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Multi-objective strategy for deep peak shaving of power grid considering uncertainty of new energy
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(1. Nanjing University of Posts and Telecommunications, Nanjing 210023, China;
2. Control Center of State Grid Anhui Electric Power Co., Ltd., Hefei 230061, China)

Abstract: Under the trend of large-scale new energy grid-connected consumption, the random characteristics of power
grid new power generation and system peaking margin need to be considered. Firstly, according to the non-parametric
estimation theory, the stochastic characteristics of the new energy output are processed. Secondly, based on the deep
peak-shaving process of the thermal power peak-shaving unit, the operating cost of the unit is analyzed and modeled.
Then, a multi-objective optimal scheduling model considering the economic stability and peak shaving flexibility of the
power grid is constructed, and the multi-objective power grid deep peaking operation optimization scheduling strategy
considering the stochastic characteristics of the new energy output is proposed. Finally, based on the multi-objective
solution method, the power system of 10 thermal power units and the actual grid operation data of a certain area are
simulated and analyzed, and the effectiveness of the multi-objective scheduling strategy is analyzed.

This work is supported by National Natural Science Foundation of China (No. 61633016) and Project of State Grid
Anhui Electric Power Company Ltd. (Key Technologies Research of Corporation of New Energy Consumption and
Coal-fired Unit Peak Regulation).

Key words: new energy consumption; random characteristics; deep peak shaving; multi-target

0 3l

F B AL T BE T 190 1 4 ) P P R P U
IBATRACHIEHT TN, K2 A AT U RE H R B e
PSR Ay 4 R R BRI U LA H
Syt siems ), 20 T AU L R BE R LR
SRR L KB TS T s, I H R

HEWB: BRAAAFALT ERE T8 (61633016); B
W 244 W ) A TR 8) PR B R Bh (B AR TH 4 5 R EALAR R
0 P FB) R AEH AR

JEIEIEAT MR ARAL AR, R HIFFTHAN HL MY
IBATINGBFIEREAT T ot S ieAe, A8 H B sedin
2R B ORI T (R sh Pk s ™ B 0L b
TN 2R L VA P 73 BT S 3T o

MR F E H AT R gk, KB AR
BN ROAESS, TSI AT AL, R
T ATLZEL AR RRERE R A5G SR T 3825 U e 7 A
LT AT WAL R 2 PR 2 H . SCHR[2]3E
Ao ARG R AR TR B L R S e HE T i, kT
HY T HLR KR LA S W0 LA 2 e s, T
SBITEAT R T K AL o 2T 5. 3



Vg, A5

v KR RS BE AR ) PR VR L 06 22 H A SR -35 -

BR[319% T — Ff AR Al v P A7 IR & 2l A S5 I i
Mg, AR TR P sh AT e, 52T Rk
ML 2% I B H ) 22 LURBLAL I B
THRISENS  SCRR[413 T R R et
SERI R 5F T BT oA sems, RA] T S AE i
(DR SESAwrS SEx VR r i PP L2 b e
TG BERCR . AL ZAAE Tz SRS
D RHALGEA T B REBHE A ML, X1 H ke
BRAL B RS T W T 2 ) H R A N, AR gk
I35 i JRE S e afl ALK

I HLF UG AR EUE PR - W 7 20 2 £ ]
B, LA ANEA IR P U Ve T s LA B L Y
(0 RAG PR g 2elE, A GIR 28 5 U S SR ot B
P A RG], Fe TALSE R M SRS,
Sort XL GG R R A A G AL . SCHIR[S]
R8T H AT KL T 7 (BRI e AR, i
DI ATAE r+1 I BOXCRLHE T 52 B (1 0T 22 A
TMME IR ZENG DL, A3 T F I e e 45 A P
Ko SCHR[61W 2 7EAL Grae i i SR (R BEAl b, X
HL I PR e 26 T B A R T IO, T Al e A
(IR T 26 P LT R I R) 7p 1 2 ST AR A
TFLIAG R TR AT A A A LA 2 5T
55 AN ) AR SR 2 TR LAY R R B X
AU o SCRR[7 1AL LA 73 A1 e B0 RE I 3X
BT REY L ) TR (AN A7 FOCMIELIE A TR 4 A
R U 5% 22 38 1o A5 7) e B PR REE 2 i N 8 ] LAY
HARBRECT, Jott T B SRS . SCRR[S]RIAE L2
N T HUBTREVE HH ) FIIN R 22 5 S R A8 51 i AT, JF
HLAE LR E IR 1 HL P80 XU H PR FL A, 4
T BB K SCHREGZ T SIS KU 2
HOH DR 1311 RO H o R B3R T 50t

gE LPTA, TR HT BRI I3 44 F HL A
P RESRIRBEST, A BRI 5 R T H R A
DGR NP R S IR E S REX I F St )
ZERFYEVEAR BT, b K L LALAE VA IE AT 1
FEMTARALITIT. JOBNIAERIEL R, EATF
PR ABOS T AR RERERAS, I HLit LB g
PR T TR R IR AR ST UV AR S th o 2 i 5 8
PRIt H AR A K AL LA 2 &
M, AT 275 E&FTREYR H I BEHURA PR R L R 22
R ATLZ R FE R A A SR

1 FheeiR L D REA AR IE

1.1 BT IESEMEITRILAE S i X
AL ARG PR A3 DRI
B DX AR AR I AR H ) R BEAURFED Y, LA

kAR,

> TR

7 _ w
fy=—— (1)

L NRRBFEARY: HC) Rkt —dl
HIROAT iR T ARZ R B = A A% R BRI S0 R B4
X, BRI EIREAR: wRoRa 9

& ORI R % AR, tnX ().

AP, :PW,real - Pw,pre ()

e By g RACIRSERRH I Ry, RSOGAR
T M. B AR, FoR B 2GRS il 5
T H AR FRR 2

SRS Iy B FREAE 5 EEAR S K202, A
R AR H g B TN % 72 3 B L ) KT I AR T AR
o TRROGARE T2 Z2 AN, FEREAS X IR A R
HEAT PR ZE (I GEvt o3BT o R T-He— 2 i I X ]
S, 5 TPREGAR tH P R 2 (N % B R R R Ry

> AR,

— w
S8R == G

X @ BAKIVKEE: £(AR,) Jm % 5 B 4,
14 K T 0 8

S 6 R 0 358 2 A 2 2 0 B 7 A
I3 AT LUAE MR i B A B B F () 3Eri,
¢ ROl TR 2 BN . DGR
UK Py, 6B 1 - a F OB ) o gl 28
@

[Py + F (@), Py e + F(ay) | )
A a=a/2; a,=1-a/2; F()FrEPMES
AR F () M PR EE

R EPTR, THEEGAME - a TSR Ty
WX TE) 43 = AN 5

1) 1 5E Py e AT IGAR H I TR X 10 S,
1] PN 5 2 O 5 2 i 2

2) B ATINS, FRHGAR I PR 2= 1)
YL a, Fll ay s

3) Ja ek 3 (4) T AT H TR 5 X 1]
1.2 RAKBEHFF IR

FEARSCH T BLEF R GAR H 7 3000 X TR) A4 B
R TIIBENURENE,  RIEAE 2 H AR B R B A0
AU SRS 0 2 R AR HA 7 B ALk 1) Ak B 4
W IR A R e R

1) & 5648 A Al e Pk s AR H e ) A 2
AR TRIEISA T AT, AR AR



-36- @A &R B R

2) HREEG AR EAR FE G AR H O Fiem X ],
MR E LR T X L 1P 45 T W AE A T SRS R A T 45 R 43
LIRS

B B AR T T A WAL R G AT B SR m& A A
G S vnyalE S ) - N i r& 7 W N M T s | et i
AR T X TR, o X a) b PR 1155 T &
22 ] T WA P RN, N3k G v e B B )
2R G R T M B HL A da X Ta) BRI e 19
PG T, AVE N R RIRFE RN,

2 KRENBESE5EREREEITED
2.1 HUEEHITRE AIEEITEE R AIEE

AR F SRR [1 7777 BAAS 31 Kk 1 ML £ VR A
WEIZA IR I 2 A i, an=X )R (6) s .

C=Y 3" Cou(BI, (5)

A(P,),P, <P, <P
A(P,)+B'(B,),B <P, <P,
Ccost (Pi,t ): ’ ‘ ’ ' ‘ (6)
AR )+B'(F,)+
C,(Pi,t) + D'(Pi,t)’Pmin < Pi,t < Pa
e 7 RTINS 1, R LA e 5
W&, 1,=1 FZophAEAT, I,=0 FmPLAEL;
A'(P,) oS HVHIEFEAS: B'(P,) oL 75 it b
A C'(B,) RoaHAMFERNA: D'(R,) F/n ikt
A PONHLABUE S & P, AN &/
AR T15 P AN B A B S AR BR T 5
P, WALV B PR e H it AR PR g

b T HLALRIEAT 2, ZENLALTTFALES HLE
SR, SR AT H) IR,

C o = k, +ull- exp(—]:)ff,l.,t /7.)] (7)
ek, Alu, o5 0 S ML T LI IRRERE 5 2
Ty, A7neh i GHLAAER B s 7,
LRoNHLZL VA B TR) H B

KA HLZ RS TR 2R, 7ESERa &b
o] LUK R4 T ik, ALZHAS AL )k Ken] L e A
Y ash s, LAl B ) AE— e I TRy ] BLA K
ARJRE, KA. BIFSBeE N AR, T
DI BN BV P A n = (8) s,

C, _ Chot,i,t Moff,i < YZ)ff,i,t < Moff,i + T;,i

“|c Tpr>My +T.,

(8)
cold,i,t off it off i
R: Gy M Cogy, AIHLAL IS, V1203
)EH; Moff,i %%%*ﬂiéﬁl %’J%%HLEH‘I‘E—‘J; T(‘)ff,i,t ?%ZT—\‘*J_LQE

i FEN B CUENLININ B T, o IR I e

BRI, A BRIN ) A R GER LA AR I A A S A
] RO
C=Cy XN =1L, + (=1, 01,) ©)
2.2 NIES5REIPIESITIMEKRZE
R BEIEAMERL RS TT LLE SON A IR KB
R BERIEEE AT HL R e LLAME N M A5 B AT B X i it o
L 0 R i X i 0 Al 8 Al 25 11 33 R (X
A7) A, B2 K RIATLZE A A e R i by HLAE
FHEI 50%. IREEMIESS S R BR . 2 LA
U200 DUHLAL SRS Sy S — AR XA, Bl
G R Mg, e N — BRI AR T
PR o HARG AT 2R S AR LRI 1 s
1 R XREIFIERS 2 HEEN X8
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service in a region
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Fig. 1 Flow chart of multi-objective solution method
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Table 2 Detailed parameters of thermal power unit
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Fig. 2 Typical daily load forecasting curve
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interval at different confidence levels
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Table 3 Comparison of simulation results
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Table 4 Comparisons of operation results with results 1
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Table 7 Comparison of peak-shaving margin value
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Table 8 Comparison of peak-shaving margin value

with increasing new energy
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