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Stochastic economic dispatch model for joint delivery of wind power and thermal power
generation system considering optimal scheduling of reserve capacity

GUO Yongming', LI Zhongchang?, YOU Xiaohu?, LIU Guangi', ZHENG Jie'
(1. School of Electrical and Electronic Engineering, North China Electric Power University, Baoding 071003, China;
2. The Fifth Exploit Factory of Petrochina Huabei Oilfield Company, Xinji 052360, China)

Abstract: The randomicity of wind power caused serious influence on safe operation of power system, and the spare
capacity is deemed as an effective way to reduce risk produced by wind power. On the premise of complete acceptance of
wind power, the probability characteristic of wind speed and load are taken into consideration to count spinning reserve
capacity under a certain confidence level and the reserve capacity for accident is counted by 10 percent of maximum load.
Moreover, Bootstrap test is used to transform the chance constraints into deterministic ones to improve precision.
Generating and reserve cost are added to objective function, the stochastic optimization model for combined wind and
thermal power system is built. And furthermore, integer variable is simplified to reduce the degree of model solving
difficulty. Finally, the allocation of generation and reserve tasks among thermal power plants and economy under different
confidence levels are analyzed.

Key words: reserve capacity; stochastic optimization; economic dispatch; confidence intervals; Bootstrap sampling

FUo SCHR[3TIE L 3B I R e T SEPER AR AL, 12
AR RO AR REAT T . SCHR[4-6]

B AR H aiAhhy, ARBHLARZE il i OB, AR — 2 B A5 AP

KM 0, P P Ak X U e R AR X B
H - X (1 AL AT S 21, KRR X N 6
RGN LAVET B, RGN & H AR
SRA Bt 2 380

2% H LB e & R, A4 4%
P B DU R AT ) 8%~10% 3805 K K LA
7R 2 . KA BN, ARSI 7
A E S A B TGIEMIR RA % 4siT. BT,
AR 22 SCHROGT 5 KRR 1) % FH 2 L 04T T A I T

JeHe s A AT TG . SCHR[7138E 20 2% 1
WD B DA, ARYEAN R 2 3 AR b &
L AR 24 P o SCHR (8T AR S A 10 TN 1
ARV, AELRIER G FEVERIRTIR T, R
JERG I, DR &bk, R STERIA MR
RN A & AR R BT A, AASIFI
75 RN A B LURIE RGE R 24, T K
A GUIR Y T A BT WY K LB 1 BRI A

B UL AR 5 A LA — T 2 18 G 47



_30. CE R R R EEL

] PN URZE ROME AR s, LR A P de KA B L
RN, R H/NE TR 53— Jrii 22
FE K HL ARG R Y T A B 3 2 X L AN 7 (1) 85
J 5 TR RN LA B i A W I S SR gy, 3k
g EEAERF IR I BUR Sl ARSHE > 45 H

AT ABEHUA B T 25000 K R I AT 1A
AR AT G i PRI RO 2 25 LB R oK, JF
$th DA bootstrap JiliFIEAL BEHL 2 AR A K5k e
JEAREE F Ay H b e B A T AUAL SR e, IF %
T AR R TR A AL BT i

1 ZFRAESNHERBEXAR

1.1 EARENHE
PR I A7 Ay P B SEEARL IS AT p 0N SR R R 5 2
ZHIERIR .
v, =V, +e, (1)
R, =P, +e, ()
e v P Z3 0l R RGN A7 A SO A s v
AT Pry, 53 ) Sy RGHCRI A7 far PN S EEAE s e, BT eq, 20301
M2, RN IR A1

LI A o Ay
0, 0<v<vy, or v>vy,
3 3
Vv —v;
Py =355 B> v, Sv<vy 3)
vN - vm
P vy SvESv

A Py g RS Bt 5 Vin HPINRGH 5 VN7§’
BIE XTH s vou AVTH X v LR XIE; Pwn A
FEHLA AL

LR H AR RE R e g A X, A I
Bediar b5 KR D) 2RI 22 M3 3 B it Ze ] 1
Jio, CAHSEER 73 AR R BAG AT, D)2t
ARFRAT R dme /N e 2 A F v oK e AR 1
(SR B, T i o8 FH R ey S g 2 i x0(4) RSBl
A S

Ng Ng
P{Zui,tUi,t Zh(PLt)_Zui,tPGi,t _h(PWz )} 2n (4)
i1 i1

Ne Ne
P{zu,-p,-,t S, By h(P) (P, )}Zn ©
i1 i1

Kb HEAGEKY; No KB GE; Po, M
KHHUVE TT5 wi, M 0-1 2855 h(Pw) I h(PL) 535
g WA AT R BEALFEAS . Uy, F Dy, 3 5 LA
AGHP) b R A

HE A E TR KA 10%, AT
P S

Ng

o
Zui,tRUi,t Z 5 A)})Lmax
i=1

v ©6)
Zui,tRDi,t Z 5(%)})Lmax
i=1

A Ruipr Roig 20 WML i AR _E AT =
E&%’Fﬁg%; PLmax y‘:’ﬁ-ij(ﬁﬁo

0.012

0.010}

0.008F

BT
0.006} B

sk B

/e

0.004r KTk
0.002+

O L 1 1 L
=150 -100  -50 0 50 100 150
G 15 LI B 18 25/ MW

1 KRR ENREE Mk

Fig. 1 Probability density curves of combined error
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Fig. 2 Process of confidence interval estimation
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Fig. 3 Relationship between load demand and unit commitment
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Fig. 5 Result of unit commitment optimization
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Table 1 Proportion of spare capacity undertaken by each unit at

different times

I Bt Gl G2 G3 G4 G5 G6
1 0.434 0.073 0 0.099 0.393 0
2 0.364 0.083 0 0.117 0.436 0
3 0.415 0.088 0 0.096 0.401 0
4 0.374 0.082 0 0.119 0.427 0
5 0.366 0.082 0 0.122 0.430 0
6 0.356 0.084 0 0.109 0.451 0
7 0.258 0.157 0 0.104 0.481 0
8 0.189 0.140 0 0.158 0.512 0
9 0.036 0.246 0 0.207 0.510 0
10 0 0.217 0 0.353 0.431 0
11 0 0.159 0 0.577 0.264 0
12 0.009 0.095 0 0.444 0.355 0.096
13 0.028 0.092 0 0.431 0.344 0.106
14 0.029 0.092 0 0.368 0.258 0.253
15 0.043 0.090 0 0.422 0.323 0.122
16 0.073 0.103 0 0.402 0.318 0.105
17 0.065 0.148 0 0.428 0.318 0.041

18 0.179 0.220 0.144 0.374 0.084
19 0.191 0.209 0.019 0.137 0.356 0.088
20 0.187 0.205 0.030 0.134 0.350 0.094
21 0.184 0.202 0.023 0.132 0.344 0.114
22 0.185 0.203 0.002 0.133 0.346 0.132
23 0.293 0.124 0.014 0.134 0.323 0.112
24 0.297 0.126 0.062 0.105 0.328 0.081
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Table 2 Economic cost under different confidence level
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Table Al Parameters of thermal power generating units
N Prax/ Proin/ (rup/rdown)/
Gis 2 Sp/Su)/$ al$ bl c$ dS el $ /3 Towh  Towh
’ - MW MW (So/Su) A & (MW/min) off! on/
Gl B 380 120 2 010/9 500 0.002 85 9.8 131 4.7 5.2 5.1 5.2 4.20 10 12
G2 B 340 100 1 780/8 550 0.002 89 11.5 113 5.5 4.8 52 53 4.90 9 10
G3 A 120 50 950/2 880 0.002 55 16.1 125 6.5 6.8 5.8 5.4 6.56 2 3
G4 B 330 100 1 730/8 740 0.003 52 12.5 108 4.5 4.6 5.5 5.1 5.30 8 10
G5 B 350 110 1 870/9 560 0.003 52 10.5 118 4.8 5.5 4.6 5.1 4.60 9 11
G6 A 180 60 960/2 910 0.002 77 14.5 102 6.2 6.3 5.6 5.2 6.32 2 3
RA2 BRI RRURTMGER
Table A2 Forecasting results of load and wind speed
I i) /h A /MW K TH/(m/s) I i) /h AT/MW K TH/(m/s) I i) /h BAT/MW K TH/(m/s)
1 840 13.2 9 1140 8 17 1350 9.5
2 825 12.1 10 1200 7.5 18 1230 10.5
3 814 12.5 11 1280 7.1 19 1180 11
4 810 12 12 1380 7.2 20 1320 10.9
5 817 11.5 13 1400 7.8 21 1310 112
6 880 11 14 1440 7.3 22 1160 11.5
7 952 10.5 15 1410 7.8 23 1020 12
8 1025 9.5 16 1405 8.5 24 960 12.5

e ovin N 3.5m/s; vl 13.5m/s; vou K 25 m/s.



-36-

&) &GS

& %&30H

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

Lhok, GRUNHE. A T428 1) Bl 22 90 455 110 A 301 XL P,
DNFEERTWITED]. W RGRY SHEH, 2015,
43(19): 78-82.

MA Bin, ZHANG Liyan. Short-term wind power direct
forecasting based on RBF neural network[J]. Power
System Protection and Control, 2015, 43(19): 78-82.
FrE, DM, VEAHE, A R TRTMIE EORLAL AR
IR SCHF ) AL R D AR A TR R[], HL &R
GifrPr S, 2015, 43(2): 26-32.

WANG Kai, GUAN Shaoqing, WANG Lingxiang, et al.
A combined forecasting model for wind power predication
based on fuzzy information granulation and least squares
support vector machine[J]. Power System Protection and
Control, 2015, 43(2): 26-32.

RIG, Wi, W30, S IR ) RG] SEdE
VR AN AL T[], W RGO/ A, 2012,
40(12): 100-104.

YU Min, YANG Chen, JIANG Chuanwen, et al. Study on
power system reliability and reserve optimization with
wind power integration[J]. Power System Protection and
Control, 2012, 40(12): 100-104.

TKIR, XUk, sy, S5 BT KRNI EVERTHL )
RGN AERI]. I RGRY SHEH], 2013,
41(13): 14-19.

ZHANG Fang, LIU Jichun, GAO Hongjun, et al. Reserve
capacity model based on the uncertainty of wind power in
the power system[J]. Power System Protection and
Control, 2013, 41(13): 14-19.

ORTEGA-VAZQUEZ M A, KIRSCHEN D S. Estimating
the spinning reserve requirements in systems with
significant wind power generation penetration[J]. IEEE
Transactions on Power Systems, 2009, 24(1): 114-124.
ANSTINE L T, BURKE R E, CASEY J E, et al
Application of probability methods to the determination
of spinning reserve requirements for the Pennsylvania-New
Jersey-Maryland interconnection[J]. IEEE Transactions
on Power Apparatus and Systems, 1963, 82(10): 726-735.
WRIh B, MR, & X i REEA L B s
JERERL FIL ], b B LT R AR, 2013, 33(10):
27-35.

CHEN Gonggui, CHEN lJinfu. Environmental economic
dynamic dispatch modeling and method for power
systems integrating wind farms[J]. Proceedings of the
CSEE, 2013, 33(10): 27-35.

FAMSE, AR, VU SC. T 2 R R EE PR AL A
LA MR G e 6 AT FE 0], W R SifR
P55, 2015, 43(5): 94-100.

LU Pengming, WEN Buying, JIANG Yuewen. Study on
optimization of spinning reserve in wind power integrated
power system based on multiple timescale and unit
commitment coordination[J]. Power System Protection
and Control, 2015, 43(5): 94-100.

Y, Mm%, AousE, F RSN ERIUE IS

(10]

(11]

(12]

[13]

[14]

[15]

WL L)) R AL BFR L[], T E B TR 4R,
2014, 34(34): 6109-6118.

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.

el 2K H ) A 2 3 2 L IR Ak A AL e T P A E
IR INALZ]. bt FSOE)) IAE 2R Biss, 2007.
State Electricity Regulatory Commission People’s Republic
of China. Regulatory of renewable energy fully purchase[Z].
Beijing: State Electricity Regulatory Commission, 2007.
SCHR, RUSCRT, WM, AF. T AR AR L AR
5 A UM BB O], B R R, 2015,
30(8): 247-256.

WEN lJing, LIU Wenying, XIE Chang, et al. Source-load
coordination optimal model considering wind power
consumptive benefits based on bi-level programming[J].
Transactions of China Electrotechnical Society, 2015,
30(8): 247-256.

RN, X%, gk, 55 HIEHUKE BNl LA S
BT KSRAR[I]. FT RS Bk, 2012, 36(12): 36-40.
XU Fan, LIU Jun, ZHANG Tao, et al. Unit commitment
problem with pumped-storage unit[J]. Automation of
Electric Power Systems, 2012, 36(12): 36-40.

R, RISCE, ske, & SRUEEBAIKETHR S
PREPPAG[I]. L LEOR 2R, 2014, 29(2): 260-270.
JIANG Cheng, LIU Wenxia, ZHANG Jianhua, et al. Risk
assessment of generation and transmission systems
considering wind power penetration[J]. Transactions of
China Electrotechnical Society, 2014, 29(2): 260-270.
JdE, W, WL, AF R TSR RIS DR 2 i
KIFRIW B HID]. B LR, 2015, 30(1):
170-176.

TANG Lei, ZENG Chengbi, MIAO Hong, et al. A novel
maximum power point tracking scheme for PV systems
under partially shaded conditions based on Monte Carlo
algorithm[J]. Transactions of China Electrotechnical
Society, 2015, 30(1): 170-176.

A, R, SRAESC. BRI F sy 4 A X H B 3
JERIHU AL ) AT ST D). WO R G OR3P L 1,
2015, 43(11): 41-48.

WANG Chun, WU Ke, ZHANG Xiangwen. Unit
commitment considering coordinated dispatch of large scale
electric vehicles and wind power generation[J]. Power
System Protection and Control, 2015, 43(11): 41-48.

gt HEA: 2015-12-03;

{&E HH7: 2016-03-08

1EEEN:

FROKBA (1990-), 3, @f34E%, ML, FARF @

AR ZGHHT EATHIEH]; E-mail: 1137347666@qq.com

w0,

AP 8 (1970-), F, BT e A bk w RETE
AANE1986-), B, B TARIF, BFR A b E A
AR, AR GHERFoRibh A Fi54T,

O RN



