F 2% 523 W
2014412 H1H

Z 18X BEHL TR % B B R RE = UL ATE

', A, ARG, RS, AT, #HEaE

(1. B Mg d aaE), Jrm A 310007; 2. 4k ERAFRANE, 7 Fg 461000;
3. E R AT W A RIEA R R, AT AL 310014)

A ERBEPF DL R

Power System Protection and Control

Vol.42 No.23
Dec. 1, 2014

BE: R TH ARG AR S o 10 R AL SRACR EARR!, KO T AR B AT B 3 e 5% i 3R 210 4 i PR AL R
JE. ZARRL G B AR AN ZIFEAT A B AR, HRR L A R, FIR % %% kAR S T AR E R R ) ) A
M R E . R EATIRERINT, A H oo Bk L AP 7T 45 0 AT R B KB, ARG R Fesh AR W 4G 2 B AR AR E
AR R], ARIE B AR RO Bk, % B 0 R ROELIR BAR AL 8 S ARAC YR AT R A 0918 4T, KIS ZIFHEATE) B AT,
ARIFHIH AT R A LS 30 W 3 R g v, I T B L Rk WA Sh3R e W 6 =T 9 B, JEp0y ABE T AR A 0
A A,

KRR R, w; MAWE; B ATEE; SSEHEATIRAE

Multi-time scale optimal energy dispatch of microgrid considering stochastic wind power
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(1. Zhejiang Electric Power Corporation, Hangzhou 310007, China; 2. XJ Group Corporation, Xuchang 461000, China;
3. Zhejiang Electric Power Test & Research Institute, Hangzhou 310014, China)

Abstract: Multi-time-scale scheduling model of electricity and heat for microgrid with volatile wind power generation is proposed,
which coordinates the day-ahead schedule and real-time dispatch for microgrid in different time scales. In this model, the objective of
day-ahead scheduling is to minimize the operational cost of microgrid, while the flexibility of microgrid operation is improved to
adapt to the volatile wind power with the stochastic wind output represented by scenarios; and the real-time power exchange between
microgrid and external grid approaches to the day-ahead scheduled curve as close as possible by the real-time dispatch, in which the
fluctuation of wind power is accommodated by rapid response facilities. According to the multi-time-scale scheduling model, the
impact of the volatile wind power on the external grid is mitigated while the economic operation of microgrid is achieved through the
coordination of facilities. Simulation results show the effectiveness of this scheduling model.
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Fig. 1 Day-ahead and short-term forecasted wind power
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Table 1 Day-ahead system scheduling results

%l CHPI CHP2 CHP3 PG Boiler EH
1 268.6 0 640.0 1216.6 893.1 726.6
2 374.2 0 300.0 12462 952.1 766.0
3 398.8 0 300.0 10392 891.0 695.6
4 501.8 0 300.0 883.7 903.8 685.1
5 494.9 0 300.0 966.9 889.3 732.4
6 486.5 0 300.0 10912 898.0 636.8
7 533.5 320.0 320.0 929.0 897.5 660.3
8 600.0 400.0 800.0 -11.6 854.5 148.5
9 600.0 400.0 800.0 443 967.0 33.6
10 600.0 400.0 800.0 134.1 1004.1 253
11 600.0 400.0 800.0 6.2 554.1 171.2
12 600.0 400.0 800.0 23.8 382.8 138.3
13 600.0 400.0 800.0 -27.1 4178 56.3
14 600.0 400.0 800.0 235 508.5 125.5
15 600.0 400.0 800.0 0.4 131.6 134.5
16 600.0 400.0 800.0 195.2 216.9 70.0
17 600.0 400.0 800.0 381.8 578.8 0.6
18 600.0 400.0 800.0 479.4 732.1 18.6
19 600.0 400.0 800.0 602.8 882.1 10.6
20 600.0 400.0 800.0 632.5 487.6 8.2
21 600.0 400.0 800.0 578.8 826.0 2.4
22 600.0 400.0 800.0 219.2 919.7 81.9
23 0 80.0 320.0 1.809.3 898.0 695.5
24 0 214.9 0 1998.7 915.5 717.1
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Fig. 2 Energy exchange at PCC
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real-time scheduling
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Table I Units data (1)
RHAL aF bF aH bH Pin /KW Proax /KW
CHPI 2.64 66.2 1.36 30.2 15 600
CHP2 2.7 50 1.4 30.2 15 400
CHP3 2 10 0.8 0 300 800
VE: *aF. bF. aH #l bH J& CHP (W% hES %L,
F U XBNASH
Table II Units data (2)
. YIh Fresi  RIehR, YU SehUesy/ /AN FFHL NI
RHAL ) . .
RE /(kW/h) (kW/h) (kW/h) (kW/h) B [H]/h I i) /h
CHPI 3 420 480 480 600 6 2
CHP2 -1 280 320 320 400 6 2
CHP3 3 480 480 560 640 8 3
FZ 1l RFEEESH
Table III System components data
2 ZH/kW PES
ol 1 500 0.8
HL AL, 800 0.98
Hfitinex 1 000 0.98 0.9 1
L e 50 1 0.9 0.9
PCC # i 2 000 -
K HLZREHL 800 -

He o EASHUMNAIR: R RARE. TR,
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Table IV Energy tariff

&4 (1~7h,23~24 h)

16 (8~22 )

L

PR A%

0.288 $/kWh
0.4 $/kWh (10.35 kWh/m3 HHV)

0.668 $/kWh

RV . RAEFEREHBIR RN 7

Table V Hourly load and forecast wind power

kW
I 18] HL A A R H I 18] HL A WA R H

1 1 686.5 2 609.9 287.8 13 22489 2 547.6 5323

2 1 603.2 2 480.9 448.8 14 2207.1 2921.6 509.0

3 15199 2384.1 477.6 15 2165.6 2208.4 499.7

4 15199 2526.2 519.5 16 2123.8 2360.1 198.6

5 1561.7 2 548.9 5323 17 2207.1 2 654.0 259

6 1769.8 24524 528.9 18 23113 2 8249 50.5

7 20823 2 842.7 640.0 19 2457.0 2967.0 64.7

8 2269.5 31203 629.7 20 2457.0 25703 32.7

9 23113 3194.1 500.6 21 24155 24738 39.1

10 23113 30293 402.5 22 2290.4 2 496.5 353.2

11 2269.5 25419 634.5 23 2 040.5 2389.8 526.8

12 2269.5 2593.0 584.1 24 1832.4 24355 3359

MiXB HUB/EHIXE S hifx
VI HIRRHIR R h37 R
Table VI Reduced wind power scenarios
Hours Wind power scenarios/’kW
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10

1 287.8 268.9 326.1 294.9 199.7 177.5 264.5 364.2 277.6 232.4
2 448.8 469.4 451.7 477.4 431.7 398.7 437.6 485.7 448.5 453.9
3 477.6 499.1 460.1 510.6 365.5 478.5 400.4 468.0 521.1 587.0
4 519.5 548.0 541.3 420.5 517.1 513.9 511.7 452.5 635.7 588.8
5 5323 498.0 526.9 536.1 559.1 527.9 602.6 418.0 595.0 517.6
6 528.9 696.1 476.7 526.5 488.9 521.2 481.2 567.9 565.1 422.8
7 640.0 637.4 655.2 534.5 582.6 677.0 607.1 549.9 613.5 784.8
8 629.7 623.8 666.1 521.5 594.5 706.5 479.1 647.7 618.8 583.5
9 500.6 469.5 487.8 465.9 510.9 586.1 468.6 599.7 472.8 481.4
10 402.5 414.4 376.4 376.8 385.7 473.5 452.7 416.0 402.6 390.4
11 634.5 673.3 597.9 557.6 625.7 475.0 462.1 649.4 710.6 461.5
12 584.1 442.7 467.7 632.0 634.3 650.7 495.2 639.1 513.4 511.8
13 5323 548.3 532.7 500.9 576.1 612.3 474.0 593.4 579.9 589.1
14 509.0 645.2 532.9 382.8 520.9 596.7 544.8 519.4 444.6 479.5
15 499.7 612.7 463.6 363.8 539.7 400.7 504.6 460.7 510.2 3923
16 198.6 240.8 126.6 186.9 196.9 187.3 186.6 203.7 196.6 161.9
17 259 26.6 34.7 24.7 26.0 26.9 25.0 254 27.8 25.6
18 50.5 68.2 29.8 349 55.7 64.9 444 56.2 47.4 64.4
19 64.7 54.0 524 65.8 64.0 594 71.2 67.8 78.8 573
20 32.7 313 313 399 25.6 24.6 313 223 41.0 304
21 39.1 42.6 46.1 425 36.2 45.1 35.7 41.7 49.6 448
22 353.2 349.3 269.1 354.2 311.4 397.1 457.4 475.6 389.1 365.2
23 526.8 460.1 421.8 507.9 464.5 510.9 615.9 562.8 481.6 635.9
24 3359 248.4 421.3 316.2 359.2 304.3 352.2 417.4 249.6 346.6




-8- & EBF R
F VI HIEE R R 5= B9
Table VII Probability of reduced wind power scenarios
Yy S1 S2 S3 S4 S6 S7 S8 S9 S10
M 0.064 0.091 0.155 0.134 0.088 0.092 0.086 0.192 0.051 0.047
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