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A new calculation method of reserve capacity considering wind power forecasting error

XIAO Yi!, XIE Jun?, LIU Ruoping', LI Yinhong'
(1. State Key Laboratory of Advanced Electromagnetic Engineering and Technology (Huazhong University of Science and
Technology), Wuhan 430074, China; 2. Central China Branch of State Grid Corporation, Wuhan 430077, China)

Abstract: The uncertainty of wind power has great influence to spare capacity. On this basis, a new calculation method of
spare capacity considering wind power forecasting error is proposed. Firstly, considering the inflexible problem of
Laplace distribution, an improved Laplace distribution is proposed. Secondly, a new method is proposed to calculate the
spinning reserve capacity. First, taking minimum cost as objective function, the based operation point can be gotten by
solving the optimal power flow. Then, it builds robust optimal power flow model by considering robust optimization and
affine model of Automatic Generation Control (AGC) to solve the participation factors of AGC generators. The spare
capacity can be solved combining equal probability conversion principle. From the simulation, the proposed forecasting
error model is of high accuracy and the calculation satisfies the requirements of safety and economy.
This work is supported by National Key Research and Development Program of China (No. 2016YFB0900100).
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Fig. 1 Wind power forecasting error distribution

1.2 BUufh SRS %

P R 1 S5 A7 1K) R 4B B2 R 4 (Probability
Density Function, PDF)41=.(1)178 .

1 | x — ]|

f(XIﬂ,b)—EeXP( 7 ), X€R (1
L peRAMESE: b>0 W RIESHL.

B TIN5 22 53 A R O UEE PR UL 55 o /R, AR SCHR:
AL T R > A A5 20 A PDF. A5
PDF 7] tHxU(Q2)%& R

y(x) =, f(x)+ 0,g(x) (2)
X y) W4l PDF; fix) WP Hil PDF; g(x)
T RERRZE AT 0 L PDF; o« o, N
PG R ERUE,  H T %% PDF Jr Ll

HH TR0 T R S T ASE IO IE 2R EAT R — B
HATHN,  HITAR KPR, BRI g(x)k
TR EA, RIEXwmAXG)FR.

g(x):g(x+t1)_g(x_t2) 3)
e e(x) WAALTPTERRELG: ¢« o, AT TRET)
N AEZH. P2z ot HAA R0
AR A, ka4 o ¢, Y% TS5 % a, W

t=t,=a 4)
UBNEEE DACE A (T 0) S
R R R
JKX)—aﬁzbeXP( 5 )+ 5)

w,[e(x+a)—&(x—a)]
2 A o3 AR I AR 25 5 (Cumulative Distribution
Function, CDF)>4

F)=] y(xde=1 (©)



_74 - ® & AEY B

o 1
E J._ac 2_b

G KDRAXOTH LS o, W

exp(—%)dxﬂ )

Fe)=[ " yde=

o | X —
o, LO Eexp(—|b—'u|)dx +

®)
a)zj.j: e(x+a)—e(x—a)dx =
o +2w,a=1
il o =1-2aw, )
ek 53 A PDF ik =X (10) 7w
§)=0-200) ep-

w,[e(x+a)—&(x—a)]

SO R 3 o0 A T b bR T I D R R R
TR B ARSI, 29I T WS4
a- ,, LURIG RN 400 1 FE
1.3 RED ST

FE AR [A]XC3, AT SRR B8 R 4 A iR B G,
UK 1 b #3R8 XADBEA TS T

=Dk
i=1

1 n
b= Yl -u

Kb n WEERNEG e AR T MR TN ZE .
WY aljo,, IWRKBIRREBITEE N E L, )
MR B AR T SR A, ERLE T RS R LAk
RN AT S HUS T o ASCR MG EE N K
WAL, HIFH P ZHR[18]. a5 o, WSHUY
W B a5 o, BOVTERBIRERIAAAR, At Tl
DR ZE B3 A EL T B AR X AR B ()
R TTRRZE ) H AR R, BEAT AR
2 REEEEITEHE

KRBT, FFE T FREA RGN A
IBATIRES o ASCREUSACHI B K ZIRES, P
K AR AR 2.1 55 2.2 TR PRI 4H
2.1 BFrEE

BT oA, AR BN, A0 R HALA L
BEAT IR AE . B H AR R B0 18 R AR HLAS
kX2,

C =min ZCZiPGzi +o, B + ¢ (12)

ieSg

(11)

L S, b AGC WSS B, R HIHLE Pt it
ZIEMEIZAT RUR DI o) v ¢, Bocy AR HAL
JAFRE
2.2 HREN
EEH RN RS, HESEAE LT
HLIRGEAT
1) AGC FEHE g ATy R i =(13), =
(DR,
4 z V(G cosd; + B, sind;) -
J€Sg (13)
P,—P,+P, =0, icS,
V.Y V.(G,sinS, — B, cosd,) -
j<Ss (14)
O = Owi =91 =0, i€S,
X S, S, MRERGE T S 5 RS
Bt V,HIS A AR fUi 1) v R I B A AT £
8,=06,—0,5 G, M B /ARG - PAH

ranl

W iATH j AT R NSRS P, MOy, 43R
R AT D AT MG D) s s Py, MR, 73 90N H
R LA AR A D T

2) BT WA TR, AR SO D)
R MU DR IR N T B R e Y A
R A 2 0, (15 —XA7) R,

PGi,min <F; SPGi,max’ ieS; (15)
Vi <V, <V €S, (16)
Sirmin <S5 < Sy maxs UES, 17)
e Py~ Poon 20 ABHL i ) BB

V. ~ I/i,min ﬁj\%uﬁ%‘/ﬁ i EEEFI]E{EL_FIEE; S max

Sy min 2T NS i GULRAE DD R 1R ER
3) ML Zh R AT R k. AR ZI 2 18], &
HLU LS HH Zh R AR AN RER R, RITAG AL  HLLTE
2, an=RA8) .
—R s PGi,t - PGi,t—l S Rup’ ieS, (18)

S, Ry~ Ry, Z00ATE TR TR FRA
3 HFHHEEITE

PRIBNRGSAT NG, & AR SR N
PN BE . BB Bl AGC HLZS 5T
R SRAR B (1) S B AR Y, B s 2% FH A A
HLALIAIR 20 B R0 28 I B A5 M 3 A e i D)
— R AGC WL & H 2 .
3.1 FAE AGC HIAERARENELRE

1) SR

TE RS LR EE BRI GO T, R D2 Tl o >k



Y ok, &

B R FEL Dy 2 TN 2 1) o A B v SR T 1% -75 -

Dbl AGC HUALHEAT IS o BT
BERSE . SCELTRM R 72 4E AGC HLAH IR F 75 273
WE» W5 A2 R GEHIAT D148 o D7 AR s A = (19)
F)TZT—\‘[D]O

AP, =B &, i€, (19)
WA LA D) 26 mT FH 2 Q0)Hifik
Ry=Py+B ). & i€, (20)

R EERHURE, ARG DTl 3
D Py =D Py~ Py =0 21)

keSy JeSw ieSg
BRI, 5 REOMRARED
TR (22).

zPDk— Z(PWj_éj)_ZP(;i: ZPDk_

keSy JESw ieSg keSy
Z (PWj _gj)_ Z(PGi +:Bi Z gj):
JjeSw ieSg JjeSw
=282 ¢

ieSg JjeSw

22
A B3RS & AGC KNS L1 55%%)
INES AR TR 22 S, RIS
P, 7R 184 IS e AME D R TR 22 J5 1Y) AGC
MU TT: B, FoRE kAN 2. hi(22) 45,
MY B =11, RIA R RG A DAl .

2) HARBRE AR AT
H b bR E 5 R LA R, 2% 1846
KA, HRIEAWXE23) R,
C'=C+ Y (CAP, +EAR,) (23)

AP g MR EHL L. R AR

AZHG AR, AP, AR L A
RN (23) T4

C'=C+2 @A 2 E+ah 2 e) @D

. ph 2 R O 45 2 B D00 b
H 7
C (3 &) =mingax (6, 3 &) 29)

X g (Z &) E % AGC LAz 5

T R TR R 2 M e s R25)E R,
E 7853 75 18 2 40 2 A TR0 5 2 8 R RS oK ) 1
SUR, WHAAYEC B IGE, REREAE HARER % C /s
B RS A ik p T . SRR
WS A3)— AL, M AFHIA,

IHAE 78> F IR R G2 RGO, #iE &R
it AGC KHHLNZ ST, NWHGH 45 E &
5 B PR ZE f KO Dl e B i LR A R 5%
PEERA3)—AB)KEL, FEMA LA
3.2 BEAREXKWEH X

A 26 T A5 5 5 A A JXU PR TIN5 2 P A
TEOL, W SR8 d R TI R 22 SRR 46 I 7 kAT
VR, WA . MR A, LD 2 S
R HIBCR I LD I, A TEAFIER
GV S EHE, IR A RO 29 )
TERHATHIIR . & A B A (Q26)E 7R .
Pr(AP,, <AP,<AP_ )za, ieS; (26)

W A A AT QT ETR

i)Gi =Fy + AR,

{PGi =F; +AF,
Robte o WEEE AP . AP, B R, ©
s HZ R Py By 0 RN B/
ARy, RIS A D i gt

AEFINL S ATRI T IA W F . — R SIS
A, WEZUCRME, THEEER SRR
SATREAG I 2 AT A XU T R AR 2
OGO T, RIWE M7 URES Kb vt
SR o ANSORIUR A2, M A5 MR e e )
AL A T A AT SR AR, Tkt i, 5
s A H B

26) 5N K (28).

FAPG, (AEmax)_FAf}}, (Mmin)za’ iESG (28)

A F, () N AR, 1) CDF. H3(19), #3555
RER O, AT1(29).
FAP(;, (APGi):FZ ¢ (APG

jeSw ! ﬁ’
W) 28) AT 4y
A13max A13min .
Fy o (Cp=)=Fy (S gmza ics, (0

Jjesw

=K, Fs . () FEo KU T R I 25 (AT ) CDF .

jeSw

@n

“) (29)

jeSw

FORE Fy , ()2 SRS REE R TELA

FE 7206 R T 2R S0 8 22 2 [ (A O PRI, &R
b T W7 (1R ZE B PDF Al 0GR,
V(&8s 8,) = Y& y(E,)e+¥(S,) @31
TN 5% 2% 2 A1) PDF 5 CDF K
Vs (D=0 ON(S) @B ¥(E,) (32)



-76 - @A &R B R

Fy (0= [rs. e (33)
Arh, @ JRBEBUSHL. FILATAG2). X(33)
RMFF s (o) BINPRH LR ARADA i E LI

JjeSw

4 HRRENFEFMRENEARTENHE
diE

ASCHTR TR B R A o =2, G
SE DR P K 20 A s B8 R G R HLIKIEAT
ST T AR TR TR 2, #E % AGC Hl
HZHH TG — DR A

1) B RS 0 5 o, 1F 8 AR, F
HIIRFLE TN E a 5 o, FEUE.

2) BRI AN R G, KE(12)—X
(8) MR B LRI, 58 RGBT HAME

3) Lh AGC ML Z 5N AL, KEEHR
PR, e % AGC WS 57 1mitdl
Hro M AL IR, R H AG0) TR L 4
EEEE NS AGCHL4LAP, .« AP, .

HARG R 2 frr.

g - by |
|
| | | |
| DR S T 5% 2 ] S HTIN %R 2 !
| [ e |
| m | | ﬁz—\ |
| By | |
i B |
il
iR HR S5 ilﬁ SR T |
| /J’__ | |
|5 b |
Lt s
| v 1 A 4 |
| L EHERAERE |
| S 2y [ > = DL UL A |
| SR R A i e |
R 1 |
ER ! SRR |
I"" ___________________ v :
! R T T 352 S et |
| AR ol EESR
| |
L s R St A A i

B2 ERABITERE

Fig. 2 Calculation flow of spare capacity
5 BHISHh

5.1 AR

ARSI IR A HL 7 B A€ D)%k 50 MW, ]
FH 85/ Z e SCRF I I FLEATHERT 1 h BHi,
{ECBER IEEE-14 711 3R G0 S ik 1) IEEE-118 719 5
ARG EAT S A IR
5.2 XEINEMIRZEDHIIE

A SCK H V- Y 48 %6 5% 22 (Mean Absolute Error,

MAE) fil #4) 77 # i% 7 (Root Mean Squared Error,
RMSEVE A PR Fa b5, W 3 1 2 ik X 25 o) 4 =X
(34). XBSHFw,

MAE=%§:|)€[ —x | (34)

i=1

Z(xi - x;)z
RMSE:VEL————— (35)
N

A xo xRS | NGETEIX TR YR ZE AR
FEESE S N G X RN

AR, BEARABCN 1500, Gt XIaAE0h
100, FfARLME (AL E RE) p=-0.005, J57%
62=0.085, REZR¥bH=0.0973, KIHELEIML
Ja 15 B0 S 3 A S EUE 3 M a=0.005 .
@, =10.97 . =FEh& a2 RuE 3 s, %
JRERA 85 RV Fabr ke 1 Fror.

K 3 &3R 1T UUE W, AR ot frs
P AT T WL IEZS 3 A B Pt by 5 o Ar
AR

]
]
U008 06 04 02 0 02 04 06 08 10
i A fpa.
3 RENHIEHL
Fig. 3 Error distribution fitting curve
F 1 =ML BITEM SRR
Table 1 Evaluation index of three curves
WA oA MAE RMSE
IEA S Ai 0.485 4 1.492 4
S iz i o3 At 02773 1.108 2
SO vy W o3 A 0.146 6 0.294 4
5.3 IEEE-14 TR ARG E I

7t IEEE-14 75 sN RS REL 10411 B4Rl
HLAT N 50 MW 1R, WK 4 s, PR
L3 38K PR D) e DR s i, D R 0.9, 43
ST A3 10 R Dy e R 2= AT P, 433
F Atz E. v LA EAR R ) R GRis



Y ok, &

B R FEL Dy 2 TN 2 1) o A B v SR T 1%

- 77 -

ITHHAERT, AGC HLALEIPIRASWIER 2 PR,

EA3E1% AGC MLALIS T HNE TS, PTARYE L
oA v A B A R T B FE(97%) B — XUH
Wt KPR 20 12.95 MW, B F— I KT i
2£(12.95 MW)Z3 A Z £ K g, AT —FrE
JH K72 (Second-Order Cone Programming, SOCP)sK
fiff £ M B L RS R SR AR R i 15 L T %% AGC LA
by FZHRT, IELERNE 3 PR,

T T

9

s 4

2# 1#8©|—|7
cfj ? .

! _JTIZ” !

T L5 14
[ 4 PifkAY IEEE-14 5 i R4 E
Fig. 4 Improved IEEE-14 bus system

v

& 2 AGC tNABITRERKASH
Table 2 Operating condition of the AGC generators

and cost parameters

:2;2 ﬁij$” e Ria R ii
1 114.822 1 0.043 20.0 0.0 20.0
2 21.497 20 0.250 20.0 0.0 20.0
3 75.502 10 0.010 30.0 0.0 30.0
6 64.453 40 0.010 30.0 0.0 30.0
8 78.144 10 0.010 30.0 0.0 30.0

%3 AGCHIHAB5RF
Table 3 Participation factors of the AGC generators

VAT e R i FZH5HT FEEWT
1 0.680 0 0.0
2 0.053'5 0.0
3 0.016 7 0.4417
6 0.246 8 0.0122
8 0.003 0 0.546 1

A, M9 RIAE S R TIR ZEEN T,
RO A R TAREE 3.2 Wt JriExy
AR L NERBEATRAR, BRISREHIE RS E
Ve ABF R, P a5 R WL 4 P

Hi 4 T, & 1 PR R E e v
SATLAMR BRI AL ] i (23) 20 ) v AR AE
TR I 220 % ] 2 SO 5 R BAS e 11 415 8,

10643 $.

FEAF Rt o s T A PR e, Rt —0
BRZ& AR 22t KL, ASCRHZRE R
TR AL SR e 70 8 A R T
BEAT 10 000 JAbFE, I R 22 HEA BT R SEH
& AGC WA I A EIAT A, xS %
BTG P BRAE A RS, 3k 5 .

R4 AGCHIAEMBREWHALER

Table 4 Improved spare capacity of AGC generators

LAt RS HAR/MW TR AR/ MW
RELE g R BRAE SO 2 R A SO
1 17.612 7.643 6 0.0 0.0
2 13857 0.601 4 0.0 0.0
3 04325 0.187 7 11.440 4.9650
6 63921 27742 0.316 0 0.137 1
8 0.077 7 0.033 4 14.144 6.138 5

VE: ESCE g AR, XU T A TIO 35 7 F0 43 A 1) A
BN 97%.

®5 AGC HIAZFRAEXR S MWIE
Table 5 Improved spare capacity of the AGC generators

MApE LSRR/ % RS AR/ %
PRk WRER{E et B BRA Eretz(i
1 99.6 96.8 100 100
2 99.6 96.8 100 100
3 99.6 96.8 99.7 94.3
6 99.6 96.8 99.7 94.3
8 99.6 96.8 99.7 94.3

& 5 wLLGEH, SHERSEER AGC ML
HEELL 96.8%- 94.3% M6 o P X\ FEL 37 T 28
%, e, B3 B S T R AL T
6.76%, TG, A, E ATk R
e BAG S AR DR A 2 MG F&, 5

Je2 6 IR
100 ' r r T T T 1.2
o Al /’
HHIFRR TSR /i
90+ :: i -..r I / .
2
‘ yZa /| s

70+

Y
60

| . . . . . . . 1.0

10 20 30 40 50 60 70 80 90 100
A%

Bl 5 MREERESERERKAXRE

Fig. 5 Relationship between total error confidence

level and robustness and cost



_78 - @A &R B R

HIE TS, A EE RS S, RIS
UGN, BN AR, SRR (R
G 90%~100%I ,  JRASAZALBN, 146 7
RS — BART 10%. Uk, 7] LA R A i
7 EAGE W EAE 90%~100%2 1), IXFFBELRIE T &R
GG, XA KRERHEE.

*6 MREEFESEHRMRNAEXERR

Table 6 Relationship between total error confidence

level and robustness and cost

I LA RABE TS HARS [E %N
BIEE/%

M. ARG S L, BEREREN
80%~90%% A H . SbAlh, 5 IEEE-14 75 sAHLL,
TEE TR ZE BAGE T, 2% A2 B S AH
KN, HRRAE T A EE 2 KA,
RZEAH BN G A TN, S TR 2 o A
e, EhnEIE TR, RSN . Ak,
RYFME ST . A RERRE S, FER
BIE 10s 2, SREFES A RRCR
R MREBEESSBRURBALRE

Table 7 Relationship between total error confidence

REZ/% REZ/% ($X10% level and robustness and cost

100 100 100 1.141 5 . ISR RS RS [P %N

HIFRE % ) ] 5

90 93.0 91.8 1.045 2 WEZ /% WEH /% ($X10%)

80 88.7 86.6 1.0339 100 100 100 1.408 7

70 84.4 83.5 1.026 9 90 100 99.9 1386 5

60 80.7 80.6 1.0219 80 99.1 99.7 13817

50 77.7 783 1.017 8 70 97.6 98.3 1378 7

40 752 76.2 1.014 4 60 96.3 96.5 1376 3

30 71.7 73.0 1.011 4 50 93.7 945 1.374 4

20 69.1 70.1 1.008 7 40 91.3 91.7 13727

10 65.6 67.2 1.006 2 30 87.8 87.8 13712

20 792 80.9 1369 7

5.4 IEEE-118 TR ARG &E I 10 69.0 715 1.368 3
£ IEEE-118 11 i RGEH ST K HbL 54 & A
SR, A 5 LA S0 MW REhLaL 6 BRI

I3 MEENEN T A 20, 15 30, 19 35, TR 38 LA
KA 115, FEEL 20 RN AGC LA Z 5
7 R R 22 o ARAR BB BR — XU L B DR TIN5 22
12.95 MW(EG N 97%), FiRZEHN 64.75 MW,
FEGEET AGC % HA Ul 5 45 R s 2 ot
IR AU 6 53R 7 Fiom o

100 T T —— 1.45
.
ol
///”3: L

90+ / o— i e
s |/ poE
= osof /{140 2

70‘ -////

60 1.35

10 20 30 40 50 60 70 80 90 100
BRI %
6 MREBEHESEHFEREAXRE

Fig. 6 Relationship between total error confidence

level and robustness and cost

HE 6 3k 7 ] LUEH, 5 IEEE-14 17 mi 54
— B, TR B TN 2 A PR B T AR
R EFRIESG T, T RS RA R 158 22 EA5 B 135 n

AR SRR XS V1 LA Dl AR T % 2 B A ] A
VHIPNERITWTSE, 5 T N 4hg:

1) ASCAERLEhr e o AR LAl b, A 1Tl
UTRREL AR 25 20 A1 RERS AR L 0L 15 T i
FEGIATT IR o

2) FETRI R ZE BRI b, AKSCER T A
AGC I BRIk, el Bt S s I A=
M ERBR, e S ARG G S e, Btk
IR AR .

3) AT M HL DA TR 72 AR . RGEA
A B 6 2 0 B P 3 2 [R) 1R Ok R BEAT T 58 1R
Bro BEAG TRNRZE EAR BEIG N, R G AN 2 B T 1Y
m, A EBARRN, RGBSR, ST
brigdr il MR ESES, AEI 6 o EAE R )
DI AR = 2 A M4 SRt T AR P
IhAC B MAER,  ff e H B A P I EUE
S Lk
[1] LI Jinghua, WANG Sai, YE Liu, et al. A coordinated

dispatch method with pumped-storage and battery-storage

for compensating the variation of wind power[J].

Protection and Control of Modern Power Systems, 2018,

3(3): 21-34. DOI: 10.1186/s41601-017- 0074-9.

(2] %, ¥%, fhous, 5 HBEENERAS R &

WHLHL ) R B AL TR EL[T]. B B R AR,

2014, 34(34): 6109-6118.



Y ok, &

B R FEL Dy 2 TN 2 1) o A B v SR T 1%

- 79 -

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

LUO Chao, YANG Jun, SUN Yuanzhang, et al. Dynamic
economic dispatch of wind integrated power system
considering optimal scheduling of reserve capacity[J].
Proceedings of the CSEE, 2014, 34(34): 6109-6118.
B, XEE, Mt B RGEE BTN
FAh[D. RS Ak, 2013, 37(17): 37-43.

WEI Wei, LIU Feng, MEI Shengwei. Robust and
economical scheduling methodology for power system
part one theoretical foundations[J]. Automation of Electric
Power Systems, 2013, 37(17): 37-43.

TR, X, MEAAE. O RGEHATHEE()N
SI]. B RGEA B, 2013, 37(18): 60-67.

WEI Wei, LIU Feng, MEI Shengwei. Robust and
economical scheduling methodology for power system
part two application examples[J]. Automation of Electric
Power Systems, 2013, 37(18): 60-67.

PR, PN, s, A5 SR TS HEIR I
FL I IE AU e o T A A4 [T]. L R try il
2017, 45(20): 100-109.

LU Zhilin, SUN Shunji, TANG Zeqi, et al. Optimal
scheduling of plus and minus spinning reserve in microgrid
based on sequence operation theory[J]. Power System
Protection and Control, 2017, 45(20): 100-109.

TR, FAHER, B4, & JLT IAFSA-BPNN [FAT X
HUZERFN]. HETRGE DR 51584, 2017, 45(7): 58-63.
ZHANG Yingchao, WANG Yachen, DENG Hua, et al.
TAFSA-BPNN for wind power probabilistic forecasting[J].
Power System Protection and Control, 2017, 45(7): 58-63.
WA, AL, KA, A& BTN B NSRS IC
P4 £ PR R A 0T XU D R TN ST (D). W) RS AR
il 2018, 46(9): 55-61.

YANG lJie, HUO Zhihong, HE Yongsheng, et al. Ultra-
short-term wind power prediction based on wavelet and
minimum resource allocation network[J]. Power System
Protection and Control, 2018, 46(9): 55-61.

KEESS, SRS, BOBORE, A%, KT XL Dl M AR T

HEAT MRS 2T A 85 ML D R LB A 4t L T].

b E L CFRAEAR, 2013, 33(16): 9-15.

LIU Dewei, GUO Jianbo, HUANG Yuehui, et al. Dynamic
economic dispatch of wind integrated power system based
on wind power probabilistic forecasting and operation risk
constraints[J]. Proceedings of the CSEE, 2013, 33(16): 9-15.
XiFede, ZEAE, v, 2. LT F TR 7 1
TR I A > A BEAL D] ob [ RLPL R 2R, 2015,
35(10): 2375-2382.

LIU Yanhua, LI Weihua, LIU Chong, et al. Mixed skew
distribution model of short-term wind power prediction
error[J]. Proceedings of the CSEE, 2015, 35(10): 2375-2382.
X, JARERH, SRR, A — ok i R H D 2 T
BRI, HARHLD, 2012, 40(2): 286-291.

LIU Bin, ZHOU lJingyang, ZHOU Haiming, et al. An

improved model for wind power forecast error distribution[J].

East China Electric Power, 2012, 40(2): 286-291.

AR, B e M R 5 U XU L L ) R g
DR L R TS [D]. iU Hrh RO, 2015.

WU Junli. Research on economic dispatch of large-scale
wind power integrated system with consideration of

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

adequacy risk[D]. Wuhan: Huazhong University of
Science and Technology, 2015.

RUT5, WeE, XUHE, 5. KR DR e 2 O B R oy
ARIT). H RS A Bhik, 2013, 37(18): 14-19.

LIU Fang, PAN Yi, LIU Hui, et al. Piecewise exponential
distribution model of wind power forecasting error[J].
Automation of Electric Power Systems, 2013, 37(18): 14-19.
ETPV, BRZM, idik, 55 MBI A ) 2%
MR BAIRF BN, 2012,36(21): 24-28.
WANG Danping, CHEN Zhixu, TU Mengfu, et al
Reserve capacity calculation considering large-scale wind
power integration[J]. Automation of Electric Power
Systems, 2012, 36(21): 24-28.

RABILH A J. Adjustable robust OPF with renewable
energy sources[J]. IEEE Transactions on Power Systems,
2013,28(4): 4742-4751.

BAI Xiaoqing, QU Liyan, QIAO Wei. Robust AC
optimal power flow for power networks with wind power
generation[J]. IEEE Transactions on Power Systems,
2016, 31(5): 4163-4164.

KM, AR, JUNR, AF v e ARG RC B
(TR IR A AL 28 D RS [0]. W RGO 4%
i, 2016, 44(24): 31-36.

GUO Yongming, LI Zhongchang, YOU Xiaohu, et al.
Stochastic economic dispatch model for joint delivery of
wind power and thermal power generation system
considering optimal scheduling of reserve capacity[J].
Power System Protection and Control, 2016, 44(24): 31-36.
SO ER, AREERE, AR, IO ZE K X g i
AERC BT VAL]. HIMER, 2017, 41(2): 434-439.
DUI Xiaowei, ZHU Guiping, LIU Yanzhang. Research
on battery storage sizing for wind farm considering forecast
error[J]. Power System Technology, 2017, 41(2): 434-439.
MIRJALIL S, MIRJALIL S M, LEWIS A. Grey wolf
optimizer[J]. Advances in Engineering Software, 2014,
69: 46-61.

WOOD A J, WOLLENBERG B F. Power generation
operation and control[M]. New York: Wiley, 1996.
e, JO0k, F5E%, % RN RGEENL
i) R0 F T 2B 20 S Y S4B 19, b R L R 2 A,
2013, 33(19): 47-56.

MEI Shengwei, GUO Wentao, WANG Yingying, et al. A
game model for robust optimization of power systems
and its application[J]. Proceedings of the CSEE, 2013,
33(19): 47-56.

Wis B#A: 2018-06-04;

{&El HHF: 2018-07-29

EEEIT:

B 01992—), F, MEHRAE, TEHR T @A

HE R L BTN A I M, E-mail: xzleqxy@163.com

# AR (1980—), F, i, EFAHLT, LEMAS

B AW A AR AN wARY BOEAT E

X EF (1995—), %, MEHMRE, TE2HMTFTEOHG

ViR N R G I A

(R4 KREE)



	DOI: 10.7667/PSPC180677 
	计及风电功率预测误差的备用容量计算新方法 
	A new calculation method of reserve capacity considering wind power forecasting error 
	1   风电功率预测误差改进分布模型 
	2   系统基准运行点确定 
	3   备用容量计算 
	4   计及风电功率预测误差的备用容量计算过程 
	5   算例分析 
	6   结论 
	MEI Shengwei, GUO Wentao, WANG Yingying, et al. A game model for robust optimization of power systems and its application[J]. Proceedings of the CSEE, 2013, 33(19): 47-56. 



