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Fig.1 Wind power output of a wind
farm for four successive days
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Table 1 Maximum wind power variation
recommended by State Grid
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Table 2 Statistics of wind power variation
rate of a wind farm
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Fig.2 Comparison of power output between
single wind turbine and whole wind farm
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Table 3 Fluctuation amplitude and standard
deviation for different time scales
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Fig.3 Power output variation rate of single
wind turbine for different time scales
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Fig.4 Power output variation rate of whole wind
farm for different time scales
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Table 4 Probability of power output variation rate
within [20%,40%) and within [40%,90%)

for different time scales
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Table 5 Maximum probability and fluctuation of
wind power for different time scales
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Fig.5 Actual wind power and smoothing target
22 EERMEEFRBFETUEBMHETERES
R g
2.2.1 4K A A A 35 ) R
W 6 Jr7m | 25 KL SE PRI AR T F AR
RE UL ) B 5 4 SE PR DA/ TP 40 H AR | RER A
filf BE UL H 5 5 XU H SE B D) RS T 141 H s B RE A
ik,
222 HEAERAE S F
F AT 6 T3 2 {EL A 21 4% B BE 0 i Pl D AL,
{EARYE R 5 AT o0, 5 K 5h 555 0.8950 p.u., fiff BE
DA BB A K, G TR 22 AR SCR ML R Gk 0 22



38 @ D & B & %35%
L0 e see 400
0.8 ﬁ(ﬁ 300
¥ o6 = 20
S 04 E5 100
02 Fmuts Mm% %02 0 0.2 04 06

20 40 60

80 100 120 140 160

Bl o iRt M ABIEH KRB REE
Fig.6 Schematic diagram of energy storage
charging / discharging control strategy
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Fig.7 Probability distribution of energy
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Table 7 Configuration of energy storage capacity
and power for different time scales
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Wind-storage coupling based on actual data and fuzzy control in multiple time

scales for real-time rolling smoothing of fluctuation
LIU Chunyan,CHAO Qin,WEI Lili

(College of Electrical Engineering, Xinjiang University,, Urumqgi 830047, China)
Abstract: The intermittence and randomness of wind power causes serious fluctuation of grid-connecting
power,which harmfully impacts on the security and stability of power system. Based on the actual power
outputs of a wind farm,the probabilistic method is applied to research the rules of wind power fluctuation
and the characteristics of wind-storage coupling in multiple time scales. The real-time 5-point rolling method
is adopted to set the target of wind power fluctuation smoothing for different time scales,which are modified
according to the corresponding limits stipulated by State Grid and tracked periodically using the energy
storage to rationally determine the energy storage capacity configuration and charging/discharging control
strategy. The compensation degree is further adopted to economically modify the energy storage capacity.
The charging/discharging control strategy is improved by optimizing the state of charge with the fuzzy
control principle to avoid overcharge and overdischarge. Simulative results show the proposed method
effective and feasible:when the energy storage capacity configuration is 15% ,more than 90% of the wind-
storage power output can track the smoothing target of 10 min wind power fluctuation.
Key words: multiple time scales; wind-storage coupling; probability and statistic; control; wind power; energy
storage
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Joint secure & economic dispatch considering wind power,

pumped storage and demand response
LI Dan,LIU Junyong,LIU Youbo,GAO Hongjun
(School of Electrical Engineering and Information,Sichuan University ,Chengdu 610065, China)

Abstract: Aiming at the reverse peak-shaving and uncertainty of wind power,a joint secure & economic
dispatch model considering the wind power,pumped storage,demand response and thermal power is proposed
to make use of the advantages of pumped storage and demand response. A bidimensional ladder overlapping
cost function is designed according to the time and power atiributes of load transfer and a comprehensive
demand-response cost model including the interruptible load capacity and power cost is formed. A
comprehensive assessment system of dispatch cost is constructed based on the predicted and random
scenarios ,which considers the constraints of pumped storage power station and system security. Simulation is
carried out for a 10-bus system and the simulative results show that,based on the proposed model,the
system operational cost is decreased,the investment delayed,the wind curtailment reduced and the system
operational economy enhanced.
Key words: wind power; pumped storage; demand response; two-dimensional overlapping; multi-scenario;

secure and economic dispatch; models



