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Fig.1 The relationship between day-ahead dispatch,
in-day dispatch, and real-time dispatch

BOFIHT, 51IAFER SRR R 8. H Al AR R
VAR GE s A7 A /Nl F b A 44l 2 pL 4L R 45
SBAE A R g R SRR AR , B RN -
min F=F, +F, (1)
T J
Fo= Y Y CI50-) +L(0 -1, )]+

t=1 j=

J
Cul (V=) + (1 =-F) ] (2)

T
Fﬂ = 2 (AwAw,l + )\\,Av,t> (3)
t=1

K FAROC-EF R G RGELBITHA; F o R
MEVHIBITHA; F, AT FCIEIAS; T
JRLEE E A ) ST B T R E LA B C,
C e 53 AR E HLLL B IS 3l A 3 BOFN SA5 JiAS &
B IF, 1, Ry 0-1 85 p RIRAE E LA j 75 ¢ B
BURTANT AW Lok To, B 1 02, B o i
5 A, AFERIETTA REG A, e BB 1Y
FERH R A, O FOCIETIA REG A, e BEBO
NG OETS e
2.1.2  HATIHEE LR A

(1) Kot 20, &N Z R EANR S
BEATLOL AL AR 38 5 LA %6 X [] i T8 =Xl 3
JRUHEL 3 7 AN 2 1k o

O0<P,, <P,y (4)
P} =pu,, + 1960, (5)
ijfft =u,, - 1.960,, (6)

Py e = min{P7 P} (7)
P, in, = max{0,P," } (8)
Pyine S Py S P (9)
Ay =Py = Py (10)

L Py, Ry o BEBOXUHREE 75 P XL 1Y
BHLZE I P, L P SRR o i BEXUE B
B o A ¢ BB T AR
I AT BETIRRUE LS 5 Py s~ Py 5300 ¢ BFEE
LI AT FHE S b R R A KU A R ) S X ] et



123 OO 45 K- EE el ) R GE 2 I 18] RURE bl 14 BE AR

R, WIS REAR 2R G0 Ak V8 B 1) 22 0 1, B 28 i A5
JEBIRTCRE . PR, B R I X B [, -
1.960, ., + 1.960, 1 , LAARIIEZ 2 95% 1) X
IR LARIA . Bk & L R 5 R — 3, A
AR
(2) WMEVLLLE A,
I PE L < PE < PR (11)
rP .. <P,<IP,.. (12)
X P, P A0 o I BEIE LA 1k T
KT Py« Pl 20 3 0B LA B B
RGN INES P P 205 E LA S
R Ee R /MK T3
(3) MENAZBIT THLAR,
Lo+ <1 (13)

J
S E,<(J-1)-(J-DE, (14)
J= L
J

SN r<U-1)-U-DE, (15)

A C13) PRUE S 5 3l 25 HLALAS BE [R] I 7 2 v A
KB 8170 BUAh, i3 vl Yy oK 2 AR R
IKFEHLZ AL 4 16 — B B 1 KA Bt LA G ig il
HLALECE T, #RAS B [R] B 78 & i Al K B X R i3
fro M52, WRED 1 GIEPLAIE K BT
BT IR A J) — g 20 A AT AT AL ZH A8 AS BE AE 1 7K A
A Fisfr, RZ IRk A (14) S(15) Bh [ — i
Z) T A E LA B & B s A7 A A

(4) fhEHHKEAR,

X=X+ S P - P (16)

X jS X, <X, (17)

X=X, (18)

K X, o BB E M FOKEMES; n) o0t
SRR ENLA j ATk A B TN R EEE
IKE AR R X X 27500 EAKER R
B/NEIKE Xy N FAKIERRIER R X, i 1
R IEIKPEREZS o 20 (18) PRk T 4l & H vl /K JFE

HizfTRER P
(5) HEHLA H AR RAR ™
Plo+ B < PP (19)
Pi, = R, = Pyl (20)
P+ RN <P, (21)
Pl -R'YN=PLL, (22)

Ao R RS AR A TR ¢ I Bl L4 )
PO bR A2 R R S5k T F
¢ B LA AR b T A A

(6) FGeifeht e IR L.
i(Rfj +R) = a(P,, - P, ) +

. BP., =P ) (23)
S (R R B (P, P b

2

B(P, i = P..) (24)
A o L B AT REXE XU AR ) A s
H TR AR, A0 15%~25% " 5 P, , Jy ¢ IFBOE
RIFEEH 15 Py s Poine 532500 ¢ B BOGAR L3
EEE Ay
(7) RGENRVHLH

J
PU o+ PE X (PR = PR) = P (25)
j=1

Forfe P ok HOTRE R b KR TE ¢ IR i T B A
S35 P Sy FRTRE R G AR H S e o B 0 R L e
Jys PES PR AR5k H AT il B LA j 7
It B £ 4 H T A Al K S %5 P AR R — K T
) ¢ I BERURT IR
22 HWFE#&ES
2.2.1  HNEEE HbReREL

H T H RV R 2 A 75 R SR 24 h 1y
LA B, BRI H A2 e il 25 L
RISERRISAAS o Sl i AL HLLL T 1D, T
f I RBE T KO B4 T 4 1R 22 4. M FE 40 K
A5 AL/ I ) RLBE T il 2 WL AL f bk R
TRE T, RO T T A U 1 8 ORI
R L) S/ 5 LR 3 98 A R R L S0l
A B AT

min(F,, +F,) (26)
to+*Ny
FAps = z 2 CApsAPz:,u;,t (27)
t=ty j=1
tg+Nyp
Fa = 2 </\\\1Aw,t + /\VAV,I) (28)

t=tgy

A Fy, oA TR L A 300 64 25 WL o) ) 9 4 R
A5 tg NEFASVE L AT UG I B N, S F P8 3 1
W RSB R (H A L b A 4 A4 1S
min ) 5 Cy, A B H g 8037 9 A 250
AP B HLAL j 7 o BRI T AT
Fbg, AT Ay Sk L T S R R 4 K T R R
OB AP = [ PR PR [ [P - P
Hor peer | PeM S EHLAL j 7 BN/ S
VAR B Sz v Sh 3R Rk S

222 HWNEEL R KM

(1) REHFRVHLIR,



& AH) ALK 124

J
hour hour g, hour p,houry _ hour
Pw,l + P\',I + 2 (Pj,[ - Pj,[ ) - PLJ (29)
=1

A PR Sy H R b UL 7 o I BEAG IR B
J15 PR Sy E R b O AR S 7 o B R R
S35 P SRR 1 b BN ¢ B T

(2) H PR BESE A 25 oty H a8 47 7K P
O

Xo =X, (30)

Ao X0 Sy H AR 20 2ok /NI R Bl S
WS PO AR K e 2R (30) ALAE 2 K f G — A
ERE IR 51, LR H 32 47 7K 574, 457 SE il
T — 0T

F T P80 el 5 LA il R R S R
A5 A % IR HLALE AT T AT, K6
I B LA A 24 5 A B e 45 I 7ok 295
AL H R B B 2 (4) —3 (12) (3R (16) X
(17) 2 (19)—3k(24) ,
2.3 AT EER
2.3.1  SEEFiEE B bR

S 8] 0 7 TR — A R B (R ok 15
min) B E AL I I HEAFIEIE, 7E H A L b iR
SERIHLLL 1 (A LR 1, AR 557 1 KOG £ 47 15
min R I U B4 , 16 0E P R sk B A O 22
B TS R BE KOG i TR B 1k B T 4%
B BRI H R R T DR e R R FE
HR/Mb . S T4 ES HLLL 23 b % R 3 R 4
b SR R AR L ik 5 WL s g S R AR
BNl B,

J
min FAps = Z CApsAP:)P:;J (31)
“

e AP, R HLAL A ¢ 15 B T H P
FE R B S N R R, TR OR O AP, =
‘ P]{.;,;real _ Pﬁ,thour‘ + ‘ P][.)’,lreal _ P][.)’,lhour‘ , /ﬁ\ th Pﬁ,[real .
Peret Ay S A LA J AR SEEHE B R A & B TR
FK )2
2.3.2  SZINE R o A

(1) RGEYPHVHLIR,

J
Prcal + Pz(:zzl + z (Pf:lmal _ Pj]{,[rcal) — Pittil (32)
i=1

w,t

A P g ST o XU 77 ¢ B B 9 B
I35 P RSP oG AR S TE ¢ B BE A VR
J15 P SRARAT 1S min Y ¢ EERUR
(2) Sk BE 45 AT 25 L oty A8 47 /K i P
A,
Xow =X, (33)

Ao X0 Sy H R 2 28 S i 3 B Al S
i FOKEEAE K, 3 (33) AUHE 24 K B J5 — AN
BEFARIR B 1A, A3 H 38 177K T, AR 2
HLE R — H 9 IE #3217

HAR LR 400 5 H PR EEREAR ]

3 EflSH

3.1 EflEA
SHERERACERR S RGN TR, 44
Rk 31 ] o R E 5 e X X S i y R Gk
A2 1] R B 3 3 G 040 B I XU B A
TR s A BB HLZR N 3 300 MW, KR iC
2:1, FEHIH 6 FHRHLBERE R 3 00 MW [
AR AR AL AL, SEHLZS R 1 800 MW, £
o [ EL T e A A 25 e T I B LA SR WOk LR
L AT7E 10% ~ 100% 14 B4 X 1] P 3% 22 4,
ERSENR 1 Frs. 5 FEORAETT ARER 2 100
J6/ (MW - h) | HLZ 7 8067 8 3 1 A 2 508 700
JO/MW o SCHURGEL FIDEAR A FRT . B P L SE i
MRS R 20% 5% 2% , T BRGNS
PR3 BN 3% 1% ,0.5% . & 2 Ky ZHit[a]
ROBET KRR A3 Sy X 6] . &1 3 S Z2 ]
RUBETR S0 T s R [ 4 g S ek i) R
ViFE HRT L H P SEIE 3 AN )RR B R X0
IR EI Y (SRR R AW RN 3

F1 HERESY

Table 1 Parameters of pumped storage station
28 Kl 24 ¢l
P /MW 15 n! /[m’-(MW-h)~'] 780
PY o /MW 300 X, /10" m’ 2
Py i /MW 30 X, 7107 m3 1.06
Py o /MW 300 X /107’ 4.38
nf /[m® - (MW-h)"'] 999 J 6
§3mm Hafwgn = 12007 H A
@ 2000} 5 600t /\
= 1000¢ = 0 . . \ .
g 3000y LndTH E 12007 | WA H
Q- 2 000 W %?— 600}
= 1000 : . R 0
; 3000¢ 15 minfi iy = 12001 15 min i TR
5 2000..~_.X¥H1ijrd_ﬂ__ §§ 600l
= 1000¢ = 0 . .
0 6 12 18 24 6 12 18 24

i 1) /h 1) /h
(a) WUHLH TR X ) (b) JEARH I T [X 8]
B2 SEERETREFRLKD BN XE
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and photovoltaic in multi-time scales



125 B A5 K- R R R ) R GE 2 I ] RUEE B A i AR

2400

2100}
21800}
>

S~
=
& 1500

— H AT
—— 1 hif 5
—— 15 minfi

0 4 8 1.2 16 20 24
I 5)/h
B3 ZEEIRETHERIEA
Fig.3 Predicted output of load in multi-time scales

1200

900

R /] |
D[ X T _t EHLAE HZH]
ARERE A | | oEe ] || st sk, |
N g [T bk gk R 3R,
P % — PSS UYL & A B TR
(HRAGTINT 0 | [RE= T HAR |
EHLA | HEIAL | et RS |

5 miEty | itk 5
LHRAE R |
| ROEHAAE] |
! TR ) T AL D2 |
[FRoRR ] | |t i A _| it !
L FER FEHAET AP NGRS |;
! e | [ BRAEUN R E AR H AEIER i s |
| (S py | (BIEEAET g
: BN | [REDFETHAR| |
IR | e P AR | |

HARE frhexs
| JOGHIAE] |
| [SET L ) A AL AR ]
L [) ot B B |
o DI HLAL GRERAR | |
| [erpeiR ]| | L !
Lcmmu [ 5 AEAE ) e |
e ; I T g s HEAT |
| [t KT aE | |
: | [RGIEFHAR.| |
S e B TRAR | |

RO

& E AR
AL

4 ZRERERERE
Fig.4 Flow chart of multi-time scale dispatching method
3.2 HEEIKAE
PLE AL 1) 8 e 0 5 1 22 B UL o i 4

An g, TR BRI HAT AR A L R AR R
BERBOR A R, PR BE, o 1A SR AR Y | 4 oK
FR AR5, S R kel 4 [ 1 i A7 28 1 b B 48
1E H TR EER o S B MLAE T AL 1T,
ML, 3X 2 A Zou s AR i e FUA A R 4 itk
T, w LA S| A BT i AR s R 2 R0 H AT 4R ML
WL RLE L R, B e AR R 1O,
WAL, =0, T8 e ML 23

0<I,<I,

I<I (34)

Lozl +0 -1

[, 1707, ] e 4 Ry Ze PE AL 24 o0, DT A2
F(2) I BRAE LT, 3% AR T 5 Ak O TR A 5L
MR [P B TR A . SO 3£ T Intel 2.6 GHz L
Ak B 2% 8 GB Py A7 1 A A iE S ML, 1 H
CPLEX12.6 Ry #4745 1 BEASE R A SR i
33 SZHEREAELERSH
K5 Sk Zo ol ) RUBE DM ) B 41l 25 F ol o)

S50 EIRR T — KN 6 S E VLA A&
IR K K RS W R A AR ARG B . DAL S ]
VB S ML AE— R A A A B3 (1 B —7
i, 22 isb—24 i) dhoK, b oK 2 R 2 AN W v 7R
fof e DS 4T (8 B —21 B JilcHEL , K PR AN
R B8 B AR A, i E ol Gt ki
14 872 MW -h, &tk FEHL & 19 047 MW -h, i &
MLLEL 8 23 F1 25 A /K 2 H 4 45 1 3R JRL I 4 A K
PEREZS -4 o

2500 15
2000} A
1500} g

B 13 =
1000} >

= 500} 15 g

0 : : |||||||| 4
— EMALE S W1
-500 — g
— LK
1000b————
0 2 4 6 8 1012 14 16 18 20 22 24
I 6] /h

5 HMEENFAELR
Fig.5 Dispatching results of pumped storage station
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A multi-time scale coordinated dispatching model of wind-photovoltaic-pumped

storage zero-carbon power system
ZHAO Xinyi, XIE Jun, ZHOU Cuiyu, XING Shanxi
(College of Energy and Electrical Engineering, Hohai University , Nanjing 211100, China)

Abstract ; The volatility impact and insufficient level of new energy accommodation brought by the high proportion of new energy
connected to the grid have become an urgent problem to be solved under the background of new type power system. Therefore ,
based on the characteristics that the increase of prediction accuracy of wind, photovoltaic power and load improves step by step
with reduced time scales and the flexible regulation ability of pumped storage plant,a multi-time scale coordinated dispatching
model of wind-photovoltaic-pumped storage zero-carbon power system is established. In order to minimize the cost of power
generation, the power generation plans of day-ahead 24-hour, the intraday 1-hour and the real-time 15-minute are established.
Through the coordination of multiple time scales,the wind power, photovoltaic power and pumped storage output track the load
well, thus revising the power generation plan step by step. Taking the wind-photovoltaic-pumped storage zero-carbon power
system with 6 pumped storage units as an example ,the simulation analysis shows that the proposed multi-time scale coordinated
dispatching model is conductive to reducing curtailment of wind and photovoltaic power, and the ability of power system to
accommodate wind and photovoltaic power is related to the installed capacity of pumped storage plant.

Keywords : pumped storage plant; new energy accommodation ; wind-photovoltaic-pumped storage zero-carbon power system;

multi-time scale coordinated dispatching; prediction accuracy ;power generation plan

(438 )



