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An evaluation method of carrying capacity of new energy based on two-stage

scenario reduction for multi-time-scale time series simulation
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Taiyuan 030021, China; 3. School of Electrical Engineering and Automation, Wuhan University, Wuhan 430072, China)

Abstract: To tackle the intricate computational challenges arising from the multi-time-scale coupling in evaluation of
the carrying capacity of new energy, a novel evaluation methodology is proposed. This approach, grounded in multi-
time-scale time series simulation with a two-stage scenario reduction strategy, is designed to achieve precise and
efficient evaluation of the carrying capacity of new energy. First, a time-series production simulation model of the power
system is formulated, utilizing the minimization of operational costs as its objective function. A penalty mechanism is
incorporated to quantitatively constrain photovoltaic curtailment, wind power curtailment, hydropower curtailment,
and load shedding. The operational constraints of aggregated thermal power units and pumped-storage hydroelectric
units are also fully considered in the model. Subsequently, a two-stage scenario reduction framework based on the
general algebraic modeling system-scenario reduction (GAMS-SCENRED) tool is developed. By integrating key

metrics such as absolute probability distance, relative probability distance, and marginal relative probability distance,
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the optimal number of reduced scenarios and their specific configurations are determined. Then, a comprehensive

evaluation index system for the carrying capacity of new energy is established. From the perspectives of power supply

capability, reliability, and security, this system quantifies the impacts of high-penetration new energy integration on the

power grid, thereby providing robust support for grid planning, operation regulation, and decision-making processes.

Finally, an actual power grid data from a province in China was used as a case to validate the feasibility and

effectiveness of the proposed method. The results show that the proposed method can accurately identify the optimal

number of reduced scenarios, significantly enhancing both the evaluation efficiency and accuracy of the carrying

capacity of new energy.

Key words: new energy; time series simulation; carrying capacity; scenario reduction

5 4 BR B8 U5 AIK B % A 5 b [ O0URR ” H A 3K B
LT RE R A B T M R R B HL ) Ak R
B R A B R VR Y T BRSO sk
B R A AT I W PR R AR T A Ok
TR PR L AL GE VAN Ty 2 AR B o A A
ol {7 BLAME R A S, TGk 4 T LR B VR IR R
H k= XF 2 0 (0] ROBE ) RGBT R AR 256 48
BE S BOT AL 45 S 5 52 B i 22 5K, M DA S 43 0 g
D5 R 5 H R e SR B L R G R
R P RS o MR Y B R TR K 2R BB 1 F A
Tyt

B e TR 2K R BE T VT AN 2 S8 IR AR R R A Rl
HHMERBITNEEATZ —, HEl,IF2%H
Xt BT A VR R 468 1 IE A R JT T RIS L SCilk
[15] 3% T340 M #9843 35 v I R M R 40 A ok
VAR RE IR T AN AR T B T — A L T AR R R 5 B
149 38T BE 5 T 40 Be ) D AR AN D7k o ek [ 16]
B X v 51 B e TR I T G R R A T R B =
5508 G R AL T S 2 ST M VR P O R B
Al 5O Ak T AR R O R XL ik 2 4 RN A T
2 P b S SR i i AR L SCik [ 17 T X T RE VR Y
R HE T, SR T2 M A 1 i Rl T O A% SR BT A
FEASE AL A oI AT T 2 AR TR AR A R 6
e FoF ] DB TR R IBUORE W . SCHR [ 18 14 X A% G2 1Ak O
PREREE TR RE TR TE AN ML EE S A R R T
R X)) 3 240 R ) B A A LR B AT G A
TET 9 O 26 U SE AL SRS, S A e A 401 2 B AR A
ROMBEMBEME, LW T Heliigiae Az
AR o

3 S LR AR ST T R A R B A B i
SRS R A E B RO 0 g S AT 4R L IR
PRGN NN N R TR S U NTIIE T R ¥
(22455 % e 2 Fh [H 3, 22 I BEAL Ak 4 9 5 JXUER 7Y
FEL TSP A7, O 1k BOHL R B R AT S XU B 4 AE R T R

T A . SCHk [ 23]k FH 2k 1Y K-means 2R 28 1
A B, LR URE S e 4 AR XU B 7 e 7 R AR AR
ity i A 37 S A, 8 LR e XUH S N BE i
o SCHRL24 1R 31 K ik ) 77 410 5080 B AH OC 1 B
AR B AE O SR 2RO A R DL e R B, T T
TGS S (R I 0] 3 S REA 2SR 43 T . SCHR[ 25 ]
56 R IS 38 02 U 5 % s 2 80 Wi XU OB AR 20 A4
R R RTE R DKL T 1E 5 38 4% 5502 0 il 4 I
B Ty i B R X PO P RN S R A5 AR AR
B HUB B R i R T B R A BT RE IR S
G5, B R RS S EOCHRE R X
2, H v 4 A i 2H G A T O R O X S 22 ]
INERS S E R

1 48 J 2 T7 1 0 LU AL B 0 4% 0, 220 1 M
IR AT A OB B — B bR L 5 A AE 3 W 22

Shy W e A b VA BT RE UR K BRE ) AR TR ]
108 R S -3 5 4 0 T H. (general algebraic
modeling GAMS-
SCENRED) T H ity bR e 17 Fif 0 4% 5 i, 48 2 T
PR B 3 5% 4 U 114 22 T[] RBE I e 52 410 79 38 g U8
ARAZRE T VPAG 7 1 o S B B AR, R B OCHE Y
SOFR B ICARAE B TG 48 IR AL R L 45 &
Z AR bR PR ORS00 R, R 92 bR B ) kA7
7 L, 56 TE BT $2 77 v BE 0% 1 B0 B a2 24 ] 37 S RO
PE— 254 i 7 BE PR K 2RE T3 PG Y S50 FIORS B 2

1 EFEFETEE

1.1 KB

Ry S IR 28 T TR S T R R R AUTE 90 1 W H
B, 2 SCHTF  A BRL 7 2R 8 R e A 7 R R R 1 £
B A B /ME R H AR R, 51 A SR 58 XL S K
KeYIfe FE S HLHD , 3% B 4 5 AR NP SRk
W REIR L E I N s . 3% B bR R B E

system-scenario reduction,



228 H Vi # 2% 5 Eid VN 2% # 2026 4 3 A
mnF=F,+F,+F,+F,+F,+F, REIR PRy ¢ B B ) AR 6 7 52 FR A
Fiea(PL) 4 bPot o W15 R ) R e AT 2% 26 LA AT A e

IEV WS A 255 AT AR F L BL AL O 5 e 0
Fo=2 (Gt i) P M 8 R 5 76 S 3 2 LR 1 00 0 L L]
o T (1) IR R LR

=2

F,= ZT:CPPPJ -+ ZT:C,,PY,,,
t=1 =1

. t
Li.(‘Pi.r)

W.G,H}

K Fooh KT R AS s F, 2 KR R LA 5
) S 3% 5 ol K HIL 2 D 38 TC 3 3 1 i B 4R 5
K E B IR K B R Bh s AT AR F o R
T PR B IR AR S 005 F, o A 45 FH R B o 1 Dl T
an by AT ey 43500 R IR LA B RRE AR L & Tl R
PR R B Cn R CES 0 30 g ¢ it BE K B AL A T 45
MLIRFE 5 Py, o K HLAL A B 738 47 ¢ B BE R SEBR &
HL )R 5 e, Sl 7K B BB AL AL 2B 7™ B0 H BB T 7 AR 1
ZEA A 5 00 W% HLHLAL B B & L B AR 5 P, A%
LA FE B P s 1756 (B B SE it is A7 1 J15 P, o
7K F AR HLALAE B P 38 47 ¢ B B 0 52 B kL T 6
o MUN AT HAE M S B RS AL 8 br s e i KR
T MR S AT N I S TR IRST SE AR T8 A s 0 o R T
IR ie{W,G, H}, W.G . HZ 5y K O
TRFNIKEL 5 PN PL 4y 50 R ¢ Bk BE A 6 fap 470 B 2 %
iR R GRS Y5 T o S e B .
1.2 AREH
1.2.1 BAEVAMLAR
BT IR ALAL R [ RR P AR 406 H R 4R
PRIERLZE T8 0 IR L2 e B R WL 3 b2 0
P R A WL B IR S I 2 o) 46 1
o BRBEHLL R SR SHL AL Bt T3 3R
PIS, <P, <P!S,,g€{m,q} (2)
A, P, H g R KB RAE VAT (0 By 2R & B
Wy ge{m, qp(m.q 33y J AL iR L
H PR SHLA R RS ILA LIRS )5S, N gk
KRG HLALAE i B s AR S i R s PR PRy
Tk g K RE VLA N TE (i B iy B bLiz 172
FLERS TR,
IR RS A A A8 AT 3 R R 20 32 A AL A A7 A
(1 LAl 5 R i 2, JLy AR R A R
P., =P, (3)
A, P R BB RSO R A MLALAE ¢ B B2 ) S B

Poi— P <SS, U+ PI(S0— Siin),
ke{m,q,r}
Piii— P <SuDye + PE(Siimi— Si),
/eG{m,q,r}
K, S, h AR KR A VLA ALE ¢ B B S PRizg 17
BLE B s € {m, q, r)(m q.r 53 B2 R HLAE o i
WRBEPLAL I R LA IR R R R A K AL
HAETIBRT) 5 U B Dy 5350 0 R ISR A WL AE
FHAR B Bt B ARV B B K@ I ) 356 1 3 1) %6
PRy k2 KM R A LA N TE (B B SRl IE 17 2
BB P, k2K R R G DL TE B Be iy 55 B &
HLI R,
BRI RAEVA MR- Ny
Spr< S, <Sp¥ ke{m, q.r) (5)
Aorp, SEC RS 4 B A RS KR R A WL FE ¢ I B
VAN BT I i 2 i D LA i .
BRIEALAL St 30 H Az A7 293 . | 3 i 20
BYM BT R R A TR R RS s8R
WIE AR I EAEHLERAE . R AR R AT
S = Smi1=0 (6)
K, S, A BRI K B R G LA TE (B B BRIz 17
LA E
FEALRA LY Ry
Cin=0,k€{m, q. 1}

(4)

Cin = " Si kE€E{m, q, 1} (7)

Cin = e(Sii— Sii1), kE{m, q, 1}
LA 25 5

Cii=0,k€{m,q,r}

Cor, =0, k€E{m, q. 1} (8)

Cor = c"(S 1 — Si.), kE{m, q, 1}
Ao My R OB R G LA B AL E AL
BAZHL CF 0 CRL 430 Ry k2R KR R B LA AE (1
By A AL AR AR R 2
JA K RGPS AFHLA L R
>, Pu=P,

/Je{m.q,r}

(9)



FALEHE 2 W

FRI KT, A5+ B O I B 0 S 0 ) 2 I ) RUISE IR e A0 48 R R R R RE T3 1A i 229

X P AR KR RA LA RIS AP, R
ARGV B R A LA T FRR
1.2.2 K EREPLAL A S 23R
1) K FEREHLALE 1 b BRI
TR
—P,<P, <P, (10)
X, Py, SR K REPLAL A B K I {H
2) MEWAKERRLR
LR
wgﬁ::29025pp, ()
—0.259TP,, << W, .<<0.25yTP,,
Ao, W, Rk & RE DL 4 1 B0 I ] P Y 2
M2 BRI R A
1.2.3  HAhzyR
1) 1E fUieds & T2 .
ZAH N
E<P’~‘»/ — Ppon) = 0P, /eE{m, q, r}

: (12)
z(P}c,max - Pk,f)> @Pl,z, kE{mv q, 1’}

t

I, P P 20500 £ 2 IO B A DL i H )R
8 K B /IME s o S RGeS w5 RGP R et
B 2 G A T fif T 2K
2) UGG IR LA R e R
AR N
0< P} < Pj.
0< P{<P{
X, Pl P BN B B e BB TR AR I FE R I
R SPR K W T PP R ¢ Bt B ZR G R
YR 1% 70 iy DIy 5 A7 far 0 %) S B R R A7 A
3) IR
AR N
AP=P!+ P.+ P.+ P,+ P+

(13)

3

2 (Pi=PL)+ P (14)
;ﬁ¢APﬁK#%ﬂﬁam£;mﬁ%ﬁﬂﬁ&ﬁ
P TR A BRI (P — L) W
Sk K e o B SRR
2 FWHEZESHER

T S B4 TR 3R BB BE YR RN Gy T 2R 1) 40 B
Wyae g Ay BE H Ok SN AN ST, 7 B R o AT 1 Ak
BE X H A AE IR A 67 47 I R g S AT RN B

RIA— AL B] . W B B ) 53 4 Do 2 A 18T 1 BT 7
TEIE 1 Hp, S™ 0 5 — By Be i 0 48 BE R 0 37
£, SW S — By Be 4R s W o S R g 4L ST
o — B Bedi m S AR

B g R K L 4] )
(LR LR,
R g
_____________ +,___________________+_____________
SN St
\/
Sl=gN I gLl
coTTTTTTTTTTTTTT T +’ """"""""""""
= - |
im& 1 5% 40 Dk |
_______________________ %________‘_‘___________.
SRkl H
T pE Ak 1) 8

B1 w8 b moR

Figure 1 Flow chart of two-stage scenario reduction
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Figure 5 Indicators corresponding to the cardinalities of

different reduced scenario sets after the second reduction step
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Figure 6 Scores of the corresponding indicators after the

second reduction step
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Figure 7 Evaluation indicators for the temporal correlation

between new energy and load
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Figure 8 Net load peak-valley difference and peak-valley

difference change rate indicators
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Figure 9 Net load positive/negative ramping

rate indicators
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Figure 10 Net load positive/negative ramping rate

change rate indicators
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