TiRFET 225 24T 3 B2 oh g T 72 2026 & 2 > 34
2R SRR I F£2HA j_?}gz&%
JOURNAL OF ENGINEERING STUDIES http:/jes.ucas.ac.cn BRI i TR
I*E%EE CrossMark

& click for updates
DOI: 10.3724/j.issn.1674-4969.20250143
CSTR: 32282.14.JES.20250143

ZRAEBNIMPYEFRBIUATEERNWITE R

53

RRE, XFH T, FEAS, ARE Db

1 ABdb B RS i 5 SR, LET 102206;
2. HTREVE ) S R B AL BT E ATt s, 6511022065
3ALHE SIS R OARAR, B R 210000

WE: SHREZEERNMIENFHRERRHY, FETHEATRENE, FRBR. HERSEEFTREEL
TRAENBEHRZ BTG, TEXEKETHE L ZRNE N EERENF T, EUEUTR KA EH
ARG LKA EERBTME. EREBENII AR BT R REET 7R RBFENEM L, RitT 27T
ERTEUAFHAREENETEET, RET S TERAREZETE T EREEMTEEEY, BIAHFIUET
FRAREETE A EAREE L FREAE. ZARTAREBRFRLE WA REERNTEMEAFRBELE
A, AEXERKRKELETHMER . JEHHBR S T ALF R

KR TRAREETE; FETEEAT; ZENE; ZEMEALH

FESES: F224 XERERIAAD: A XERE: 1674-4969(2026)01-0041-18
515 PR, LR BRI O RS PR, E

W #MESKETRERMLR L ERER, B
FE X7 HARMFA D RGERERT, B e RE B A B AR EORBEA L] C RO PRI HL 7
BEVR AL/ Z T B S IO R G TR E R R RGREBIT A TR R OCH2EHE . AT

W B 2025-10-14; fEEIEH: 2025-11-04

EEWH: HEAR ARG R . Brag i)™ Mk X0 R R ALEIFT T (24&2ZD111D); HEBMA R AR BHLIH : %856
VS SR A S AR SV 0 00 T A DR L B S ORBEBORBIE AT (5108-202455365A-3-1-DG)

TEE/IN: BxE (1997, B, ELAFFE, IR 1. E-mail: liangjh97@163.com
e (1979—), 5B, #HdE, W RAE AT . E-mail: upe2510@163.com GEIRFEH)
ZEERY (1981—), 5, WL, W FRNE NS E%IZE . E-mail: xuesonglee@126.com
HEE (2000—), 5, MUELWRAA, WFR T RN AR G . E-mail: 781282059@qq.com
FAl 2001—>, 5, LWL, BT IACARIE EAN . E-mail: 3400939489@qq.com

SIRME: RRZE, X, ZTR, & . LEMA T LA BE 2 R AP TS T[], TR — 22 R o i TR,
2026, 18(1): 41-58. DOI: 10.3724/.issn.1674-4969.20250143. CSTR: 32282.14.JES.20250143
LIANG J H, LIU D N, LI X S, et al. Research on Differentiated Assessment Methods for Effective Capacity of Multi-Type
Electricity Market Participants[J]. Journal of Engineering Studies, 2026, 18(1): 41-58. DOI: 10.3724/j.issn.1674-4969.20250143.
CSTR: 32282.14.JES.20250143

©The Author(s) 2024. This is an open access article under the CC-BY 4.0 License (https://creativecommons.org/licenses/by/4.0/)



42 LR — SR IR, 18(1): 41-58(2026)

[E DL B A AMENLEE L, MARERA RN,
ITREEOAME ERME SRR LA, KR R
1% FL SBT REIR A A EAR BRI N EAMETE ], B
AR AN R SRR AT R G A R SR S
. SEAh, B T 54 Bk 55 i s 14k 48
RO B AMETTEL SR LT TSR S T
PLIBETHATI S T AR SRR R AR .. & 14
ARG TER T DTS VARG, R RS R
FE P BTUR A BRI VA R 7 22 4 W] SE B3 A
R B, I — M2 s B R E
RN TT iR, A EZIE A FSE B AT R G AR
FEMAEA Rk SE PR TR, o dfEsh 3 E 7 iy
AMEBLH] S BETIE R TR B A 55 S5 i 37 44
R R R SRR,

g e E Lo Le g RN £ SR ) R 4t
A Gt — i i BE oL, TR 2 oA A
BAMEF BB IIRUT HE. —RBUTH A
B AT R EZEE] R R R
DAL G IR BOR R IPAL ,  JCEARBLET REIR
(VERYE e a P LAR R Y 32 AR S 2590 5 B8 6 A N
WA R RV A R AR, ANE T LB B e
52 AB BRI T B RCR RIS ER.
FEREE KL K AL G i AR R G T RE e L IZHT
[ 1k R AR, I BRI N, ARRIL LT
WA R R S ARIE, LSt AE
Bl ad K ik — 2B RRARE), BRI SR A Gt LR
W 2 e A ROE B S5, WAL R %2R
R A R AMENLE], DRI G i ARG B A 4R
PEER SO . =R TH LAl e SR A 2 A s K AT il
fAARER S I DA e I RR SIS R R 1A RO BT
VAL 715, AR5 RSB L ) RGN R A R B BT %)
. ML Y. AR AR FRa TR
BRI, TeiR AL ST B AR AN A R 7
TTEREZ 57 5 KPR TR .

BEXS 2 70 T AT A B 2 S A VAl T £ 5 e ]
AL, [ AN H AT T AIOHSERE L. FEA% GE ]
SEVEVPAG ST, SRR AENRT I T R s LA T
FEVERI G T T, W TR RLAL 5 S T SRR
RS SRS T7 5. BER K AL T SE PR 2R & PG

Tiid, BUA T I BLE R 3 7K H It KA 95 RUE
RGHARES, PR T — R AR PR KT B T KR K
HULZL W] SE PR 25 5 PR D 3500 S AR H T ok
BT REIRAL 5 0 B X T B — 0 R —BE R %
AN 4L TS5 e B S R 2 A . T
ML) R G EEVE VAL U595, BUA TR TN
FLHE S g S, L T R ATLZE AT T DA B A
A0, i A SRR IR T S AN 3 [ A
Py v 5% TR BE R B 75 RN B R T A A R T ST
o FERT AR SN R B oIk /> AT 5T, Sodano
U ) 2% i MR A S 20 A0 K B RE DG AR 55 i
MR E N EEH . BRI R LR
WA EY AR TOUR- RS RS REN
BB T RE A1, s 22 i RENLA R ity v FE P T
FIE L EH MR BEARATF S I =7 T R
Sl s S g iR A 4 2 i T AT R YR ZE L SOC
R R A SRR, 3R RS R R SR B
SOC i ik £ LA MR EVEAL S5 R B J7 1
W 38 SO T o B K UL ZE R A AR % R I
P RSAS O A R AME T . S LA A A RO
5B A RSCAS SR - AE 1 B A AR R A
FMENREEO F A BRG] T A
TH P AT A A RO A TR AN
BN ARERERATE DR T AR
PR, T TR O S R SR A AT S A
RUCE R PP U577 T R T 7T R AR T B AR IE AT
P PRI R, IR P s 7 Hr B AL
BAUTE, RS T HRERARERELSR,
R RE AR T€. & HSEA R A B it
RESI AR GER AN FIRA R TR AR L I 22 7 00, M
PAA BB AL AN [ 28 Aot R G BT A B e i
Wr{E 5 RS T RS PR B R Tk 2 7

BIE, ASCHERER 2 #7 [ A AR SR e 7 T 3 AR
ARCE RV TR LORAE R A b, SR T I Ao
I} B 77 D k-5 R R 1T RE 11 22 T AR AT FE KT
PEMERR, B T R SRR R S R KR
ARG EMEVHSTES, Tk, = TR R
FEVEAKTF R AR SR BN E R 2 7o B ARG AR BV T
%, IRl EGTIRUE T TER H 2 T B A



YTk S B
RFRE,

. 2R LA REEERCOE AT 43

PP S BT R S BRI A RO . A SR AT
BRI AN AR A0 ) R R AR EA R
I PETTRR IR LA TVE, DRI PR R A N7 i 7 22 28
TR A E RN AME S T E TGRS0 .

1 ERSNEBB Wi ERENEE TS
SRR

FEE AN B I R SN, AR
BV TE R IR ) RG] FENE AT A% 0 T
H, B R B LA BRI 1 5 R A T
Wk, MRS & HEREMHHLE, EARE
BEAMA A 5 A BB GTHR ARSI SR,
WEE B REIRISIE R AT i, R A AT BE T
o4t IR R BV B TCE S B R AR R )
RLEIE AN E VS RS R AR E i, s LA
FRBLAE eSS 2 AR R B AR AR AE, Dk,
K] A A0 i 70 [ 5 55 3 X R g T 37 IE AR AR 2R 25 S
ARV TE. DI, SO SR s S E
TIEHAT R as S

L1 EZEHNAREVEENEGBENSETEGE

FE G A 307N B PEAL 7 V2 TR AL A i s 3 R & v
R, WARAR A RIETIE R RO H BT
BEE., fln, EiE{FIE % (forced outage rate,
FOR) & X ML ZH D] = 4 e s T G 2 . Ha 1) Bk ) L
B, EEEARN: FOR=(GRH|{Eis /N (SisfT
/NIRRT IS /N ) o ST b I T 1 s A
Giit, SRABE AN CN-14END  siBEALE T
[N ZE R RIS AL (Monte Carlo simulation, MCS) ]
PPAG R FALZELAE e A ey S ) T S B DU DR RS
HEABRE . ZRAUERGEEH T K. KE
SEGRENFE RV TI RS, X e Re VR B
MBS . RGA BBV TET 2 R T Ak
HEMEt, Fln, 5EEZK M E FOR 5
PR, HERABEME, FARETIHZS
HR IR ZHL

1.2 FERGFETEEHEANRETME A

WA WO BV TR AR E R R B R R
YA R Aaf AN S PR R, M RVl D vk dn 58 [
PIM 75 & 17 3 vh 19 A 280 07 far 2K 8RR T VF Al 7 vk
(effective load carrying capability, ELCC) . & [ H /j
T 37 B S5 R A 25 VEAG /7% (scaled equivalent
firm capacity, EFC) .

Horp, ELCC VPl 7 2 M T PGl 8x e Ane
PR AP I () B A A A, e 0 AR5 I B s AE A
U FR G AT SEVE G O A AR AR E R ) SR VT Al DT
MR, HL AR T B LD T R I 55 BE B (expected
unserved energy, EUE) 2527, Z 07 ykiE T R G
TG i T SR AT R 2R A, AR O R R AR
FRR AL HMBAR TR AISEhRarI B IR S5
7E EUE /0> 77 T 1 3R B8, 5 78 44 IR 52 o R 0 7% 5
FE RIS B ) 52 bR 2 DTk

EFC J7 92 T VFAL = BE AL B 6 U5 R i e 1 7T 52
HEUIER. EFC T 202447 H HHE K LN HL ) R 4012
BT Celectricity system operator, ESO) £, H7E&
A LSRR I TR AE DR ¥R 2R 8 ] SR A] DU A [ A
HRUR B R, BFC AN 75 V5 0T A Ui IR 2% &
W A PRI RR, I 1% EO ] o B e S RS TR R
VRAEREE Al SEEARE N (a3 h 2k e BHEED 1A
A EER B TR .

DL PIM 75 5t 11737 ELCC Rl 9 [E #1773 EFC J57%:
AR B AT RO TP Ak 77 1R 1) B E VPAR A I B U
XFRGE A EEME ) TTER, (HNE S BT ANE . ELCC 3
VEE A TR EUE J /b xf bh 25 2R, & A A BE 2 Fh
BEALPE . PIIHTT BEUE2E AL, 1 EFC 5 L33 T e Al
AT IR EL T, SR R G ORI DG B I BRI =
PR DTBREE, P30 A BN 2 JERAR N

1.3 BYEEIHERENG

SRAEBE B Tk, GH AR
fTTVE R R A R LA R AT FEE, SR A dnseia
fFiz# (FOR). FER( Al H# (equivalent availability
factor, EAF) AlTHRIfi2 R &R, X TAE LT
A BILZEL (%) e P R 23 T R R 1 R s O RA A &1 T



44 TR — SR IR, 18(1): 41-58(2026)

ko EATE M T BN AR E MTR] T 4% G R] I R
BRI (IR B =UR L) o SR, 0 TARGEA 2K
BB VT 5 1% 0 T A 14 T B R R (A E R
55 fE RGN R RSB BUKI R .

WA ROR RV AR R IT B A RG24
A R, AR AL 5 R AL U AT BUR G R
B T EIVER], &G e LU BT RE VRN S R T
Yy, AT B PP AL 1] B BT R Y R AR A A
. EHUE ARV AR EEE B R EBEOR
BEATFERAVEAY, (AFRZERKEBIEM R R, I3
AR VGRS 2 . E AR e g T
I R VA T IR 1R .

2 EEXENERENAMS RERATRENN
L EARAEMEKEHEERZT

BExs B B R G LU T YRR N, DL A
e~ REDLA) SR M AR KB A e, RS TH
NORERAIERAZ . FMBEIIRG T, FREREN

R E RSN T T RO B T

BATRE S DR E AL R R HE R R R, BLER
TR BV TTIE N E T 24k B & s TR
AR, EIIE R AL BT RGEA R AR
TR TR PRI, R0 A RIS AR R ST
.S R, fHEREKVEREIET Z RV
BRI, AR IR BRI B L g iR AT SR I BE T T
T, 3 BT KT AR S RO R, S EAREL
AN TR ST A4S 28 8K 7 B A MRS 2R3 W 4 )
GZawuemnHE.

2.1 KEERTERE Sisadk

BEE BT I RGO REISIE R AT, i
BEAEET RN, B e RO R
FE BRI B A F) PR T R SR IZT S L AL
fite N T ARG BN RgrE R Z ATk, 7%
HHE N BN BRI T iz 5 0 R eis
Br) LR RIS — SRR A R B SRR
211 R —FMRF ORISR SR AR AT
2 5 BEME A A 2R 2 R IE AR OGVERRE i A H

Table 1 Typical effective capacity assessment methods for entities in domestic and international power markets

S2ah M B S A o
f‘; . ﬂ_jigiﬁ gi ST A SR A 7 A T ’*g;%
EE AR AR el ARSI, B GRS IHE%, SRR,  PIM. 1SO-
(ELCO) W B BEERLPESNRER RS SRERE  THEPERTESH New
fed.  ATRLRRR TR H, HEN ARA England
ke £ st
it
SE SNREAR (BFO) IR RN BT RE  UE, ER RS SNREE  KEAR

B, M RE0E R TR

JbER DR 5 5 e A2 P PA
(European Resource
Adequacy
Assessment, ERAA)

A ] i K= (Loss
of Load Probability, IR
LOLP)

i S EE SR (Loss  fE4uH
of Load Expectation, Vi
LOLE) N* fififiE

HITik

RS s, RAMEN 44
V%, 15 LOLE 1 EENS {545 A DX I

PR RO T AR AT

2 JEAN R S BUHL2H T I PEAN 75 3R
TSR, 25 X ) 3R
1B TR S, T LOLE

REVRBENLIE BT, BHUER K
Ak R
P, & ESERAmIR AT RER LR RE R

T, ELFG U R % i

27 Hodhi

IR SN,  EEERIUE SRR R S e E A
EEEAEE TR L]
—filis
IR Sft,  BAREBEAC, PRATTE XIS E S

RiEMER® R g—heiE, TEW

T REVR BE LI R0

WL AT




RFZF, 5. ZRUB T ERAREREZRWITETIET 45

VARSE 2157 el 1 2 i 2V K (VS S N e
RIS AT M2 5 AT IR AR AR, 318 H AT L PRy U2y — 20
PEACF It FE AR, BART RO .

N-1T-1
PDNAGEFAG]
Ce: n=11¢=1

(N= (T~ Dmax(|y¢ ()~ (1) ])
PE(t+ 1)~ PE(1)

=) @
! _pl
Vi(l'i' 1): Pn(t+lA)t Pn(t) (3)

b, O MBS —BER TR RR: 20 Y O
Sl R B B T L B P £ B BB e A - AAis AT i 2 AR A
R 1A fur 280 s NS T R TR B
BEG PO PL@) BN e BEER e A EARAE SR
SN TIER, ARG, N1 h.
212 HEBRNFESEHFE TR EERG
e, 26— BEE T IESLIFEN L EME
BT, DS HERE BERE T, AR E4
()3 5 B[R IR SR A 5h 26, I et 73 1) Jse Bk 7 St
(RPN NEERINOLEN-S@ 4 Enh S o e X UN=E= i
ITAE M. Horh, T 24, FRESEK A RER
AR EVEAL, FEARYE - BRI R a8 R . R
1M, B PEAG I A ROBE 4/, &M SRR IE AT,
ARSI B S R Rt R R b R L. B
TR R .

”ez é’ j'e= e’}_);t el (4)
)= i )= b, (5)

zﬁm»o zﬂle,o

1 1
Foh=| rooang FiO= [ rGow.©

X, ns AN FARFIR R SRR, PN
BeMEMPHIH 1 0, WH e M ERENEE: P,
NEE e N LR LT J7: P, 95 e A AR s sk
bR TT5 )~ f(A,) 73 0 RER e A EAR R I Za it 2225
B WV REMAE L B, B, A, 2, BB
WHG o NIT AR RN BARFR gy, 85 Fo' ) NE
e N FARFER 2K T BB RE: FOU)RNF e E
PRI BN R T A A R 5

22 FHRRIFETED

T8 8 ) KRG o ) RG-Sl “ JRRE

iz W VP i A R BB BEALIE T,
RGXTRA. T, £ F &5 R 5 R SR,
Rltk, B 7 PPAS =0 RS CHEN Be s i oamkah, A
A B AN [F R AR 2R 5 Al s v B HE R E R T
Hr1H..
22,1 AR AETIRENLIR. F0U. BT XA
HIEHES RS BIIR SS R B,  1iR HNLAH Bl it R
AR AR BE AR 55 B VERE K P, ARSI T
SERRIZAT E R [0 E 30 & g (automatic generation
control, AGC) &4 M4, SLhr /1AL
F A A ST R VAT 2 YRR B = T H
VAR ReFR bR, 0 FEAARM LR R R AR e Mtk
AT EATEA

WA R R AR R E B RS RK BIE A LG,
AGC FLytH I ) s il b, B S5 7
[ RS SR I R A R g E N i T W/ M o = R VA
IFIA], JREHL . 7K it BE L AR L ZE VR A 1 e ] e ]
I35 30 s~2 min. 10~30's. 0.1~2's, A5 B I} (7]
IR .

T act
RT,=2- % 7)

S

X, RT, N e > T A AT S (] Fg s T2
N e N AR SEBR TR, w4 R e
()5 T b i 7 i ]

R AT 26 A2 H8 T AR AGC B0 B B 5E i 4
B, MAh,  FE AR AUE Fe TH S AR LR B AT B R,
DU DA 209 B JB /45 B T R AT 28 ) s e, = AR R AT
RGP N LR R L R ER . R, . R
S AR ATLZH U AR 2 0 ] 23 ol A 0 E 25 I 0.5%~2%/
min. 5%~20%/min. 50%~100%/s, 4 2 i1 5 7
An[=(8)].

d
Peen _P:ta Pstp E(Pend Psla)
Tend_Tsta’ e e e
Ve= ’ ende sta (8)
P -P
e e ’Pstp e(Pend’Psta)
(T:nd— Testa)_Testp e e e




46 LREHIL— B R A DR, 18(1): 41-58(2026)

Ve
RV, = ¢ ©)

K, VN e N ERSERRRMESR; pord, P
I3 N e A AR A SRR AT SR 46 TR AT BN 1 1Y) H
15 TS TS5y BN e A kG5 FOR A A 4h
VARBIAE BT E] ;s PSP SR ER e A AR R AT 9L 1 )3 /45
BEIG T i T3 TSP NS e A AR RS DL 1) i /45 B
THFEMIF ] ;. RV, N e A FARTIAIUE S Fa b, B
A ST B T AT 2R 5 v AU R LA s v A v T
AR
VARG R 48 24K AGC B e R A5 B R4 o8 S
SRR ) SR E s H )2 R m ZEFR . L K
L fif RE T B ZE R ARG B B A R+ (3%~
8%+ £ (1%~3%). + (0.5%~1%), WK E 5
J7 .
-
/"

P, (0)-P5(1)|dr

PRE: Tend Tsta (10)
PR
RPR, =2 ¢ (11)

X, PR e ERSEBRASEE: P,(ON
B e N TR BRI J1s PL (@O N (TR MR A
WE H J11H; RPR, N e AN FE AR R ATRS FE 545, AP
T A SE R VA ATURE B 5 AR v R ATURS FE LB s PR N BRUE
VRAIUR 8 o
222 JR¥RFE AR, EHLGIHTRE IR K s
A R 2R FEUR G S AP R KR 2, X
13 RGN 4l Bh IR 55 T SR 2R . R, AS[RI2EZ
() AR T PR RE 22 0K . TERTREIR H /1 Bl R 2L
B, T Re iR HLIR BN JE T R R R B L
FHECZ R, B RUBAIEE JC FBTLZEL 1 8 1 T 28 5 A O B
O3Bl 1% HIAE R AR . AR, KEHL4L. BN
HAH B A RESE AR CH R AR T R . Rk, PEAEA
IF) 28 284 3= A 11 I 3 3ok 6 7K S %o T B2 148 T 39 4 B A 5%
WeFr RGThF Pl B0 E T, A Ak AE SR HLAE 1)
€ 35 3 22 Y0 ] 4 il 2 301 7 25 B 1) 1%~5%/min. 50%~
100%/s, e 2 1) vHE 7 LU F .
P¢.—P¢

tar

R, ..

(12)

K, RN e BEARICEE A P Poor il
N e N ERHH ISR IME: T A e M E
MHIGG 3 2 H AR I A
223 HRAFEEREMER  HREEAHEKPREET
YE s IR AR SR g s, SECH M) R
GUESE. F. A 2 HEEZAIHE R L™ I8 1)
#MAETR, T L 7G5 I SRR % H A R
B SS i AL  ASCHEE VPG AN R 2 7 32 44 26 T S
IR AR BT R AR, RIS RGR At HI A B
FA RO R AT FEVE .

e HISE IR IR 8] 52 418 A4 A P 45 2 1) SE Pl
P FAR B IR 55 B TR R N 1) o ANTR) 46 AR B IR 5558 5
A AR AR R 2% HTAE IR IR TR AN R R ER . Bt e
4% FH LR FAATE 10 min IR, T JE e % 2% A )
A LUA A e RE I R . H AT, B AR T
California Independent System Operator, CAISO) 1E
BT EAIX B ARAE,  IFEUET U T R PR M N
# M BIIRSSAE By A, LAREXS i EE B BE IR L 0
Ze B R KR BRI 0 o5 T SE R I (1) 7
53512930 s~5 min. 1~10 min. 5~30's, % FH 4E R i
[Nt v I

el _ ins
e™ T:S

of, CT, N e N E k& BRI ] 7%,
T 53 50 55 e A 5k S B B A3 4 e ) 60 A7 4%
VAR W] T° JybnitE e RYAE R I [A], TR A
[Fi) 26 Pl B IR 5558 5 fib b B A% SR BEE

# B R R T B AR SE PR AT B % A
BEHMHAENILAEREE. ©f— AR gt i
BRSSO B i de bR, FET AR AR 25 1
IR S5 SEPRAS AT TR, PPAGAS SRR i AR &
AT FEVEACE . Bk R R .

CT (13)

del
CDR, = EP? (14)
zpi)ns
A, CDR, W& e M F &% Fl & B384 %,
P& PSRN e A EAR SRS ThE M 4R 4
hE,



RFZ, 5. ZRMB NG ERAGREREZRWATETEN L 47

2.3 ANEBEAERAEMKFIFEIEIRERE

AR XA R AR R GV B DhREE AL, VAN
3 AN [ AR R PR (R AT S AT PPAt
%o FEFEBTREM. ARI UK AEA IR AR )
RGP RN LLGIAWTE R, eALE S U g i,
N ARG R I E B R R A,
FCATEENE /KPP 7575 RE T B R G A R AT H g ik
JE, TR IE R EER T REIRSE AN AT L ARRELE . BEhtE
X RGC IR T SRR . I, ASCEFEocH
I B D DR PG ik P K = SRR TR . A2
HUK AN EAR TSRO 1 £ 2B

BEXPKHL fE . fERESE AT AR, XL ERE
WA N I R G T (R ORBE R ATl R
PRI A B R IR RE ) DL, R L 46 P45 R
TWhES, RIHAB I e i, B, ASAEVHEX
SRR R SEVE AT, BR 7RSS A SR H AT AR
PEAL, B T e B R T R A T iR =2k
fitr. W FE PR, REARAR A DO KR, flE
filf RESS T 72 AR T SEVEACT 34T & B PPl

3 EEZRBVFEUFESRENENRES
EMEMEIERRZIT

N T A RN [F) M AR R G P A A RS

FR e E, [EETAFEEMIERE FKY)
BUSATRAE, PPAYHAE SIS B it D STk S R
TWHES . [N, R E ) R G AR AT
Bt WA e, & HI AR RIa vt
Bk, AWEANRALZRUFRRTIF N E
R i BE VTR AR bR, JFiE— 2D 5e % 2 uE
ARBTG5

31 ZRAREURTFRY

E T NI 4 % HL TR e W B S U B B ) LR T
PARCRAR @, & B IRS IR, FIR464
WHL) REPE BRI, JF 5 AR S0 2.2 AR SR FR br it
ATREL,  PPAS AN [F] 28 20 S A fay U BRI I B4 1L P
T DL LR B IR S5 ISR K. AT BATHE L
RGZRMAERMULTE RE, NI SLIAEAF RGtE
ITRVE SIS B O T o0 2 RV Bl e A %2
SRR
311 XERAE) LESRE AL R EEBEE
N AR SCHRE T B H 7 TR 3 SR AR VA 45 R S5 A B
BN BREER D, THH RGN BB SR
¥, AfrtsEor .

1o M
AR, - Cg+maxgye,l ) (15)

S N
Wt

) PR e <
________ N

e 5 i

= TWDRRC 7P, e

FRef It B LB TR VP Al

S

e e e e

________

A AT

N7/
&R
X B

B 1 AN AR TSP PR T 22 AL

Figure 1 Differentiated configuration of reliability level assessment methods for different types of entities
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Figure 2 Multi-type entities effective capacity assessment approach




50  CREEPSL——ES S RIE T ) TRE, 18(1): 41-58(2026)

BRAEMRRE BV R a2 Frs .

T (A — S8 20 AR AE A4 g/ X S8 9 N AN [] 3 (X
SR o] SEVE KPP REAEE ZE 5, i, B
W A AN (7] 43 X s B X3 ) RO 26 AE 5 ANAR ], 33
BRI 77 BB KA R s 2 (A7 £ 3
ZE, XA e BCEE IR IR 1 73 I B 7] I 28 1 5
RIabr it FA R BILIX B AT RHIE . jEA, AR EL
B AR AR K PE— BB HN e R AN,
Mo ] SEPE RSP PR S5 R . Ean, A 2Efg e A BE
HREEANFRAGERE AR, T€H . & FH MM RE
AHAE], AR Bt (] P9 48 25 I P AS [E] SE Bk e R
B EE AR, 2 i e B AR v SEME K SRR AR I T
RPN E . Bk, fETEE AR SN
KPARARIS, AT REAELEAN I MR M . AR A
7 AR TOPSIS 75 7% (fuzzy technique for order
preference by similarity to ideal solution) R fi# ¥k = {4
AT EE KPR P VP AS B 1) R, 3% 07 VR T B Hluis
S CEFAEH =M ECR R 75 BOR)
TOPSIS 775 /&A% 4t TOPSIS J7 ik MMM J&, HIET
“E LT R N f Bz I T FR AR AR AN Sz 2 A ERAR AR 1
JEI, Xf A — 2R A ) AN 72 e P AR W] SE VKRR A
AT . ZITERIZ O 0 PRASEAL EEARAEAL DS AR
B i IEBAR AR AN G BEAB A . U1 SRR I B DA Rt
AR, F AR 3 poR.

[E R, BE A B AL ) R G HT RE IR B S A W f
e LR BRIV S B R G A AR B, R R
Gint TN . BEHA BT REERME IR FEE
B, XA R A R 55 DL A B R R TR
FE R AR . Rk, 7ESE T TOPSIS (K% 25
B AR AT SE AT PPl LS FE GBI B ) it
AR5 T RE 7 & SRR IR v A B R R
RGUIBATIRAS T TS5 A28 A T 1 8

ANFET F AR FREMAEAKF RV, RAREME
PR TR T HR e e debn it il R, /a6 E
AT AR AR TR A IR, AR B2 T AR
ARV SR

42 ZRERBYRERKITE
AFEHET BT VKT M R G A B AOME VA 1R

iR

R SCEAL S5
S EEWIRES

l

Mﬁﬁﬁ%ﬁﬂmﬁﬁ

l

0 R R SO A

i

VAR EAAER
LR

l

VA BTN SES
1E~ S BRAR fR A BE S

l

VSRR 2 B

i SE AR IE B A8 g0
o) o7 BIAR SR

4k

B3 W TOPSIS 7 i) Kk b %
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PRBEiE, S BRI B S AP AR,
IHHRZITERAMERRS, BT,
1

v I 1 1
&zﬁzix MEENS,

i

(26)

~

i i=1

I
AC,=U,x > 8} (27)
i=1

Hrb, SYARIRRGHRENE: U NFeME
PR EE T RO TOPSIS J7 v VA Ja i) AT FEPE KT R 5
AC, N e M ERAMRERL: DVEA ARG
ERAMEH, Ak R ML RS, & A
B, WI=4, WTREARGUVEAG 7 B SRR O i
e £ FEMARCE R EH, & AC,>1, N
AC,=1, WAI{EDNS ) W0 A RoR B R

43 TERMIEE. WIHEITMRIEEFIRERAR

0

& AR EEME A I R G A BIMETT IR Z o



RFZ, 5. ZRMB TG ERAREREZRWTETEN 51

TRA ROREITAL, LA E AN SE R R0 SO R G
BTN R 0 SE PR TTRRAE S0, RS LI L
T 3 AT A A BRI S8l 55 7 A IR R

XM, 7B A RS AR
Jiv R T o AR SO A T T P RE 2 R
JELAMOy SRR AR T R BRI A R R . ATRUE
BAN R R GRS ATIRZ N FR T IR 81, TIAE
AFRRGERFR T LI “mammi. KAEH”,
BE— PRI 2 R R IR BC BRI AR
GEia AT A R VA O B

XFHHIEAT, NEEEHRA RS EAR R
I B A ST B BT R RE, RS BT A SR A A
AR R AR DU ) R G SR R 1 5T
BRTE AL G B AN, AT ST 7] 45 28 AR A 2
ZFEAMENLR RO S AME S5 0 W SRR . 1X—
HUA B k20 52 3 B E i 7 i B e M T A Ok
bEHLH, HEZHRE AR WIS . BRETHAR
B, A E 48— F T A ST AN B R B
PUA BLRE M IR .

XF RIS PE IR, A R RIS R
th, CRDHEB TR WL T & AR
RFEE MR BN FE RGOSR . XA IPhRE
e R G FIBATIREBIL A5 AR ReIE
BRL HREIRA TGS T, ZRAHAIIA R
HEIME. XTI AR AT ERE K Rk 37
P S RIE RSO 7 AR, BEm et 7R R
Ttk Anfkre. AREIR. FTORMmIN S H&E
AR, ARCHE TR B R G E K.

R BB EAR IR RE bR TR AR (BB

5 BHloth

AR o P R g s BRedR . B
ERIENERCE RIS R, OHFEE, . &%
B BKEUKH fRiiaUK ., fRE. K& RELL L
Hh U 56k, IFICEE 2022—2024 52 1% 4 f A
D SLBd . AR AR I Bt 70 R 3 S T S
P DL R e R AN HAd 28 AR R, €Y, 4%
GBS R RER I, R T, HHITRARFE LS
KREMARERIAL . SO ISR RGO E
LREEELINARC Y W Al T

51 ZREFRARMKFERGRENEITMH

511 XREERBE ) TARITE  FEEET ARSI
SR H [y siEAT 2R 5 e g H e e 2k, 5
FREMIEAT RS A7 I P, VR4,
FRFRIER BT . FRAE A RIS 44 52
7). B E. PR 5 5ba s JEdE, o
TR B F 26 S5Eh a3, tHREES R W N B4 PR,
512 EWRZAFATRANITE BHTAEREAZHE
By, SR AFTREIRAE I, T & FAHBIIRSS 1)
ey, Bk, AREBEAEEEFARESHIRE
BRI R e VPSS o T Al 2T AR R A
RE. EI T3 A DU £ FH 2 B LV R VT A% 45 SR sk 2
FT7R

R4E 42 Tk, HAFIRH 7B TOPSIS J7 %
KA L 6 R TN AP IR Y . % i
ARSI E . AR AR, IS B

Table 2 Calculation results of flexibility adjustment capability indicators for various types of entities (excluding new energy)
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UK 0.87 0.75 0.81 15.42 1.12 0.64
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Figure 4 Power contribution assessment results for various types
of entities during critical periods
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reliability level assessment
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Table 3  Effective capacity coefficient assessment results for
various types of entities
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Abstract: The high proportion of renewable energy grid integration imposes greater demands on the adequacy of various
regulatory capacities, including peak shaving, frequency regulation, ramping, and reserve capacity. Currently, China has initiated
capacity compensation mechanisms based on capacity pricing but has yet to establish a capacity market. Market mechanism
designs—including compensation calculations, cost allocation, and balancing responsibility assignment—remain constrained by
the absence of assessment methods for evaluating the flexible regulation contributions of different types of entities. Therefore,
there is an urgent need to develop a differentiated assessment method for effective capacity across multiple entities. This
approach will provide theoretical support for advancing China's capacity pricing compensation mechanisms, capacity market
development, and the design of market systems for reserve, ramping, and ancillary services.

The proposed multi-type entities effective capacity assessment methodology integrates historical forecast and actual output
data of the subject units, operational and regulation performance parameters, along with historical system load data and inter-
provincial interconnection data. It differentiates the assessment of system power, frequency regulation, ramping capability, and
reserve capacity performance for various unit types from the perspectives of power contribution during critical periods and
flexible regulation capability. The fuzzy TOPSIS method resolves uncertainties and ambiguities in unit reliability levels,
reasonably reflecting different unit types' ability to ensure long-term system capacity adequacy and respond to short-term
regulation demands. Furthermore, this study quantifies the system's demand for different capacity types and their value by
calculating multi-type capacity supply-demand coefficients and system capacity shortfall risk indicators. Based on this, the
effective capacity correlation coefficients for diverse units under multi-type capacity demands are computed using a unified
evaluation model and process.

The paper designs quantitative indicators for unit reliability levels by considering power contributions during critical periods



58  LREEPAL—ESF I ) TRE, 18(1): 41-58(2026)

and flexible regulation capabilities. It proposes system capacity value assessment indicators that incorporate multi-type capacity
supply-demand coefficients and capacity shortfall risks to determine the actual contribution capacity of different unit types
toward supporting system capacity adequacy and flexibility. Through case study analysis, this paper quantitatively calculates the
reliability assessments and system capacity values of different units, thereby enabling differentiated evaluations of the effective
capacity of various unit types. The case study validates that the proposed effective capacity evaluation method can assess
differentiated effective capacities for various entities, including renewable energy sources, under different seasonal conditions.
Simultaneously, the case study conducts a differentiated dynamic assessment of changes in the effective capacity coefficients of
various entities under different capacity supply-demand scenarios, further demonstrating the applicability of the proposed multi-
entity effective capacity evaluation method to changes in system capacity supply-demand conditions.

This multi-type entities effective capacity evaluation method balances agent reliability levels and system capacity value,
providing a rational approach to quantify the differentiated contributions of various agents to power system capacity adequacy. It
lays a theoretical foundation for China to explore establishing reliable capacity assessment mechanisms for diverse agents and
developing capacity compensation mechanisms tailored to different agent types.

Keywords: entity effective capacity assessment; entity reliability level; capacity value; capacity compensation mechanism



