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Fig.1 Example of unit load transfer cost function
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Vst R AT A L e A AL 2 k] I T
U AR T : P
GETF M) CET PG5 U Y% 50 MW N/A N/A
7 l BEAR 400 MW-h N/A N/A
W | ST . BT 50~400 MW-h  N/A N/A
?;ﬁ fﬁgﬁﬁ = g“%a?{;ﬂﬁ % 5 Hofsl 100% 5% 28%,25%,52%,72%,18%
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T P s Kbl F AN EC ] A B JT A B B fr A s Bt 10,12,19,20,21
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i R [EEEED | e %2 MR
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b EE;I’KV ~JAEE (s=1,2,--,10), BB /MW | BB /MW || BB /MW
: | : = Wﬁgff’nl‘bm‘ Vs 1 633.7 9 1176.8 17 905.3
- i - 2 678.9 10 1267.4 18 995.8
B 3 769.5 11 1312.6 19 1086.3
V=Vi+V, 4 860.0 12 1357.9 20 1267.4
5 905.3 13 1267.4 21 1176.8
o N 6 995.8 14 1176.8 2 995.8
SR 7 1041.1 15 1086.3 23 814.7
8 1086.3 16 950.5 24 7242
ff 11 245 R * 3 R TR

L . Table 3 Data of predicted wind power
B2 BREEERRTEGHER

Fig.2 Assessment system of joint dispatch cost MBI /MW B /MW B /MW
1 194.4 9 382.8 17 9.8
4 EHHISH 2 273.9 10 2323 18 38.1
3 330.8 11 4472 19 43.9
4.1 EmEE 4 358.6 12 365.7 20 19.3
A SCH T MATALB/Simulink 2013a #1445 > 3650 ) 134384 ) 21 46
L BRI E 10 HUER S5 L BT ARBIR LT R i, % oo vl I
- N - - ’ 7 455.9 15 355.8 23 359.0
R 10 G L 1 AR 1 ATk E e 8 450.9 16 11822 24 257.7

B 54 TL 1A IL, MRS EnE 1—6 s,

: ‘ EDR S5
42 JHEESHR c. WM 3. 7ERME 1 BUERE I E DR &5 1

SO BRI DR AHSCAE BERIZT R

AR BT T 4 FR RIS RN, d. W 4. IR 5 DR K955 0005 4 8
a. RHE 1 X 28 LW UEEAREIHS S EERISY BRI 3 A A
PR JH AR [R50 2 1 iR (H T BN S K AL S5 SR F 4 R AR 1732 47 405 W i L 0 8] B 4% 35
AT FERA G 7 3 R,
b. W& 2. FERNE T M SEAL b B A 2 2 7 s FoR 4 FP SR I %S AR 1 B KA
5 B UOE B in A A AL AR MR 7 FE 3 el LUE A TR 1, % 2 3
4 BENHIE

Table 4 Data of generators

KEHL WIS —kI RO J 45 mKk S, ', eI, SHEENA, FHE R4/
G E 7 P mAEs MW MW (MW-h')  (JE-MW) (JE-MW)
1 000048 1619 1000 7000 255 60 80 15.0 10
2 000031 1726 970 7000 255 60 80 165 1
3 000398 1970 450 2000 162 20 60 21.0 14
4 000211 2250 680 1800 130 20 60 25 15
5 000200 2260 700 1800 130 25 60 25 15
6 000312 1826 500 4000 200 30 70 19.5 13
7000079 2774 480 1000 80 25 45 285 19
8 000413 2992 660 600 60 10 40 30.0 20
9 000322 1927 665 2000 162 20 60 21.0 14
10 000173 3079 670 500 55 10 40 315 21
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Table 5 Data of wind power scenario set

BB A/ MW
YR BR2 %3 B4 BES HRe BR7T O HBES B9 HE 10

1 190 190 221 190 159 190 190 159 221 190
2 251 300 300 349 349 300 300 300 300 300
3 330 384 330 330 330 384 275 384 330 330
4 301 301 360 360 419 360 360 360 419 360
5 350 408 350 350 292 292 292 350 408 350
6 370 370 370 370 431 431 309 370 370 431
7 440 440 440 440 440 440 368 368 512 368
8 384 536 460 536 460 460 384 460 460 460
9 292 350 350 350 350 408 350 350 350 292
10 250 250 291 291 250 250 250 291 250 250
11 489 420 420 420 420 420 420 420 420 420
12 380 380 380 380 380 380 380 380 380 442
13 326 390 390 390 326 390 390 326 390 326
14 340 284 396 340 340 284 340 340 340 284
15 320 320 320 267 320 267 373 267 320 320
16 120 120 120 120 120 120 120 120 120 120
17 10 8 12 10 10 10 10 12 10 10
18 33 40 47 40 40 40 40 40 40 40
19 42 50 50 58 50 50 50 50 50 50
20 20 20 23 23 20 23 17 20 20 20
21 5 5 5 5 5 5 6 5 5 5

22 250 291 209 250 250 250 250 250 209 291
23 350 350 350 408 350 350 350 350 350 350
24 240 240 240 240 279 279 240 240 279 201

Table 6 Output power of different generators
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Table 7 Main dispatch costs for four strategies —

Ju
KB T /MW AR WS 1 Mg 2 GREE 3 g 4
B BL4l HLZL BLAL HLZL BLAL HLZH WLZL HLZH BLZl HLad SR A 4198200 407600 404640 401290
1 2 3 4 5 6 7 8 9 10 i 15 WA 29000° 17400 25000 13800
r 209 23 0 0 0 0 0 0 0 0 IEERCY RS 0 9600° 0 9600°
2 21824 0 0 0 0 0 0 0 O 77 e A LA 0 0 628 1831
3 230 2150 0 0 0 0O O O O HINARBA  38613° 34487 32196 28426
4 244211 0 0 0 64 0 0 0 O & R R A 791 943 896 855
5 22028 0 0 0 109 0 0 0 0 U A 0 0 7345 7454
6 241 248 O 0 0o 171 0 0 0 0 DGR TN 0 0 97 98"
70204 226 0 0O O 165 0 0 0 O SR A 36149° 26139 19535 6500
8 197 200 46 0 0 145 0 0 54 0 BAMRSAUATRA  29379° 15306 3015 3000
9 200 205 9 0 0O 18 0O 0 97 0 AR 553800° 511475 502352 472854
10 246 264 145 0 0 169 0 0 132 0
11232 227 102 0 0 164 0 0 123 0 1400
12 261 256 133 0 0 171 0 0 136 0 1200
13 227 255 103 0 O 136 0 0O 117 0 ;1000
14 244 241 105 0 O 170 0 0 120 0 £ 500
15 191 196 96 0 0 164 0 0 114 0 =
16 217 233 117 0 0 168 0 0 123 0 600
17 238 214 125 40 O 172 0 0 124 0 4000 6 12 18 4
18 231 254 125 94 0 152 0 0 122 0 W
19 228 245 132 105 O 150 O 0 155 O — WS ] —e— NG 2, —e— SN 3, —e— SN 4
20 265 267 152 121 0 187 0O O 150 O
21 263 267 145 107 0 180 0 0 152 0 B3 4 FhoRRE T & RS AR
22 250 208 144 0 0 155 0 0 0 0 F1g3 Hourly net load for four strategies
23 185 199 0 0 0 125 0 0 0 0 AR, HA R0 HAERES AT TR 1,00 2 .3
24 191 170 0 0 O 130 0 O 0 0
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Table 8 Wind curtailment and load loss for
four strategies

S FERAEE/MW RS G i B/ MW
1 3.61 2.94
2 2.61 1.53
3 1.95 0.30
4 0.65 0.30
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Fig.4 Pumping power and generating power of pumped

storage power station with strategy 2
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Fig.6 Load transfer power of strategy 4
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Fig.7 Equivalent electric power of pumped storage
reservoir with and without demand response
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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
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