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Two-stage backup planning method for enhancing power supply reliability based on

source-load-storage coordination

WEI Bin, KUANG Fan, GAO Chao, LAN Xiaodong
(Guangdong Power Grid Co., Ltd., Guangzhou 510080, China)

Abstract: With the increasing uncertainty of source-load in the new power system, the allocation of reserve resources designed for short-
term emergency power supply may be over-configured in long-term power system operation scenarios, resulting in a waste of grid planning
resources, so proposing a two-stage reserve resource planning method that considers both long-term and short-term cycles is an important
means to balance the supply security and operational economy of the power system. First, the key uncertainty factors that lead to redundant
reserve resource planning are analyzed, including the uncertainties of new energy sources, loads, and line failures. A two-stage reserve plan-
ning model based on chance constraints for source-load-storage is then constructed. Subsequently, based on the decoupling characteristics
of the two-stage planning problem, a single-stage solution method for the two-stage reserve resource planning model is proposed. The power
supply guarantee constraint is embodied to further achieve the effective solution of the source-load-storage backup planning model. Finally,
the effectiveness of the proposed method is verified in the modified IEEE-30 bus test system. The case study results show that, without sig-
nificantly increasing the computation time, the proposed two-stage reserve resource planning method for source-load-storage can reduce the
average power shortage by about 54.7%, lower the reserve planning cost by about 26.7%, and decrease the new energy curtailment rate by
about 60.4%. Therefore, the proposed method can effectively enhance the system’s power supply capability, improve the efficiency of new
energy consumption, and promote the safe and economic operation of the power system.

Key words: reserve planning; power supply reliability ; new energy consumption; source-load uncertainty; chance constraints ; two-stage

planning

(] ]UBE T F 7 R G0 T8 IR A 75 SR A7 A W B 22
St o —J5 10, A A S AT O E YL Bl T A PR i i

0 55

Wit 5 7 RE TR R MASE I I B oy i B, ) R GE 1Y
LR, XURE DGR S5 RE I 18 U Sl A o e
ap KU A AN 1, 5 350 ) 2R 95 S )P 1
JEIR PR o AR GEHL T R G e BRI 67 e 1)
— 2 LA Tt R A5 FH A S AP IR fr i 30 . AS[R] B

Yr#s B #A:2025-12-21; & [5] H #1: 2026-02-25
EETH :F A A RH I E (030000KC24090071)

5RO Z 4 AR S B B a A o — T
TET , 13 J00 3 1 D) B G 8 9 0 A A5 T B T
AN, IR AT P T 1) ] SR i 7 5 1) 5
BCE DT R A5 BRI TCAR AR A T
LIS T R G A B R o PRI, 2
B 2 T R S 30 1) 5 i T o B T S R )
Jrid, LS 1 R GER AL RE S s A 485t



16 B ® kMg R

084

BEXT 1R BRAR , 3T AR [ N AM L 58 7% T
S0 B ] v A TV I B o D 9 SRR T e T K
5T, JFBUE TR R . AR E LR H98h
P, R — 2R AR PR, A7
JANHA S PR, 3 R R B R LA B BE LI AL 5
T3 Z T RE IR D)6 | AT I B Bl AR s ont £
R BYZ o 4, SCER 6 ) ARk AT #52E RE IR A
B T XU A B A, 4 T T ) 2555 RE VR A T E
IR ) A B8 A8 LI 7 95 5 SCRR L7 ] LA 38 24 o 2%
TRTANER E 2, 3 T 45 B 5 ) B LR R ik
SCHRL 8 Tt % IX el [l A% Al 4R 1 T A P
Be BRI AL T X ] £ T 3R A AN Y 1Y
()88 SCHR 9 1R I B T 07 2 8 PFAik Ha 19 iz
AT IANHR E 1, B T BT 0 ey T 1) 4 FH R0 7
o O T 2RMRST RAR R IR AT it o W04k 3 e Bk
B VA E R F YR L T O B R i R R, LA R A
SRR T . B, SCER[ 10t TR T2
BRI A 1 P77 i I ) 26 HH 8] BEASE AR SHe st 28 5% 1
AV 2240 s SCER [ 11 ]k — 2D ShaB RS FE bR gl A
5 it Bip ] 2 8 BEABEAY 5 SRR 12—13 100 33—
W TIEZREE AN 5 2 BRI N A A &
Pie SR, i — DRI T R G SR T A . X
KA RERE T 8 s IR R 5895 7 L 78
— AR R AR 1 A 0 A R G T SRR DEC 5 |
KA BRI ITA

SR, AT BIF 5 R 20 M o 48 o S0 5 Ay
FHBE A B2 e SR ATy 4 ST 3 o TR iy 3 57 2%
1 ORTE S R S B s rh 8 B B ) R G K
JEAN 2 PR T s AT/ K AR AR e FE 7 K
S JE S IR ) ) s B2 G 0 o PR IRIC B, 25 50 R B0
RNEE R PSP B TUA . IeAh 7R R A FH AL
)25 P i R 0B A7 3 5 s 5 SO R AR T
REE K , T SO RIS fik 205 3 1 35 AR, AN )T i)
PG R 2 i, SCERL 14 ] W A0 30
AN S PR T A e A H AR B A 0 3 5% 22 i 1)
28 o FE, Nl RT3 52 2 B . STk (15 198
A W B B RS IR R T 1415 75 48 B Benders 43
il S TR V2 25 e IR R B Ok 2 i 7 B I ikt ok
ISR AR IR

EAF TR, LS AT e 1 R e
R R A Bz %R AR AR
H | ABER AR, PRIEZE BAF K T 2R 5115
FIH L TE ARSI O T 5 1 BE O P[] pif
ST 2B BN, SCER 17 192 i TR T LA
W A A & 5 1 SCER 18 JA 1 %5 &
it BE 5 A5 P PRl RO AL 2 29 oA AY 5 SBR[ 19 10 1]

AR A HCEORAR T — Rl 84 5 B R 77 %
Oh HL 7 ZR GEAE TR AN S R SRR T SR T i 28
AT LS . T L 2RSS , AR SO T T
i) DA FiL BE 3 B T ) DR i A B s e PR 7
WS, BRI ST

(1) ASCH A T R R R i ) R G
AR b 4 6 5 RE TR 40 5 PRI L XU
PR P Boas FH BT IR RIAET . JE T Bl 2> 200
SV BRIE , F BT RE PR T A | G 7 2R AR A B
FRACKIRY, 4% o5 T BT IR A B RE IR 24 55 PR it e 19
PR BN , B2 5 R GERS AN S PR IS v . BT
B2 7 1k BERE A R SR 0] 25 1A SR 00 vl s A7 AN
FEME, ORI LLZ A P BRI A [T A )
FIAR T BOTEAE L, A SCHEB L 9 22 Ak 5 22 5 1

(2) ARSOHg HE— 2542 Hh B BEIARUR A SR
F T P BOVLAQ [ R A R 1 o IR S 2 B
B BEREAILOL A In] A A D S5 A7 e B Y H B B A
PRI BEAT SR , R et A1 2 P o DAL B 1y &2
ZRBE . N T BRORHLINTT SR A R T G B
PERERL A SCHiE T 28R R IR RE I 203K, 1
TR BB T, AT SN TR PR B 2R TR 19 7
FHHELI T3 58 FE B 4

I R THL o 200 W5 i I I B A L)
R
1.1 = RERRRTa i & A 3R TR R B R SR A B

L J] JU) P g 2 0 i R R SR T R A D e /MR
P18 6 T DR8] B s A S5 By A, F A e i =
FEALAE KR HLA T A A 7 SR M RO A A |
bt R FE I HL AR TN D AR BT (DD 7 A ) AT AR |
ZN/UN

N )
min Q=A"Y (PP + PP+ AV Y (P + P +
N i=1 . i=1 ( 1 )
ACPO A P
PICHAREDY

i=1

K N ARG SEG ATT EHRT A"
A" A TN A BT SR R BRI AR | B FE
HL AR HILZEL i F9 R 2 L By 3 A B T S e
747 ) RS RAS 5 PP AN PP Ay AT 3R 6 4 Y
AR PO R P SRR S )
Ry PO KEAIINE, PP N i T
BB PR R LRETRE RN 0 M
JEV SR Ao i 4 FH 08 U U S A TR 1 H bR PRI, L
YA P PP PP PERIPY

2 R IR A P e SR AR Y 24 RO AR AL



5 4 3]

A I AL BE SR T IR A 5 B g L D5 vk 17

R 2 o 2R U 29 TR K H SO e IR LR
IBATLIAL SR R 2 BB A 18 4T 29 AU
LR PR A, BN T
(1) AP
FL 1 ZRGEAL UG R SER Y DA, Fon R
Pe 4P+ P =P+
by pbt_ e _ phies N . (2)
P'+P! =P =P"+3 P, ieN
Kb NV RGTA YRGS RS PPN
M BRI ETR s j OGRS s Py TR TR
TR j B
(2) Bt 2R
AE T 5 L ) 2R G0 1A% i 5 2 A R T A o
TSP ) R GEVR LS R b, BRI T R
2R Fos i h
Pw:% {i,jleB (3)

K. BNH I RGIA LIEEGINES; 0, 71
BT BRI 225w, B (i) HHLRR
(3) KBTI TAR
K AL IE AT 29 o 2 O AR R A
RIF T BRI, R
P <PE<PI™ +APS™ ieN (4)
e PO RLAPT™ SR L B AL
(A B R T 38 B2 1 s, B R K LA 1 25 (e
KI5 PE™ R i i LA o % 5K
(4) TR PSRN 8 LKL DN T 5 55
O KRG K AL e K 3 2 L
(4) BrielEp iz T2R
BB IR B FREA AN E T, S TR E
PERL R A SRAE BT REIR TN R A PR, B A
PMlE2an T
Pr{P<P*"™=1-¢ ieN (5)
Lo P} RFAE ) BIEEOEER; PR PO Ay
BN A BB BE VRN TR R IR & Y
IRER Y AT 42232 KRS 7K P (5141 0.05 5.0.1) o (5)
PRAUE TR REIR DI PN FE R4 E LT (R 2 /0
N1 - )RS SEERAT REA R B BRR PO, B
VOB BRI LR PO B R oA, H BBy
RN FYO6) , TR AR S) AT LA
SEPEZTR, BARHES AT

Pr{P}<P)"™=1-¢
1-FP)=1-¢

NG NG (6)
Fr(PT)<e

PN <F(g)

s FYO7C) R FYOC) R, T A R E S5
TSRS . BRI anBr Be I 20 R IR
P AR MOAS DT A R N B R HE ST,
FY (o) M HE R B T8 [ x M LB . 5 18
BB DA T BT RE IR LIS T T 2 B 4T LR
AN/
0<P<F“ () ieN (7)
(5) 2R Al 25 o
it R A 1 55T RE PR T AR AL, BA AN E 1Y
mepniy bR A1, TR B A T2 AN
0P <F’'(&)+AP’ ™™
{0 <P <F’ (g)+AP "™
Ao FPU RFDTTC) A0 R R R T
B SRR A PRSI S pRE; AP FI AP ™™ 43 5]
g EVRFNT VA A R A
(6) fEREIL AT IZI TAIR

ieN (8)

FEFTHCH BB P R P LU BA B
RE B¢ 7 7 1 2 FL ST AR 2, A AB T 7 A A
E™ WG E, I SER AR, T
BB AIs AT AN T

o<p; e < P?Muge’

0. pi < pim . v (o)

e PP
i T
F T BE IS o W0 4 L R — o I AN
P, AR i BE B A 1 D s A7 Bl A 25X (9) B L
ESALIZ W I
0. P < e

i

Chage Charge, ma
osp ™ <p™™

i Dischage ieN (10)
P ’ ax B,-1
<E™-F'1-¢)

Chage i

0<E ,+nP

< E;nax

0=snP

i

K FIC) S By BB R B S R, T
Bl BEIF R M ARG RER 1 A, I b g ik
By E, BE T REIRAG o T4 AR A 7R AT DU kg Xk
R A T T — R B T o

(7) 2RI 24 o

S PR K 1 3 B R OE R A
AT DL iy s B g 3RS (R AN B 1E R
M op, GBI O—1AR 0 &, FoRE K (i) J& AW, A
p, MHERT & =1, REEAEL A (1-p,) WIERT
£,=0 ZRBKIUR , T2, I RAELEE L AT LI &R
RUTF

Pr{\Pi_j\sgi,jP;;“}al—g icB (11)



18 B %ok E M

084

e P ORI A . LS LR R i
PEAHOE L, SO AT A — P4 S o i R

p | PPy +A-pP,=0}=1-& ieB(12)
s 1} TR BRI R ) BRSO 1 A K
A0,

e P RBUE, X4 P =0 i, (1D fE
AL P 0 i RIS [P <P}
S, MR QD TR R R p, =1, W
|P,|<PM s # py<l-e W P,=0. RJT0—17%
€, SR MEXNR ARG iE Bk M
FE— RGN F AL, X 12) AT L — 450

P <& PI+M1-€)

P, <& P HMI-E)

P <&M ieB (13)
-P,<¢&M

&,l-e)=p,

IR ASCER, MR AELI, €, =1.p, = 1-¢
HI|P,|<Py s BERBSERNT, £,=0H P,=0.

I T 7 L] S A i e P B B R
BT LA A (1) —30(4), 50(7), 50(8) , 50 (10)
E(13),

1.2 KEHBET T & R AR E

KA L 7 AR G w8 AL 10 B a5 e/ M TR
A fiff 24 45 98 Y AR 5 37 IRFEO R B0, He F A R
FEZAAE KL A RN A AR REY TR
AMFERSCATTT A, W F PR

n

min U=cY APF™ +c" Y (AP + AP ™™ )+
(14)
& E:_nax 4+ N P/NC.mdx _ PE\IG
, Z( , )

e e L LS oI KO BT S AS
e A W 137 RS A AR it R B 4 S A L
BRI ICARTT A s £ A S0 0 P 28 )BT AR
RISt 5 U K T BT e i 28 FH AL AR AL 1Y H AR ek
B, LR A B R LRI B K LA A L A R
fir 25 & . F W T A B R BRI RS A &
API™ AP AP E™
) YR Ay i £ FH R RS 7R 1) 249 3R S B 3
SRR HBEAR A 0 LR, R R
0<AP’™ <AP'™
0 AP ™ < APY
0<AP’ ™ <AP’ ™
0O<E™<E™
o APP™ AP AP R E A R ok
F, 5 SR 00 i 1 R S A e 1 R R fE Y RT

ieN (15)

HRIA

2, R i PR B B A FH R AR 2 289 i )
ey, BRI L s, (EAAEE, FEORAE
AP AP AP L EM™ B HUE R R
JEEA e T A (4) @) FH(10), TR
A PN R EUE RS R 2 BIRL ) B bR R (14) .
JIT SRR SR ML 2 24 SR T 2 5 ) 088 oy £ 008 2
P AR TR v 2 2K I VR A i R R e R
BTN E N, (A5 T R AR A o] LR AN 5] AR
(i) J7 4] ) 0 P T i T 42 0 4 1 8 15 A e ] o
(BT R TR T 20 A DR R R AN (B, AR R AR T R R 5 A
(S A-E A T & P GE IR AR e A R 0T T iy e
oy G207 ooy 1 M

=R F bR
fAMEK R, TR GG BERED TEARUA <
MFERF G RA : K (14)

_ RS o A i
PR EALRI AL . APGM | APPHmax - APS-max - Afmax
AR ESEN

URAFRE R A B AY 1 R BR(1S)

I

SEEEDI NI SR AS
S SN AR N

=R F s
IR/IME K RUBLALEE Sy 1A | R BE AN AR |
G it E FE L A AN DR A (LD B ) SIS . =KD

FREBLU A R
PpifEd Sy, PP, pP-, plhase  pDischaze

ENE S ESEN
IR . () LR E . X3)
Lo KHHLALEI T2 30(4)s Brgliplabs T am. X
(7); TeRMumaRi 295 X(®); BB ITAH:

(10); Zepgiles: X13);

SRS MBREREN
SIS SN ER N

, PP, PN IR

1 TRTEE P R A AR AR R
Fig. 1 Two-stage backup planning model based on source-

load-storage coordination
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capability between existing and proposed planning methods
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