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Flexible optimal operation strategy for source-storage-load in multi-regional power
grids based on information gap decision theory
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Abstract: With the increasing penetration of renewable energy, the volatility and uncertainty of power systems are
growing. To achieve flexibility optimization scheduling under expected cost framework while accounting for uncertainties,
this paper proposes a multi-regional source-storage-load flexible optimal operation strategy based on information gap
decision theory (IGDT). First, for the application scenario of multiple pumped hydro storage (PHS) stations in the East
China Grid providing multi-regional supply flexibility, a refined joint scheduling model of multiple PHS stations is
established. Next, a source-storage-load flexibility optimization scheduling model that considers resource characteristics
is developed, and the output of this deterministic model serves as the baseline cost for the IGDT strategy. Then, by
incorporating load and renewable energy uncertainties, a robust model and a risk model are proposed, thereby forming an
IGDT-based flexibility optimization scheduling model. Finally, case studies demonstrate that the proposed strategy
achieves flexibility optimization scheduling of multi-regional power grids under expected costs while accounting for
uncertainties. Moreover, it quantifies the tolerance range of grid uncertainty and flexibility under expected costs, as well
as the impacts of uncertain factors on flexible scheduling.
This work is supported by the National Natural Science Foundation of China (No. 52377111).
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Fig. 1 Schematic diagram of multi-regional power grid structure
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multi-region power grid source-storage-load based on IGDT

A AT DASR RS M IR AR A e Ay, T HLaT DoAY 3R
T IGDT KR 15 1t Ao 1 FE AR AR S A iy s ek A 70
FREEA . FT IGDT M RIS M b B AR R A 25
ERR BT 5 ARG, AR GRS IR A TR A
PN R B K AN o T A A2V B, XUR ASE 7R B A5 sk
P T R A [ B /N AN 52 MV
2 REMRFRER
2.1 % PHS BB & AERBANIRE
i % PHS HUEECS BT A, iH A E
PHS HL 3l A 1A B2 (1) DX L 200K . T 5 e Tl
I [ 29 3R 5 2% R /K FL G 46 R PR R A RS20 3R,
7% PHS HLuRS ALY, 40 R AR .
1) Th&Z R
PHS HL4H & FL T R AE fi /) 48 B K Th 263 [l A ]
W KDY ZFEGR T PHS HB K EHEThE, A
ALEHHIE E IR . PHS BRI RN DFR
{eg;'zn <P <P,
’ ’ ’ M
B =P

e BENRI PP 3095 @ 5 PHS HLA ¢ 2%
HURIHHK Th SR pen R P 4y BIAEE i & PHS #l
Hig KRN IR P N i & PHS HLAM
K BE TN

2) EAR LR

PHS HL3 P2 57 e /MBS B KAE 2 [0 481k, &
A~ PHS L4 B AN FEIRI7K B4 R %0 PHS LU
HARWMAQ) TR

E:,l:‘ﬂin S E:l; < E:,[;nax

Er(zi,r:nin < Er(zi; g E:zi,nmax (2)
B =00 -0 +EL,

Ej =00 +07 +Ey

BE =m0

pm _ _pm _pm
Pn,t _nn n,t

tur  ~gen gpgen
nfen — 77n Q hn p-g (3)
e
om _ O™ B g
=

et ER FIED. 45 HIN% n FE PHS HLskHY 1A
B BORRBUNEE 2 ES FIE™. Sy BIN% n 1B

PHS 139 F A e SRR NEE 2 B FE® 4
N5 n JE PHS Wik %) 1 KBRS Q"

n,t



_42- o ZGRP HiE4

MO 7333 % n JE PHS L ¢ I BEE REAlK . K
HHEKIK S " M P N5 n 8 PHS HLEE 7K H
ALREL, BV HUKERACRE . AKKENFER
HRYG p g™ R85 n B PHS HLESHLA K
L KRR o Ao A KSR, @I m’
BE FR™ 53 L HhKKDI& 225 p 7K
B, g NEITINERE; e NHLIHE, Ble=3.6x10"T .

3) iIB47 LHZIR

PHS LA 3 P LoL: K. fiK. 151,
WEEJEHE N FTA PHS HLuG N HLALASRE RN b T &
M SRR COL R o T WL B, AR
SERIFER L HHOK Tl (A Y) 46, T 4 4 75 A1 b
—EISE] . PHS AL EEEIHN K Hli7K 8 3hik
BAHR, EEaINTFEEGEs). 817 TR
@— (7R,

117
genend __ gen  pgen
Rt,t - ZUi,r E,t
i

“4)
Ppm,end — iupm . Ppm
nt it it
i=1

UL + U™ <1,i#

Us <1-um

it—1

U <1-us

(I-UE) UL+ (1-U) U <1 ()
(1-UE)-UE +(1-UE")-UE™ <1

it—1 i

(1 - U}'I,)tnll) UPE, + (1 - Ui[,’r“ll) : U;I,’;n =1

it-2

(1-UM™,)- U™ +(1-U™)-Uum, <1

g2 it-1 ijt—1

T
gen,start,min < _ gen gen gen,start,max
Ki =~ Z(l Ui,t—l) Ui,t \Ki

(6)
K < N (1= UPn) - UR < K
L,
U -YUs <1
i=1 i=1 (7)

1/1 1!1

pm _ pm
zUi,t ZU[,I—I sl
i=1 i=1

b UM MU 735085 @ 5 PHS HLALK L. il
KLHARESEE, TR THMNRESEZEERN 1, &
A 0: K[gen,starl,max F Kige“’m“’mi“ SRS i 4 PHS ML
ALK BUNRRIBATUCRG K R e
RN i PHS ML K i/ MilKIZ AT KL
PEnen ] P SR 5 B PHS FLUE ¢ 16 B L

KD 1, 9% n R PHS HIuE AL ECE

4) XA BLLI R

PHS  FH 3t 5 F1) jif 9 4 e 5 4R T 28 20 55 K R Y
Wi, i 2 A XA A HUBE I, S22 9 BE 2 RV PR
i, X EEL RN (@) .

N
gen . pegen,end
B,r - zpn,r Rl,t
n=1
8)
N (
pm __ . pm,end
})t,r - an,r })n,t
n=1

A PEVFI PPN 430 ¢ B r X3RS PHS &
M. KIhE: P ONES n HE PHS BN » X
SYBLLL) ;s NOMR SN PHS HLUEEE .

PHS HLZH AT $2 At i) b0 ) T Aoy 1) % i 1k
RETHT, R EIIREAE R EREE, B
REIIRL A T RiEM; K TOR, Jl/ bk
DR LRGN, 38 KK I RIS M N R TG
P o PHS HLZH R3S A 11=X(9) RA0)FTw .

max {PE" — PE" 0}, U =1

t+1

Fan? ={ max{B"™ - PY0LUM =1 (9)
0, other
max (P — P, 0}, U =1
Foni' =4 max{P} — B™,03,U" =1 (10)
0, other
s Byt A1 E 2209 PHS HLAL ¢ I Beif) AN

N RGNS P AL PP 4y PHS HLAL ¢ I
ZIRHL HKDIER; U FUP 535008 ¢ IR
MHACRSZ R, N1 R TIHCRE, By 0.
2.2 Al ZEiRAR A
B U BRI & TP A B s AT R S e . AT
R AT . TP R AU RE RS SN B A B ar A 2
Fothif Br, HFREAREAAFH . AT R 4% T
SR RT  TT GRS ST BE A R I B S ey e A% 22
FAt B, 7R3 R H R T R DR B AMAR R AT T
R ThZmT i o A BT ISRRL AN Fride
1) AT P88 A7 fiif
Ptshift _ Pt,shift
{T;hift = [ gin > Lpine —Ip T 1]
Xrf: PUUORTER AT R  RRMITIR, &
TEHPBAT R P RFE 3 (L Ly ] AT P
R B IX 0] o, NPT AT R S B Ty N
PR AR B G o

(11)



FHRIR, 5

5 JE A B R SRR 1) 22 X3 Y-t~y R DL A AT S - 43 -

2) AR 1 A
Pcut < P[Cut < Pcut

min max

t+ T, —1 (12)
Tcut < U:ut < Tcut

min max

e P AP 23 59 ] B SR B oK e/
A& T R T 73 ) N FESEHIRN B i) B R IR
UM N ¢ I Bl oo RS2 &, U =1 9B,
BWUM =05 T, NHIE B
3) AR i
B < E™ <P

tran
t+Tin —

Z ll]tram > Ttran Utran > 0 (13)
7=t

BV PR S LD canls 7 (ST =2 AR i (UF C NN C 2N
DI P™ O ¢ NIRRT DI Tt /b
BRI B U™ N N BERIRS AR &,
U™ =187 INILI B #e 2 1AM B, U™ =-1
FORFEINBUEN, BU™ =0,

e S R o AR il S o S ) s Nl
WA, (L BEAE LR AR AR RN &5 SR B A 2 Th R ] 2E
Rl — R P A NI ZIR A R, Rl A SO AS
VBN RIG MR, S S B 819 67 g ] 52 K
ANEIVERT . frcgar (0 BE U R M AR A AR = (14)
VR i

1) W HU ek 7 RV A R 5 A R

o [APU <1 "
e 0,other
Ft =0 (15)

At Fybe A Frs 23 590 9 vl s 67 A 1 1) b A 1)
FRIEVEHESS . AP™ Dy ¢ I ZIHIIR ) ZR B ¢ — 1IN %)
AR &

2) AT EERE S gar R VR L i

st Aljttran , Urtran — 1
tran,? = ( 1 6)
0, other
s APltran , U;ran — _1 (1 7)
! 0, other

e Fme R F BN RS G ¢ A b
Il RS . AP™ g ¢ IRV T e 1
A

O PR T A

3 HT IGDT W% XiEE MiE-fiE-fr R iE
AR E =R
3.1 FEEFIFRFHERIRE- - OB MM A ERE
TEm LB R R G, YR SEUR T Y
FeitE 52 RS, AT RIEETRIEA 5 T4
AT, BT DA RIS TR B SR AT R YR
PR, 5 2 MR RIS M R
NSEBL EIRHER, SR &AM SE L, ErE
JETEIRRFE I RIS MR AR, JF8 IGDT i
JEE S B UL e A Y o 4 A T 2R T — 2%
B, W RIEMER RSN RIETEAELS E N %
FE IR ) R 1 T A A s B 3 o
PS5 T R K BN i s, AR
AT B . RGP B A TR A R
T 2 ST 2 S 5 87 A I B P R RO AR A o IR BE
U545 RAETE BRI A ) 75 200 2 Dh %P, sk
(187w
B+ PP+ B =P + P + B + B + P
(18)
SNCEIE AN o N AN o
N X3 ¢ BB, AKEMLEL. g, T\
SRS AR AT R AR R AT RS A e Th A

4 I B )

T I 2%
(st

1 ffaf

I BRANAR 14 £ 4

o 1t} ]
3 FEEREFRFTMNRELAEEREREE
Fig. 3 Schematic diagram of flexible dispatching model

considering resource characteristics
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Fig. 4 Deterministic model dispatching results
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Table 2 Methods comparison
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Table 4 Weight setting (load: wind power: solar power)
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