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Abstract:

Various aspects of power system flexibility are evaluated within the multi-country study framework of IEA Wind Task
25. Grid components and actions which have been adopted for enhancing flexibility in different areas, countries, regions
are addressed, as well as how Transmission System Operators, Independent System Operators, Utilities intend to manage
variable generation in their operating strategies. A visual assessment to evaluate the diversity of flexibility sources, called
a “flexibility chart”, is further developed to illustrate several flexibility parameters (e.g., hydropower, pumped hydro, gas
turbine, combined heat and power, interconnection and battery) in a polygonal radar (fan-shaped) chart. This enhanced
version of the Flexibility Chart is an “at-a-glance” and ““easy-to-understand” tool to show how to estimate the potential
of flexibility resources in a given country or area, and is accessible for non-technical experts. The Flexibility Chart 2.0 is
also a useful tool to compare the past and future flexibility of a system. Comparing the historical change of flexibility
resources may not only be helpful to discuss energy policy in regions with high installed variable renewable generation,

but also to contribute to the discussion in other regions where renewables have not been widely adopted yet.

Keywords: Variable generation, Wind energy, Solar energy, System flexibility, Interconnection, PHS (Pumped hydro
storage), CHP (Combined heat and power)
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REE
AU: A=A T VT
AEMO: A —2A hZ U 7E il (Australian Electricity Market Operator)
ATC: EHEFIHEARE (available transfer capacity)
BRP: TR H LS4 (balance responsible party) (FFIZERINTHW S35 FHEE
CA: B4
CAISO: #Y 7 4 )L =T ML RHEHH (California Independent System Operator) CK[E D 1SO)
CAMX: BV 74 L=TBLUAF 2 (California and Mexico) (ALK DIEHEE T U 7 DA F)
CCGT: a2 A v RYA 7 )VFFALZ—¥ " (combined cycle gas turbine)
DE: FAY
El: B#RHR A% (Bastern Interconnection) CKED[EHI= Y 7)
ENTSO-E: BRI AAFIEHZ A+ >~ U —2 (European Network of Transmission System Operators) (KK ¢ TSO #H )
ERCOT: 7 %4 X EEHEEWH#ES (Electric Reliability Council of Texas) CK[E D ISO 35 X OME HEFEHERS)
FAST: 83Tl (Flexibility ASsessmenT) (IEA {2 & 2 Feffib 3t > — L)
FIT: [EEAMAS BB (feed-in tariff) (EIZERM IS X OVH RO FAEFRET R /LXF —{RHEEGR)
GIVAR: ZEMERAFRE= R/LX —DRMH S (Grid Integration of Variable Renewables) (IEA D712/ = 7 )
GW: ¥HU > |k (giga watt)
HVDC: @&EE (high voltage direct current)
IEA: [EFE= /X —#E8 (International Energy Agency)
IEA Wind TCP: [ERT /L X —H$B M 1524kt ) 7' v 7' 2 (IEA Wind Technology Collaboration Programmes)
IGCC: [EBERHFHIE 7 (International Grid Control Coordination) (BRM @ TSO O a7 v 75 &)
IGCC-L: 2020 4l COD IGCC =V 7 (K L TOME L DOEF)
IGCC-S: 2016 4EHf AT IGCC = U 7 (A 3K COMEE._EDEFR)
IRENA: [ESFA AJRET % /L ¥ —H#4B (International Renewable Energy Agency)
ISO: JMS7AHEHES (independent system operator) (RFIZKETHW B D FHEE
ISO-NE: ==—A > 7T v RIMSLRHEHEES Independent System Operator of New England CK[E ® ISO)
Jp: AA
MISO: Hif KRR A HETER RS (Midcontinent Independent System Operator) CK[E > RTO)
MRO: FHPEEMEHEEERERT (Midwest Reliability Organization) (AbK {3 & FEHER)
MW: A% 7> K (mega watt)
NERC: A KA #EE 1772 North American Electric Reliability Corporation
NTC: TEBREEEARE (net transfer capacity)
NPCC: ALHERE %2 (Northeast Power Coordinating Council) (Abko>1{3 #E FERERS)
NWPP: JtVEER T — 7 — /L (ALK OE TSR
NY-ISO: == — = — 77 AfciE RS (New York Independent System Operator) CK[E D ISO)
OCGT: A—7"> Y%A J )V AKX —EL (open cycle gas turbine)
PIM: XU NANR=T | ma—Uxy—U—, AUV—F R&ET 13 M%E H/3—3 2 RTO
RF: E4EE 7 7 — A b (ReliabilityFirst) (ALK {5HEEEHER)
RMRG: & v F— LR} 2 /L —7 (Rocky Mountain Reserve Group) (ALK D1 e ERERT)
RTO: Hulafis e Akt FHI%ES (regional transmission operator) CK[E M EEH%ES)
SERC: ®H¥E IEMEEW#52 (Southeastern Electric Reliability Council) (At {3HEEFEES)
SEM: H—%E 1% (Single Electricity Market) (71 /LT > KEDE L)
SONL: Jb7 A /v Z v RR#iEHA (System Operator in Northern Ireland)
SPP: M/ XU — 7 — L (Southwest Power Pool) CK[E|?> RTO)
TDSO: —f&ikELE 2 (transmission and distribution system operator) ($#IZ HATHW LN S HEE
TSO: HERHFIEAA (transmission system operator) (REZEIN TRV S5 FHFE
TYNDP: Z#EFHHE 10 » 4F-FHH (Ten-Year Network Development Plan) (ENTSO-E |2 & % #753)
VRE: 284 F[EE= R /L ¥ — (variable renewable energy)
WI: PHEERRH (Western Interconnection) CKED[FHI= U 7)
UK: %[E (United Kingdom)
US: K[E (United States (of America))
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Interconnection Interconnection
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Wind: 1.8%

PHS Gas Turbine
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Pump CCGT Peak = 21.86 GW
@Norway Norway (2020)
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Continental Europe ;

Nordel ] i
@ Baltic countries 2

Great Britain

Isle of Ireland (SEM)

B 'GCC Member IGCC Observer

IGCC non-operational
member

X2 BRIMDEHRTL
(a) BN ORIFA= U 7 CCHR[14] % TTIZ LB &2 EF %) . (b) IGCC MNERE[15]

£1 BMORKETF v— +OT-OOERHE T—%
(2020 4, 7 — 4 OBECRRITIEREIR)

as of the end of 2020 Capacity [GW] ratio per pea
Sl aee Country Control Area | Peak | Wind | Solar |Imereon| cyp | Gas | pyg E‘fy;ie? Wind | Solar [Mniereon| cyp | Gas | pyg g‘%}‘?
62.57] 2239  326]  $53] 1480  775]  000] 4652] 358%| 52%| 13.6%| 23.7%| 124%| 0.0%| 743%
Norway 2186) 400 015] 633 094 000 28.19] 183%| 07%| 28.9%| — | 43%| 0.0%]128.9%
NORDEL Sweden 251 969  142[ 11a0[ 3300 296]  000] 1633] 43.0%| 63%| 49.3%| 14.7%| 131%| 0.0%| 72.6%
Finland 1239]  247] 039  505| 640|280 000 200] 200%| 32%| 40.7%| 51.7%| 22.6%| 0.0%| 16.1%
581  624] 130  792]  s10] 160|000 0.00] 107.3%| 224%| 136.4%| 87.8%| 27.5%| 0.0%| 0.0%
| Denmark Denmark East 228 18] 042]  29s] — 105|000 000 s1.8%| 18.5%| 120.6%| 87.8%| 46.1%| 0.0%| 0.0%
Denmark West 357 500 oss| 617 061 000  0.00] 140.1%| 24.6%| 172.8%| 87.8%| 16.9%| 0.0%| 0.0%
50 Hertz 1680 2038 1297] 2095 11.50]  276] 279]  0.00| 121.3%| 77.0%| 124.7%| 68.4%| 16.4%| 16.6%| 0.0%
Amprion 2027) 1084 1189 3560] 1330 10.14]  1.83]  006] 37.0%| 40.6%| 121.6%| 45.4%| 34.6%| 62%| 02%
Germany TenneT 2380 2919 1984 3860 600 2700  1.68]  0.66] 122.6%| 834%| 1622%| 252%| 11.3%| 7.0%| 2.8%
1GCC TransBW 1081  177]  722] 2340 490] 068] 313|059 164%| 66.8%| 2164%| 453%| 63%| 28.9%| 55%
(as of 79.48) 6218 5378 2427| 5480 21.51]  942| 131] 782%| 67.7%| 30.5%| 68.9%| 27.1%| 11.9%| 1.6%
2016) | Austria 1058 322  222] 905|290 425 346] 2.44| 305%| 21.0%| 85.5%| 27.4%| 402%| 32.7%| 23.0%
France 8283 1738] 11.72] 1720]  660] 193] 466] 666] 21.0%| 142%| 208%| 8.0%| 23%| 56%| 8.0%
Netherland 17.84]  660] 1021] 528 880 1420 000 000 37.0%| 572%| 29.6%| 49.3%| 79.6%| 0.0%| 0.0%
Belgium 13.34] 460 565 461 240]  490] 131] 000 352%| 423%| 34.6%| 18.0%| 36.7%| 9.8%| 0.0%
Central Switzerland 987 009 293 1261 022] 668 559 09%| 297%| 127.7%| — | 22%| 67.7%| 56.6%
Europe Czech Rep. 1068) 034] 207 819 8s0] 036|117 075 32%| 194%| 767%| 79.6%| 3.4%| 11.0%| 7.0%
23044] 10074] 89.89] 2260 89.10] 48.97) 2670 16.74] 43.7%| 39.0%| 9.8%| 38.7%| 21.3%| 11.6%| 7.3%
Poland 2653 624|394 414 970 245 179]  0.16] 23.5%| 14.8%| 15.6%| 36.6%| 92%| 6.8%| 0.6%
Slovakia 470 000 059|425 150 090 092] 042] 0.1%| 12.6%| 90.4%| 31.9%| 19.1%| 19.5%| 8.9%
Romenia 932 302 139 320 130 000 000] 339| 324%| 14.9%| 34.3%| 13.9%| 0.0%| 0.0%| 36.4%
IGCC |Slovenia 247 001 027] 338] o040] 035| 018] 0.00] 02%| 10.8%]| 136.6%| 162%| 14.1%| 7.3%| 0.0%
(asof |Croatia 287 079 009 455 090 072| 028 145] 27.4%| 3.0%| 1584%| 313%| 25.1%| 9.8%| 50.3%
2020) [iary 4996] 1084 2159]  627] 860 4336] 728| 445| 217%| 432%| 12.5%| 17.0%| 86.8%| 14.6%| 8.9%
Spain 40.14) 2700 1179]  7.00] 500 2798  5.65| 19.19] 67.5%| 29.4%| 17.7%| 12.5%| 69.7%| 14.1%| 47.8%
Portugal 88s| s24] 103 380 130] 448] 282 152 s592%| 11.6%| 42.9%| 14.7%| 50.6%| 31.9%| 17.1%
375300 153.97] 130.56] 18.87] 117.80] 12021] 4561] 4730 41.0%| 34.8%| 5.0%| 314%| 34.4%| 1220%] 12.6%
Great Britain 5237 2449 1346]  483] 470 3409]  431]  000] 468%| 257%| 92%| 9.0%| 65.1%| 82%| 0.0%
|United Kingdom ~ [Great Britain s101] 2349 1338] 650 3254)  431]  0.00] 46.0%| 262%| 12.8%| 9.2%| 63.8%| 84%| 0.0%
[Northern Ireland | 155]  1.00]  0.09]  0.80 155] 000 000] 643%| 5.9%| 51.7%| — [100.1%] 0.0%| 0.0%
All Island (SEM) 684 5300  013] 098] 030] 578] 029] 000] 77.5%| 1.9%| 14.3%| 44%| 84.6%| 43%| 0.0%
[Rep. Ireland s36| 430 004 080l o030 423 020 000 803%| 07%| 149%| 5.6%| 79.0%] 5.5%| 00%
1 T~ —27 JHHB LOEROBEIRORMBERILT — B AFTE o), T or~v—0 BROFE
R EZHWTW D,
2 7= 7 VT U EOBENRORMBRETT — X BAFTEXRNoTzizd, RESKROREEE VT

b\éO
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ek ci, B3@ITRT K 9T, HHERARKE(ED, PHHERRGE(WD, 7% 2 &
INEHEMEHS(ERCOT), 7y 7 | DA>OERREN D5 (B, Z2To [HR
ZE A REEORETHY . Y TRITEOHEADT-DDOLEEREZERT A LD T
T7e<, RAP=Y 702 L&), EIEWHE, KE, 7574, AFTao—icE
12935 T %, BRCOT & 7y 7 OERARHIEL, EHENKER LU T F 5841
BENTWD, Hlfl= ) 7 LfF MR =Y 73, EIEWINO K 0 /h S U 7 24
LT B 2%, ERCOTE 7y 2 (AT U 7 DRI & (R FHE & R
—OWHETHD, TITE, BBOIRT &S BEHEAET Y 7155 < kit
F v — b &R 5.

213, CKROBHIRDZHMET v — b 2R 2720 DRI G T — 2 Th
Do KE L AT H ORHIBO KRR BRI O TRORFEHROT — 5 2IET 5 2 L
(ZREET D 2 728D, 2019 FEOEFHEEFIAM 15T HDN T, 2020 SEOHEEME 2 8 L7z,
7o, ALkD %< O RTOMSO LT U 7 ~OHERME R EAFE L TN,
NERC OfF#EEFHMIC L 5 TIERHEERMEA & (net firm capacity transfer) | TRH L 7=,
ZDTD, KT v — b OERBEF EIERITE NG SN TV D AR H D, K
EOREIEOT— 2ty MIEREET ) 7 28 TR L TH Y . —HOEH
FEr U 7% RTO/NSO T VU 7 OEFRIIMOBER LB L B s, 20, HHMO
TRCOBREIGORRIT, TOMOBROMy ZELEFETY TICET b0 L
(R LTz, T D78, HHMF v — MIUTEFORHEEENELTND, F—X D
MARBELICOWTIE, EEsBoz L,

QUEBEC
INTERCONNECTION
7 WECC WECC MRO
S 7’ NWPP-BC NWPP-AB SaskPower
~o )’
S ,/ EASTERN -

~ # INTERCONNECTION
Ne s

WESTERN
INTERCONNECTION

’
» ~
z
ELECTRICITY RELIABILITY

COUNCIL OF TEXAS
INTERCONNECTION

K3 dKDEHIRTLA
(a) ALKkOFRB =Y 7[16]. (b) NERC [ZHEHE= U 7[15]

e
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2 k%@iﬂﬁ%&—h@tb@%ﬁﬁﬁ?—@
(2020 4E, T —H% DBELERIT RS R)

as of the end of 2020 Capacity [GW] ratio per peal
Country o R;‘f’g‘;j}"‘;‘y ISO/RTO Peak | Wind | Solar |™McIEon| cpp | Gas - pyg ;[\j%‘:c? Wind | Solar [IMereon| cyp | Gas | pyg %dic?
Québec [Québec 37.08] 363 o 1118 o84 o000l o000 3869 08%| 0.0%] 30.1%| 23%] 0.0%| 0.0%] 104.3%
Maritimes sao]  rias] o001 263 032]  076]  0.00] 044 21.6%| 02%[ 49.6%] 6.1%| 143%] 0.0%] 8.4%
\pee [New England 2370]  139] 121]  as3[  325] 1580] 1.8s] 128] 59%| 51%| 204%| 13.7%| 66.7%| 7.8%| 5.4%
New York 3062] 190l 003]  173]  ss7) 1s07] 41| 332]  e2%| 0%  5.7%| 182%| 59.0%| 4.6%| 10.8%
Ontario 2333 443]  o0a2] ae|  238] 744  o012] 11| 19.0%] 1.8%| 19.8%| 102%| 31.9%| 0.5%| 26.2%
12003] 1250 167 1236] 4206|339 4984 104%| 1a%| | 103%| 35.0%| 2.8%| 415%
RF PIM 14409 so1] 155 141] 1020 sasi|  s23] 313 sev|  1a%|  1.0%| 7.0%| s8.6%| 3.6%| 2.2%
El  [SERC 17724] 049|287 959 111.08] 650 1049 03%| 16%| — | 54%| 627%| 37%| 5.9%
MISO 12001 19.07]  028]  143] 1866|6153 276  1.53] 16.0%| 02%| 12%| 15.5%| 51.0%| 23%| 1.3%
Spp 4957] 2049 028] 294] 1.03] 2058] 000] 343] a13%| 06%| 59%| 2.1%| 59.7%| 00%| 6.9%
Canada MRO  |Manitoba 476] 025]  000] 239] 002] o040] o000] 55| 52%| 0.0%| 503%| 05%| 8.5%| 0.0%]108.2%
SaskPower 388 024 o001l o04a] o0sal  217]  000] 086] 62%| 02%| 11.4%| 13.8%| 56.0%| 0.0%| 222%
17832 4015  057] — 2025 93.69] 276] 1097] 225%| 03%| — | 11.4%| 52.5%| 1.5%| 62%
702.73] 70.01] 833 13.75] 63.92] 37340 2126] 8560 100%| 12%]  2.0%| 9.1%| 53.1%| 3.0%| 12.2%
USsA 171.69] 2375 1646  132] 19.68] 8820 278 45.08] 13.8%| 9.6%| 0.8%| 11.5%| 514%| 1.6%| 263%
Alberta 1232 2.14]  034]  14s]  sio]  774] 000  089] 174%| 2.7%| 11.8%| ara%| e2.8%| 0.0%| 7.3%
British Colombia] _ 1243] _ 070] 000  435] os1] 043]  000] 1221] s6%|  0.0%| 35.0%| 6.5%| 3.5%| 0.0%| 98.2%
Wl [WEcC  [camx se84] 619 1178]  243]  sos| 3s14] 28] 573| 113%| 21.5%|  4.4%| 163%| 64.1%| 4.0%| 10.4%
NWPP 5232] 976l  248]  075]  397] 2021]  020] 24.04] 187% a7%] 1.4%| 7.6%| 38.6%| 04%| 46.0%
RMRG 1341 379]  o046] 068 671 028 146| 283%| 35%| —— | s5.1%| 500%| 2.1%| 10.9%
SRSG 2637] 16| 140 017 18.07] 012 075 44%| 53%] —— | 0.6%| 68.5%| 0.5%| 2.8%
Texas_|Texas RE_|ERCOT 8189 2200  1.86] 125 17.34] 4853 0.00] _ 0.46] 27.0%] 2.3%|  1.5%| 212%] 59.3%| 0.0%| 0.6%

Hﬁik%ﬁ%%ﬂt%ﬁ@%&éméﬁﬁﬁﬁ %%@ﬁiiw@M§w A
HEEE, 307 HU ESINBET 2N 0K35 D1, dLKkD55D1THSD, BHAD
B AT BT, I4Jrii9_\LW@A@T%ﬁéMﬁ&O@H%I)Tk &
FHODHIE T ) T DR S TWD (7272 L. & 2 TN BES CTH 2 o
L) Jﬁﬁ%%)mwﬁﬁ%ﬁﬁ@ﬁﬁmD”® BRI TR T AR B
2 X o TIHE - /NFEFEFEL L ERLERGEM A (TDSO)NZ/wHE =i, BEIX104E0
TDSOFTAENFNFNOH T ) 72 EH L TW\5

% 31X, TDSO <°% DAt D BESE T 2 ARIFERI 2 B UL LT bl it T — % Th 5,
KIPFEEOT —2121%, Ik & RAIVAR KRB GBI TE R T8, Ak
WEENDIBENH Y . FHHEFRDORT v e L TRREHE S 5 ATHENEDN &
%o AARDEFOBEIROT —FNATTERDSTZT20D, 2018 EOT — X ZH:H
L7223, AARICE T DEVEDHE OB EE MR 28, 2020 FEOIE & T EED
HAAWEHEH S, BVESHGIERMEN & W ) I EERRATIIRY, T—X D
M2 E LI OV TL, [(fEEsRBoZ L,

BISIZ AT L HIC, A=A RZ U TITIEKREETH ORI LTEEN VAT L%
bR, 5OOHE=Y T RH L, KLEORB=Y 7%, RQWHER (—&F, EiER) T
e ST 4 D DOFIE= Y 7 CHER SN TN D 5%E@ﬂ@i)7f%55X7:7ﬁ
KA L EFHER TN AT A TH D, KT v — FDODDA—A T
U7 ORMEFT — 2 O—EERIVICRT, 7 —F OFEM RS2 kI3 2 S o
e, B, ARZ—E U ERNE, AFREZRFEHE WM HIXXBINEE L2
ETNENELDY —E U OMIIAARZEORRIEENH 5, D7D, BELDIEREE
MSITWD AR D D, Fo, BRBAEREIZOWNTH, ATCTIT e EEAFET
B DR B D728, IBKFEM S5 FTREMER & 5,
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HADEHH EBHEHDOERE

Electricity grid and companies in Japan

1LiBEE S Hokkaido
HALESH Tohoku
TR oo NORTHERN
-;ﬁfﬁ ;fl_t”k“ TERRITORY
aPee. ubu
Irs7E S Kansai 1
&7 Chagoku
ImEE S Shikoku
JUNES Kyasha
JPHBES Okinawa

60Hz /

SOUTH AUSTRALIA

——500kV 3ZE(AC)
=== 275 ~ 187KV 3Zfi(AC)
250KV EHit(DC)

(B&EHS00KV Planned 500kV)  —— 200kV E(DC) VICTORIA

B EZEHAPR Frequency Converter
O xEZHPR AC / DC Converter

4 BERDENVATL (18] 5 A—XRFSUTDEAVAT L [19]

%3 BAORHEF v— FD-HOEBEHHTF—4
(2020 4, T — % OBECIRIZ IS 1)

as of the end of 2020 Capacity [GW] ratio per peal
- y Intercon Gas Hydro y Intercon Gas Hydro
Country Synchronous Zone Control Area Peak Wind Solar " CHP : PHS Reser- | Wind Solar ” CHP f PHS | Reser-
nection turbine voir nection turbine Voir
169.87 4.48] 5970 0.00 10.70]  61.39] 27.92 17.78 2.6%| 35.1% 0.0%| 6.3%]| 36.1%]| 16.4%| 10.5%
Hokkaido |Hokkaido 541 0.53 1.97 0.90 0.30 0.57 0.90 0.71 9.8%| 36.4%| 16.6%| 5.5%| 10.5%| 16.6%| 13.1%
70.84 2.03| 2276 1.80 5.05] 3236 11.91 5.03 2.9%| 32.1% 2.5%| 7.1%| 45.7%| 16.8%| 7.1%
East Tohoku 14.80 1.60 6.44 5.45 0.67 7.36 0.71 1.15] 10.8%| 43.5%| 36.8%| 4.5%| 49.7%| 4.8%| 7.8%
Tokyo 56.04 0.43 16.32 7.40 4.38]  25.00 11.20 3.88 0.8%| 29.1%| 132%| 7.8%| 44.6%| 20.0%| 6.9%
Japan 93.62 1.92] 3497 1.20 535 2846 15.11 12.03 2.1%| 37.4% 1.3%|  5.7%| 30.4%| 16.1%| 12.9%
Chubu 26.24 0.37 9.49 6.20 1.80 13.74 4.49 3.10 1.4%| 36.2%| 23.6%| 6.9%| 52.4%| 17.1%| 11.8%
Hokuriku 5.34 0.16 1.07 5.00 0.00 0.42 0.12 1.33 3.0%| 20.0%| 93.6%| 0.0%| 8.0%| 2.2%| 24.9%
Central West Kansai 29.10 0.17 6.05 10.45 1.84 8.32 523 3.44 0.6%| 20.8%| 35.9%| 6.3%| 28.6%| 18.0%| 11.8%
Chugoku 11.24 0.35 535 8.35 0.72 239 2.01 1.92 3.1%| 47.6%| 74.3%| 6.4%| 21.3%]| 17.9%| 17.1%
Shikoku 533 0.28 2.90 2.60 0.25 0.59 0.67 0.64 5.3%| 54.4%| 488%| 4.7%| 11.0%]| 12.6%| 12.0%
Kyushu 16.37 0.59 10.11 3.10 0.74 3.00 2.58 1.61 3.6%| 61.8%| 189%) 4.5%| 18.3%| 15.8%| 9.8%
— = 1 J— o RS o @
K4 A—RALFUTDEREEF ¥ — D= DERKET
(2020 £F, 7 — & OZEILRITN TS )
as of the end of 2020 Capacity [GW] ratio per pea
Hydro N y Hydro
Country Synchronous Zone Control Area Peak Wind Solar | Mmtercon | cpp Gas PHS Reser- | Wind Solar | Intercon - qpp Gas PHS | Reser-
nection turbine Voir nection turbine VOir

36.53 5.78 12.01 0.59 0.26 9.40 1.34 4.55 15.8%| 32.9% 1.6%| 0.7%| 25.7%| 3.7%| 12.5%

Queensland 9.97 0.39 4.54 1.29 0.16 2.64 0.50 0.16 3.9%| 455%| 12.9%| 1.6%| 264%| 5.0%| 1.6%

Australid Main land NSW 13.83 1.34 3.48 2.89 0.03 1.77 0.84 213 9.7%| 25.1%| 20.9%| 0.2%| 12.8%| 6.1%| 15.4%
Victoria 9.62 2.13 2.44 3.01 0.05 2.24 0.00 226) 22.2%| 253%)| 31.3%| 0.6%| 233%| 0.0%| 23.5%

South Australia 3.11 1.92 1.56 0.82 0.02 2.75 0.00 0.00] 61.6%| 49.9%| 26.3%| 0.7%| 88.2%[ 0.0%| 0.1%

Tasmania 1.76 0.31 0.16 0.59 0.00 0.37 0.00 2.17] 17.5% 8.9%| 33.8%| 0.0%]| 21.1%]| 0.0%]123.3%

__________________________________________________________________________________________________________________________
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3. HADSEITELTYT7 DRKEFv—F

3.1 ERINEEE

Xoix, KD /) VT 2= AT z—F 2 T4 T RO3FEE, Tr~v—T K
EDOKDFEF ) 7 s 2 VT ARSI 7T OFEMEF v — K Th D, /LT
—INKEMEO R WEE R KNI EEREALTNWDLZEDRHLNTH S, Filo/oEAR
MEN L CREMEOH 5 FAFRET LY — 2 MOKMEEEICEHE T2 /vy = —
D7) = Ny T Y —| BIKE Z IO RGICHMTEDH[20], AV=—T 2 HA
FROFHE 2> T 5,

M6TiL, /AT ARM=Y 7 OESCINT-FHET v— b b Ty, =
DR 7 TEIHARE L L O Kb XBNR2ODOETHL /) VT 2— b AT = —
TV DOMBEDHIZRELSMEE LTS, /T 2 —OKITBERERIIREI VWD,
FERAIIZ Z OHIE CVREZ 32 17 A5 TRt i < . REIO LM IR A2 oV
T T A28 b H D, K37 4T ROT T 7%, Tro~v—2 K0T T 7
EIEFICELSBTND, L, EEET &A= ) 7 OHERBEARE LD i
RIEBED T ML DM S < T2 DEOHERMEBEDIZ L A LR /) VTV
TYUTHIZHDHZ EERLTWD, ENTSO-EIZ X ATYNDP[21] T, R DOVREIZ KT
JET D72 Tl < BRI R 2 Rl 57201, o= U 7 ~OE Rl % HY
B - BT T D RFHEINA AR STV D,

Interconnection Interconnection

49:3% 42:3%

Solar3.2% | T
N
RS CHP
16:1% 50\7%
Wind 20.0% Interconnection
PHS Gas Turbine PHS Gas Turbine
Incl. CCGT Incl. CCGT Hydro
Peak = 22.51 GW Peak = 12.39 GW ryaro CHP
439 T%
Sweden (2020) Finland (2020) 5%
Interconnection n
129.6Y i
% Solar 52% Wird 35.8%
28.9% Solar 18.5%
T S0lar0.7% PHS Gas Turbine
Hydr, / CHP Hydro CHP Incl. CCGT
Resernfil 108 9o 7 Reservoir Peak = 62.57 GW
Nordel (2020)
Wind 18.3%
Wind 51.8%
PHS Gas Turbine PHS Gas Turbine
Incl. CCGT Incl. CCGT
Peak = 21.86 GW Peak =2.28 GW
Norway (2020) Denmark East (2020)

K6 /ITILIYTDERHREFYy—F
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T o= RN T LI, T v —27 WE(DK]) & T >~ — 7 FEEY(DK2)D2>
DOHFE U 720N TIN5, HIFIZRAT 2 —F R0 VY = — & BiRgIEr— 7L
THRIINTEY . VAT AR Y TIZE L TS, BEIIRICEER T RA VI8
INTEY, BRINKEORPZY 7O—HZ2EKRLTWD, Tor~v—27D2OD=T
U7, 17— UL b ERREN D EJRE R THE—E ST\ 5, 4L, 7
Ve— 7 B E VRO KT v — N TH LN, W= U T L SRR H HEETS
EWVWIHIEIRE REXRERBABLE > TWD, -, RNIIT vr~— 27 &Ek0ES
EENTZFET ¥ — P b SN TWDR, T r~—7 HEB & RO FRIMET v —
N OEEITEVIZEL TS 72D, BEL LT v — F SRR LZNZNICETE
V| B L BGEOHE A RIMEREGTIR S LTA LTV D, Atk TELND K
BRI RIL, LA EOERMRBEN/MMOT Y T LR L TWDH I L ERLT
BY., AEEROZ L— oL NERBRIIIRERREE LORZ LT RNZ Enbad,
TR, T o~ — 7 TIXVREDENNT & 2258k & R FErkiL, HRMOPER & BVENF
KOO H DIEHIC L - THEM STV 5H[22],

erconneci Arconne

129.6%

Solar 18.5%
Hydfo Hydro
eeeeeeeee CHP Ressfoor P Retanor cHP
Wind 51.8%
Gas Turbine = a8 Turbine PHS Gas Turbine

\\\\\\\\ Incl. CCGT

Wind 107.3% Peak = 5.81 GW Wind 140.1% cak =
Denmark (2020) Denmark West (2020) Denmark East (2020)

Peak = 2.28 GW

M7 ToR—VDEHEFvy—+
(k7 ~—2 BOHE L OB OBEIHRORFARITT — 5 BAFTE o T,
T — I BIRORRELELZHNTWS, )

KA 134 DDOTSOTHERL S VTR Y | BN TIEFIN e r — A TH 5, X8I, 4D
DOTSODHIE T Y 7 DT ¥ — FTH Y, TSONKEX BRI ZFF>Z &M
EIRESNTWD, LarL, 50HerzE TenneT &V 9 —ERDTSOIE, WA & KB
DY = TIZRINT DI O DFWMEEIENARE L TWD, KA Y RIEOFHMETF ¥ — k
%, BVEIHEOFHMEEIRNEE T, TAX —E L OFENHEIIRE VD LV B
WHY, ZORTTr~—7 OFEMET ¥ — F (K7 ELTWD, ESfbInER
BRI VRS . e DEZRBEEDIFLALEN FAYDOTSOT ) THITHY |
fh[E & OB TlERWVWZ 2R LTV D,
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Interconnection
216.4%

eeeeeeee

Interconnection

Gas Turbine
Incl. CCGT

PHS - Gas Turbine
Incl. CCGT

CHP Peak = 10.81 GW
TransnetzBW (2020) 50Hertz (2020)

Peak=16.80 GW

eeeeeeeee

Wind 78.2% Solar 40.6%
PHS Gas Turbine
Incl. CCGT Hydro
Peak = 79.48 GW Feservor

Germany (2020)

Wind 37.0%

PHS Gas Turbine P
Incl. CCGT

Peak = 29.27 GW Wind 122.6% .80 GW
Amprion (2020) TenneT (2020)

K8 FAYDEREMHEFrv—F
JFE: FA YD 4-D5TSO D ATM DIEIZAFTE R o272, ZZTIIEREED 50%EAFHA L TW5, )

BN KEED R Y 7 OF o~—2 . RA Y LUSNOEICOWTIL, 2 2 TIRIGCCHN
BENCOWCEHMET 5, K9k, KM7EK8TT TIT/RLET v~—27 & KA Y EKRL
IGCCIEF#EDOZRMETF v — FThHDH, ZNHDT T 72 lAEbEs L, HIZk-
TERHMMEEIRDOSAEMENRS ENTNWEZEN =B ThrLTW] . A—A RV
T13d bW AEEOFIME R A2 NT o 2 LA THE Y | IrhEeEE A~ F8kM: 4
HTELRT Uy AR D0, 772 AIFEA SO RN EN T2 D TR E TR
DIEEAERN, T F LR —3, MR T2 DK INTIT E A ERND,
TTAB—E N K D FHMEMIE DK EZ D E WAL LR & £, A A A%, A
KBGO =T BF L A ERWNICHE b BT, iKUK BRI B DR EN
K&, HRARBERELH D720, ZHEEZHET 28Ty AR EN, Fan s
TERA Y ERTWDR, BERHEENKE L, B E RO = 703 h 70K
W, HKDZ < OETIX, VREOY = 7 MEWIZH 030 59, S F S F ekt E
TR ELHAEDINTWNDZ RN, A XV TIE, TAZ—EUVRENRKE
< MDFHMEERENRT U AL A TWD, L, EETHDH=HN, PVEJE
HOENY =T LT 5 EERRARREIZBY BH 5,
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Interconnection

Solar 42.3%

Hae CHP RS A7 D cHp  fo
0% / I
‘;0_0% 49.3% | [
I |
0.0% Wind 3.2%
Wind 35.2% 36:7% Wind 37.0%
PHS Gas Turbine PHS o Gas Turbine PHS - Gas Turbine
Incl. CCGT I Incl. CCGT Incl. CCGT
Peak = 13.34 GW Peak = 17.84 GW Peak = 10.68 GW
Belgium (2020) Netherlands (2020) Czechia (2020)
Interconnection M Interconnection
85.5%
20.8% Solar 14.2% Solar 29.7% — Solar 21.0%
Fhydre cHp o cHp e . CHP
8.0f 8'0% “ [ [230% 27.4% |
Wind 0.9% { | |
Wind 21.0% / L / |
Wind 30.5%
327% 40.2%
PHS Gas Turbine PHS Gas Turbine PHS Gas Turbine
Incl. CCGT Incl. CCGT Incl. CCGT
Peak = 82.83 GW Peak = 9.87 GW Peak = 10.58 GW
France (2020) Switzerland (2020) Austria (2020)
Interconnection Interconnection Interconnection /mﬁm\
m i )
Solar 148% Solar 12/6% Pt Al 34.3% - Solar14.9% Solar 10.8%
Hydro Hydro Hydro Hydro
Resonor sber) CHP  ressnor [/ ko CHP Retmar (ol for o | CHP e \ ooy CHP
/8:9% \ ‘ 0/0 T
\ | |
\ \ | Wind 0/2%
Wind 23.5% Wind 0,1% 7.3
S o 14.1%
195 19.1% Wind 32.4%
PHS Gas Turbine PHS Gas Turbine PHS Gas Turbine PHS Gas Turbine
Incl. CCGT Incl. CCGT Incl. CCGT Incl. CCGT
Peak = 26.53 GW Peak = 4.70 GW Peak = 9.32 GW Peak = 2.47 GW
Poland (2020) Slovakia (2020) Romania (2020) Slovenia (2020)
Interconnection Interconnection Interconnection m
Wind 59.2% , Wind 67.5% Wind 21.7% N
Hydro Hydro Hydro Hydro
Reservor CHP  Redenvor CHP  Redenvor CHP  Redenvor
J )
: /-~ Wind/27.4%
Solar 11:6% Solar 310% ~
o
Solar 43.2%. %, 25,1%
PHS Gas Turbine PHS Gas Turbine PHS Gas Turbine PHS Gas Turbine
Incl. CCGT Incl. CCGT Incl. CCGT Incl. CCGT
Peak = 8.85 GW Peak = 40.14 GW Peak = 49.96 GW Peak = 2.87 GW
Portugal (2020) Spain (2020) Italy (2020) Croatia (2020)
v B 3
9 IGCC mMEBEDEE:MEFv— bk
(RAYBLIOTr=—2 1 3EHO =D, )
2023 £ 5
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Solar 57.2%

Interconnection

Interconnection

Solar 19.4%
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B 10 DA RYTHEERDL L AL UNIA X VT LRER, TAZ — B DOFHK
PEEPRIT LB S, EHRRAEIIH F 0 22, AR T T, MG &
LTCOKRIETAZ = NFTBURTHo EB 2 BN D0, H/k (FEIZHNV R HL) L
B (ENT AL ) OEEERMEEA TV D[23], [24], RV B HMI AT v AD LTz F:
HPEEREZFF > TR, A—2 RV TOZNE LT DH, fFROEWES > =
T HERT DI, R NI AOFHEERAEIT L VICET 2 MNERSH D, K
v N H NV DOFIBEDORERRIZIZ, AV EOERBEENEGENTEY, 20 2 EHH
DERMAREIL, LV RERE—TAMERFORNL VOBEENL D & FEFIT/N
S RZ D, AL UK, 7TV ASDRE X ONEIEREOERRAEN H 5 (F
0yl OERMARFIIZEALEER T )LD LT, TOEREELE L
RV R INDRI O DRSS 2o TS, AR THEERREESL LIS T
7 Gl 2 BB OGN Z JICFR IR, BUARERLRIIIEFITIKLS /o T
W5h,

Interconnection Interconnection Interconnection

Wind 67.5% Wind 65.9%

Wind 59.2%

PHS Gas Turbine PHS — Gas Turbine PHS Gas Turbine
Incl. CCGT Incl. CCGT Incl. CCGT

Peak = 8.85 GW Peak = 40.14 GW Peak = 48.99 GW
Portugal (2020) Spain (2020) Iberian Peninsula (2020)

K10 A RNUYTHEEDEFRKEFvY—+

IGCC-S =V 7 £ IGCC-L =V 7 DEAIL LEKEZK 11 1277, EBLOXE S F
SERFHEEFR N NT VAL SHMAEDINTVDM, IGCC-L [FHAX —EUE
B0 &L IKAOK ) EBK OB ENRE Y, ZOREN S, IGCC A
EVIRNZ Y TIZIER L2 H, TR BRROEV VRE > =7 Z2EHT 5720
LV EIEWFEHMEER A ESLT D EWVW) Z LR TE 5,

X 12 1%, HEETANVT Y FOFEMET v — b2 R LTWD, HEETANVT
RILFIE (BirGrid $fH =V 7)) OKIFAENVITETHD 00, o= 7 L5 &
e Bl oTHEIICRZD, LT A7 R(SONI K=V 7) bfho=V 7 &
XFE -7 B2 A OREZ TR L TEY | FEA MR & L CHESRR A L
YT, DFE 0T ATy RIREIZEKGF L WD Z e nbnd, k7417
Y ROHERBEEFMOT Y TIZHATHBIE NS OO, N-1&X= U7 ¢ D&
NG, BWES Y = TIZHIET DI+ iy, LB b7 A v 7> RiX 13% %
HE 2 2 EWH D IHIERICEm LT 0 . STHRR2S] CREM S LTV & 5 IS g Az
H D,
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Interconnection Interconnection

Wind 41.0%
Solar 39.0%

Hydro
Reservoir

Wind 43.7%

PHS Gas Turbine PHS Gas Turbine

Incl. CCGT Incl. CCGT

Peak = 230.44 GW Peak = 375.30 GW
IGCC-S (2020) IGCC-L (2020)

2 11 IGCC-S LU IGCC-L T 7DEREHMEFv¥— k

Interconnection Interconnection Interconnection

Wind 46.8% Wind 64.3%

Wind 46.0%

Reservoir Reservoir

Solar 26.2%. X<

PHS Gas Turbine PHS " Gas Turbine PHS Gas Turbine
Incl. CCGT - Incl. CCGT Incl. CCGT
Peak = 52.37 GW Peak = 1.55 GW Peak =51.01 GW
United Kingdom (2020) Northern Ireland (2020) Great Britain (2020)

Interconnection
Wind 80.3% Interconnection

Wind 77.5%

Hvd 14.9% Solar 1.9%
ro \
redernar \\/ ) CHP Hydro 14.3%
o/ 56% eeeeeeeee
O'M\O \ 0.&@\ 44%
55% . 3}
79.0% ST 846%
PHS Gas Turbine
Inel. CCGT PHS Gas Turbine

Peak = 5.36 GW Incl. CCGT
Peak = 6.84 GW

All Island - SEM (2020)

Ireland (2020)

12 REBLVT7ALI Y FOFRREFvY—F

KEETANT Y RORMY TIX, JL—F T VTV BETANT U RETA
Ty REEFIEB L IET A V7 0 R) &) R 72 X3 T3 e LTV b, £,
12121%, 7TANVT Yy REDORM=Y 7 L EEREK(ZL— N7V 7 UEB LT
ANT o R) BEAE LT ZERET v — FbRINLTWD, BRENOIX, B—7 %
PV DEWNNZ LD LT, S 7 (b7 AT v RERLS) BLOES
fbEn7== ) TORENEIE>TWNWDHZ ETHDH, ZhuE, FHNZWT=HKTIZ K
HEPRN D7 BEO T OB AR mA I A /N S & S IR SREA B L T
WA THD, TANLT Y RITHIE, 75% &V 9 IEFITE VRS OB E AR (JE
[FHIEIRL ) 2O TR | ARWEMESRMEIC T R L RET LR 6, 20t
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REHELLTWDH[R6], ZL— 7 VT BBV, RIU XD RRWICERT S
ZEiZh b,

3.2 dbxk

Xl 131X, NPCC [G#HE =Y 7 OZ#METF ¥ — h TH D, NPCC O—ETH Y 7213 5
ML LTERIMI= Y 7 ThHDH A Ra - Xy 7O Y Tk, KONEE ke LT
E<mbnTEHY, BRI HVDC iz L Tl = U 712K = R L ¥ — Z il
HLTE, Rz 7oK 6 IR L7z vy = —LIEFICELSETEY, K
EPRD O O ROl 2 0, HRBRAITRT D LD T, A% OEKE L TL
HATREMEN D Z L ITEIENZ L TH D,

NPCC OKEMNZIET 2 2 2O Y 7 §72 5 ISO-NE & NY-ISO OffiliH= U 7
. X 13 OF#RMET v — FOFRTIEFITBTEA—F 7+ IV AZRLTEY, EH5
BHAL =V NEERFREERTHDLZ ENb0 D, £, A X2V 7 (K 9) 0%
E s 7TANT 2y R 12) OFEMET v — b EFFER LT D Z bbb,

NPCC = VU 7 DOFMET v — N EEELT D L, KITERIIH FE NS, HAX—
BN K DRI KE D 2 DORE 72 ) TOLOERTH X LAV, 23780 Fpik/s
FeE 2 Ff > T D Z &b D, NPCC =V 7Tk, B KGEDOBIRIL E 725
LTELHT, ZMEOB Ak VRE BIRE %7 AND KEREENEINT
W5h,

Interconnection Interconnection Interconnection
49.16%
30/1% Solar0.0% N
19.8% Solar 1.8% T~ Solar 0.2%
R CHP e cHP RS CHP
26:2% o 104.3%
2% 2%
\ | Wind 9.8%
.59 8.0% 0.0% J
‘ 8.0% 0.0% Wind 21.6% Interconnection
Wind 19.0%. <
31.9%
Solar1.4%
PHS Gas Turbine PHS Gas Turbine PHS Gas Turbine /
Incl. CCGT Incl. CCGT Incl. CCGT CHP
Peak = 23.33 GW Peak = 37.08 GW Peak = 5.30 GW
NPCC-Ontario (2020) Québec (2020) NPCC-Maritime (2020)
Interconnection Interconnection
Solar0.1%
2014% Solar5.1% K PHS Gas Turbine
2 H Incl. CCGT
L, < CHP riydre 5-7% /% )\ cHP Peak = 120.03 GW
540, 13.7% 10:8% 18.0%
fasld NPCC (2020)
| Wind 5.9%
\ Wind'6.2% \
7.8% /] 4.6%
66.7% 59-0? /"
PHS Gas Turbine PHS Gas Turbine
Incl. CCGT Incl. CCGT
Peak = 23.70 GW Peak = 30.62 GW
NPCC-NE (2020) NPCC-NY (2020)

13 NPCC {E#ERET ) 7 DREIEF v — k
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X 14 1%, PIM BEL O SERC OEFEY 7 OXMEFT v — N ThH 5, PIMITH
—OEFETY T Th D, SERCIFHBEMD L 5120 OhOF 7Y 72T
WD, BEFR L UGB OVREY = 7 7MW /2D, SERCT U 7 4K 0> 7 % 5FAT L
TW5, MU 7 OFRMET v — b OFBIL, X132~ T NPCC-NEX°NPCC-NY D %

e I<ETWD,

Interconnection

Selar 1.1%
Hyd Hydro
Fetanvor 10% CHP  Resanor
22% 71%
Wind 56% | —
3.6% /

PHS

Peak = 144.19 GW

58.6%

Gas Turbine
Incl. CCGT

PHS

PJM (2020)

Interconnection

Solar 1.6%
AN O/

/

NA. ~ CHP

5.9%( ?i 5.4%
Wind 0.3% | @

3.7%
62.7%

Gas Turbine
Incl. CCGT

Peak = 177.24 GW

SERC (2020)

14 PIMBKLU SERCEHEEIUT7DEFHRMEFv¥—+

MRO ([ZIHMEHEEFMOI-DD 4 DOV T U TRHY FDHH 2 D(H AT A
TJ—BLIO~= )X h &, 2o MISOFH L USPP) 1T KkEICE L TW\Wb, K15
D~ = FROFHMEF ¥ — MITrXy 7 LTV DER, MROESKEDOESILINTZK

Tld, MISO, SPPD#%

Interconnection

Interconnection

i =, BRINOA 2 VT A XV R, TANLT R, K

50/3%
Solar 0.2% Selar 0.0%
11:4% Hydro
R'_ggvrgr Y g // CHP Reg eeeeee CHP
2%:2h 13.8% 108.2% -
@ Wind|6.2% — | Wind5.2%
0.5% 0. 4
8.5% Interconnection
56.0%
PHS Gas Turbine PHS Gas Turbine Solar 0.3%
Incl. CCGT Incl. CCGT L\
Peak = 3.88 GW Peak = 4.76 GW CHP
SaskPower (2020) Manitoba (2020) 6 2%( 4 4%
X
. oo
Interconnection Interconnection /
52:5%
Solar 0.2% Solar 0.6% PHS Gas Turbine
Hydro Hydro Incl. CCGT
Reservoir CHP  Resenvorr CHP Peak = 178.32 GW
MRO (2020)
Wind 16.0% o
51'% Wind 41.3%
PHS Gas Turbine PHS Gas Turbine
Incl. CCGT Incl. CCGT
Peak = 120.11 GW Peak = 49.57 GW
MISO (2020) SPP (2020)
v = = 1[4 —_—
15 MRO Z¥ETY 7DRHMEFv— k
2023 45 H
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EDISO-NE, NY-ISO:Pl7= K 972 b DIz b, TOEIE, BEMIZKEO2->=Y 7
DRFEN< = hARY R T RNT—DHED L VXD RKRENNLTHD, HBE, SPP
XA R M C o8 E 2R JRBLIC K > TR R E O AR A 23 K[E DO T->DISOD H T
KbmEm< o THY, SPPT Y TN TORMMEEIOBINLCIEET Y 7 & OERMRA
BEOLERFTT AR WD EE XD,

X166 DD XL, WECCIEHHE D6 >DH 7 = U 72T 5 MG IR O Rk 2 7R
LTWb, 7T 4y va-aa BT MNOFRERETF v — MI rXy 7 EETEY,
RKERKNBREE RN IEARAREEZFHFD, MOWECCT ) 7~ 2H T 5
AREME AR > TS, — 7, NWPPIZAK DY = 7N EHIE WS O D, HABRAE
DRI TH D=0, FEMEOEHIIES Tl @Eido@y | HEABROEMARET
1372 <K NERCOGHEERHMEIZ I 1T 5 TEMMEREARE] TRALTWS D, KR
ST eI NG & 72 B FREMEN H D Z L IZHED.,

CAISO & A X v adD—#&E&GTeCAMXT U 71X, KE T b K HEREORIME R
MENTY T ThbH, CAMXIFMMOFHIE =Y 7 L1380 | B LD & KGOk
NEWEWS | HROMOT Y 7 LI L THE LWREN S 5 (BIAHE, XZEEH
DAX YT & FRITHRBTHAAROIMNTY 7)), FEEEL BV 74 =T MTiE, H
BEDOHIBALDIZODEENRETEENI, Wbhwd Xy 7 h—TRE] BN
AT EME L 2o TN, ZHIERNOBEE R 7 CTIHFEAE LRV,
CAMXDZHMEEIRDO R — b7 4 U AL, HAZ = BNEFEICE L, METH S
LR Z DM, IR, L0 2 OKRBHECENICHISET D72, o= 7
EDHERBARRESRE, FMMEEZ(LTOLEN S D, BB L D=L —I7H

Interconnection Interconnection Interconnection
35,0% Solar 0.0% Solar 2.7%
" » \ 11.8% Selar 4.7%
ydro ydro \ 2 Vi S
eservoir CHP eservoir 2 CHP CHP
: 98.2% i . 41.4%
6:5% -orfe
0.0%=75 5% 0%
Wind 17:4%
Wind 6.6% 628%
PHS Gas Turbine PHS Gas Turbine PHS Gas Turbine
Incl. CCGT Incl. CCGT Incl. CCGT
Peak = 12.43 GW Peak = 12.32 GW Peak = 52.32 GW
British Columbia (2020) Alberta (2020) WECC-NWPP (2020)
Interconnection Interconnection Interconnection
Solar 21.5% Selar 5.3% Solar 3.5%
AoRE 21.9%
“ Hyd
CHP  resonr > CHP CHP
2.8%, . 0:6%
Wind 4.4% 0. A
68 V /
=X/ N ——== ~50.0%
PHS Gas Turbine PHS Gas Turbine PHS Gas Turbine
Incl. CCGT Incl. CCGT Incl. CCGT
Peak = 54.84 GW Peak = 26.37 GW Peak = 13.41 GW
WECC-CAMX (2020) WECC-SRSG (2020) WECC-RMRG (2020)

B 16 WECCEEETY 7DERHMEF v— bk
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2T Bl Y BIRIL DO OWTIE, HE4ETHAT S,

BU171%, AKRO2 oD FFERE T Y 7 47205 JEE R RHE(ED & 79 HE R Rt
(WDHDZFHRMET v — FE2HEF L2t DTH S, MENTAEWITEI TV DA, ZHdkE
DL O Y TNFEMEERO S CHEBL LMt 2 /b, T AZ — N EER R
PEERTHDHZ LIZL D, KIBEOREEEIIL, B FF00 b0 SNDEmIC
H D,

Interconnection Interconnection
Solar 9.6%
y Solar 1.2%
Hyd Hydro
Resnar [ - CHP  retonor 20% CHP
3% P\ 11:5% 12.2%( 91%
i o
o ) Wind 10.0%, /3. t
/ /
Wind 13.8% / /
51.4% —531%
PHS Gas Turbine PHS Gas Turbine
Incl. CCGT Incl. CCGT
Peak = 171.69 GW Peak = 702.73 GW
Western Interconnection (2020) Eastern Interconnection (2020)

17 REERRMENS X VABERRBW)DREREF v—

kBT ) 7%, K182 TERCOTTH VY, HVDCEZMZ /L CTfhd= U
TSN EBIIMN L2V T Thd, ZOLIITIMLLTWNWETZD,
ERCOTDZHRMET v — MIALKSLEMN OO =Y 7 L X R 2522 L TV 5,
FHERBE T AZ —E U BEFICEZ N E WSS 2 b oo, SEH R e
D 7= DT MEIK I RLEKIT e 0 BE5 T, BLRMAELLRIIT A LT FOA XY
A (K12208) 72 MO L7z U 7 LD &g DRV, JBT) « KL DR
IMBRTREND Z L6, FFHROERCOT DG, EMISER27]7: & DS T, Mk
NHELC LD RRERICEE T AKINDOISL Y AT LOHTHL T L— T VT B
RTANT U NGEIBEOFEERAS Z b LTINS,

Interconnection

Solar 2.3%
<

Reservoir

Wind 27.0%

"’59_3%
PHS Gas Turbine

Incl. CCGT

Peak = 81.89 GW
ERCOT (2020)

18 ERCOT OEEM4EF v— k
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3.3 BX

19, X120, K211%. BARO3I SO 7 OFXEMETF ¥ — FTHY | HHED2D
DY T, TNZFI2ODFHEHT Y 7 L6 >DOHIH = U 7ok ST\ D, 19
Hix, K- T L9511, BAOILOETHHILHEET, ME— D= 7 Th oK
b &3O DEVEE R THHfE STV D, K201- T L 91T, 2&FHORI=Y 73K
AAREMEE., HIEB X OHEREO22006I= U 7 DRI TWD, kO
HARIX, BAROKRMOPE N30 bR O NE, JUNZIER DR 7 Thd, 2D
T U7k, RER, AbRE, BAWE. RE. WE, JUNO6S>OfI= Y Tbe | b
DFHRMET ¥ — MIKRURTHEY TH D,

AAROFTINMET v — FORIKK B EEZ L DL UTFTOL T D, 1) BT
L) TIZENREREMEN D Y | MO ACHEE T Y 7 RIOEENAETH
% 2) —HOTDSOIFMO =Y 7 L DHEZME RN +7I2H 0 | Z OFFEIEKIE Tk~
72 RAYDOTSOE X <EITWD, 3) dALFECILMN D X 912, FEMEETRD N F A0
BN TWATDSOH & 0 | R kRO RKIALRVREY = 7 2 &4 5 720 OB D E4R AL
EEWZ 72T BT E R D AREEN B D,

201213 & A OFIH =Y 7 2 EAL LI KB ARDOFRHI =Y 7 DX & HiH T
WA, HIE (14.80 GW) B L OH A (560.04 GW) DB — 7 FHEDZEN K W20,
HESNTZHOFFEITRROZENE LSBT bD b, 1o, BRAEROKRT
AN HRTR B BESIBEORMEAENRKE WEIE= Y 7%, #RHREZT L

Interconnection

Solar 36.4%

CHP

Reservoir

Wind 9.8%

PHS Gas Turbine
Incl. CCGT
Peak = 5.41 GW
Hokkaido (2020)

19 BEDOEFEMEFvy— b

Interconnection Interconnection Interconnection

Ve Solar 29.1% _Solar 32.1%
= Y NN X
Hyd
o cHp  fydro CHP CHP
[7:8% o\
‘ 6\
// /’ /;
T 497% T 446% T asT%
PHS Gas Turbine PHS Gas Turbine PHS Gas Turbine
Incl. CCGT Incl. CCGT Incl. CCGT
Peak = 14.80 GW Peak = 56.04 GW Peak = 70.84 GW
Tohoku (2020) Tokyo (2020) East Japan (2020)

20 RAXDERHMEFY—k
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Interconnection Interconnection Interconnection
74.3%

Solar 47.6% 35.9% 93.6%

# | N\ Solan20.8% Solar20.0%
Hydro
Retanor CHP  redanor cHP cHP
7 0,
11.8/’ 6:3%
| 2O |
Wind 0,6% &/ Interconnection
18.0% o
28.6% Solar 37.4%
PHS Gas Turbine PHS Gas Turbine PHS Gas Turbine
Incl. CCGT Incl. CCGT Incl. CCGT Hydro
Peak = 11.24 GW Peak =29.10 GW Peak = 5.34 GW Reservoir CHP
. . 12
Chugoku (2020) Kansai (2020) Hokuriku (2020)
Interconnection Interconnection Interconnection Wind 2.1%
Solar 61.8% ——30.4%
O e 48.8% 9
s ~Solar 54.4% Solar 36.2%
/ PHS Gas Turbine

Hydro Hydro Incl. CCGT
CHP  redevor CHP  Revenor CHP Peak = 93.62 GW
1.
\6-9% Central-West Japan (2020)
. v
Wind 5:3% Wind 1,4% S /
A
52.4%
Gas Turbine PHS Gas Turbine PHS Gas Turbine
Incl. CCGT Incl. CCGT Incl. CCGT

Peak = 16.37 GW Peak = 5.33 GW Peak = 26.24 GW
Kyushu (2020) Shikoku (2020) Chubu (2020)

M21 FEEROEFHEFv— b

THET Y 7O OFRMMEEREZFIH L, BS5EZ L0 2T AN S5 TaerED &
W, A=Y 7O —7AMbT- 0 OKGIERE O = TIXEIZmVKHEIZZEL T
WRWT, I B D VREREDZ T AU D72 103d 5, ®ib= ) 7 OBEAFD
FIEGERR AR L . W= ) 7 OB EWEK AR, mix U 7 WO REMEER %
HEFTDDOICRVHAGDETH D,

X 21 OEGLESNTZFEHMET v — FOFIRIT, ERREELZRTIZ, 2=V 7
DRHEE—IPERbEWVEEZ Y 7 L 2 ZHIZEHWHEHZ U TITOREB L T 5,
HWRT U T ~OBERRIL, 320/ — F THEREDO/NIW Ny T o Ky ey 7 AR H A
TUN—HEFREBH LTV,

TN Y TIZFEA TR O KGERBO L =T HREWZ Y 7T THY | O H HE
BFEBRELTWD, JUN= U 7%, 2018FFKLLRE, A AR THE— KGO8 & B ) o H 40
FINFELTHD Y 7 Th Y™ SCER[25] TR ST D, FWN = U 7 1 kit
HEFRORNBIZEE L TWDHA, BEERMERRIHEORT oy e LT, FETY 72t
HLUCEEY 7ICELERMEFIAT 2 L&D,

HAAR(X20) & BEAR2DIZ, £V 7 =0 7 OERREENLRNEE TH D
Zh b b, BEEbSNEAMERIT/NSWVWE IR S, 2, &7 >
U7 OBCRER, [T U 7 NOEBEIZITERN L TV 228, EESCFERME 2 tho =
U7 EHBIT 2 X HICEHFF SN TR WEREER L TV,

FREOFRH Y 7L, HRAARTIEH SRR~ FlEHARTIIHEN S~ L KL

AREEL: 2022 FTIT DR R, WE= Y 7 TS HAMHM T,
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D, Wbw2d THRERH] THoHIZD, Wk, KPR D S 672 % 20K
IRRIRISIS T 272213, AL EE OB Z a2 BERH D,

34 A—XF+SU7

22127 L0, A=A T VU T REOA4T Y 7 OEBRIZHAARLCRLTEY
FHMEEROFBHEIISEIETHY | ZNENOXRMEEROBEE (R T vy IL)
ITEZOTH 5,

A=A NZ U TIIRASIBEEDO Y =T NEL . T or~—2 [ ZVEEd 55, Fefkit:T
¥ — M OREFIIKI2IR L7ZdE T A VT v RICE S BITW D, e RPEEIRNZ LWL
WEFTHT 7=z, A —A b7 U TMEF & AEMOIE, FEMIZ L 5= ¥ —
IR Y 2T I & D 8T LW IR G IR AR LT 5 [28], &M A B8 L 7 Feilkk
F ¥ — MZOWTIE, REITIRRD, X AS=TIIKNBEBEBORENRKRENDT, K
TSt A T E D AREMEA K& WV, ZORER, F#METF ¥ — F ORI, K6D
I 2= 15D~= kXD H O EH BN TV D

F—=Z b F V7 KED4SDOHIFEI T U TIIAHAR TRIZN TR . 1>OR= Y 7
B LTS, BA—A T U 7INOFIFEI Y 71, FEFIZEOE T BB EA
FIoxt U CHRMMEERD AR E LTV D0, KRR TEAL LIZFZRETv— 2 A
e BFOFRMMEERZFIH L TRNDB LRGN EZZ T ANDTZDOKRMMNET
REWZ ENDLNDE, 2FED, 7 N TMNOEERK I EMMo=Y 7 OZikttE
BN, IO RBREOEZBEZBE L TCEHA—A T Y TMNOEWRASFEEY =7 2 &8
THDICEBT DAREENE W EEERT S, A— A N7 U 7 REOHERBREE,

Interconnection Interconnection Interconnection

Solar 45.5%

31.3% o NNy
Solar 25.3%
SR / 12,9%
\ Res TS CHP
g 00
00

Solar 32.9%
oSNNS

/ CHP
[[ /6% 1.6% ||
—_ Wlnd 3.9%
\\0/ 46/
PHS Gas Turbine PH Gas Turbine PHS Gas Turbine
Incl. CCGT Incl. CCGT Incl. CCGT
Peak = 9.62 GW Peak =9.97 GW Peak = 36.53 GW
Victoria (2020) Queensland (2020) Mainland Australia (2020)
Interconnection Interconnection Interconnection
Solar 49.9%
% Solar 25.1% 33.8% Sl 8.9%
; Hyd /3'9& % Hyd oy S\oS
Hydro ydro N ydr
eeeeeeeee CHP Reservor [t/ of cre e 123.3% o
% R % 4 02%
Wind 9.7%
~ TR
.0% \ /
88:2% =
— Wind 17.5% T 2%
Wind 61.6%
PHS Gas Turbine PHS Gas Turbine PHS Gas Turbine
Incl. CCGT Incl. CCGT Incl. CCGT
Peak = 3.11 GW Peak = 13.83 GW Peak = 1.76 GW
South Australia (2020) New South Wales (2020) Tasmania (2020)
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F 4 AT v a r_—s3— No.44 FABKRFERFABE P AR AR 1L ¥ — B il
e

SEVEAMEENTNB Y T~OFBIINETELLHITRZ LD, T4 —*
NZUTDENAT LEERN, A~ =T ~OB LR 2 RO T o Ko &> 6 L
SELTWAEHTHY, T HARARERETH S,

4. FOEBDHMELTOEE DB

INETOETIE, AR SNTFHHERNOMERT —F ZEET H L0 ) J D,
FHMET v — NI, TR Z =t BVESHG, k=K, SKFEE, HARHRE WD
ISODENE T e, Lo L, REMEEIR ORI EFLOSOICRESND b
DTIERV, T2 KA w31 PA L MOSM)RHT 7272 = VX —R7 v AT AlZ
BT 2 & EHOFFT —H 2 ATTHZEITH LV, TANLT U R ) T4 L=T
A —ANZ V77 E DSMAES) DEBILRMBULOEE A X E LIsD TV 5 [E
LTI THH D,

AR SCCTIEET HXMMET v — MI, b HAAMAEBINT 5 Z & CTHiiz e etk o

BRI EZHEAET D ENAETH D, X231, %ﬁ—x%?)?M’ﬂLf%@ﬁﬂ
OFEBMEZ FFOPE SN XHMET ¥ — hTH D, k., FEMOFEMEIZET 5
F R HEIBFIATE D X5 IZniE, FHMEF v — MIETEEH 20 ITERLLE
DEEIBMT D2 L LAETH D,

Fod H OZ B A AT, RO MR MR 2 R~ 5 72 O ORI A Iz D
WTIE, —#Dx Y 7 A RITKREICTIAT 5,

Interconnection Interconnection

Solar 49.9%
S S

Solar 49.9%
N S
Reservoir

CHP
CHP

Reservoir

PHS
Wind 61.6%

Gas Turbine

Wind 61.6% incl. CCGS

PHS Gas Turbine
cccccccc

Peak = 3.11 GW Battery

i Peak = 3.11 GW
South Australia (2020) South Australia (2020)

M23 BA—RALSUTDERREFY—
(FE[: 5 SO & 5 RERTERD, 4B 55 6 7 H A 8 L7 38R0

5. FHMEFv—rO B HETRE O FF

KT v — NI, tx T—HThMhoF v Y—L b LTELGR TS, £2
T—HEOFRMETF v — F 2 HWT, G2 67E e U 7 ORFHIFIHERS O A 2089
%z k%ﬁ%f%éo::firﬁajﬁdm CHROW oo ) TITESEE
T, OB OG22 RT, T — X OFEMRSE kTt e SR = L,
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£5 L<ONDIYTDORKEF v — QBRI O DETEHE T— 4

Capacity [GW] ratio per peak
Area Year Peak | Wind | Solar I:c“c:{:é): CHP m?t;li:c Battery | PHS gvey%}o Wind | Solar |Meron| cyp mf’l;‘i;c Battery | PHS gvey%o
2011 4.64 1.39 0.00 0.30 030  4.03 0.00 0.29]  0.00] 29.9%| 0.0%| 6.5%| 6.5%| 86.8%| 0.0%| 6.2%| 0.0%
Ireland 2020 5.36 4.30 0.04 0.80 030 423 0.00 0.29]  0.00] 803%| 0.7%| 14.9%| 5.6%| 79.0%| 0.0%| 5.5%| 0.0%
2030 6.67) _11.70 1.50, 3.00 0.30] 470 0.70 0.65 0.00] 175.4%| 22.5%| 45.0%| 4.5%| 70.5%| 10.5%| 9.8%| 0.0%
CAISO, US 2020  54.84 6.19] 1178 243 8.95| 35.14 0.00 2.18 573 11.3%|  21.5%|  4.4%| 163%| 64.1%| 0.0%| 4.0%| 104%
2030  54.84] 1029|2591 5.00 8.95| 35.14| 12.14 2.18 5.73| 18.8%| 47.2%| 9.1%| 163%| 64.1%]| 22.1%| 4.0%]| 10.4%
2017 5.25 0.39 133 0.60 0.30 0.00 0.00 0.80]  0.71]  7.4%| 253%| 11.4%| 5.7%| 0.0%| 0.0%| 15.2%| 13.5%
Hokkaido, Japan 2020 5.41 0.53 1.97 0.90 0.30 0.57 0.00 0.90 0.71 9.8%| 36.4%| 16.6%| 5.5%| 10.5%| 0.0%| 16.6%| 13.1%
mid 2020s 5.41 1.89 2.46 1.20 0.30 114 0.15 100|  0.71] 34.9%| 45.5%| 222%| 5.5%| 21.0%| 2.8%| 18.5%| 13.1%
2017 3.10 1.81 0.12 0.82 0.02 1.86 0.10 0.00]  0.00] 58.4%| 3.9%| 26.5%| 0.7%| 60.0%| 3.2%| 0.0%| 0.1%
South Australia 2020 3.11 1.92 1.56 0.82 0.02 2.75 0.21 0.00]  0.00] 61.6%| 49.9%| 263%| 0.7%| 882%| 6.6%| 0.0%| 0.1%
late 2020s 3.25 5.86 4.83 1.77 0.02 2.53 1.14 0.09]  0.91] 180.2%| 148.5%| 54.5%| 0.6%| 77.8%| 35.0%| 2.8%| 27.8%

X 24 X, TANT Y FOFEMET v — b ORI 2R E R L TWDE, TA VT
> RO201 DRI EFRIFEE T4 GWTH - 7228, 2017412153.3 GWIZIEL
TW5b, TANT Y FEFIE NR02VFER RGN & UMK R FE TR COF) 15 [29]1% i
TL, T&MET 7 v a 7702021 IZ8VT0304F £ TIZHR KRS GWDE R ) &b
72< EHSGWDEELERT), 1.5~25GWD K ELRET HZ L2 HS L72[30],
L7=> T, BAREY =7 X, ARO L S 1220302 1F5HE B 175%1272 5 &7
HIND, [FIRFIZ, 202412135 E & ORIC 7 U —2 U > ZE0R#, 20264F121X7 7
VAEDOBIZT VT 4 v VRN ER L, e U T & OESRBEORA EIT2EL

2D ETPHRENS[31], BT, TALT7 2 ROTSOTH HEirGridix, 20304E% T

IZ890.7 GW (T 720 H B — 7 t10.5%) DR B OZE M ERE I L & TEL TV
éBﬂ074W7/F B 2 MR O IME R X, K240 EN B ARK~D—
HOFMNMET v — DRI ARD Z LN TE D,

BIE, CAISOIZ KGN DY = 7w <, IWKFEO U R 7 ) HiEEHROE TR E
HRNCHESND LW EELWIRIIZH D8, BV 740 =7 TORS - JAIILET
FIBRNED L TRINTWD, BIfE, 20304 O KI5EHE O MR 2 = 13426
GW. B EITI0 GWRRIAEFN TV D (ZENEFNE— 7 ED#KI50%., £120% T
MEREDIFIFIMHERD), B 74 /V=TIMEFIX. 12 GWO R *ﬁm%

Interconnection Interconnection Interconnection

Wind 80.3%
Solar 0.7% S

Hydro ‘ Solar.0:0% Hydro
Reservoir / CHP Reservoir CHP
86.8% A
PHS 7 Gas Turbine PHS Gas Turbine Gas urbine
/ in
Wind 29.9% // incl. CCGS ncl. CCGS Wind-175:4% CCGS
Battery Battery Battery
Peak = 4.64 GW Peak = 5.36 GW ak = 6.6
Ireland (2011) Ireland (2020) Ireland (2030 target)
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-

AT DH1ED, KIPEESCHRBROMEE 2 51l LTV 5[33], K5I fFkD
FHNMET v — FClx, TBEMPEE R FZIIEORNE & L CogE 2 R4 2 &L &2
fEI RSN TV D
HARDILHE| \_hif@& AHEDLZVREDEAINTE LT, B
HEEABR L TRy, LTV FIT filEIZEDS S BUEDOFFR AN Laud, JkEE
TR, 220 OBEDO KGE - B ENER S D Z L1725 [34], 20204

Interconnection Interconnection
Solar 21.5% Solar 47.2%

Reservoir CHP Reservoir CHP

PHS Gas Turbine PHS
incl. CCGS
Wind 11.3% Wind 18.8%
Battery Battery
Peak = 58.84 GW Peak = 58.84 GW
WECC-CAMX (2020) WECC-CAMX (2030 estimation)

K25 AYITAHILZTOREISFEDEFHEF ¥— FDHHS

REFEE TORBE, « BAORBEREILZ. TNENK23GWEI8GW (B — 7 FHH
DFIA5% £ 35%) 12705 & PRI D, EWIEHEE TIEL, ®E10~20F DMz, Frix
AL =y (ALHREN DT A X — ) HKHEE, RV — FOMERR R L Fiklk
EPR ORI N HEIT Uiz, HRROMEIL, BARRET RLX—OHINC L5 b0
Tix7e <, JRF/3E QONED IR FKATOFHE) . Bl ¥ = A (201849 H D
7T w7y NMEOFE) IR E, MOBBIZE D LD TH D, K26DfF35 Dl T
Y— hERD & ALHEHEOTRMEEIRIZ., LV EZDOVREZZITANSTZOHIZ, 1F1F
HARR A bE e D 2 nbnd, FEE, JWREIT AR TR b A Z 7228 ) B %
T UT ERHENTIHEINS,

Interconnection Interconnection Interconnection
Solar 36.4% Solar 45.5%
Solar 25:3% olar 36.4%_
Hydro Hydro \ Hydro
Reservoir CHP Reservoir g 0 CHP Reservoir CHP
o
Wind“7 A%
PHS Gas Turbine PHS Gas Turbine PHS Gas Turbine
incl. CCGS incl. CCGS incl. CCGS
Wind 9.8% Wind 34.9%
Battery Battery Battery
Peak = 5.25 GW Peak = 5.41 GW Peak = 5.41 GW
Hokkaido (2017) Hokkaido (2020) Hokkaido (late 2020s)

X 26 dLEBEDBEENSFHERDEFRIET ¥— FDOHR
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ARETEERTHREOHNL, A=A TV TOLOTHDS, MA—AKFT U TN
B IX2030F- O BRI HEEZ T TR, =27 B33GWICIEE WA — A N7
U7 OEEMIC, 96 GWDE S L 3.7 GWOKBEEIEAN S D & AEMOIFHEE LT
W5[35], A —ARTZ U T TIX, 2016F9OH DT T v 7 70 MERIZ, T ATk -
THRERKOFEEBML T T b [R—0 XF7 =)L« XU —=UHF—7] (100 MW) Di%E
ENFEZLFELMmENTVWS, AEMOIC X5 & BH OGR4 8 A 5 3
NEGHIZHEEA TV D, 20204 0L 21T, KTy, R, REEEEBEMOAFHRER
BENZNEI0.TGW, 1.7GW, 1.1 GW (ZNZEN21%. 55%. 35%)IZiETHET
HENTWD, A—A T U T O@RENSRE~DOZ OB, K271RL7—E
DZFHMET v — N THREMICBZET HZ LB TE 5,

Interconnection Interconnection Interconnection

Solar 3.9% 54.5%

Solar 49.9%

Hydro Hydro

eeeeeeeee CHP Reservoir CHP voir
27.8%, Solar 14816%
0:6%
\ ¥
/ 2.8%
Wind 180:2% 778%
PHS Gas Turbine PHS /l Gas Turbine Ss—— / / Gad Thrbine
incl. CCGS . incl. CCGS Incl/CCGS
Wind 58.4% Wind 61.6% 35.0%
Battery Battery Battery
Peak = 3.10 GW Peak = 3.11 GW eak=3.25
South Australia (2017) South Australia (2020) South Australia (late 2020s)

27 AA—XLSUTDBRENSFHFRORHMETFT ¥ — DR

6. B

6.1 XHMMEFryr— MZIKBEMEDFEED

PR DT v — M, IR RE SO E OB M O 2 5T 5 7291,
bHHT T OFMEEROMAGDOE DR ML RTOICAMTHD RK6lx, ZNET
DETOMBEEHILIZHDOTH D, K28~311L, R6TREINT-HFEIHES T, B
TV T OFPMER— N7+ VA EEST L THIRIEL L2 D TH D,

ZORICBITHEERN - BB L LT, I HENRFHMEX) O B — 7 L2350%
b= 7% [XENAL] | AL 7 X)) LA O FedR SR 23 10% LA 7w )
T IXHAF) EEFELTWD, £, 10%LL EOZERMEDEIRFE N4 0L EH D | 5
RTORREEREDLLROEFHN100% L ETHLH Y 7% [IF AT X LEFRL
775

______________________________________________________________________________________________________________________________
2023 45 J 25



F A4 AT g _—sR— No.44

SUAF RS B EIRER A ATRET R % — R

£5 L<OHOTYTORKIET v — FOBRMBEB O OEREET—5
, gafbsn|
wlgET) 7 Tl BEAT) T
Denmark-West, Denmark-East, German TSOs, Austria,
. o Czechia, Switzerland, Slovakia, Slovenia, Croatia,
BRI Manitoba (CA), Diemmmerc
Hokuriku (JP), Chugoku (JP), Shikoku (JP)
BEHA Finland, Denmark-West, Denmark-East, Denmark,
F-2iva 50Hetz (DE), TransnetBW (DE), Czechia Germany
. . Nordel
. Norway, Sweden, Switzerland, Croatia p .
KAES .37 o o ’ Québec (CA),
Manitoba (CA), British Columbia (CA) Tasmania (AU)
Netherlands, Italy, Portugal, Spain, Ireland, ..
. +« | Northern Ireland (UK), NPCC-NE (US), NPCC-NY (US), Great Britain (UK),
HAREZ—EY UK, All Island (SEM),
B PIM (US), SERC(US), SaskPower (CA), MISO (US), MRO WI (US), EI (US)
SPP (US), Alberta (CA), CAMX (US), SRSG (US), RMRG ERC O’T (Us) ’
(US), Chubu (JP), South Australia (AU)
7 ﬁ;;?t - PIM (US), SERC (US), SPP (US), SRSG (US) UK Great Britain (UK)
Sweden, 50Herz (DE), Austria, Italy, Spain, Portugal,
Slovakia, Croatia, SaskPower (CA), Chubu (JP), Kansai German Nordel,
BINS A (JP), Chugoku (JP), Iberiay’ Hokkaido

Ireland (2030 target), CAMX (US, 2030 estimation),
South Australia (AU, late 2020s)

(JP, mid2020s)

26

description
interconnection-rich
CHP-rich
hydro-rich

gas-rich

gas-dominant

O well-balanced

@

@ — ), -
7\

28 PRMFEEIOFRZMKR—FT+ Ut
(R 72 TR 2 LU HIE - =) 7 Tl bER AT E IR LTV S, )
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BA Alberta | Sask | Manitoba

description Québec

hydro-rich

gas-rich
gas-dominant
O well-balanced

K29 JLROFEMER—bTH A
(R A TS 2 D20 5= U 7 Il b AFBIEE R LTS, )

DN 27 description

hydro-rich
- gas-rich ﬂ
ks - - (O well-balanced

description ‘;’"’ N

interconnection-rich ,f _?' A \

gas-rich _'\:;\ ’7}
O well-balanced 4

v~ LA

Tasmania

K31 #A—RA+ZUT7D
B30 HADERHMER—bT+UF EHMER—TA A

6.2 JFERDFHELELRE

HHROL < OESCHIL TIZ, WAX—Y & TR ORBINE L LT3,
S, BEHG, BKEUK I3 E R SEEOBRIK A FF O U 7 b FET D, KR
PESLKETIE, FHMEERE L THAZ—E v &0 ) H— 0 XEH 728 A 2 R
:ﬂ7%Wﬂu2mﬁmﬂ@my7@97?4%EW%@m*w¥~F%’i@\:
OO Y T T T2 2 F M & A T OIZINEEZ 5 FIRetEDR & 5, HKIZ
@k*%mv7@ﬁx&%ﬁm®ﬁﬁm&WTi&w@\m/Yb%&m~®&m
B2 YA TS OENCHIBEMICR B Z KX T REMEN & 5, 45 sk o FE A AE
MEBEZ DL, TORETT AU EIIZ LD TS, —fikim e LT, KKRFE
ﬁ%@%ﬁmﬁﬁ\ﬁxkﬁﬁ\i@ﬁ%%ﬁi%%%ﬁ1fét 7 ERE LK
L. BRI ITb E 0o 72 b, BARMR, EEM, TEISE, B
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Upes

SR EOFAFRET FILX — L W o oM OfRIR BB/ D B2 B D,
B S TNRTG 2D ENT- TS T a VB EAE L TCWAE - =Y 71T, kv
< DVREZZIFTAND KERFFEMEZF S TVWDHEEZDZENTED, TA LT
R, BV Z7x=7 JbEE, A —A 7 U704 7L, >0 TUEFERME DRI
R EE TIXR Do 7203, VPR, FEMAE F L ZMMEE A T A LT
HZ TS E PRI, EHIET S,

6.3 BERREANDEZELEZHMEF v— F2.00ORRA

FHNMET ¥ — FOAKOBHL, EMAF TR TH, HHHEH -V T7TOIEIE AR
TGO REMEZ [—H Thhd ] Y—LE2EH 2L Tholzy ZDOF¥— KT
IREND TZREME] OfEIL, T L5 5 REMEERREN LRI TE iR RAT v
YL ERTHOTIERLS, L LAZDOFRMET v — ME, FHMIROEC=Y 728
\F BB O ZARMEE RO R 72 R a2 R~ T OICEATH 5,

[Zelikph ) &9 FEEIL, B AT ADOBEMFIZITA L EOIERE STV 5728,
RRHE MR TH Y | OB OHFMFEL, Uy —F U A b, BORNLEE R EH
WL DO NI4T U B S NARWAREMEN S D, TRLX— « BT LOIERK
F - FHESRMIERE O L 5 2EMHEMFEICE > TH, HERC= Y 7 NO ISR
RO FREME 2B/ NG L7720 B S L2V T 2 aREME S & 5, skt T v — 1 2.013,
KNRA AL = o Tl x DTG IR OBIER 2T RE Z iR L, €0
AIREMEZ BB R T 2 & T, MR OFE BRI S AT I AR FTRE = R L ¥ —~ D %}
JRIZENLDINZDOWT, HIFUSN OISR 2 BT 5 FETH D, S HIT, FiMTF
¥— ME, ER= U 7TRIEOWMEAERREICT A7 TR, HHEHVAT LOlE
ERFROREN HEBET 52 LT, BAEAREZ R —D N FEFID) @ REROE
N AT DNZRT 2 BRI BARZ 3R K S FEBLT 2 HEIZOW T Oifkam & X T
LHFETHLH D,

ARG SCCTIE LT RMET v — MME, A=V a v K0 GESNTODR, KRE
LTCRADD Do FHRMET v — F2.01%, &GP ORFEIAIE ROSAZA £ TR
57, TNEMAIAL D EERLIZLOTH R, BIIE, EH B~5) . i (R
~H), BEHGA~FH, 71320 OF@HEEZ 2 c 70y b5 S, Feikk
DEALAT—)VEEBETHI LT, JOERSHEBT LI LN TES, FAEHDZ
BRME S A DA — Va2 GGz, IEHEMARIC—2o0D 7 7 7 TERITRT Z & IXNE
THDHMN, TRSOELNWAT =7 BV — ORI 2= —2 g VITIFEET
bb, OKNFEERED) =R NX—EOFEHLER 2 L ZOMORF AT IZ DU
TiX. [FlexTool) D& 5 REEMY —/WEERTHZENLEE LV, HDHWIE, FlkdE
F v — FOER LR Z IR LT,
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7. iR

KX TiE, TREMETF v — h2.0) ZELE, ZHudb e b &1 TRES
NebOTHY, HiNn—Tar b LTREREEEZMATZLDOTHD, Hiilzlpn—
a CORBEF MR, EME TR TLHIERCT Y 7T OZMEERORT > v x
NEHTET L 5EEZ T—HARThMD L3 mTY—LThdI EThHD,

FifETF v — ME, FHFEOHE - = U TIZHOWT, W) 7 F-1XEINCEA LS
NlFy—FbFETIRENTED, £72. W00 Y TIZOWTIIERLEIC
BALRHMMEEROWMEEZRT T v — b EENLTND, BRMD 2 v7 =] 7 (146)
RIGCC= U 7 (K1) | ALK O FERE R R AL EE R R A (M17) , BARDORA AT Y
T AT Y 7 (K20, 21), A—A R T U T KEE(X22) 72 LA ST FEkiE:
F v — MIERBRERNT, EAL= ) 7T E2ERT 2l OERC=Y 7 L0 b, FIF
A REZR M BTR DO SR ED R TRV ART U AN TWD Z ERNbnd, Zh
X, —HOE - =V 7 TORNBRFTEEERDN, EREEN L THES LSRN T
ICHBRL TV D LR CTX 5, AL SNTZERBRAET, HxOFEOEGFE LT
s D TiEa, £ EN- U THOERROIEZE SN D720, loZik
PEEIR & IX R D002 b D TH D, TORR, Bk FZIEF vy — D%
<iﬁ¥ﬁ§%ﬁﬁmi5’ﬁiéﬁ ZHUIKT LHEA LS U T O

BRIDERNZ &2 BR LRV, S 612, RERKEDOMROT Y 7O X 512, Feikik
@ﬁ&%wx& t/ﬁk@$*§%;k%<WTLTwé%émi)7%%D\%
D X 5 I s O fF R e AR b g L7,

T, FHET v — b2.01%, BEERKELETL2DICHEN Y — NV TH D, Kif
LT, TANVTG R, A 77?/1/*7 EZIK@ZHZ?@SE MA—ARZ U T Loz
WS DODDFERTREZY TIZONT, . BUITE, REOFZHMET ¥ — N EHINT
A L 72, i%$§ﬁ®ﬁ%%%%%%@¢5_ki\%@l TUTDOANLEDT
FNX—BUR OISO TR BARRED R LT —NELEHEI LTV
WML [E « = U 7 OFGmICH BT D RS B 5D,

LT = BAFAREIZRUE, FBEMST v NUAR U R e EOFi T 72 304K
%%ﬁ%%?—FmﬁitEm#é_k%f%éo_@#%éﬁ\iﬁi%VHk#
FEARMIZFF > COWDBHE R O—D2Th D, 2OV aT VY —/LR, T TIZHE
AIHE T RV X — DR ICHEE STV A ERC= U 7, F 7 BIE BRI Rk 03 idm
NODOHLERTY 7TOEERKICERT 22 %, FHELITE>TWD,

MRERICEATSE

F

Im}

DI, ARRSCTHIE SN B KITT LB EMOBE T 54a
%%ﬂﬁ@@k%%%#&w:k%ﬁgﬁéo
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HEE

A S, ERE e oL X — B JE ) = L X —Hidli ) 7 e 7°F A (IEA TCP Wind)
Task25 [EEEFRRKEGEARFO T RVX— AT AOEM L5 | (231 205865
WHIIO—BRTHD, EFEOLIL, BEEREHRETSRE H 2 TN Task25D B A 2 /3—
ICHE AR LTo), AR —EE, B AR S B 5 IP 20H00649 D 34 %
AP QAR

Ttk R1~K5DSEXEOI IR

ARG SCTHEY B 72E =) 7 OFREMF v — FE2ER T D720 O EHT — Z 139
WIZRIGIZDO-0, FTEHETH DO, KI~5OXGT DT —F ~OBMRE T T
AT Z CIZNEETH D, ATETITCHE FOXICREIRRT D, 22Tl #£
A-1~FRA-S5DOHFDEAT « FNOLERE 5 N EILENFRI~5DF UKL LTV 5D,

KA1 R1DSEXRAEK

Syn. Zone Country Cont. Area Peak Wind | Solar nterconnectiof CHP Gas turbine PHS |~Iydro Reservoi
Norway —
NORDEL
21\:::110;1 (371 [38] *1 1391 [40]
[33]
Denmark Denmark East] o
Denmark We
;2 rﬁi‘;z 361 [36] 2
German i [41] *3 [41], [42] *4
1GCC y mprion
TransBW
(as of
2016) [39]
France [36] *2
Austria [38] *1
Netherland
Central Belgium [36]
Europe Switzerland —
36
Czech Rep. 361
Poland
37
Slovakia B37 [39]
1GCC lsllomen'la [36]
(asof (> ""T_“‘a [38] 1
2020) roatia
Italy
Portugal
Spain
Great Britain United Kingdom —
Great Britain 36] o [36] *2
All-Island Northern Irela]
(SEM) Ireland [37] [36] *1 [39]
*3 As an ATC value cannot be obtained in German TSO’s area, a half value of thermal capacity was substituted. *1 as of2019  *2 may include steam turbine

*4 the sum of 4 German TSO’s CHP dose not coincide with German CHP data because of different statistical sources.
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Country Syn. Zone | RR | Cont. Area Peak | Wind | Solar nterconnectio] ~ CHP*3  |Gas turbine *1| PHS [ydro Reservoi
Québec Quiebec [44] [45]
Maritaime [46] *2 [47]
NPCC New England [48] *3 [49] *4
New York [43] 1
Ontario l [46] *2 [47]
*
EI EERC PIM [43] *1
L — | *4
MISO (49]
=
Canada ten MIRO ;}DP — [50] | [51]*5
anitoba .
46] *2 47
SaksPower [46] (47]
Alberta [50] 53] [54] | [52]
British Colom)| [46] *2 [47]
WI WECC[CAMX 53]
NWPP
RMRG [49] *4
SRSG
Texas ERCOT [56] *2
*1 not actual value but estimation *2 as of 2017 *4 given by state and are not always equivalent with that in ISO/RTO's area
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