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Abstract: In the context of large-scale wind power integration,
to promote wind power consumption, the peak regulation depth
of thermal power units needs to be increased urgently. However,
it is difficult to obtain reasonable compensation resulting in
insufficient enthusiasm of unit for peak regulation. Therefore,
the deep peak regulation capability of thermal power units is
analyzed firstly, and the segmental function of peak regulation
cost for the whole process of thermal power units is established.
Based on the technique for order preference by similarity to ideal
solution and modified disruption propensity index, a deep peak
regulation compensation strategy model aiming at the maximum
relative satisfaction is proposed. An economic dispatch model
of power system with the goal of minimizing the total power
generation costs of thermal power units is constructed. The
results show that the economical efficiency of power system is
improved by deep peak regulation to a certain extent of thermal
power units. The operation costs of thermal power units increase
sharply after deep peak regulation with oil, and the profits
are lower than that of routine peak regulation, so additional
compensation is required. The proposed compensation strategy
can compensate the units according to the minimum profits
with the willingness to participate in deep peak regulation. The
enthusiasm of thermal power units to participate in deep peak
regulation is guaranteed.
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Fig. 1 Peak regulation process of thermal power units

P T TP oo P Z B, LA i2
TTHER FORERY B o R 3R, T Kok
BLAL S T3 BB AT N o8 2 0 AUHL, SR ALALRE )
FP P Z IR, RIS HLZL A TR B I R e By Bt
LA AL T 1 R R By BE R, DR UE— PR
P, FEXTHLA A TBOM B, BLR R KR HLLL I )
TP FIP,Z ]

1.2 KENEERERERA

D) BEAERA

TEAGGE VR AR v, R HILAE T o AL D 7y B 1Y
MEFERUA LA IR PR . TRBE TR, 27 XK R
SRS, DL ERE AR P T AR Ay 5 R0 T 06 o 5 ) A
A, BAREIRANT -

C, =aP’+bP +c, P

KA a v b ¢ AHINATEITE G K E LY R g
WFEMAREG P, 3R K HHLALAERT 2 H T

2) FFERA

ML AR VR B, 76 3SR N 1R

<P,<P (D

i,max



Vol. 5No. 5

SBIEE, F: —METSFEZFRRERIE MR 421

MRS T, R LG 4 Ja 2 7 A AT 8 55 40
FERUTASFE, MHLLLA AR, mbLLlEsT
By 5 25 . % Manson-CoffinZA ORI 54
TR TR B B LA BRE AR, Ry

AC.
_ i,unit (2)
2N((F))

ilife

N.(P,)=0.00577P’ —2.682P" +484.8P —8411  (3)
AP AW K HLAE L PRI 4T i FE R 8, Hl 2
Ao < Aopro s CramcH K EHLAIGHURA: N, (B,) J%h
TEEAER IR -
3) B
BLLLE ABEM R IR 0 I, ZOR ) ik — 2P I
i MAERFR I FUKE I 2R GRS E TARAE KT,
T LWL A TR IR LA GRAIE L 22 49817, AR
™K
Coi=0 0Sa (4
K 0, A KHHLALALL T DPROBY BLHT 1T FE 1t ;
N E RS
Zi b, KM FBITRE T AR,
A AL BABANTR] TR A 0 B iR
Cicous B <B, SE
C,=3C u+Coir P <P ,<P,_. 3
Creon ¥ Coie T Cis By <B, S B,

HLA FE ADPRIBEIG VRIS B AR 2 Bl 1 0% FEE 1)
W ETF; #E ADPROM G, M T IlAE A iy 48
hn, ML RAZBESR ETF,  dhek REcdn &2 .

B2 AEBHAREERE

Fig. 2 Peak regulation cost of thermal power units

2 AEEFRIAIEMEEE
21 iAlEE

B K L IR AR E A, HOSAS AN 44
i, MEREALAL = E 52 S IR R R E . K HLLL
HATES 5 TR IE I AU A A T R0 0 1) Wi 4

i, AHS SRR Kl e EDTER
™A
M = R — RE™™ (6)
s R IR 3R KL S 5 IR TR
HILJ PR
[ 24, JXURR b A R TR L IR0 52 o LU LR A
ai ORI A 2k A WU giAg E stk
MY = Rw,aﬂcr _Rw,bcforc (7)
e R AR R AL B 5 TR R iy
Je RS o

2.2 *MERESRYIREE

DP (disruption propensity) FE#r" H T & &0
THIAMEXT S 58 WG T, S5 6EERERN R
PLA XTI 5% FHAME SR i ) F2 s . HAR i U S
H5HEER AR, SHAS5EERNBURS B S
PURME, BARFR N

z W/' - vn/i

d, = —— - (8)
St wo KPS S TRREVER B s vk K
PUBLALA 4 5 SR R RS s 2 FR K
WL LA R BE VIS HAB LA A A0 255 v,
TR HLAL Y S 5 VR ISR, FLAb LA 3R
BRE s nh B SIRIE R T AL,

MDP (modified disruption propensity) FHHRIEX]
DPHSFRIGIETE, #% K HLHLAL i 5482 15 VR BF I e
b, FCABHLALI TR SHLAL i B0 0 HOfi.

> W, =V,

D= 9
"on-1 w, =V,

DFEME BB S WAILLE X S 5 1 P R UG T A kM2
W5 B R, AN 1R o

& 1 MDPIEIRE (B 5

Table |  Analysis on cooperation tendency of MDP index

FEIR{E BX
D>1 ML B0 THEL 2 5O g
D<1 B 10 T2 5 TR e

2.3 MEREERIEXSHERE

4 REE 1 (technique for order preference by
similarity to ideal solution, TOPSIS) {E~h—FhZ Hipik
WhHL, wHTZhEEMLE. HTOPSISE R
AT A HLZRAS [RI WS 4 43 BC SR W O AO T 2, A



422 ESSE

REEXRY

HS5E S

T SR A £ T8 5 e s O MAC i 2 PR SR
1) Wit o BC S S 2R RO o

W“ le Wln
w=| : oo (100
Wml WmZ Wmn

Kb moES 7 BRI RP S5
2) FRAR 5 G FAL A R R
w*z(wl*,wg,...,w;) (1D

w_=(w1_,w2',...,w;) (12)
K w =max(w,, wy,, ..., w,.) s AL i 7E m Al
A iR KA w =min(w, wy,, ..., w,,) s N

HLAL i 75 m TSR 23 FC A fie/IMEL

3) KRG .
+ + o +\?
R = flw,=w' || =\[X(w,—w) (13)
— — n — 2
R, = ||wj—w || = Zl(wﬁ—wi) (14)

Sofre RAIR SSRGS NS ) 5 FAR A 573
RS S ARSI A RR B B . R EAR/]S, SRITAME
SR j AT BEAR AN, BT A HLAB s R
N, FRWIHMEE SRS j B T B AR, T A AL
AN R o
4) R R
Iya——— (15)
R +R,

A 0SM=<1, MBI | R UM HEHS i
PARAMELSR MG, T A HILLE BOAR O R R e s R,
P W2 SR e T £ B AR AN SR, A HILZEL Y
RN T AR

2.4 BXREMHESEMERES

A CAETOPSISIEFMIMDPHS 5 9 L6k b, DLiig
s AMEoN TS 5, HE S ABR RORF i 5 B2 ol E AR Al b
PR mEAR Y

i w, =W, ’
max ’:‘( ) (16)
NI R
o< L Wow)-vi
n—1 w, =V
stim=Yw an

A w RORHLEAME S IER . WA A LR ER
5w Rl w BN R LA T e 1252 B AME IS i B/
ST INIETE

AR SCHR HR B RO A A M SR 1Y BT HBR
ABRAT

1 MRIEMDPIEARIE X, 2 D, =11, A5
B AR B R H2 32 1 e /MCaR wy I A R ME2 3R
W AR Ay T BRAR AN RN D, DA R A R ML e/ N Bl A
Wsr W= 3w <

2) EXRGHAHE ¢ FRTEITAPLAIE IR
BT, REAEH WA . BALLH SRR Sl e
w RIS ES W, WIS, e=W -,

3) THH A& HLZE AE BLARRE BT AT RE SR AT 1Y
RUCAE ) CIHEIRE B9 2 SR I R Dy BEAE A2 5 )
wWo=w +&o

4) fehs B AR R S AT R AR A AR L
FUISERY, 5 BEAS 2 A A7 BILAE TE AR X0 2 B R R 1Y
W, RIS R G0 A R AR R it 55 R WA M2 SR

2.5 EIEHIHREREEME

e EBLA BT T, PR B AR 5% 3 S TG
SRR BERIE . TOEERIRE I E LA T R KT
TR B PRI FEMERS A TR B IR 55, & T AL R H
LA LS5 . A VRIS HLAL 3 sl ) 2 67 far
TR R SR

AR T RTAILAL AT — o T B M L K
AL E 32 5IREE R S5 . Y0 EUR R R g AL
by FER BB (R Iy XNAR AL . BEAL
L PR TR L 3G I AN, T B E AN DX TR A A
B, ange2fiR.

x2 REPEERBEXRMN
Table 2  Stepped quotation of deep peak regulation

Rt TRABE _?Em"FI?E _ _?EMJ:BE _
L2 /% /(7T - MWh)") /It + (MWh)™)
Hi—H (0, 5] 0 100
oY (5, 10] 100 200
=AY 10, 15] 200 400
BRI 15, 20] 400 500
A 200 | 500 500

AR B TR R T S s s AU, K AL
TR LR I 55 Bl TR 2R 8 Sl TR B VR e IR 55 2% T T



Vol. 5No. 5

SBIEE, F: —METSFEZFRRERIE MR 423

AR (18) Fl (19) For.

W, =ii(gﬁ,x5§,) (18)

k=1 =1
N
W=Zm 19

b w S HRE R KRR RS 28 O,
B AR S RS T ot Be sl A g s S), LA ifE
SRS T B AR IR s k=125 WHRGEIRE
AR 55 S -

TRIZ G e 55 B th 52 5 I Be AR 2 5 R BE TR e 114
KRLALA AT AL #2545 B9 g i LA A 7 2044

b it
F:',t =Nb—N“XW (20)
i+ 2 F]
i=1 i=1
pv
Y Bb+> Py

R FREY Sy IR RS S TRV K LA
UKL ML S S O TR IR 55 200 P2 il P 4351
R SRR T T RV AL L BLZLAT
LAY 75 NORIN, S) B4R K 2 1 VR TG
LA HLAL R

3 ETREFENENRFRFHEERE

BEH XL R RUEIE I, ST 22 AU, AR
it 2 5 R HLZEL R TRIIEE TR E o JC L ATLZ TR 8 i e pl AR
P 2%, BRIEFEINAS SML % B 1B 1T AR AL
A BGHFEAS . FET LA B, ASCHES TR
PR AR R, DIGIIER 1 RSB T2 5.

31 BirE#

TE R T S ) RS R R g s AT YRR T
A KPS 2 5 R, AR HLEH S S5 TR
W ORZEIENLAR 1), LAA BB N K LA B R
HUSA /N bR, MR ) R IR R

minC,,, = i i C(R,) (22)

t=1 i=1

s Cou M RGBT A THHLAIAZR ] N
HZ PR K RHLEA R P AP vt BE
J15 C(P; ) KAV TR P B A FAS

3.2 ZRFEMH
IDRVIES i AP o

P =P, +2P, (235

Ao B WABUARBTRSR I P, A B S
B LS.

2) KHHLLHIRA R,
RPRBEE:
B.wSPB,SP,, (24)
DPRFE.:
B.a < R,/ < R,min (25)
DPRO B :
B,SP,SP, (26)
3) K IPRA R,
0<p, <P Q7

Kefre P AP 4353 KR H ) A SR AE AN T o
4) ez .,

P,-P, <R,k (28)
P, -P,<R,, (29
A R, R, MR ACHBLALIGEK T L
e
5) f AR

load

.
> P, +P,-B =P 30)
i=1

b PON RGN, R 5%.

6) ML L ELIR
-B..SP,<P_ . 31

Je,m

Ao B Rk RAAETIR.
3.3 EEISRERSE

AR K L ALZH B8 WA RO AR e S AN T 2 1Y) 3 B
RN EL, PRI AR SR A A b B e 5 X AR pR R
AT BEAAEAC AL ], R, BIA=A0-1786 K7
KH K 53 e K L HLZ AL T BRI U L R4
THIUR JIE 8 WA RIS R B I 0 1 RS, sl (32D B
7Ny J T BRI ) U A R TR S B A A
FI) [ 22N, R R KA G AMS H TR A 2 8K
28] (mixed integer linear programming, MILP)
XY HEA TR A IR A3 7R o

G = (K" + KT+ KT,
+(K K +KOC (32)

4 BHISH

AKX S R Ge o Bl RBAT S & KL,



424 ESSE

REEXRY

£5% %5

#

Wi G REBNA. 26 EFEI4. 165/0EE
BLAL, K EHLALPEAN S 500 SCik[22] . e B 4L A
SE L J55% . 45% 5 35% 5 HIVE  H:RPR. DPR
DPROMY H S FRRY™, 25 HLALIE g RE 1 dn il 4 7R
MLAL S PRz 17 5 FE 22 7 DPR AIDPR O [ B 43 51 B
127115, REBVA . TEEEIA. NEEHLAH
Y& A3 90 R 3646 T0/KW < 43947C/kW . 4863 IC/KW,
FOMFER 9 4.8 t/h. 2.8 t/h. 1.8 t/h, JlHH6130
JG/AR R TR B R A 4 1 0. 3 76 /k Wh ATl
0.5J6/kWho

JE s X R 372 HL AR 51000 MW, S BUZ ML X
PN A 2R LR ) 67 T SR B RURRL s ) TN A, an

ST

A A HH g B S o SR
i IR % I S

i

TR RGBT A
I/ A EBEOR

i

XA AR T
7y B AL B

i

FIANO-1 AL AR &
SRR R R

i

JA I GAMSHR {1 3Fe fig 152 2

i

TR I I K LAl
5 W5 i A

HLEH & At A
Rl = A Pk 24

XL AT I K
T T LR

B3 EFRARNMIBARSGEHEREKBREZE
Fig. 3 The flow chart of power system dispatching model based on
minimum cost

COPRP |
[IDPR
EEDPRO -

500 | -

i QQ

PLai4 BLEdS

600 ]

N
[=3
=]
T
Il

[}

=3

=}
T

PHERETI/ MW

53

S

(=]
T

1

0 1 1 1
ALl HLEL2 HLAL3

L4l
B4 AEVAREERES

Fig. 4 Peak regulation capacity of different units

2500 ————————————————T———————
mmm%
g
2000 |- i
=
% e b ]
?i,:g 1500 - o .
*E - »
= 1000 .
R
?{3 ................................. s
-
= soof J— e o
0 1 1 1 1 1 1 1 1 1 1 1

t/h

B 5 SRR KR H A

Fig. 5 Load demand and wind power output forecasting

41 TREBEM XA A RS

ST K HE ML A A [ R S i JRU R P 90 4 15
LR RGBT A IR AR, o = A s A
HEFTSR St -

Wl A KA S T o R 0

562 T AL AT R DA AN 48 3 O
JE I

53 A KR ML AT 5 LR I . RE8 R
JEE RGNS T TR 0

MR T RGEMFAE AR s KagoRliE
XF LA 6 BT, AN [R) K FATLA 1 LA g AR R i 2 2
BT »

XL = AN sen]

1) B RETRBE YSRGS BER] FH 35 i
B, M60.24% ETH41187.37%, Z2iH4NIAHLZ)4328 MWh,



Vol. 5 No. 5 SBIEE, & —METEEEENRERIELMESRRE 425
= R4 D VT B 6 A 37
St 1% T ASCHLAL B>, 7 A SRR e

8737%
1500 |- 77.2M
470

60.24%

1000 —

= Bi= BEN Wi

RPR DPR DPRO

Bl 6 AEIEERERGHBARKH

Fig. 6 Costs and revenues with different peak regulation depth

W
(=1
HEERI /%

1
(%)
1=

TR 5 e/ 5 7
g
T

B 7 AEIEEREVERFE
Fig. 7 Net profits of units with different peak regulation depth

KHLZ) B s B N1 £49216.4T7 I

2) HLZAZEDPRE Bl 4 K it KUHL il XU i 4 4
e, HLE K LA AR R, RS A
216011 TG .

3) RUE BT B RS TN T 2R, (HH
TRAEPABIME I T REM A, (I3 RGE1T A
BESRAR S, SEOGRGUAFIIE ST L AR I By B B g
VAN IR > 2497975 TG

4 BT, KA AR, fE
AN TR 0 B B I (R R AR AU AR, (HHAB AL i
I Bt o R R P 3 i 9/

4.2 REBEIEME

D iz
A IREE VR TR AR B B AR A
RN AR IR ELR MRS, ik L R ERS %

XFEE, FESBI B b ERER FHALZL B RE H AR AR Y
ks L RRBEATAME:, ANFREAT T g5a . AMEEE AN
FISFIIEI 9T 7 o

&3 HMARBRN
Table 3 Quotation of deep peak regulation

s TRAE RN TR i ERR
(=L _ " _ "
LE2/% /(3T - (MWh))  /(JT + (MWh)")
e 0, 10] 0 200
oY (10, 20] 200 500
700 T T T T T T
@ RPR
600 - [JDPR =
O hismtkiriees | |
‘E 500 | | H
N
:g
= 400 H
&
g
=
‘E 300 H
iﬁ L
Z 200 H
W 1] “

(=1

BLat1 Bl BLa3 Ble4 BLes AL
HLEH

B8 miAMMmEMEEVIADPREFE

Fig. 8 Unit DPR profit after market quotation compensation

800 T T T T T T
i [ RPR 1
700 | 1 DPRO R
O him itz s
o 600 R
2
£ 500 - | H
-
ﬁ 400 ]
=
% 300 |- H
=200 H
Ll |
L AN m e

Bl Bl Bl BLea HLELS AHY
PLEH

B9 TipiMME/EHADPROS FiE
Fig. 9 Unit DPRO profit after market quotation compensation

2) FRORAHXH B AMEE o
JO7 AR SCHR H A MEHSERL T 2 55 R I e 1) JC Ry
PLARE A, AMEATER I 10FIE 1 TR .



426 SEREEREEN HS5E S

e R — B FETTEHRIMES T, Zeid AT K L ALAL I

anl =L U T4 BUIA UG BT, FLMILL T-DPRBYES,
o < DPROMYBL RN/ H 2, B J LA B fidi 5 5
= f = [T VREEIE . TERTHRAMEIENE T, LALALD J5 45 % T
T ot - LIRoR A5 K LT 5 XL P 0 R 2 50 DR e
g0 | OB/ RS o B KDL AS MM 2464.6 77 7.
= | S AL M 2059. 177 76, R BT AT HLALRIE
= 00 I SIS T3 R BRI, R gt

IW{HW(HW | HUBLATA 2 T2 R .

(L Hj}(ﬂwrﬁﬂ 1 3) JHERMERT L

BLALL  BLA2  BLALS B4 BLALS o8 T G AR R AR 7 B P AR
flt XFt, SR MER2AME 3R .

B 10 SmAHEIMTHEEEMEEHHADPREFE

Fig. 10  Unit DPR profit after maximum relative satisfaction
700 T T T T T T

I —=— RPR
800 T T T T T T 00 —e— DPR
B2 DPRO ‘ I e
L o t —v— maxfpfz
700 0 dr R 5 M P so0 L |
600 |- ]
E 1R 400 - i
= 500 4 R
% [ Z 300
I Z 0t ]
% 400 T H
=
= 200 F .
;Jé 300 | | 1
u r 100 F §
= 200 u |
I | ol ]
100 [ L L L L L L
' m m.m ] WAL A2 s Ble flls Amds
1 1 1 1

=1

WL B2 B3 Blad LS ki i

#la B 12 DPREER MRS EE
B 11 SAEMEEEMESHIADPROETE Fig. 12 Comparison of two compensation modes under DPR
Fig. 11  Unit DPRO profit after maximum relative satisfaction
700 : . T T T
—=— RPR

I BLALHET A BE IR BRI . o T i b 0 - T [
AR, R H LB B, i K oo | TR
H LA R ) A A B IR Ve o {11 00 T % ol ]
WAL, ORI . PR oy &
XK L BEA T IR IR S By wb e, XL IR EOor il
A PITREAR, AR A5 BT A HLAL R X o T 5 R R 4 B B 200 |- .
MR, ST LEE 2 2 A 1 i R B 0 ) 75 ol ]
. MR AMESR B KR L R 4TS
MG T4 LT BRI, DR, b BLE 2 T i B R S
’m\*ﬁfﬁ:?mﬂﬁ IJEJ ?TE?@%%{%E%W% i BLe1 PLi2 PLa3 i Ble4 HLALS AL

KB TESM R BRI, i TIlFE A 1y 4 B 13 DPROWEE TR AMEME T X b
[ = @82 R 75 Nk by NI 707 A P N e 3 ) K e Fig. 13 Comparison of two compensation modes under DPRO
W KL PR TR R 0, L R ST A
AR T MR B r (. DR, Bk L ML A 7 e I T HE AR, e R HLZE Ak T R A R e

REEIIESE Dy dE, SO0 2 50 HLAL Ao B, SRR R R M SRS S RE I 2 5 IR



Vol. 5No. 5

SBIEE, F: —METSFEZFRRERIE MR 427

PRI 5 A A AR T R KR R B R o SR mTTE T
YR HLALAS RIS A2 A A L IR Ay BIR o 16 K r
PLAAEZAMARE R FE A BECRAE N M HEAS AR, (R
KL S5 PR R R C I W e o IR 5l

5 &g

BN K AL TS S R, AR &
K RHLLLAS [ BE B e AR Sty b, 7 1 LUK
HLZEL A A B/ N R IR F ) R GE A B AR
FERFGRIE I ) K LA A TR . A3 BT 458 .

1D X T RMUAR KU I o (9 FL 1 R 8, K AL
S5 —E R I AN B TR B TR I RE AR A B 4 I 2855 2L
fi o HTHLZH ) RIS AR AR RO BE I, R IL
AR I, T 2R KA L AT IR B A 52 5y A
LA R S 5 IR PRI R e . ARES T 241
BN, $ R KA T MR BE PR UE K
HUHLAL S 5 TR B IR A o T AL AT B Bl
g, WAV ESITELR, PSR TS A
DREE YA .

2) KEL ML HE ASMTREE IR S, &) SR B AL
AMEZRGENARINE , IFRCh RGLIa AT A B 2 AL
e NIRE RSB TATE, AW KA L
I ABMTREE PRI B By e], - LA/ 2R G0 A FE
BAS o USSR BE R e B Be XU gl s . (H
ARG AR T FOALJHIERT B, o K A L2 A
TR, it L U S B PO

3) YA TP RN, BRI
LERPE THLA IR LR, ok e e S
55 UR B PR WIS A AR RIS BT 5 A TR 2R A B AR X
T B AMEE SR 25 i T LA X R e A MEE R i ] 32,
B ML Z SRR B, JFRERZ 5
Wy FEh k. A SCHTER TR RE N AT K LA AMAAL
Pt —E TR A 4

4 KHEHAS S BRI IR, 77T
SRS A TR A, PRIEH IR ES . 255
e 24 iR S2 5 FIERIESZ 5 i) R a3, AR SR m] s e
WY SR AAEE, TEAL IR X A58 RE IR 24 B i
$& T WURl SR LB S 5 IR B0

B3k

(1] &M, 2R, sl RGP IR i Ll A

(2]

(3]

(4]

(5]

(6]

(7]

(8]

REMRHL ) RGUE ST HT[)]. BB LK, 2021,
4(1): 12-18.

LU Zongxiang, LI Hao, QIAO Ying. Morphological evolution
of power systems with high share of renewable energy
generations from the perspective of flexibility balance[J].
Journal of Global Energy Interconnection, 2021, 4(1): 12-18(in
Chinese).

SKRaE, ARBERE, WO O LT A BRIR Y 3 ER IR IR
FL BRIy 925 0], A BRAE TR LB, 2021, 4(4): 372-381.
ZHANG Xin, LI Yuanyuan, JI Ping. A planning approach for
AC/DC hybrid power grid with high proportion of renewable
energy[J]. Journal of Global Energy Interconnection, 2021,
4(4): 372-381(in Chinese).

F, B, A% 2B R KU RSN Y PR I 2 R
RESLA ) ORALIC & iR (0], W RGP S, 2021,
49(19): 135-144.

WANG Hong, WEI Xiaoqgiang, LI Bing. Optimal configuration
method of electric heating in a virtual power plant with peak
load regulation considering a wind power delivery protocol[J].
Power System Protection and Control, 2021, 49(19): 135-
144(in Chinese).

AR, RSO, RSO A X IE AR VSC-MTDC £ 5t
PIERE R SR J]. ) TR, 2020, 39(1): 51-56.
Z0OU Peng, L1 Wenfan, WU Wencheng. Coordinated
control strategy for VSC-MTDC systems with wind power
integration[J]. Electric Power Engineering Technology, 2020,
39(1): 51-56(in Chinese).

ZHANG L D, ZHANG Q B, FAN H F, et al. Big-M based
MILP method for SCUC considering allowable wind power
output interval and its adjustable conservativeness[J]. Global
Energy Interconnection, 2021, 4(2): 193-203.

BRFE, B, ARG, AR TR KRS & AR
5 B9 HATEME LA T EEL)]. TR E4RL 2021, 36(3):
579-587.

MA Xiufan, WANG Ge, ZHU Sijia, et al. Coordinated day-
ahead optimal dispatch considering wind power consumption
and the benefits of power generation group[J]. Transactions
of China Electrotechnical Society, 2021, 36(3): 579-587(in
Chinese).

XIEER, BER, W5, S5 Fraeid Mg S
SEPEISAT RG], PIE LT R SAR, 2015, 35(21):
5385-5394.

LIU Jizhen, ZENG Deliang, TIAN Liang, et al. Control
strategy for operating flexibility of coal-fired power plants in
alternate electrical power systems[J]. Proceedings of the CSEE,
2015, 35(21): 5385-5394(in Chinese).

S, FRIEEAE, B, S BT OAR R KU 23 B
KR mRERMETTIL ], LIRS H ik, 2019, 43(3):
116-122.

WU Di, CHENG Haihua, ZHAO Jinquan, et al. Balancing cost

based wind power segmentation and compensation method of



428 ESSE

REEXRY

HS5E S

peak regulation for thermal power[J]. Automation of Electric
Power Systems, 2019, 43(3): 116-122(in Chinese).

[91 AREFl, AB==7F, JAMS, 45 MR IR 0T KL

BRI Z M B 2B A D). ol &g A st 2017,
41(7): 21-27.
LIN Li, ZOU Lanqing, ZHOU Peng, et al. Multi-angle
economic analysis on deep peak regulation of thermal power
units with large-scale wind power integration[J]. Automation
of Electric Power Systems, 2017, 41(7): 21-27(in Chinese).

[10] SHI P X, GUO W S, WU W L, et al. Research on the
improvement of wind power peak-shaving auxiliary service
mechanism[C]//2021 6th International Conference on Power
and Renewable Energy (ICPRE). Shanghai, China. IEEE,
1040-1045.

(L] B2, SRR, Baris, S5 S i XU IR R TR /R

Z U RRERIERLRI]. B RGE A B, 2018, 42(8):
110-118.
JIAN Xuehui, ZHANG Li, YANG Libin, et al. Deep-peak
regulation mechanism based on kaldor improvement under
high-penetration wind power[J]. Automation of Electric Power
Systems, 2018, 42(8): 110-118(in Chinese).

[12] BN, T, B8k, % 3T A pLg]FE a2 5 JE g

DR S5 AMEBL I SRS T]. Wy R A Fhik, 2013,
37(4): 57-61.
ZHAO Xiaoli, WANG Mei, ZHAO Yue, et al. A model of
compensation mechanism on peak-regulating ancillary services
based on capacity variance across thermal power units[J].
Automation of Electric Power Systems, 2013, 37(4): 57-61(in
Chinese).

[13] W, Zeikdh, BICP, 2 HLALEIER) O ES L5 98

AME[I]. BT ARSAR, 2013, 28(1): 271-276.
XIE Jun, LI Zhenkun, ZHANG Meidan, et al. Peaking value
quantification and cost compensation for generators[J].
Transactions of China Electrotechnical Society, 2013, 28(1):
271-276(in Chinese).

[14] MgRAE, HPEsm, R, R A LA R (55 IR AR P 23

SO B A s kiR %, 2016, 36(12): 69-74.
MEI Tianhua, GAN Deqiang, XIE Jun. Fair allocation of
coal-fired unit shutdown cost for peaking in valley time[J].
Electric Power Automation Equipment, 2016, 36(12): 69-74(in
Chinese).

[15] X . AR I Ha o0 AU e, 810 2l 3 IR 55 WL 11 56 38 % 32 2 P Ak
BEAIBFSE[D]. dbnt: Adb iy (dbsD), 2016.

[16] #£4, MEMR, MEZ, 5. B8 XAHRES KLk E
W 14 H HT— H N BOR S AL IR BE D). B RIER, 2021,
45(1): 10-20.

CUI Yang, ZHOU Huijuan, ZHONG Wuzhi, et al. Two-
stage day-ahead and intra-day rolling optimization scheduling
considering joint peak regulation of generalized energy storage
and thermal power[J]. Power System Technology, 2021, 45(1):
10-20(in Chinese).

[17] MRAR,  FHRE. 56T R ATLZR o3 SR B IR U (¥ H, ) R G848
VRREE Ksas A (0], AR, 2017, 41(7): 2255-2263.
LIN Li, TIAN Xinyu. Analysis of deep peak regulation and its
benefit of thermal units in power system with large scale wind
power integrated[J]. Power System Technology, 2017, 41(7):
2255-2263(in Chinese).

[18] SRR, I HLL FART g K5 55 A [T]. b e AL TR 2
. 1986, 6(2).

ZHANG Baoheng. Thermal stress and life expenditure of
steam turbine eotor for cycling service[J]. Proceedings of the
CSEE, 1986, 6(2) (in Chinese).

[19] & Bk, A, PG, 5 BEXOGH AT EERH

T RGRVERE 1 S Z e AT 0], REEAR, 2022, 46(5):
1752-1761.
ZHAO Shuqgiang, WU Yang, LI Zhiwei, et al. Analysis of
power system peaking capacity and economy considering
uncertainty of wind and solar output[J]. Power System
Technology, 2022, 46(5): 1752-1761(in Chinese).

[20] ZHU J Z. Optimization of power system operation[M]. John
Wiley & Sons, 2015.

[21] SREKE. M2 22T E T SHEORM]. dbat: hER
JrtipAL, 2018.

[22] AFARGR, BReihh, 2Rk, S5 (EHER MUK TN 94 i Bz

PHEAMENLRIDTFE )], B RGP 510, 2019, 47(4):
51-57.
FU Yishu, CHEN Hongkun, JIANG Xin, et al. A bi-layer
peak-regulation compensation mechanism for large-scale wind
power integration[J]. Power System Protection and Control,
2019, 47(4): 51-57(in Chinese).

[23] ZB =277, MBI IF I 26 PF R K LA BRI e 22 1 22
PEEITD). dbnt: At i ks, 2017,

Wi BH: 2022-04-29; f&EIAHA: 2022-08-10,
TEEE A :

AR (1998), H,
BRI e AR T,
epxiaowait@mail.scut.edu.cn,

kot (1966), ¥, #ix, #f
RACALA T, HEMRRERRMK
iS5 454 . B4EA4E4H, E-mail:
zhujz@scut.edu.cno

A,
E-mail:

(B KT HFR)





