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ABSTRACT: [Objective] To enhance the representation of intra-interval power fluctuation and the allocation of flexibility
resources, this paper provides a systematic review of the applications and existing challenges of continuous-time scheduling
methods for flexible power system operation. [Methods] First, the mathematical formulations and solution paradigms of
discrete-time and continuous-time scheduling are compared. Then, representative applications and problems are reviewed,
organized according to four key domains: generation, transmission, storage, and demand. Finally, common challenges are
synthesized from a mathematical point, and potential theoretical development directions are summarized. [Results] In
continuous-time scheduling, decision variables are modeled as continuous trajectories, and constraints involve derivatives,
integrals, and differential equations. The main solution paradigms include optimal-control-inspired methods and Galerkin-
projection-based approaches. Shared difficulties mainly arise from modeling uncertainty in continuous time, solving
nonconvex consiraints such as unit commitment and charge-discharge exclusivity, and handling differential-equation
constraints. [Conclusions] Based on these findings, this paper outlines future application trends and follow-up research
topics of continuous-time scheduling in multi-timescale scheduling coordination, planning assessment, and market
mechanism design.
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Fig. 1 Illustration of scheduling periods
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Fig. 2 Illustration of discrete-time load profiles
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Fig. 3 Illustration of inter-interval and intra-interval

flexibility requirements
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Fig. 4 Discrete-time subdivision and

continuous-time modeling
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Table 1 Comparison of discrete-time and continuous-time dispatch models
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Fig. 5 Comparison of day-ahead scheduling plans and real-

time operation results under different scheduling methods

1.2 KRB

55 At g B T[] ] A TR P AT PR Ak A 8502 Tl
AN TR] , % 2 sk (] 3 BE A 7 J T J0 95 4 pR 850 s (R
a8, AR GeoK g AN P E . iR 2 R, B
AR i SR A R W S AR R i R
W ERE,

B AR J7 3 W A% U AE T4 3 2 B [ 8 2 [
A B AT I R, B B AR AL G AR 4k
BRSO TR 2 X BT A — i AR
T 3 T S R LAk R TR R ) JR G0 Y 5K
B FH FR AT A2 BR T R R A 22 29 A i b B, HLAK

JyikAE . Ho JEF Bernstein 22 30 A 5 1A A
FIABAMEL MR, He B mohs B S5 IR R 4, i
AR A8 32 KT O T B I R HLAR AR Ty
2L TR SR 13],

2 MATREFEREE

i 252 N ] 8] B2 7 vk L A ke FL e e i E
P o O 25 ST W B G2 b AR Bz BT T 4%
X G2 My BRRE A AR 28 S, LT PH A R A% AN A TR
AT LRI TT R A4S T A8k A BUIR 5 7 A 1) L
I B A7 SR A5 2 I e 9 3 ) B AR B
2.1 ZEMMAIR

S LN SR M U B R AR R T R
FL YRR ] 2 AL P T

1) AR T LR

AR AT LR CAn ek B AL R RK R AL ) 2
RSB BE PR BEALE 5 B sh P py £ T B ek

http://www. cepc. com. cn



116 NI S

47 &

o FH P S BHEAE 1 e v 220 e L2 1) 3% S I (BB A T
FU

SCHRL LT ] B YR B 2 T Bernstein 22 50 U4 (B (1)
Ty, i 2 i )l Gtk K L HLZR i g, R
TILYRIEAR R 5 D 20000 T (WL I ) 1 e A 4
KW, dE—2, 3CHk[26 45 H! Bernstein Z2 51 X H -4
LANETHEEBT R, AT A OB AN R B RUEE T B TE
M4k s B, 2R HIAS [RI B K 1Y) Bernstein 22 113X B HEKG
iy 22 ) K FELMILZELAE H AT 55 SR AN B BE B H DT 400
FESLIEAE [, SCHR[27-28 T4 H T 75 R 25 24 SR 1) KA
7K H AL 2 S e ) ] AR AR, L 24 o ) s 0, B T e AR
o3 OKHLEZS) MR, BR T Bernstein 22115
BHEIR 240, SCRik[12, 29 PR LA 2 17 AR Ry 3T
Y2000 1 i S [B] B AL AR, I3 AR 43 A A
AU SRR I, SR, X ST WK i i 2 B3R
fen 5 EOYE AR B A 5 B 800 e i ML S A et B 2 0
PR MR 2 PR AR, T ZR 496 v 1 HH A2 3 R

JUAE AT B 3% S (] 8 B T vk 76 T4 i U
Y )3 F e i 29 L | O A B i 7
8 AEXT T LA A 455 2k R 0 32 S Bsf () 5 34 47 3 A R
Ko A — ek T AL Y R A5 RS AR AR PR
eV JBE I B S22 i 220, PR AL 0-1 2848 1,371, Wi 6
JoR o BARIX AN AL T ML E B A B
e BT AT AT E A BRI T LA S AT R R A
SEBR b AR T R GEVE EE v, HLA B S 45 T RE A AR AR
AT R R AR R 2 IR T e DA e i AT
HERR A

1(x)

I
] S .
I

{ 1, i

nl
Ee6 HHO-1TEHRINARIE TR
Fig. 6 Discrete 0-1 variables representing unit

start-up and shut-down processes

2) A nlFEREALIE LR

DL EARSEAS Rl P REAILYE LR, H G AN
P B XU R R AR N R R B T iR
25 Y TN TR 25 1 LI N MELUA BLRR IR, REEH
O SR PRI LAREAS SE sl . 5 A 1 L YR
F8 A P A () B AIL A L DA 7 P G B A T
K BE AL AR 7 12 5 SR B I W) R B2 T VR 2

— B R T BE LA AL A o 32 SR i o

A A ALY 5 AR BEAIL D AR o0 A LAk
H AR R B ERAE, AT B A R B P S . A BEAIL
DA TR i 5 34 22 B ) 3 5 i 435 0 S AR T an ]
7R 3% S B (6] T Bl AL PR 2 oA . SCHik[31-
33 2R FH % S ) ] vy 3072k Al s 67 17 55 U RRL 18 BEAIL
3, FF4RE Y B AR DG E R4 vk, A BR AR 37 5
LN v A AR 223 (] 5 H 2 v T i 232 40 A, Pl e R 3L
SEBRA AT SRR G R 25 3K . Atk SCER (13, 34-
35 R B AR 2h 7525, A 5 min 43 HEER 1 Iy 50 Bcis
PG 3 L2 B (R BE 85041, P ik 37 5 M R it Ze 4006
3 WAL 5 (H Y Iy R8RS R i G i o S
SEPR R R R R, SCHR[37-38 1 3L T 5 min 7 S %L
i, R L2 2007 VLA A AR B R AE A 22 0 A
AN P 24 T S AN R o T A

JSUAE B0 3K Bl 1 BE HL AR A6 5 W BE 0% 45 2y b 3 B
BE AL R 2R (A3 20 A7, AEURH Bb 5 10T [a] , 322 252 B ]
) R 23R 4 A7 i T B s A 1 ) R, 3o %k Ty s 500 o 1Y)
LR IC 5 AL G0 I O [R] SR 3R EOME B A K i
A, AW TG 2 A 45 3% 2 ] T T 1 08 37 S RO
TG R T RIS TR, DT KR K 0T i R AR AR e 1Y
RGNk

o5 — AU R A R AL S SR
LR AN TR] 48 U0 10 5 W TC 20 B0 AN PE R R
B ME AT T 2 18 3 AN o B Sk s His Ak
T, FRESES A ENEG ST RMNKE.
R [40-41 ]2k FH i 2 6 28 6 ke 20 1 2% 22 1 1] v 1) Bt
LR ZR , ) A BB 40 22 3 X0 (B0 K TG 55 4 1 i
SEI R ASHA 2 TR A $ 52 20 PRk 40 BT I 2 05
A (E R s 0], N8 TR, R, GUE A 24
LT BT RE IR H 7 A% S i) [R) AH G 1, 5 R B Y
SOlCE A TR, AT RE S B A R & BT E . N
I, SCHR (42 [ T —Fh 2 T wU A ket & U AR
T AREARAE & PR SE

SR, PG K & 1 D0 Ak R W 5 % S I 18] 30 2
LA A P 538 H RN Ry TR AN AR B Y
AR, Bk = F TS BRECHE B 9K 3, X AT RE S ECIR S A
5 S PRBEMLYE R 2 4 G Z RV 7R 8 K 22 , AT 5%
M) 32 4t & R M A S DRIE
2.2 sz A IR

5 R BN ASTA] , 3% S 5 [a] I8 B2 J7 12 7 S e ) iy
W7 FH G B A T o Xl F 0 ) 52 2 2 SR A T 3 P
] AL, UL KA AW AR LM 2 R SRR
[SERC Gy AT

TERS AT I 29 AR 7 T, SCHR (35, 41 SR HIZR
P AL T IR A X 3 4 sk ) RS S W R AT AR O

http://www. cepc. com. cn



55130 X e,

RS (R) BE T WA ) R G R I as A7 A N 2 117

i

FIIFH Bernstein 223 4% A8 4 1 TR 81 It 29 SR % Ak
NENMEAREL LR, T ORISR A rT AT M . Ry X6
R I 22l R BT A A, SOk (43 142 HDRE i
S b (8] 94 5 Benders 73 AH 25 & B INE HEm , FH T
A BEOR AR N—1 2B 20 5 SCHR [ 44 104545 70 A 58
# F m 3k F ¥ (alternating direction method of
multipliers,ADMM)%?ZE‘}%ILHjJHE*%ﬁ%O SR,
R VR R AR B A o b R A i T Rt
157 LA, Z 0 1 45T TC ) T AR AT R A
P PRZA IR, S B0 IC H O 8] 8 R DR 22 B, BRI 1
S W S Ay B e O ARG B, SCRk[22 2R
C A 0 e T S I T o O T R A A D AT PR AR
DA IR, {EL 3 535 0 1 SR 52 A B, R 17 R
BERLH o AL, T i AR AT 32 25 P [R] 3 7 24 SR A
REAS B VA kS ST R 2 2R

5 SRS E 2RO RTT T, SCHK[46-47 | JE T 4%
PER ST 7 RE 2L A A 3 5 vl AR 1 i 22 8 Ak, O
FI 143 Bt Bernstein 22 15 2R F8 A5 08 29 A0 pR IS
1) 249 SRHe g AR s o) 29 3, AT S TS mT A 1
B RGBSR oy i dE A LA i) i
A, VAL BB SR AT MR, Z0XE DLORIIERS B . 4
T A B, SCHR (48 1R FH AR e M B 36 o0 O B 21 4 i
B, I T Bernstein 22 101 2 AL 4 (1) A £
PEL R A 7 125 AHAZ 5 AR R 3 hn 552 2%
B RO RURE FE AR B = 58 0 e AR R . PR, BT A5 AR
TE 2 IR i 25 I ) A ) T e A 5 R R R
Z ] A P ME )
2.3 fi#ge sz A IR

fift BE 7 98 HL 48 BE B A7 A A D RN RS T RE , RE
ARG i D AP B sk 5 R v R s A ]
fitt BE ] B2 v 1 Zh 8 I€ 3 I i 7 Ak AT dd i (i ) 1%
307 RERGWH A A , 7 SL N R) I BE 5 A B T8 s il
RETE VA B2 I BE A A 5 15 0 o AN [l ik BE B A i 1
REPEANTR], PRI ik B A0 P DG B A T ST 36 1 A (]
Tt RE AR (14 1% S I [i] 8 A AR

DR 5 1~ vl 1t g A3 A9 Fi A2 i B 28 e i) Iy
JEDR 38 A T BT R R B I Bl . SCilk [52-55 ]
ok P S e P B O R 2l 3R e v ) TE B | Tl R A
B 20O, 3R W] A S N R] J7 V5 B 4 7 FLAE IR B Y
T TERE - RS RE ) s SCHR[56 14t 5 T X ) 1 — 1k
PR it FIE 122 252 I 1) 8] J32 5 3%, LA A2 22 I ) RUBE T 1Y
RIEPET K o BAb AT B E  I8 15 Hy S
g M, ATy B AUAERES S o R
SCHR[58-59 PR DX I A3k v - fHE PR AR 8 v B0 A e | e
2% Y8 G Ay A Sy 12 2 I () RE UL FE 5 SCRiR[ 60-61 1011

:n:br-‘

K OB ERG R G i A8 RHER B B U RE . R
T, 3 BE AR A7 7 55 v 00 AT 4 8 75 v, U5 BL ) )
B, PR TG BR AR AL T 1 R e T H | R O R
AR TR A RS . RRIT LA S A AR
X 25 o [ S LR PR A 48 PR 7 ) 8 I B S
I 22 DA DR AR B 1 13 380K Ak L S0l ik REZE AT — I B
A RE 78 H s r, , AR A 1 S PRl 119 RE )
B FL ) SR Y R A T Ol T K 2
BRE TR AL A B R AR ST A S T, K
Wi RE B AL TR 21, SCHR[63-64 148 i 1 1) A
THfitt B0 A5 3 R R LA A 3 R A R A, 1K
11 1 5E T Bernstein 22 30 X 7428 $6 1) 34 22 ) 25 9 JE AR
A 458 RIVE T BN 2518 0y R, 2Bl T
BT E AR AR S S A R e —
A Al 2 M il o0 RR AL, PR 2 P ST DU TR ] EAS
DY Rl SRS ) P IRV A ANE 32 1 ¢ YU Vi
SRR S 25 B, DR DA T 1 5 55 003 1) YA [ R
WAL, B 1 3% S I [a] 30 J32 7 12 H (LB X B
—fi BE BT PR AT AR TS B A A A [
JEZ i BE VLA 1Y SR A MR N o ph A () D i 20 O
20 1y o) 7 XOFE TR Bk 3 25 R, i e I () ASE AR 1Y) 5K i
T EMELASE — PR 1 X B —fiff B 2 AU % 1Y
KA I VEAE SEBR I v ] BEAS A T
2.4 FBMNAIK
EEREMIZEAL, v Bl 4 o0 A Ak RE AT 4 11
i 25 FH H AN 53 A 2505 AT 3 2ok 3% 2 1) 1) R 00 fit
RERY AT B, 22 i v I R TE 1 R 0 [H 5 it R
(IR NN SRR NS & U NIER A 6 PN Wbt
G H YRR B W R DA RATR AR K E
HRE RGN ERS S RGN i, 7]
AT RPN Z IR : )2 (B 7 S0 8 T HE BT ) H
A PR Y B s 3R A i AN O] AL R R 2 5 R ke
o B 5 R 2 (18] 7 2168 ki A (52 AE i 75 ) Hy £ far 2R
A T VR R AT A 1A, LA 3 TR b 2R A o]
Ko A VEBEN R RS BRI TR SE W T 4 K
P FT e A0 A 50 0, S BRI 4G BE O TR R )
Z AR B W% I BE R e SEBR W] RE S | A
FET7 SN al AT Wy as A AU o PRI, R A i P g O
SHEE TV 2] 1) 9 S 10 T ) i SR I ) RS R
PEAT W 52 38 5 Ay B — B A S S I [
B R R E RA T IR R A RS M. SCiik[ 66-
67 11 96 FL Bl VR 4 T B i S I A ASE AR i 1T
FHHEBA TS 1 2l 3% SE ) 18] 5 & BAS o SR IS AL R
7 18 R P BT Y R B SRS FEME LA ORAIE . 3¢
k[ 35, 68]%: T Bernstein 22 300 2 %] A {4 23 i 471 fap TR

http://www. cepc. com. cn



118 EENA I

15 47 &

7 WERBREES
Fig. 7 Bi-level aggregated scheduling framework

AW T REIEAT AL, Il S — AR S A
Sz I R G RIGE, (A 20 T SR E AT 2
PEXS AR BRI o e, SCHR (37 10048t 56 T
Hla LA 23 8 T fer 3R RAGVEPRAL O3k, LI
A REENE . SR, F AT AY S ) 3R BOR T R

AUEE R B — 2RI B ff BTt o AL T RE A0 A 102 1 1)
R, TR SRR FE b, B fer SR R ) RE T W] A B 2
o e SIS [1) S A B 167 O SR 5 )AL, A [) £y 26
T A7 552 5 4 o e B P T S
s Y38 SRR A HAR

AT B gy U I 98 R 22 B vh T b R A vh i
sCN 243w N A G SUZ P R A A % 2
[ AL A, 5 8 )2 3% B2 I R A AR R AT EE , XUZ
RERY A TH R A S PR T iy o R/ S S ) X2 90 B 1]
WA L) 1f KKT (Karush-Kuhn-Tucker) 25 14 F& B
FZRARAL, IR R Mk 5] A B0 i 50 PR AU 2
PEAR | (F 3% 252 B[R] RUZ A 78 TG 15 R FH 28 B 0 1k i
FTALBE PR 5 LA A f5 3 v i RO B 2
PR 4 252 I 8] 8] J88 T3 12 TG v SR i 322 252 i (1) o K500 1Y)
BPUL B, T BOZAS G A 1) BT 1 252 10 (8] 3 2
T DL s OR
2.5 ARG

A 2 I T R R AR i e AT
HL 00 £ 1 P 450, (R PR 550 23 TR AE LA 2[R
FOARBRER, iR 3 PR .

®3 MABRKNE

Table 3 Summary of application status

HCE TSR DA St 2 B st D FARENE B I B2
o BEES  REBL UL L L i e
HEUER I o mm s B A R B L
g LRI S ZAN RIS AR OLARE L SR T R

PRORIR g i e ORI SRR LR
P AT AR AL S LR FEW B PR B S SRR B B B et

MELLRBTR i

5377 FE AL XELL G — SR it g —24

3 BEEREZEAME

HE T % BN [A] I B 5 vk AR R J2E T I T Y
[k %, AR BRHZ 7 T AE B AL DR 38 A R 24
SRR i RV 53 5 A8 29 SRR A — A5 T A T AE B
RIETT I
3.1 KEHMEEEZEE

B SR Bl B B AT A 7 A ) 90 B P
TE I BEA %0 20 I BE AL X 1 B B S ) (H AR 1 22
st 1) 8 o, B ML DR 25 ) A g T o A [,
s AR A A R A T v R L R e 4R A
P M DL 4 T AR, R b 37 2 1) (] i AL 14 U 2% 0 A
ToEAE e . R ith, 3% S I [R] R B2 D7 2k BT 18D I 1Y)
R [ R T o] ZE AR 2800 A1 AN 2 A5 14 B X BEAIL
P DR 28 AT 3% S8 i () AT T BT ] 3 Xtk
ARG R

— o L ¢ 2 ) A A0 K Bl B AN o AR AL T
SR P ARABE 3 85 A8 10 A0 7 36 oA 1 DR 52 22 4=, i
SRAb PR R I3 A B AN B E PET . A B O [ 4 i
B A IS EHE 3K Sl ) BEAIL DY 3R A 5 iR R A T
T 2Rt QR IR B AR ER AR S R RS
AT WY Z AL S E . WREH Y R
i S I 6] 9 B, A SR AN T 6 N (] 5 4 O 1k i R
Sk

3 — b SEL 5 A Sl S K B ) AR R A A
AU R BT RO BRI AR G RE S A b
S AN S A R 2R A AR AT T (H AR o 2 3 5
PEAT ORI, AL 1 BEALAL B R B4 5 B, 7T RE S
TR AR, AT BRI A SR T, LA
X — AN R T A O BB AR A A T 3
oy b BRI A, OF B0 B 25 ME AR o A 2R AT ok
L B GETE B AR R SR

http://www. cepc. com. cn



AR

X di e, 45 - S [E] IR BE D7 VA TR ) R GE AR A7 R 2 ik 119

H AT 1% 7 32 7 1 Sk s 1] 98 5 ep i 0 i B = IR A
ifF5E.

PRl ot , B AL M ) 3R A5 1 T T L R R T I
(DELE

1) 4 BT B 3t 1] v 5080 3K S AN ff e MR AR
A8 i 300 R R s ) i R ROk ) o 1 2 B
B B AL AN E A

2) 4" R BA s (8] v B AL AR 50 23R S5 A A
SEAG LT B 5T 3% S R] pR KA ) BE HLAR
S M0 AT RORY A2 1) A Ty vk B R AR i SR
3.2 FEMAFRKAR

PRAT 4 22 ][] 8] A TR 30 5 o 8 00 o T AR
A BRE TR I B I 213X 5 B HOt 1] 7 ¥4 2640, i
T PP A T A S e B R T SR A . SR, SEPR
BILZE 45 B At e 7o 5 FEL IR S T 4 PT BE A AT B A 21
A B RS R B 2 ) [R) pR B AT B TS I
FIE G R E g

TA B i 2 s (R ASE A (1 SR R X DA L
Ab P Al S 1 2 SR (AR A 3R AR E 24 BRI A8 T I T 24
W) o BARZNEIE I RE RN A4 B, (I (RURG B2
AN 2 DA R S BRE B oK o B ) B R e 2
A LA BT 58, W o Be e MR AL v 18 A R AR
E 2 DL K B U A Bt 1 B A8 I I IR
AR H Ay BE R PR 5] A B AN R AR
i, M S A] 5 e LA A 5 T o HEAS it B
i AR B AT R AR L A T, I i 4 i ) SR
PARME LA R B o SR B o 2 ) A (] Ak B
D7y e A L R) R AT B TP AR e A R
PRGBS SRR 2

PRI, ™ 24 SRR A 0 Ve A2 PR e J )y [l A 4

1) F1 JE BAT 15 H30 i Tva) 4 Q500 v e 5 A0t 1) A
T3 yEN PR A AE 7 S ] 8] pR SR 5 00 o AR
k5 mBCR AR

2 S IAG B AT (i) v 2 ) A e M 2 TR
FB W5 - B S R AR 2 B A A SR ]
LA TR I
3.3 RN ARERARKER

F T 3% 485 B (1) 9] 3 7 3k AN AR 181 2 s R 26
AL I TT LA -~ A A B30 2 24 o B A E SR
SR . BRI, AT J5 v K 22 A X B — i iy 3
(Chn— YR8 431 5548 T A e AR ) R AT AR T SR
RGBT E W K 2 A A0 i B RS G, 20
(7] B A A5E 22 A A [ e 97 B 285 A D o T R 2L, A
DCRE BCT, 45 00 W IR 75 38 75 B R S [ B 22 o
U PR E TS, B — R AR AR15 RIME . It 4h,

JH P A SR A R S Ry SR 1 97 £ A8 T T
FEMIPRAR o S T e R T S A [+ o T 2
4 I 3 o3 07 R AL, B IR R 5 S M S A A B T 42 4
ORI T, A5 TR A T W S5 A% i T D7 e X L2 47—
AR

DRIt A 2 7 8 240 RS Sk 1) 9 A B R 5
[ 4 -

1) 1 JR BHUA T[] B — g 7 5 5 ) 2 5 I (] 9 32
JPIEN B E T 222 e 1 o A O 5 T R
WG — RS SRR 5

2) kit B T T [RIA) FH PR A0 2355 P D0 ) 5
I TR] SR 5 76D IR AE A IR o3 T B2 1
LRI 8] 2R A5 B A BOBUZ I S

4 FHskRE IR

T 252 I TA] A B2 7 AN OR TR ZI U L R g b
SN I TN PO R L i W L R = . - e g
il FR GRS RN T S L ) B R AR L AR A
OV X BB AR 5 3 799 L e U ) 22 A0 R RSk
R
4.1 SHEBEREAEZEITIHFR

YR HL ) 2R G U B AR A ] s R RUBE I fige
AT o AN, HOE R A DL S B AT AL A
SRR s H O E BE I L 15 min g —> 90 R, 8
VR Bl A X Jee 35 0 A R RE 0 B 5 43 g
JEEE ) S 3 A 5 AR A R — U IR R L

SR, Bl A = LU T R VR A 42 | A% 495 B A )
D5 VR A X 22 k] RUBE %) B ML i 27 e B g 52
BRESO ELARTT 5, [ A ) 25 K ) AR L[] B
WA /N o3 R B RSN A S BOR R [A] 3))
SHEFZEARY , JUHRLEHTRE IR ) AL R
WS A SUE R BTG OL T, AS [8) B ) RUBE =2 a] A
HYERBAFIC B Flan, 5 PR A R 25 ]
FE 38 28 43 G PR ARBCR , DT 52 ) 3R G as A7 10 &
VR TES . I, KRR AL 22
] RUBE 2Z [ 7 B B 28 AR 5 OC R o 1S (]
P TR R I AP K PR BE AR il DL/ Bf 31 R0 2
&AL, R Z B ) RO 5 — R E L nT 5g . i)
n, R ek 2 3 X B o3 B pR s, vT LUTE [A]—i%
S B () HEZR T[] B Z0 1 H O H P A s o R
SR SR, H AT K 228504 22 ) 3 B i o7 4
TR R ARk (1 0 R A S bR
HL ) R G B )P TR SR L R AR A B

FET e, AR AL

1) 3% SL ()8 FE 7 1 5 Z2 1k ) RUBE Tt 46 R 45

http://www. cepc. com. cn



120 NI S

47 &

s ARSRBIETE AT AR ZORS 2 I 18] KU 4 Tt A5 7 (4
INIFERC I3 B R RIRD G TN ) 5 3 S I 8] 3 2 D5 A
256, DA TIT LA o 3t 47l B2 R A0 8l ) sl 2 R ™
X 7 R DA A IS TN | HIOARE S5 T A A B
SE VR A OB AR i ) i 25 i 2 R KR, LAk
A TR] AR A RBE # 3 25 BEAIL DA 3R, IR LR 5 3] 94 B2
BB

2) i 2 I [A] By JR AT I o S A el T 0k - PR
HL D AR G R R e R B AT T A Y I JR AR R SR
P, BIEE— B B A 38 38 Bl SR AR T b — By Be )iz
(PR R L E RN i G Y NG PR s eu R
Ji ) i 5 ik ] ek, ] L S A AR Gt Y 22 I ) R
ShASFRA LI, 873 K T IR TR % 22 5[] RORE o
TERTEHE
4.2 BARSMIINKEBATIHIETR

A R[] 9 JBE k0 L ) AR ALK A T T
AL TR A A58 AT 2R

G, R R G A AT AR D
i B 7 S8 AT WUAS R A o DR R AR LAY
SEA AL S LR B (B . AR S B B
(] J7 5 AR Ak BB BE RS 28 AR T | 07 A 3 < 2 R Y]
ARAk , LA KB RE IRt g A0 B e 7 R e 3 45 e 3 2
I ph T B I ] 25 A BRI, A LR DR R Y
[ AL Z T 2 I ) 7 ik AR A TE AP A
] S R A RRT RE RS i | BT R R s AR Bl
S RS SRR B SR o R IR AR AL R
L R G R TR F2 25 kL E% T vk H AT
T R [E] AR DRIt o 5 I ] 0
PP BT AR LS & A v o B LY g B
AR B H N

FEUC, VR BE TR F T 3 vp o e A O A,
Lo &R0 A i B MU TS 25 5507 . U A4 88 0 i) 7
JEE SRS T A5 2 A R LAY, 38 R L BB AR R R 2
A RE BB RR LY o SR, WL ) R 8 ) FE - 4
A LI BE A IR I BE A S G AR RE IR L T K F
AL, REL R R 2 BEZ AL, T T HOCI R
Hr CER O 30 1)t SNE B e s> o A, B
A AR T N [ 8] 88 7 3k DG i S A3 2 sk B 1N 4y A
BT RE IR 7 P Sl eF A A RS R, LR RER B R
REAE 7 FIVH B ARk o R AR 4 2 i [R) 3 2
TIEGI A I T LRI ST R o i g i 4R
AHER A E S RN A A5 BARE A RIS
JE7R T IR SEF (] E AN L B A B AR A B
A TS HE SR B S5 T AL, 4] AR AR BEAS 2 1k A
i FRTS P T T AT R A A DR S B )

A L5 b TR R S R JE BT A R B T
BB FE , LLAR T T S 5803 9 SO B RE UK HE 491 45
A REB AT R K R AR (Y E N R 3

5 #HRiE

R LI [A] 9 3 D7 vk i SR A i e fl iR )
AR R A P Ak Be A BRSBTS BE U oL L
A B e A HL ) AR T v S B S 0 O Y T R R
B RLRGEE IR 7275 1 580 BT 5 SR i 1
B, IF RS K v FL i R R PR A BT G R IR
PEAT T 2R0e . R B I BOR PR SR SE 6l 1
ARSI T REALYE AL AR 2 SOR A K A ooy 7
T 2 SRR i 25 G S JE T 1o, IR 1T H AR 22 1k (]
ROBEABE | F g 2R Ge L3 R S L) v 9 R R 1
S WIERARHETERE N RALECH BE IR AT 5t R
NEGRRTGBTHRAHS% .

F 25 )h 52 7 B ( Conflict of Interests) :

A AR PR AT AR 7 th 5%

{£#& 51k 5 B (Authors' Contributions) :

X f e | B T R ERER | ER AT TIE S UiRE
MEFRAE, MG T HEE B S TFE5T
Wt FHBHR. A EE Y REIFRE Tie s
FaNZE

6 SE3HEk

(1] FEZARIR . RIS BE IR B A 2025 4F 1—10 7 43 4 [l L ) Tk
45 31 % [EB/OL]. (2025-11-25) [2025-12-01]. https://www.
nea. gov. ¢n/20251125/c08a5f9h4a54481696a432ecd6c¢70dd3/c.
html.

[2] HF. m B UE AR IR OCSETE T4 71 ) R g R Tk (B
RDINT. FPIEGENR . 2021-07-12(04).

(3] Bhahl. Broell SR X BHER” [N, hEREIR R, 2022-
02-21(9).

(4] ZFvE, BP0, SKMG, 45 T Bk W A i [ RE TR R 400 e B
P B S BT[], RERAEIR ALK, 2025, 8(5): 530-541.
LI Qiaochu, LUO Pingya, ZHANG Peng, et al. Analysis of
transition path and heterogeneity of China’s energy system under the
goal of carbon peaking [J]. Journal of Global Energy
Interconnection, 2025, 8(5): 530-541.

[5] Efbfd, X BT Belkig vk Z eI 1 R EE [T ]
SrAiiECAETR , 2025, 10(4) : 92-102.

WANG Weijian, LIU Min. Multi-energy power system scheduling
based on improved grasshopper algorithm [J]. Distributed Energy,
2025, 10(4): 92-102.

(6] M8, FEA, A . BRITHERGEER T 89 rh J) 2R Geil £ I (1] KU
WRERETILLT ] AR, 2024, 9(2): 81-88.

YANG Peng, TANG Ren, WU Jun. A source-load multi-timescale

energy-saving scheduling approach for power systems under carbon

http://www. cepc. com. cn



] X di e, 45 - S [E] IR BE D7 VA TR ) R GE AR A7 R 2 ik

121

[10]

flow emission tra(:king[ﬂ. Distributed Energy, 2024, 9(2): 81-88.
ZHANG M H, ZHOU Y, XIANG M X, et al. A methodology for
building generation trajectories to balance continuous-time load
profiles [ J]. IEEE Transactions on Power Systems, 2025, 40(2) :
1609-1622.
BAKIRTZIS E A, BISKAS P N. Multiple time resolution stochastic
scheduling for systems with high renewable penetration [J]. IEEE
Transactions on Power Systems, 2017, 32(2): 1030-1040.
HR, BRI, X, A5 BET U TR] RS T 47 1 1) 3%
PEPEIRSNASTBE )], miTRFLAY, 2025, 61(5): 31-40, 52.
QING Chen, WEI Zhenbo, LIU Yang, et al. Dynamic scheduling of
flexible resources based on dual-time scale model predictive control
[J]. High Voltage Apparatus, 2025, 61(5): 31-40, 52.
PINEDA S, FERNANDEZ-BLANCO R, MORALES J M. Time-
adaptive unit commitment [7].
Systems, 2019, 34(5): 3869-3878.
PARVANIA M, SCAGLIONE A.
continuous-time generation and ramping trajectory models [J].
IEEE Transactions on Power Systems, 2016, 31(4): 3169-3178.
YUAN W, ZHAI Q Z. Power-based transmission constrained unit
commitment formulation with energy-based reserve [J]. IET
Generation, Transmission & Distribution, 2017, 11(2): 409-418.
ZHOU B, FANG J K, Al X M, et al

continuous-time

IEEE Transactions on Power

Unit  commitment with

Flexibility-enhanced

scheduling of power system under wind
uncertainties| J . TEEE Transactions on Sustainable Energy, 2021,
12(4): 2306-2320.

R, RRH . Bl a8y Bk gik 7],
#, 2023, 27(4) : 81-105.

SHAO Mengzhen, YU Changjun. A survey of direct methods for
optimal control problems [J]. Operations Research Transactions,
2023, 27(4): 81-105.

CHEN J J, ZHU J Q, LIU H X, et al. Improved ADP-based

limited-iterative decentralized algorithm for optimal power flow of

networked microgrids [J]. TEEE Transactions on Power Systems,
2025, 40(3): 2192-2204.

ABRAHAM E, KERRIGAN E C. Optimal active control and
optimization of a wave energy converter[J]. IEEE Transactions on
Sustainable Energy, 2013, 4(2): 324-332.

SONG Y, LIU T, LI G. Adaptive robust optimal control of
constrained continuous-time linear systems: a functional constraint
generation approach[J]. TEEE Transactions on Automatic Control,
2025, 70(2): 1312-1319.

LEITHON J, SUN SM, LIM T J. Demand response and renewable
energy management using continuous-time optimization [J]. IEEE
Transactions on Sustainable Energy, 2018, 9(2): 991-1000.
SOKOLER L E, DINESEN P J, JORGENSEN J B. A hierarchical
algorithm for integrated scheduling and control with applications to
power systems [J]. TEEE Transactions
Technology, 2017, 25(2): 590-599.
MAHARJAN S, KHAMBADKONE A M, PENG J C. Robust
constrained model predictive voltage control in active distribution
networks[J ]. IEEE Transactions on Sustainable Energy, 2021, 12
(1): 400-411.

ZHOU Y Z, GU C H, WU H, et al. An equivalent model of gas

on Control Systems

networks for dynamic analysis of gas-electricity systems[J]. IEEE
Transactions on Power Systems, 2017, 32(6) : 4255-4264.
DENG Z M, LIU M B, CHEN H L, et al. Optimal scheduling of

active distribution networks with limited switching operations using

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

mixed-integer dynamic optimization [J]. IEEE Transactions on
Smart Grid, 2019, 10(4): 4221-4234.
ZLOTNIK A, ROALD L, BACKHAUS S, et al

scheduling for interdependent electric power and natural gas

Coordinated

infrastructures| ] |. IEEE Transactions on Power Systems, 2017, 32
(1): 600-610.

YOUSEFI S A,
Bernstein polynomials and their applications [J].
Journal of Systems Science, 2010, 41(6): 709-716.
LI W H, BAI L, CHEN Y M, et al. Solution of linear fractional

partial differential equations based on the operator matrix of

BEHROOZIFAR M. Operational matrices of

International

fractional Bernstein polynomials and error correction [J].
International Journal of Innovative Computing and Applications,
2018, 14: 211-226.

BAGHERINEZHAD A, KHATAMI R,

Continuous-time look-ahead flexible ramp scheduling in real-time

PARVANIA M.

operation [ J]. International Journal of Electrical Power & Energy
Systems, 2020, 119: 105895.

NAVERSEN C @, HELSETH A, LI B S, et al. Hydrothermal
scheduling in the continuous-time framework [J]. Electric Power
Systems Research, 2020, 189: 106787.

NAVERSEN C ¢, PARVANIA M, HELSETH A, et al
Continuous hydrothermal flexibility coordination under wind power
uncertainty [ ] ]. TEEE Transactions on Sustainable Energy, 2022,
13(4): 1900-1912.

NYCANDER E, MORALES-ESPANA G, SODER L. Security
constrained unit commitment with continuous time-varying reserves
[J]. Electric Power Systems Research, 2021, 199: 107276.

SRAR, SuH, WA, L 5 H) TR BRI A A TR
WL 22 R R T ()], M IS AR, 2025, 62(1) -
158-166.

ZHANG Yu, YUAN Bo, HUANG Shicheng, et al. Research on
economic dispatching strategy for active distribution network
considering high penetration of renewable energy source [J].
Electrical 2025, 62 (1) :
158-166.

KHATAMI R, PARVANIA M, NARAYAN A. Flexibility reserve
in  power multi-fidelity
oplimization[ﬂ. IEEE Transactions on Smart Grid, 2020, 11(1):
644-654.

KHATAMI R, PARVANIA M. Stochastic multi-fidelity scheduling
of flexibility reserve for energy storage [J]. IEEE Transactions on
Sustainable Energy, 2020, 11(3): 1438-1450.
NIKOOBAKHT A, AGHAEI J, SHAFIE-KHAH M,

Minimizing wind power curtailment using a continuous-time risk-

Measurement & Instrumentation,

systems: definition and stochastic

et al.

based model of generating units and bulk energy storage [J]. IEEE
Transactions on Smart Grid, 2020, 11(6): 4833-4846.
NYCANDER E, MORALES-ESPANA G, SODER L. Capacity and
[J]. IEEE
Transactions on Sustainable Energy, 2022, 13(3): 1430-1443.
LELL, FANGJ K, Al X M, et al. Aggregation and scheduling of

multi-chiller HVAC systems in continuous-time stochastic unit

intra-hour ramp reserves for wind integration

commitment for flexibility enhancement [J]. IEEE Transactions on
Smart Grid, 2023, 14(4): 2774-2785.
ZHANG M L, LE L L, FANG J K, et al.

commitment with air conditioning loads participating in reserve

IET Renewable Power Generation, 2019, 13 (16) :

Stochastic unit

service [ J].

2977-2985.

http://www. cepc. com. cn



122

By

47 &

[37]

LIUJ G, AT X M, FANG J K, et al. Continuous-time aggregation
of massive flexible HVAC loads considering uncertainty for reserve
provision in power system dispatch [J]. IEEE Transactions on
Smart Grid, 2024, 15(5): 4835-4849.

MAJIDI M, PARVANIA M, BYRNE R. Risk-based stochastic
scheduling of centralised and distributed energy storage systems
[J]. IET Smart Grid, 2023, 6(6): 596-608.

TR R, TR, AR T B ) R A KO ARG L 22
FbRiREE k)], il SR, 2025, 62(3): 38-45.

HUANG Dingwei, WANG Feng, LI Bo.

scheduling method for wind and solar energy storage and

A multi-objective

distribution network facing novel power system [J]. Electrical
Measurement & Instrumentation, 2025, 62(3): 38-45.

ZHOU B, Al X M, FANG J K, et al. Continuous-trajectory robust
unit commitment considering beyond-the-resolution uncertainty
[C]/72020 IEEE Power & Energy Society General Meeting
(PESGM). IEEE, 2020: 1-5.

JEITE, SCNAR D5 g, A TR RO S HER XU Y AN E MY
L A LA A A )] B TR R =R, 2021, 36(7):
1456-1467.

ZHOU Bo, Al Xiaomeng, FANG Jiakun, et al. Continuous-time
modeling based robust unit commitment considering beyond-the-
resolution wind power uncertainty [J]. Transactions of China
Electrotechnical Society, 2021, 36(7): 1456-1467.
NIKOOBAKHT A, AGHAEIL J. Integrated transmission and storage
systems investment planning hosting wind power generation:
continuous-time hybrid stochastic/robust optimisation [J]. IET
Generation, Transmission & Distribution, 2019, 13(21) : 4870-
4879.

MEF, ZEIERR, miHS . 3 B N—1 2 B e I 1) i 45 ) i) B AL 22 4
LYY A A IR W BUZ S Rk [ ). AR, 2023, 47
(8): 3269-3282.

TIAN Ye, LI Zhengshuo, GAO Han. Two-layer decomposition
algorithm for continuous-time stochastic security-constrained unit
commitment considering N—1 line contingency [1l.
Technology, 2023, 47(8): 3269-3282.
LAMICHHANE B, CHEN Y C, KHATAMI R. Distributed
continuous-time optimal power flow [C]//2023 North American
Power Symposium (NAPS). IEEE, 2023: 1-6.

WU Y F, LIU D, LIAO W, et al. A continuous-time voltage

control method based on hierarchical coordination for high PV-

Power System

penetrated distribution networks[J]. Applied Energy, 2023, 347:
121274.

ZHOU B, JIANG R W, SHEN S Q. Differential-algebraic
equation-constrained frequency-secured stochastic unit commitment
[C]//2023 IEEE Power & Energy Society General Meeting
(PESGM). IEEE, 2023: 1-5.

ZHOU B, JIANG R W, SHEN S Q. Frequency stability-
constrained unit commitment: tight approximation using Bernstein
polynomials [J]. IEEE Transactions on Power Systems, 2023, 39
(4): 5907-5919.

RAJABDORRI M, LOBATO E, SIGRIST L, et al.

continuous-time

Data-driven

framework  for  frequency-constrained — unit
commitment[J]. International Journal of Electrical Power & Energy
Systems, 2024, 162: 110327.

SCHNE, AT, BRI ROk ) R G IR ] B
NEGRY S #2022, 50(7): 1-10.

WEN Jinyu, ZHOU Bo, WEI Lishen. Preliminary study on an

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[o1]

[62]

[63]

energy storage grid for future power system in China [J]. Power
System Protection and Control, 2022, 50(7): 1-10.

Al X M, ZHOU H, ZHOU J, et al. Multi-week continuous-time
scheduling of integrated electricity and natural gas system against
long-lasting stressful weather [J]. Applied Energy, 2025, 383:
125305.

XUE X Z, Al X M, FANG ] K, et al.
microgrid for maximizing battery energy storage utilization [J].
IEEE Transactions on Sustainable Energy, 2022, 13(3): 1356-
1369.

KHATAMI R, PARVANIA M, KHARGONEKAR P P. Scheduling
and pricing of energy generation and storage in power systems [J].
IEEE Transactions on Power Systems, 2017, 33(4): 4308-4322.
HREINSSON K, SCAGLIONE A, ANALUI B.
multi-stage stochastic unit commitment with storage [J].
Transactions on Power Systems, 2019, 34(6) : 4476-4489.
NIKOOBAKHT A, AGHAEI J, SHAFIE-KHAH M,

Allocation of fast-acting energy storage systems in transmission

Real-time schedule of

Continuous time

IEEE

et al.

grids with high renewable generation [J]. IEEE Transactions on
Sustainable Energy, 2020, 11(3): 1728-1738.

LI B'S, BAGHERINEZHAD A, KHATAMI R, et al. Continuous-
time look-ahead optimization of energy storage in real-time
balancing and regulation markets [J].
2021, 15(3): 3230-3237.

WAL, BRARAE, BRAERE, 45 . T Lkl Ry if AR T4
ThIt g8 Gl X RSP R (1), R LR ER 2024, 50(12)
5621-5629.

LIU Fengwei, CHEN Jiajia, WEI Yankang, et al. Energy storage

IEEE Systems Journal,

operation based on continuous time scale to improve the demand
defense capacity of photovoltaic and energy storage integrated park
[J]. High Voltage Engineering, 2024, 50(12): 5621-5629.

XUE X Z, AI X M, FANG J K, et al.

integrated heat and power system: a multi-dimensional stochastic

Real-time schedule of

International

2022, 134:

approximate dynamic programming approach [J].
Journal of Electrical Power & Energy Systems,
107427.

NOUROLLAHI R, ZARE K, MOHAMMADI-IVATLOO B, et al.
Continuous-time optimization of integrated networks of electricity
and district heating under wind power uncertainty [J]. Applied
Thermal Engineering, 2023, 225: 119926.

MAJIDI M, DAVOODI E, LI B S, et al. Continuous-time day-
ahead operation of multienergy systems[J]. IEEE Systems Journal ,
2021, 15(4): 5595-5605.

NIKOOBAKHT A, AGHAEI J, SHAFIE-KHAH M, et al. Co-
operation of electricity and natural gas systems including electric
vehicles and variable renewable energy sources based on a
continuous-time model approach[J]. Energy, 2020, 200: 117484.
NIKOOBAKHT A, AGHAEI J, SHAFIE-KHAH M,

Continuous-time co-operation of integrated electricity and natural

et al.

gas systems with responsive demands under wind power generation
uncertainty [ J ]. IEEE Transactions on Smart Grid, 2020, 11(4) :
3156-3170.

FANG J K, ZENG Q, AT X M, et al. Dynamic optimal energy flow
in the integrated natural gas and electrical power systems[J]. IEEE
Transactions on Sustainable Energy, 2018, 9(1): 188-198.
ZHENG C, FANG J K, WANG S R,
optimization of integrated gas and power systems in continuous time
and space[J]. IEEE Transactions on Smart Grid, 2021, 12(3):

et al. Energy flow

http://www. cepc. com. cn



144 X At , 4 < 1

S R BE D A H ) R G RGBT R T 2RIk 123

2611-2624.

[64] ZHOU B, Al X M, FANG J K, et al. Function-space optimization

[65] YIZK, XU Y L, GU W, et al.

to coordinate multi-energy storage across the integrated electricity
and natural gas system[J]. International Journal of Electrical Power
& Energy Systems, 2023, 151: 109181.

Aggregate operation model for
numerous small-capacity distributed energy resources considering
un(:erlainty[]]. IEEE Transactions on Smart Grid, 2021, 12(5):

4208-4224.

[66] KHATAMI R, PARVANIA M, OIKONOMOU K. Continuous-time

optimal charging control of plug-in Electric Vehicles [ C]//2018
IEEE Power & Energy Society Innovative Smart Grid Technologies
Conference (ISGT). IEEE, 2018: 1-5.

KHATAMI R, HEIDARIFAR M, PARVANIA M, et al
Scheduling and pricing of load flexibility in power systems [J].
IEEE Journal of Selected Topics in Signal Processing, 2018, 12
(4): 645-656.

[68] LE L L., FANG J K, AI X M, et al. Continuous-time optimization

[69] LIU W X, FANG J K, Al X M, et al.

of inverter air conditioning demand response for ramping flexibility
improvement [ C]//2020 IEEE Power & Energy Society General
Meeting (PESGM). 1EEE, 2020: 1-5.

Coordinated dispatch of
hydrogen-penetrated integrated gas-electricity system based on
dynamic subsidy: from a multi-stakeholder view [J]. Applied

Energy, 2025, 382: 125208.

[70] BT, THevKk, 220K, 45 . %5 on MG IRAC & 1 e fL DB AR

[71] LI P, GUAN X H, WU J, et al

[72] ZHANG Y P, Al X M, WEN J Y, et al.

[73] ZHOU B, FANG J K, Al X M,

[74] TR, BRakml,

RS ]. S 4R, 2025, 62(2): 143-153.

XU Jiayu, WANG Xiaobing, LI Bing, et al. Distributed PV
hosting capacity assessment method for distribution network
of flexible
Measurement & Instrumentation, 2025, 62(2):

resource [J].  Electrical

143-153.
Modeling dynamic spatial

considering  planning

correlations  of geographically distributed wind farms and
constructing ellipsoidal uncertainty sets for optimization-based
generation scheduling [J]. IEEE Transactions on Sustainable
Energy, 2015, 6(4): 1594-1605.

Data-adaptive robust
optimization method for the economic dispatch of active distribution
networks [J]. TEEE Transactions on Smart Grid, 2019, 10(4) :
3791-3800.

et al. Partial-dimensional

correlation-aided convex-hull uncertainty set for robust unit

commitment [J]. TEEE Transactions on Power Systems, 2023, 38
(3): 2434-2446.

Lkt G R ITE L & RE IR G B
LR R R [T). A BRERVE LKW, 2023, 6(2) :
207-215.

YU Xinwei, CHEN Jiming, ZHANG Zhihua.
application of distributionally robust optimization in integrated

Journal of Global

A review of the

energy system dispatching and planning [J].
Energy Interconnection, 2023, 6(2): 207-215.

(751 j=gae, WA DS, sk, &5 . e MLALE AT RS PR THOAR BT

[76

sE SR RHEA, 2024, 45(6): 1074-1086.
YAN Xinrong, HU Zhiyong, ZHANG Pengwei, et al. Research
and application of operation flexibility improvement technology for
coal-fired power unit[J]. Power Generation Technology, 2024, 45
(6): 1074-1086.

IR, X, HEE . R R IR O SR S

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

RE AR L Hbn o SO AL I EZ ()], i i i, 2024, 45
(12): 39-53.

WU Zhongfu, DENG Lijun, QIN Zhijun.
distributionally robust optimal scheduling of integrated energy

Multi-objective

system with concentrated solar power plant considering multi-
energy ﬂexibility[ﬂ. Electric Power Construction, 2024, 45(12):
39-53.

BUOMAE, DOV, ALY, S O SRR A e L R G
R HE T S RUTHZEAR L] I REEA Sk, 2020, 44(14)
179-191.

HE Shuaijia, RUAN Hebin, GAO Hongjun, et al.
theory

Overview on

analysis and application of distributionally  robust

optimization method in power system [J]. Automation of Electric
Power Systems, 2020, 44(14): 179-191.

b, JYIRET, AR, A BT D AN S T R R T
I rh ) R Ge A N - A8 ) oA B R R A AR L (D). iy i,
2023, 44(7): 98-110.

YANG Hongming, YIN Bangzhe, MENG Ke, et al. Distributed
robust optimal scheduling of the new interconnected power system
with the inter-province and intra-province considering moment
uncertainty of source load power[]J]. Electric Power Construction,

2023, 44(7): 98-110.

A, XRT, PR, S5 58 KR RS PRI E g
Gy B B S L) ], NS {303, 2025, 62(5) 1 120-129.
LI Huibin, LIU Xiangyu, GU Xueping, et al. Day-ahead
distributed coordination scheduling strategy considering flexible
resources mutual aid among regional grid [J]. Electrical
Measurement & Instrumentation, 2025, 62(5): 120-129.

ZHANG Y F, WU SY, LIN J, et al. Frequency reserve allocation
of large-scale RES considering decision-dependent uncertainties
[J]. IEEE Transactions on Sustainable Energy, 2024, 15 (1) :
339-354.

WU Y Y, FANG J K, AL X M, et al.
DC transmission network and energy storage considering uncertainty
of renewable energy[ ] |. Applied Energy, 2023, 339: 120933.
XUBHE, BETT 2%, fEEEH, 45, BIE2 6 XAy H (R 28 B
T AT R OB I IR O 3R B D ek [ ). v Jy i, 2024, 45
(1): 33-44.

LIU Keyan, SHENG Wanxing, ZHAN Huiyu, et al. Bi-level
AC/DC  hybrid
distribution network considering interconnection between networks
[J]. Electric Power Construction, 2024, 45(1): 33-44.

XVEGE, /NI, AR, A5 L A A B L 2 B L R
Gt dE LA HOHT R Bk L] o R4 A Sk, 2025, 49
(19): 62-74.

LIU Jingguan, Al Xiaomeng, LI Haifeng,

Robust co-planning of AC/

optimization  scheduling of mid-low-voltage

et al. Continuous-time
day-ahead scheduling method of power system with embedded DC
transmission lines [J].
2025, 49(19) : 62-74.
FEUbE, TR, RI, A5 B IR RS 5y 1Y 2 ST SR A R
WAL A S B[ . TR L, 2024, 45(2): 171-182.

REN Hongbo, WANG Nan, WU Qiong, et al. Collaborative

optimal scheduling and cost allocation of multiload aggregator

Automation of Electric Power Systems,

considering ladder-type carbon trading [J]. Electric Power
Construction, 2024, 45(2): 171-182.

Monitoring Analytics. PJM State of the Market — 2024 [ EB/OL].
(2024) [2025-03-31].

reports/PJM_State_of_the_Market/2024. shtml.

https://www. monitoringanalytics. com/

http://www. cepc. com. cn



124 NI S

47 &

[86] ZHANG H Y, LIAO K, YANG J W, et al. Long-term and short-
term coordinated scheduling for wind-PV-hydro-storage hybrid
energy system based on deep reinforcement learning [J]. IEEE
Transactions on Sustainable Energy, 2025, 16(3): 1697-1710.

[87] TANG L F, XIE H P, WANG Y G. Frequency provision through
two-timescale commercial building HVAC system control using
hierarchical reinforcement learning [C1//2024 TEEE Power &
Energy Society General Meeting (PESGM). IEEE, 2024: 1-5.

(881 2= [E i, Bl , ™A, 45 . 23 BRI 55 2 Jo i 4 5 %o SR
[J]. KA ,2025,46(01) : 19-30.

LAN Guoqin, LU Ye, KAN Yansheng, et al. Development trends
and countermeasures for integrated energy services [J]. Power
Generation Technology, 2025, 46(1): 19-30.

[89] LI K, AI X M, FANG J K, et al. Frequency security constrained
robust unit commitment for sufficient deployment of diversified
frequency support resources [J]. IEEE Transactions on Industry
Applications, 2024, 60(1): 1725-1737.

[90] ROBERTS C, LARA J D, HENRIQUEZ-AUBA R, et al.
Continuous-time echo state networks for predicting power system
dynamics [J]. Electric Power Systems Research, 2022, 212:
108562.

(911 AT, BedLpt, 4, 5. 25 B I s S AR UMM 9 Z2 B B

BB EE e [0 ], F Iy, 2022, 43(10) : 87-97.
ZHAO Xuenan, DUAN Kaiyue, LI Meng, et al. Scheduling
strategy of multi-stage stochastic programming considering non-
anticipativity of scheduling decision [J]. Electric Power
Construction, 2022, 43(10): 87-97.

[92] MA C L, ZHAO H Z. Optimal control of probability on a target set
for continuous-time Markov chains [J]. IEEE Transactions on
Automatic Control, 2024, 69(2): 1202-1209.

(93] PANBLET, ARVEIR, 250 . ZIBEMBERY 2 NARSE & REIRIL LT

BITREMFLI]. FRHR, 2024, 60(7) : 88-96.
SUN Jingyu, LIN Zeyuan, LI Wei. Research on multi-objective
comprehensive  energy  optimization  configuration  scheme
considering hydrogen storage [J]. High Voltage Apparatus, 2024,
60(7) : 88-96.

(94] Zet7, kA, BEiiL, . Kb ARG GBI LIRSt S

JEHL) ). WA S ki s, 2022, 42(1): 10-19, 85.
YUAN Yang, ZHANG Heng, CHENG Haozhong, et al. Review
and prospect of robust optimization and planning research on
generation and transmission system[J]. Electric Power Automation
Equipment, 2022, 42(1): 10-19, 85.

[95] WEI L' S, Al X M, FANG J K, et al. Chronological operation
simulation for power system with peak regulation ancillary service
market in China: Formulation, solving, and validation [J].
International Journal of Electrical Power & Energy Systems, 2023,
152: 109156.

(961 BRI, S/, J7 53, 45 T BT B Pl ) R GERY N e A A
WUREH 55K i AR g3k ). W J1 RGE A Sk, 2024, 48(6)

170-184.
WEI Lishen, Al Xiaomeng, FANG Jiakun, et al. Review on
applications and solving techniques of time-series production
simulation for new power system[J]. Automation of Electric Power
Systems, 2024, 48(6): 170-184.
[97] Pernie, BXTIAY, skHwiE, &5, tHSABREE T H BT e Y L 5
WA s HEme (1], &8, 2024, 45(10)
59-68.
PANG Songling, ZHAO Yunan, ZHANG Ruien, et al. The
optimal operation strategy of electric vehicle charging stations
considering user response in market environment [J]. Electric
Power Construction, 2024, 45(10): 59-68.
[98] GUO Y, CHEN C, TONG L. Pricing multi-interval dispatch under
uncertainty part 1: dispatch-following incentives [J]. IEEE
Transactions on Power Systems, 2021, 36(5): 3865-3877.
[99] PARVANIA M, KHATAMI R. Continuous-time marginal pricing
of electricity [J]. IEEE Transactions on Power Systems, 2017, 32
(3): 1960-1969.
[100] Z=fRf, RIH, By, 55 . BT 2 2 H0N R BIE i i ) 14 28
W L] RGP SRR, 2021, 49(24): 105-113.
LI Chenchen, YU Juan, YANG Zhifang, et al. Time-continuous
locational marginal price based on multi-parametric programming
theory[J]. Power System Protection and Control, 2021, 49(24) :
105-113.

[101] KHATAMI R, PARVANIA M. Continuous-time locational
marginal price of electricity[J]. IEEE Access, 2019, 7: 129480-
129493.

KB E: 2025-01-16 {&E B : 2025-06-03
EE RN
X (1999) , 5 WL WF o AE , 2T
D5 1) A A F A RE VR Y L R G G 81 T4
N (1986) 55 Tl 204 R E 1R
FEWIE 0] A RE AL IC B ) RGE R
MA2174F , E-mail : xiaomengai@hust.edu.cn;;
JATE(1995) , 3 M5, EEMIT IR HR
W R G RGBT
FERRER (1997), 5 15 , B9 10 MR G e IR ik 5 i
AT GELBh AR SN T RE Sk 55
T (1997) 5 Tl EZRF ST 1) o I S LR A BE TR AL i &R
Geis AT 5L 3 LI ACY & & o SR
FETEH(1994) 3 i, BhERAF ST 61, B0 5 07 1] SRy 434 50
T R P05 T SR e L F ) R G R 5
I RBE(1985) 55 W+ B2, BT 1 A RE B RE R AR 1
RGN LA IR R GRS
SCEhF(1970) 5 i HUE , I 5 17 B T RSk RE
T T RE TR ) SRR L T S T A
(% %%

XI) i

g L)

http://www. cepc. com. cn



