEEZEZ L, RAVLKER
HEEFNEFNLOLY LEBIMNIKEVWCRTFLIZHRESNATWSREAE., ThoDHAP
ZTOEEE. ENEEZEOBRAOEEFELRLT, BEINDHFETELGEL, BEFLT
VRE EAFE—EBEOEELTIE, A1V FRVT7, 72V AH, AXxPar#BIfoh, &
BOREBEEHEIZEITAVREDD = 7IFH3%TH D,

EZRMETIX. VRE OFEZFEBHINLGD, BAVATLOEREZ —HRETH_ LT,
DAY FERBITEETE S, HIAIE. VRE BEROHBENFRAEZERL T, 8L
BELZTEHREFN. ENFEDEHICHIET HL 512, VREOHADEHITH L TE
USIEMICNS VR EELEDHTENTES,

F_BREICASZHEINDEMBENEDL T 7ICDOVT, =1 D2OBEEBEEWLS LDIF
B, BAVATLEESORHMEIZIKET 5, VRE DFERREBEBHNED L 2 7H 3%H 5 (F
X 15%ICHHE_REOELLTE, FY, #E. T5PL, 1 VR, Za—S—35>
F. 7—RSVTF. X508, Az —To =X MY T7 NULEF—DEIFfbhbd,
> BARE. RE. FTREM SEZREICBITP, IRAICKSEAMT ) 7EE=ZRE.

> BRERK, Sz7ENTERHUERTEZEN, PALSVF BA—XFSVTIEE, AME
BERORELZTY 7,

FZERETIE, M6HT VRE MEDQKESLGREICERAL. 2HRNE I TLEREMDHE
EFTOWAMN VRE OEEBMEDA 2\D +beRTdH, BAVATLOFRENERELEL D
N, KEICBTHFRRMELIE, FIZAERADEAINET Lz & EITthDBBRENSES
MBI DL E, BN O BFHOBERRA7—ILT, FHRNSTVADFEERMELEHMH

3



IZHET DBAVATLDENZEKRT S, BEHRT. FEL 2 DOXRHMEOHLIER
X, BEESUELREMELERNTHDS, FHMNLGEREMELE LT, TEZHOBRE®
FLOIRILX—EBEMTOEEENELTIVSD, VRE BEADEZRRE L SN HEOH
[ZX, Al (BZA) . ERCOT CKE) . CAISO CKE) . 4142 U7., ZE, )%, R
RA v, RILEHIL, FAYDBREIFEN, TN5T VRE DEMEBEENEICHDHD VT
TlE. 10%M 5 25%TH D,

ENERE T, HEREENEREIET S, CASEEEICETHTHY . FHHELY L
AEWMICERMTELEL, EAVATLORERICEET S, COBHVATLDRE
HiE, HRUTEWSEBICEVEBRT—ILTREEDERZWFSAREDHIER
ICEELESENETATHD, EICCOEBOREFIRZASIEELELTIE. 7A4LT Y
F&EToR—0 "HAE#Fon, VRE DEMREENEICEITEHL 2 7IE 25%H 5 50%T
H5,

I. VREBADE—RIEIZH I} EHEEZEER

BAVATLIZENNT VRE BNEMT BN T., PRATLBEEDEENRLIZHEELLT
b, LE=N>T. VRE ZIRINT B3 RTFLE LTDRENZHRRIZEDDZENEELLY,
YD VRE BiRX. BE. VATAICIFEAEEZER2EZTICHAT S ENTES,
EEEREREEDEHEN DB GEHMEEICLY . HEZERTLIEMNTES, B
M ARE CHIIMNGHBEICERERAE DR MMAIGEE M 2EEZEHLESC
ENEETHD, BAOLGTNVWEARTEDLEDOEAOKKORERMICEA SN TV H#
BOHEIEIRITLEIIENVDELLG D, F—ERETEHRENTHLSHN. BTG EEREHM
DEBNNELGHZENH D, ZEBHDOERDFNIZ. EAVATLNDEEZZ/MET
5 VRE BIRTZ Y MERIZT B4 E, ZREROFRICRDIEZHRIZRITTIHE
NHbd,

> WEBMOZKEFRANS . NERBROHAFEENRE LEHRERNTST FEE
BHRER, KXER,. BIR, REZEHEITVy Fa—FOREZRELERRIC
& SHENDE,

> ZEEEROEROMICHRFORRKBEEZAMDEAT I LNDE, HERERRICE
AShBMEF—Vay (MBRTOA) Y bF—F—ICESEZERBREFA) ~0
BOEBELTIE, SYBREORVRBEFNADORMDOEANTRETIEELD,

>  Tnon-firm & (EHBFOHAFEZAMNRE LE-FREKSD) | [CMX T, BEL
— 03 a3 VBAICKS NERAERE] ONMEEET RS TIEELD,

URTLEREE. BRI VRE TS5 FERHET B OORMEREHET 2RIZ. &

M SPYETOTREEL . BREFOERELLERNEERESBIETHD. HE

HRF EABFTORRCEDE TEET 20BN HD, VAT LEREE. EL VRE

BAEELEHD SEDHBETHD.

> [BRFORFELLERNGERESBTAETHS, | LU\ 5 ARKEAHBOR
BHY, CORRTIETREEROBEIT Yy Fa—F, YT LEM - HHE
B ETHS,

ERGE : EBAID VRE DFERIOREBENEICHOIEETERADETUIY—Y LFMERICA
5LENBN, BAVATLELTHEBE, TUIR—VEFMY, ROBE NS R TLE
ZRIERLTERIATEY ., EBRMORBELTHILFELVVEIH D,

4



I ZEZREICHI7SHEEE

& B LR EREIEDHE
VATLERER., BRIEECPRHLE/EHAL T, VREBROERICHIST H1=HI,
FLOEREADNDED, BMFOEREGHERFTT AN ERET DIV ENH D, VAT
LBREF, BETHIBENVATLADT—2ZNEL., EREHICEDIRTHNERZ
NI H-OICERTIBEYLET ) VI V—ILERDIVLENH S,

> HRFEEBR. BIR, EEZaHETYVYFa—FORBXZRBELERBIZKDHED
WE,

> HXREBR. BIR, FEEZ8HET—9 K, BB EST Yy Fa—FORxk:2R
BLERBIZKZFHENBE, F-BR. BE. RHICBETI3T—20RATHLE,

> BH@HMLG., KYERELGT—RIZEICETIVIY—NLIZEYSTFHL—2a VR
BF4ZTL. FUy Fa—FOEH#RENADE,

DATLEREEF. KYSEW VRE BAREROVATLOEREHEZSEICT HLREN
Hd. chITKY, tDGEHATT TICKBRICBASATLIRNEELKBEARED
RiiZBATELINEINZHTEHIENTE, CHEEAICDGMNEEEDBIZTOR
MELRICRIID, XROFEEREB L VATLERERK., EEGMENES DI —FIC
HARFENTNSZEZHRT A0, MOBAL AT L, HICTKREL VRE EAZ
LTWASLRTLDORRERGHIERT ILELNH D, T LT, EREHTHRERIC
L. RETTBHET, BURZEZHRT IVELNHD.

& ZTREFICHITS VREDRBK

REFOAMREE AT LEREBICESDTAARTH D, THLBHDUEEE LU VRE
REFMHOOHHEIVYTILEALDT—2 X ETILENDHD, REDT—HEE
NITHES IR MEEET HEOIC, MIEOKBEER W—2 by TV—35—%&)
NODHKEBEEERAMFEICIVBET S ENVDETHD, SIS, VRE DHATFE
ZEATAHET, VATLERERBEILTE S, HEWDEFEOHEANFTR T A
ZBAL., REFOEHEFLCZDMDERLDRED-HIZ. ThoZHRMICER
ITRETHD,

> BIROHAFRENS., BEABOHKE LSBT YT IVEE (FE, BEGZEDE
AEBOREE., S 7ENEEDEM ABE,

REMOEBFELABECERFHFRAOEEE. YT7LEA LITEVWRTALETH S,
MEBHGEE (VTILEAL) OBEREY BT 2 LHIITITHON S VR T LERDEEIT,
EHCHEMITHDT 572012, UTILEALITEIKRETH D, BT, JYERNE
HIFLABEDEELAFRESREFRERESIANETHS, BHIESNEHETEAERKS
NTWBEE, BEZET ) TR A LIGEVEEINFARETHE ITIEGE S,
VRE DEALANILZEZLITS=HICE, THEEZRET SIVLENH D, BHRELS N
SEHEAEKEIN TN SIHESE. VRE DBARZMKICHE L CTERGHEEREET I
DICWMEIDAEERET DVENDH D
o EEMEADHEELT, @RI FILOKESHEEEZSHDHZE, 2FY., EHEE
BUORREERTEZ., MROEBEOHFETEEZ LTI ENEETH D,
o FHERMEADHIGELT, REOFH/NFTVRAERBRLT, U7ILE A LITENE
RTERENDEHOMEES TFILNERZTH D,

5



o MADHKEED 2 —ILEADHIEE LT, BEAMENERICLE>TELGDHEL D,
fit& S T FILOERMDPBEDEEMLAETE S,
> HENNEOEVSTFILOEEMAXETHLHRIETIATLS, THEF—I >

3V ZRARMKICLBEATEILHE, BAEHRS T FILOERSRENS R LT HHEE
NBETEELD,

& VREEZ D+ 7 75X B ERIBE DELR
FLOLVEBROERIE, VREDBALRHT 2LENH D, VREEADILKIZHL, BE
EERT 2012, LEERAOH-LERENMDEICLHARMENH S, BIREEE
EROBEZRASELIAELE. ZRERDIBENENDIZEED VRE ERADEEAZEE
BREATIDENH D, SoIC, BIFOXRERA VI 5+ 2ITERTILENH D
EREMICEMNIRE LSS, ZEBMEREL. HLOEEREROBECEDHII.
HZEEET HODEIRX FTORCDAREREZREAT IVDENH D,

> BROLEMOHEE., BIrOHAFHENREET S LABE, RMFOXEKER
EERABRTAT SRS, REERICSOVTIE, BAXNDR - HEKWERZFT
fi - RABIETHILELHY . TOFEHICEFHORELNBE, A, @EDOHS
RAIERSHEABIREZIERT H " & THR - EONMIRESED - EMFDE,

BEES I VP EDEEBRONARDENFRICHIST 2RELNH D, MIED VRE B
ENMEMICERLTEASAEVRATLATE, BEESLUVHEDOEERH, 5XEMIC
A>T TEAZFICHANDBAREHERICEETELIEMDEELL D, THIE—ARICER
FORBETHERELZD, ARVBEGSEEAH D, &ERIC, BANSTARLGEBEZITSHN
ETHDH. —D VRE MERETIL., LEBEMABOURRNLGEFEEZHAEL TEERT 2
BENH B,

® WEDSRTALANDA /YD FDERIME
BifiOAEHhEE, EELQHEICE >THREILTDIHIZENTED, EAIKX, IR
F—DFEEIX. BH. KEXERE. FNAAX KOG EDHEIZHTE L H S BTz E
AT HMEEZEET 2DHENH D, HIBMGBENAY (FFE., PRXTLIZEITS VRE Offf
EEZEESEEIENTES?, VREREMDLHELERIZEKDZVATLERLEDF AR
SHEICBEWT., BEOEEREEHEBENRBELIZOVWTRIATIVENH S (E=, MR
DIRTLERBFALI-VREEA] #58) .

I %=, HREICHITSHEFE
& VREREZZET S/EODEN R TLDEHREFBEIDEE

VRE #iSICE. BAVATLDIR MR EEFEREHTT -0 DEKMGERERAD
BETHY. EnilE VRE DBADERICHWELLT 2REAH D, MEDREICTRY M
LHIC, BRE[ERPAVLGNATER, ChoDORKE, BAVATLOERALETIAD
BHBSIVEMICH - TEIRT A ENTES, AETIE, 2HOD. ¥IZ VRE OEWE
ARTHERASNSERMHE S TEFWHIRERRL TS,
SHRERMKREBASE S OICIE, ONR FTHREMLGHBELNEETHD, 2<DEE
REFETIE, ERANMENSEETELSHET, VRE DEVEARZBENVATLIZR
FANBIZE, KYHESINBIRALE-HEOREANEELGREZR-T . KXEIZ(Z,

2ERE  ENENOEEPHERT D LD THIEAYZRZ2 6 LR CEBRIR) | ik,
6



EHRGHBERLFERERICOE-SMAFE. RELLEESHOMESHE., EAHME
ORMPADEDHEFE (FHISE#H. BEEEAE) . SESFLFRFARIIVTEES
R EE G £ F-GENMPIFEORGFNBNSA TS,

& FHTFHRED VREHS ZXET SBE. Ml fig DREMEA
KR, hi5, REOREHET, EREIUVREDERREICH LREMGKREIZRED,
BAVATLDOEELEEL T, VRE DRRBELGTEAL, HEEROBEKR., ™5, HEO#
HAICKEGREZL=0T . ChiE. FYBRFNDOHLITIGCEBILSNI-THENE
ERSETLICAN>TVEINIIIDLT ., BEAEITRTOTBIBEICHTIEFES,
LAL. REMEICDEELGDEIE. HERSELLI ML, TRENDKRIZHL
TERBDHTHA5,

Mg, BER, REOREAD b5 DOBLEVWEREIZKY, BENVATLDEEDHT VRE
DEYKREGBARDREMNTREIZE D,

o REDPRAICKREMMBADEMZTLEICRRT H-DDHEEZENH. BENDORE

HicEHERT S &

> REERDEHIZE, o KEZLREBEZTHIBHIATLERIION
T, B8V JEAHE, BRCAREERLEGWNETS L. BROM
BETFPALTHMETS CERENDBE,

e BHEDIRTOERMNSEZHMEZMAML. ERERREZVTILEALIZEDIT
5 LTHARSZREL. MR EAZEL THEMNLIRIILT—MERRE
FRETHLHE, EHIMSLIUPHBEROBEANMLERLTWEIEALRTLD
DEMERAETDHL

> VRE OFFFERLICMZ,. REMEROILKRE. ThEIWEIT 58 (2EH
B) O, OMEORYHANLE, REERBICHL T, BDELLIRE
AL YRR GTIBRAZEZELOD., TOEAZENRAEEGLHANDRE
LAKE,

e IPP 7OV FD-HDBEULIBEDENEALZLY (PPA) #&H. V)—2K
HEICHTIERENNERED-ODEIR FOEEFEEXFSITH+05E

BEREEMEEHRETLICL
o RBFMICEYGESICHADRKIBFRCPRRFHEFIRT I-HODHEEZED.
ADNEEDMRIET S &

o XA, EEREM. TYVRLARUVRER, IRILF—FBREE. HLOLRE:ME
ROMELHARERIAT D &,

® X TAITE
BALVRATLODEEZRNSEL-OHICIE. VRE ORFFMOEFLLETH D, X
DHZHEILE AT X b (LCOE: Levelized cost of electricity) 72T TldH X0+ TlXALY,

> BIFXROFFNTZA/W OVWLRIRERRMTEBR/T S LIEFRA, PXTLER
ICEZ3EHHISBEDERAZSIVTEETRE,

REROFETIE, BAPKBAEENCDEBEND LA TLIMIE (SV) 2FET HILE
BHd, YATLMER. BAXLEKEAREEZENSATLAITENT S EITED
THELDVATLEARDFB/E LTERSN., ELEDHEBEERICEI>TRESNS,
EDFEICFE, MR FOER. ZBIERR (CO,) LEDMDFEMEDHEHENKE

7



B, MORBEOVERTEDER. $F L (EREMS V75 DER. LEEREDIEHR
LENHD, BEOETIE, EREEBMROYA VY VTR " OEBMOEMDERERA
VISERDEM, DA TLFIIZKS VRE HADHIHEIGE EDERDEBMLH S,

> BIXENIIHESIHSHNEREHSHBERAOSHTET-T. BIREEMLEELAD
VAT LMGE (V) 2RA%1LTHENEE,

DATLAEE. REIR MNEBATEELGRERZIRMET S, DX TLMEAFKEIX
FEYELBWMEE, BIID VRE BRERFBALVATLORIRX FEEIFET 5DIZ&KILID,
VRE REBEDEAZRDEMIZHEL., VRERBEDZEHE L UMD BDEEN L X T LMEDIE
TZ#IBLARESLH Do

& S XTALEGHL - VRE BIFE— R EXG T I/ILF—REDMIEZFRXIL
BAOERGARKEIX. PATLERBALE-EABRICE-TEHLEEOHMEZRETSE
%, RENLRTLHEEDY—ILELTRLONGNI EAZNE WS EIF, BEERMGER
NoTHS. VREEADHBEREICE T EBERDEBEIELE. BIZOXTLHEEDHERAT
L, ARERRYRRICEAZRARIEL., LCOE Z TEAETRRICTIEFB ST ZLICRE
TW=, LhL. COEZAIE. VREDBEWEAEXRTIE+STIELGL, \VREFHEEZE R
HEITBH=OIZE, ZEMGTEAZRIBL. VRERMTOBEMELITS=HICIF, ZZHADE
WNBETH L,

Key system-friendly VRE deployment measures:
FAR T AT & W L7 VRE AR
o IRTDT—RIZEVT., BFINENGHEHBEZHRINETHD. BAELGIL
—ILEFIBICKABEREDBNTALRICEY ., FHLLVRE ZENBEV G &5
FRICEAEHh, VRE DFRE L EERERDIZBOBAICEY DX TLEEDIR A
KRN,
> EBEMNLGHBFICESC(BEIXROBAE), B, BEICKIRTEEAR. BFE

A. BEODBHEHLZRBEL LT Integration Study IZE I #HEFtHEIZ &L DH
flrDiifE. HIERHOIRESE.

o L5 —DONEELBEIL. VRE REDEABHEFESITH-OICHEULGI T FILE
RETEILETHD, BEARIRIILF—ERE L TRBELGETELRLS, FEL
UA—ITEWIEN, REORKBEOEIRENFEREICSMAMIEIC VRE ZEBET 54
NRWEEELHYED,

> BBOTL—Y—HEMTIREOELATHTE. @K, EA. ARG LEEZER
FELT. YTFLEHTRENDH S,

o RELHRMI VI ADERIE, ERLGREANEH DL I —DONDERTHD. HlAIE,
BAEXBHAOENFERADEZ DM THFBEHTH D, RITOBEAELEZEE
LI-BAZTHET, HEMENGOND,

o RELERERBFEZRHOEMOERIEL. YA TLEHHR L VREDBEAZRER
T5L5 1 D2DFETHD, HIAIE, REMGRIFICEDIANREHKET. JUFW

SR ¢ KIIBEE OB EBF 1L, B AADERRIC A D B
8



R)—B—EVREFERELO—IHRBHRILEOENT T, EREDEEBEL LKL
TEYBONGRERFEZERYT S,

o VATLY—ER '"MENBELNEETHD, VATLY—ERRAET HHL
HEIZEY ., VRE DEWVWEBARTURATLEZIYMENICERT S ENTES,
BIZIE. VRE BREFEAEEZHMAADE TERFHRAZIRMI S LT, KA
BRZES I YH IR FIRARVARESENH S,

o NHBEEBERDMKBICIX., EFRNLGEND R T LICIRBT HMEIZK C THENZE XA
SHMAZHEIT HIVLENHD. BRHEE, BRI EHAICH CzaX FZEIERKIC
R BZLENH S,

> INEHERFHE, FLRRELGBATREROY—I,

& MR EWDFEE
BEESLUVHPEERERE. ZHMICHBRESN-ENEETICHIET 5551 LMD,
BAET—HDRAMDRNIZEY AT — FTRBNICEETHVATLA EHYD
DHD. BITERNSEDHIE, &Kiff. BF. #ED 3 DOEZAEZ+HEET S
BENH D,
> PVEAELEIANSOERREIZDELGEBEICEIREROEENAFTAR, (FENGE

RICKBHTOHIZ, ) A UNYZEDF-EEHOEELBNOHENDE,

o HMMIZIE. SELLFBIEDEL ETORENIDVRME AT LEREZERT S
ZEN, BhSH LBRHEMEBEIZE >THE-LEBEEASTEEL S, BELBEREE
it (T22)L1E) DEBAT, VATLOARELFIHEEZHRETHZET, T
IV RLRARCREKIBICFIATE 508EMELH D,

o RBEMICIE. PEEXGARENETRLELOREFEORLIX, INEESHE L
BREADREEZLE LT S, hIZIE, PHEERICZOMEIZKE L THEHNEZES X
HltE. EEEMOLI—Y—ICHESA U I7SOaXR M EEYICEETIEL2 L
DEAENEEND,

o HFIEMICIE, RIENEBFEFIEDLDEEZAOND, 1 DOELFHEIL, MBI ERN
FHESBERFLEEHOEE XS EXFDORIOHANDEEILTH S, SBIC,
TIOVT—3AD&3BE<LHF LWVEREZHEICHAAD I ENEETH D,

> T~HBBE] EVSEVLSRICDOVTIE, ELDBEDHELUTOERNEFL
®o
> EBYSH0BHN. EHNERELIUVVATLERAICEET S L
> BfEERSEELOH, B, 1ot T4 T, BESEROVThALSHE L,
S EOEDHIZE, TR, YATLER, REAZITOHT, L—L, BESHES Z &,

> BIXRDOEAZERELHEL., BH - IRILX—FK., Biff. #2NEBLEOEL
[C&Y, RRIRZABEIRLE S, LREDBFHARBRZRBAL-LDOTHSELE
b2, +AARAE., R, HREZFOCENBE,

> B, BER. $RZREX. H2MNICHEOH S EABOI, FHEORZEL S
THHDOIGWEREAITT H &N, FRHMYBAHICEETEELD,

ARE T —ER LBV,
SERIE @ Utility 1%, 7ERITBERAOENSAEZER L, KE., ARTIEZDOEENE > TWDHDITH L,
BN CIE%E « 25« BEOMBERDBES LD, *IS L R DR 2V IRIEE o TS, ET2, AEOSEE
B, HaphoFEERELH D, T T dtlity TENSFERTA, PRI HIKE CH S [1XELE
St REL A ENEUND LR,

9



BR
An update on Best Practice
Acknowledgements
Executive summary
VRE F%8 D5 — B 3517 5 HELEEHTH Recommendations for Phase One of VRE deployment
5 BRI I 1T 5 HESE R TH Recommendations for Phase Two
1Y) 723 R A Ol I Ensuring an appropriate grid connection code is in place
EIRIEH 231 D VRE DBk Reflecting VRE in power plant operations
VRE 2 D+ /45 72 5 BR B B O LR Ensuring sufficient grid capacity to host VRE
— I BEME 235 1T 5 #ELE S TH Recommendations for Phase Three and Four
¥ AT LME System Value
VAT N EGE LTz VRE BRFE-I) & KBS R0 X — B OARE D R System-

friendly VRE deployment - maximising the value of wind and solar power

FF Introduction
VAT LA LD What is system integration
VAT LA System integration
VRE EIRDOHFE: Properties of VRE generators
TSIV AT L DOZHRIE Power system flexibility
VRE 5 D Bt Different phases of VRE integration

— B - R_RT DO AT A L~YLTHAIL7Z 720 Phase One - VRE not relevant at the all-
system level

T B - VRE DIFEDNENT X415 - Phase Two - VRE becomes noticeable
o = B - SRERME N E BT 72 5 - Phase Three - flexibility becomes a priority

FHINEE - BV AT LOEEMND IR & 72 5- Phase Four - power system stability
becomes relevant

55U BX [ % B85 2 C Beyond Phase Four
VRE # & BB D F & ¥ Summary of VRE deployment phases

HRWE & BEH: 2T ARA O D H AR Strategy and planning: The foundation of
successful system integration

F—EBE: VRE BE or BIRIZTTRTOYV AT AL LY TEE L Phase One: VRE
capacity is not relevant at the all-system level

KR EMOREDLFTIC VRE ZHATE 57?2 Can the grid accommodate VRE at the
identified sites?

ERLEM ORI H rTHE 72 R B DY E Determining available grid capacity
HE 55 O VB D4 B Managing possible upgrade requirements

10



W) 72 R E R LA 23 & 5 )2 2 Are there appropriate technical grid connection rules?
% BefE: VRE BIRR VAT AERAE N OHHE 45 Phase Two: VRE capacity

becomes noticeable to the system operator
IEBRFEE L (322 ?  What is net load?
VAT DA DR A~DFT LU MBS EIE New priorities for achieving system integration
SRt R FEAR X5 B 2> 2 Is the grid connection code appropriate?

VRE R T AT AEHICKBE S TU %2> ? Is VRE output reflected in system
operation?

AT LAEMFITR T D FEE W O Al Visibility of power plants to the system
operator

VRE & & H1 /1 DT Forecasting of VRE output

IR, R, TE 1 DEH Scheduling power plants, managing interconnections,
operating reserves

WY T NHEA L, VT INEA LOREIROMGIFE Controlling plants close to and during real-
time operations

VRE BA%E DfEHEIZ 0 13X EEL BN 50> 2 Is the grid still sufficient for continuing VRE
deployment?

VRE B3 & [RI1H] L 72 125 5B M58 Synchronising build-out of new transmission lines with VRE
deployment

BEfF SR A 7 7 D Ee KIE A Best use of existing grid infrastructure
B FEAE & AR LM 35 1T 2 A5 1A BB /1 O\ Dealing with two-way power flows

in the low- and medium-voltage grid

VRE IV AT AL L THEAZINTUWDA? IT Is VRE deployed in a system-friendly
way?

= EBxfE & 00 Bk B Phase Three and Four

VRE i % XET D720 DB AT L OFHE & EH DOZEE: Transforming power system
planning and operation to support VRE integration

VRE i ] O FR 2% 2 F il a9 2 U & & H & Technological options and

operational practices to address operational challenges of VRE

VRE Bl BB E A = OV ENE The need for operational requirements relevant to
VRE plants

VRE D538 N4 9 HA FHH Integrated planning with higher deployment of VRE

DER DD % & TORLEM & REEEEMOFHE & #H Planning and operation of
low- and medium-voltage grids in light of increased DER

VRE $i &% B3 D BUR, Bl & 1 O Policy, regulatory and market frameworks
to support VRE integration

BN AT LAONRWTER OO DOER, HH & TS5 O 7 Policy, market and
regulatory frameworks for efficient operation of the power system

11



7V — IR EBIRA~D 03 12 & O MR Ensuring sufficient investment in clean power
generation

B DAVEE FH Ol Pricing of negative externalities
43 72 R O fi# 15 Unlocking sufficient levels of flexibility
AT N EWE L7 VRE A Achieving system-friendly VRE deployment
TR & 88 2 72 3 AT Ll System value, or the need to go beyond costs
AT LY — B AHEJ] System service capabilities
EAYGAT Location of deployment
FEFIND X 7 A Technology mix
VRE O H1PLf¥) /37 Geographical spread of VRE
FDOEIR & OHNFEA Local integration with other resources
7% 75 O IRF[H R D e i1l Optimising generation time profile
A FHH Integrated planning
F & RE BURHHHAIT I 1T D v AT LMifiE D BB Summary: Reflecting SV in RE policy

frameworks
Topical focus: B FEHE D ¥ 2 Evolution of local grids

RTBEA LT b RO RV — 2T MIBIT SHECER A paradigm shift - local
grids in future energy systems

T K AL ORES DIEH How to foster the opportunities of digitalization

FEOSBALD b & TORENDOHFEN T AT LiEH Secure and effective system
operations under a high degree of decentralisation

AT =X /NG BRI X DRI &S A E O MM Ensuring
economic efficiency and social fairness through compensation mechanism and retail rate
design

%E| & BEEOFEHESE Revisiting roles and responsibilities
f&E#a & HELEETE Conclusions and recommendations
B D VRE B A~DOHELEEIH Recommendations for Phase One of VRE deployment

TabADOREREL L TOY AT LA Treat system integration as an evolutionary
process

) 7278 ~D 75 B Focus attention on the right issues

HARRBEDOBHN Y 725l Ensure a transparent and sound technical assessment of
grid connection capacity

2T O [E BR ) 7 pE ZEAE YE O 3 R A O T ] State-of-the-art international industry
standards provide a basis for technical connection requirements from the outset

B PEA~DOHELE I Recommendations for Phase Two

18 ) 72 3H % BAF Ensuring an appropriate grid connection code is in place

12



TEIRIEFH ~ VRE DBk Reflecting VRE in power plant operations

VRE B A% A[REIZ T2 140 72 5B B O 25 B DFfE(R: Ensuring sufficient grid capacity to
host VRE

VRE D ¥ AT LD /)M Minimising the system impact of VRE

BB U ER P~ O HELEEIE Recommendations for Phase Three and Four of VRE
deployment

VRE MiA 2 XIET L2100 EN VAT LOEH & GHE DL Transforming power
system operation and planning to support VRE integration

EHERBBLO VRE Hih %2 ET HBOR, #lifil & TGPk Policy, regulatory and

market frameworks to support utility-scale VRE integration

VAT NEWHI LTz VRE BZS-E) &OKEG T R L X — R E OANE D R Kb System-

friendly VRE deployment - maximising the value of wind and solar power

Annex 1: R E: #55 & B3 Grid integration: Myths and reality

A 1 RRACHE 5 ZEFF M 13 E B C X 72\ Claim 1: Weather driven variability is
unmanageable

A 20 VRE EAZIINEREI~Dm = A M 3#EET H 4720 Claim 2: VRE deployment
imposes a high cost on conventional power plants

l:lFHim 3: VRE BRIZIIFRIED Ny 77 v 7R METH % Claim 3: VRE capacity requires 1:1
“backup”

A 4: BAEE T 2 DAELEME E FH 1359 X % Claim 4: The associated grid cost is too high
Fm AL 5: BRI S AN A] K T d» % Claim 5: Storage is a must-have

FMAL6: VREARRIZ LV U AT AR AREZEIT 72 5 Claim 6: VRE capacity destabilises the power
system

Annex 2: 2 SEE R E {4 Focus on the grid connection code

ARCE R LI T, A EE R D) What is it and why does it matter?
SAAEH R D VRE (2% L CiEbln> ? Is the grid code appropriate for VRE?

VRE OE AK#H:  VRE deployment factors

AT LOFNHREE Technical properties of the system

I & T2 oW T Regulatory and market context
W) 72 B R B DO BRI 7 1 & A The process for developing an appropriate grid code
VRE ¥ = 72 K B BB NENIAT 1T Prioritising requirements according to VRE share
SAREHER B O S & UET The enforcement and revision of a grid code

Annex 3. BE] VAT LAORBEIZxST 5 H T D F%EM Details of technical measures to
address power system challenges

¥ Introduction

VRE A DOHEST L 7= B C O H AT %1 5K Technical measures during the later phases of VRE
deployment
13



Glossary
Acronyms, abbreviations and units of measure

References

14



	本資料は、再エネの持続的な導入を実現するために、国際エネルギー機関（IEA）が各国の政策、規制、システム運用、多様な市場参加者の考え方の指針となるようにまとめた「Insight Series」（教科書的な出版物）の要旨、目次の仮訳である。
	謝辞
	要旨‐Executive summary
	目次

