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Table 1 ~ Wind power point predictions and load demand in

each time period

i Be/h 1 2 3 4 5
pw, IMW 125 200 140 155 165
pw, IMW 150 250 160 190 180
pw /MW 100 170 110 125 130
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Table 2 Power outputs of two thermal units in

each time time period

A Bt/h 1 2 3 4 5
HLE 1 200 500 450 470 200
WL 2 200 500 450 470 200
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Table 3 Parameters of two thermal units

ML) g, /MW g, MW A, /MW *min”!
1 500 200 10
2 500 200 10
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Table 4 System load demand on each period § Look
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Fig. 2 Optimal output power curve of unit I-1 and unit -3
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Table 6 Time division of time division price
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Fig. 3 Change of wind curtailment minimization on

situation two

Kl 3 S5 7% iy st e M BE RERS S XU 128 4E , K] 2a
] 7R I RE Bl 24 SR BE 25 B8 3 Ik R A A
fitf BB, IRUF 33 XU B S 0/, 23 AR S5 i RE R ST Y
FIATE—E R L SUE T 50 97041, /N T B R B

FE/INARTRITE 22 o A IHBLARTKF A i, FRAR T K
HL S R 2 P T IR A SR A MRS, A RE R ST
FEAEA B BT e WA B R R R AR T X
B bR 2 W ) R G R e o R T KA
%,

6 4 it
2 S0 R DM A A A1 T ey 3

FRE T SCBLEE PP B T i RO Ak A
S R PR A o VT ST SRR TR A, AT
RBIEER, TR LA RS

1) R T 2 SR AR v ] SICBKCRR S T 1Y
DI, Fff2R ph R LA T 3 24 SRt Sk Fr) R AN vl 52
B (a1}

2) 7% PR SR AN mel SO i BB A, BRCAR 97 4T 1 43T
RREARR T IXUH, S R R 2 L TS R GE R I 18 3 L 3 XL
HL I BRI KUK

B KR BRI AR A BT o, 1 #,  TT 3 BC EOK
ST RERITH AN X, ST XU /D o R AR SCHR Y
AR SEEL T AR ALAL Sy i b e L 19 244
B 13 KUt o Y SRR KR ZE R S 1 100 T, AT LB A (1
HEVR R . SEBRMLA R T .

(5% 30k ]

[1] POURBEIK P, SANCHEZ-GASCA J J, SENTHIL J,
et al. Generic dynamic models for modeling wind power
plants and other renewable technologies in large scale
power system studies [J]. IEEE transactions on energy
conversion, 2017, 32(3):1108-1116.

(2] BUKEE, XUE . X KU A R R[],

AL TR, 2013, 33(13): 69-75.
QLY Z, LIU Y T. Finite control of high risk wind power
ramping [ J ]. Proceedings of the CSEE, 2013, 33(13):
69-75.

[3] KARAIPOOM T,

superconducting coil integrated into DFIG wind turbine

NGAMROO L Optimal
for fault ride through capability enhancement and output
power fluctuation suppression [J]. IEEE transactions on
sustainable energy, 2014, 6(1): 28-42.

(4] Hiz)a, BRI, U5, 55 A i KA
LIS TR S S5 1T [0 ). T E L TR
e, 2014, 34(13): 2132-2139.

XIAO Y Q, WANG K M, HE G J, et al. Fuzzy



96

X M

s 414

(6]

comprehensive evaluation for operating condition of
large-scale wind turbines based on trend predication [ ] ].
Proceedings of the CSEE, 2014, 34(13): 2132-2139.
BEAS, EEAN, w45 25 iU I 060 18 P ) i
KA 2 PR T ] AR, 2013, 37
(10): 2888-2895.

XUE S, WANG Z J, HAN R, et al. A secure and
economic planning model for fast response thermal units
considering grid-integration of large-scale wind farm[ ] ].
Power system technology, 2013, 37(10) : 2888-2895.
BOER, K, #8015 KA ADLR &
Wi ) P ) R e s U e AR b A [ ). AR
2015, 39(12): 3497-3504.

YIN G L, ZHANG X, CAO D D, et al. Determination of
optimal spinning reserve capacity of power system
considering wind and photovoltaic power affects [J].
Power system technology, 2015, 39(12): 3497-3504.
XUSCH, SCAl, AR, 25 5 KB TE N oL ) R S8
Pag i 2 Hbrtife 7y ], b R AL TR A4,
2015, 35(5): 1079-1088.

LIU W Y, WEN J, XIE C, et al. Multi- objective
optimal method considering wind power accommodation
based on source-load coordination[]J]. Proceedings of
the CSEE, 2015, 35(5): 1079-1088.

KM, EEE, B, . et X TR &
M A BE B A SR B A AR B R [0 ). A AR
2014, 38(3): 610-615.

SONG Y H, TAN Z F, LI H H, et al. An optimization
model combining generation side and energy storage
system with demand side to promote accommodation of
wind power[ﬂ. Power system technology, 2014, 38
(3): 610-615.

Wi, 1Rk, E0E, 55 PR TR IH A RE T 1 5k
B AR e [T ], P EBEPLTRSR], 2015, 35
(17): 4283-4290.

CHEN L, XU F, WANG X, et al. Implementation and
effect of thermal storage in improving wind power

accommodation[ ] ]. Proceedings of the CSEE, 2015, 35

[10]

(11]

[12]

[13]

[14]

[15]

(17): 4283-4290.

WO, BRd, BB, & XI5 A R o ik
PR B AT AR I BE LY ] R AL TR R
2017, 37(12): 3470-3489.

DALY H, CHEN L, MIN Y, et al. Optimal dispatch for
joint operation of wind farm and combined heat and
power plant with thermal energy storage[ ] ]. Proceedings
of the CSEE, 2017, 37(12): 3470-3479.

SRIEAE, MR, B IR, 45 BB IR SR 4%
AEEPE AT R ) R G RERRIAEE LT ], SR
AR, 2015, 41(7): 2408-2414.

ZHANG X H, XIE J, ZHAO J Q, et al. Energy-saving
emission- reduction dispatching of electrical power
system considering uncertainty of load with wind power
and plug- in hybrid electric vehicles [J]. High voltage
engineering, 2015, 41(7): 2408-2414.

BOAL A, R, BRECE, 45 ST P A R
SRS R AR - L B 2 O R O i 0 L A
BRI AR, 2014, 38(6): 1492-1498.

JUL W, LI H H, CHEN Z H, et al. A benefit
contrastive analysis model of multi grid- connected
modes for wind power and plug- in hybrid electric
vehicles based on two- step adaptive solving algorithm
[J]. Power system technology, 2014, 38 (6) : 1492-
1498.

R, B, Wk, KSR ARk
FeilE RGO EE ()] b R HORBEE, 2010
(1): 41-51.

GUAN X H, ZHAI Q Z, FENG Y H, et al
Optimization based scheduling for a class of production
systems with integral constraints [J]. Science in China
(Series E) : technological sciences, 2010(1): 41-51.
YUAN W, ZHAI Q Z. Energy based wind curtailment
minimization in short- term generation scheduling of
power system [C]//2015 Chinese Automation Congress
(CAC), IEEE, Wuhan, China, 2016:1394-1399.
ZHAI Q Z. Research on the model and algorithms for
hydrothermal scheduling[D]. Xi’an: Xi’an Jiaotong
University, 2005.



53] WA . T RERE n SCELA 2R ) R G i 97

OPTIMAL POWER DISPATCH BASED ON GENERATION SIDE,DEMAND
SIDE AND ENERGY STORAGE SYSTEM OF ENERGY BALANCE

Yang Xiaoping', Wang Xuhua', Xue Yuan', Peng Boyang', Li Pai’
(1. School of Water Resources and Hydropower , Xi’ an University of Technology, Xi’an 710048, China;
2. China Electric Power Research Institute , Beijing 100192, China)

Abstract: To the uncertainties and volatility of wind power, it can lead the energy unbalance, propose a short time optimal
power dispatch model. Using the model with integral constraint to replace the frequent-used discrete time based average
power model. The method is based on an exact formulation and detailed analysis of the electrical energy produced by
conventional generators. And adding the demand side reaction and energy storage system into the model, building a
nonlinear programming model which the object function is the minimum of wind curtailment. Because the local optimal
solution of convex programming is equal to the global optimal solution, The optimal power dispatch model can be turned
into a simple convex function for optimal solution. Numerical results show that the optimization model presented in this
paper can give an energy based assessment of the wind integration capacity.

Keywords: wind power; energy balance; convex optimization; optimal dispatch; integral constraint; wind integration

capacity



