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Short-Term Optimal Scheduling of Cascade Hydro-power Plants
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YIN Yongchang, CAl Xingguo, ZHANG Zhan’an, LI Xianzhong, FU Chunmei
(School of Electrical Engineering and Automation, Harbin Institute of Technology, Harbin 150001, Heilongjiang Province, China)

ABSTRACT: In traditional electricity market, the short-term
optimal scheduling of cascaded power stations is simple and
intuitive and convenient to comprehend, however the
impacting factors considered in the scheduling are not enough.
In this paper, a new short-term optimal scheduling model of
cascaded power stations in electricity market is built, in which
the impact of generation right transfer on the decision of
short-term optimal scheduling model of cascaded power
stations is considered, and the economic benefit of the three
parties, i.e., the transferors and transferees of generation right
and the grid company, is taken into account while generation
right transfer exists. In the proposed model the capacity and
water head of reservoir, unit output and power purchase cost of
grid company are taken as constraint conditions. The
short-term optimal scheduling of cascaded power stations is a
high dimensional nonlinear optimization problem with a lot of
constraint conditions and time-delay, so the proposed model
should be solved by differential evolution algorithm. Results of
calculation example show that both the proposed model and
utilized algorithm are effective.

KEY WORDS: electricity market; cascade hydro-power
stations; short-term optimal scheduling; generation rights
transfer; differential evolution algorithm
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Tab.1 Parameters of hydro plants

FKEG Vimax! Vimi/© Nimax/  Nimin/ Qimad  Qimin/

¥ (em® (fZm) GW MW (m¥s) (m¥s)
12y 14557 98.95 4.20 0 3101.6 0 8.81
H2g 9.20 257 1.50 0 2000.0 0 8.20
3% 9.33 2.75 1.35 0 1410.7 0 8.00
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Fig. 1 Predicted price of next dispatching cycle of plant B
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Tab.2 The price of per generation rights and
the amount of generation rights on a certain day of
low flow period that hydro-power plants plan to sell

wa G NE/ wa G N/
(GEMW-h)  (MW-h) GEMW-h)  (MW-h)
1:00 5 900 13:00 100 700
2:00 5 900 14:00 100 700
3:00 5 900 15:00 100 700
4:00 5 900 16:00 100 700
5:00 5 900 17:00 100 700
6:00 5 900 18:00 100 700
7:00 5 900 19:00 180 400
8:00 180 400 20:00 180 400
9:00 180 400 21:00 180 400
10:00 180 400 22:00 180 400
11:00 180 400 23:00 100 700
12:00 100 700 24:00 5 900

F3 FKEFHARHB XABNANILHER
BlUZBINEENERABNE
Tab. 3 The price of per generation rights and
the amount of generation rights on a certain day of
high flow period that thermal power plants plan to sell

A col Ny - col NE/

i Z) . %1 .
GEIMWR)  (MW-h) GEIMW-H)  (MW-h)

1:00 120 1000 | 13:00 240 800
2:00 120 1000 | 14:00 240 800
3:00 120 1000 | 15:00 240 800
4:00 120 1000 | 16:00 240 800
5:00 120 1000 | 17:00 240 800
6:00 120 1000 | 18:00 240 800
7:00 120 1000 | 19:00 320 600
8:00 320 600 | 20:00 320 600
9:00 320 600 | 21:00 320 600
10:00 320 600 | 22:00 320 600
11:00 320 600 | 23:00 240 800
12:00 240 800 | 24:00 120 1000

K HI DE S350 7365 Rl ZK 31 == 7K 357 28 A
HARBRLREATOUAL SR M, 55 GA Bk ie 4l
BATHAL. K 4. 5 SPRIDURTKIY. SFKIIAE R
H H AR AL R o
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x4 MKEAKAR P BERER RIS
Tab. 4 Optimal results of objective model for
a certain day of low flow period

F7 FRARKARE HIAETX
Tab. 7 Scheduling plan for a certain day of
high flow period

. WEIE T E/107 T Wt oK ds MW F IR ERI(f mP)
A R R 28R B A BHIYE  CHEy AHYY BHNG  CH
DE 2.490 2 2.266 9 1 31763 5700 7043 1427300 9.0000 9.0000
GA 2.4736 22117 2 30988 851.1  387.9 1427287 9.0071 9.0003
£ IR [ AR g 3 23869 12643 6318 1427294 90108 9.0033
Tab.5 Optimal results of objective model for 4 23823 11418 804.2 1427300 9.0123  9.0071
a certain day of high flow period 5 24706 9938 11201 1427299 9.0153 9.0097
rrTE————— 6 30984 10230 7032 1427288 9.0196 9.0105
g : 7 28684 13244 10555 1427281 9.0238 9.0130
AHBROBRL  HIERuBGeiL 8 29202 929.3 12658 1427260 9.0269 9.0154
DE 16058 19216 O 40536 10248  917.8 1427226 90341 90154
CA 15964 19118 10 3597.9 14847 12881 1427206 9.0400 9.0171
HE 4—5 T4, KHEBUE LSS AL 2 /K Bk 11 38710 10311 8732 1427172 9.0449 9.0193
N S 36 , g 12 31391 14919 13295 1427162 9.0491 9.0212
VSO 928 DF A, REAKIIN B ZHK S L 13 37524 13840  949.3 1427131 9.0538 9.0233
AR A I D R A e 5 s, 14 39439 13333 11040 1427096 9.0590 9.0264
TR I B A6 20 7K B 3G T ok 52 b 3 40 R EE A 2 3 24 4 15 39429 14651 13186 1427066 9.0640 9.0286
N o 2 . s 16 39760 11544 11948 1427033 9.0694 9.0307
IR e G . DE SRR GA HIAHAT 17 4037.8 7198 9751 1426996 9.0758 9.0319
BRI RS, HAS AN RS 18 34118 13930  892.4 1426982 0.0822 9.0319
2 6—7 4 WAy Rk K A AT 32 K S iR H B g% 19 36238 13065 7133 142.6955 9.0870 9.0353
N . O . . 20 39726 11063 1148.0 1426920 9.0920 9.0389
RHRLSE I R B VTl A8 18 A B L e 21 35820 13122 12795 1426904 90973 9.0401
F, SR DE S0 A0 e B A A = K 4 22 37431 7803 4984 1426877 91028 9.0417
2 N H FR AR AT, 3R T2 F AR Y [ H 23 32454 632.6 1116.1 142.6858 9.1089 9.0439

Fz 6 FKEAFEAZH RIAE TR
Tab. 6 Scheduling plan for a certain day of
low flow period
FYOK MW B IOKIEPEFI(I m®)
ARy BHESE  CHIRS  AHYY  BHSE  C S

B t

1 13209 4214  296.6 110.0100 3.5000 3.5000
2 875.4 511.7 1724 110.0080 3.5006 3.5015
3 869.3 359.2 1724 1100060 3.5032 3.5035
4 641.1 3423 2038 110.0049 35041 3.5053
5 646.9 356.5 1724 110.0038 3.5053 3.5063
6 724.6 2985 1724  110.0024 35082 3.5081
7 697.8 4956 1732 1100011 35113 3.5096
8 1565.0 807.1 1724 109.9963 3.5164 3.5097
9 19853 10757 2248 1099912 35224 35139
10 22178 11839 3362 1099842 35289 35172
11 24399 13101 5653 109.9778 35321 35228
12 18958 14793 5638 1099736 3.5317 35244
13 17668 14603 703.6 1099680 3.5319 35274
14 17136 14690 6832 1099626 3.5323 35316
15 21694 10457 6456 109.9570 3.5327 35360
16 18904 13974 4836 109.9537 3.5325 35373
17 14985 908.9 7131 109.9491 35322 3.5398
18 16286 13747 1724 1099445 35342 35417
19 14066 13381 2914 1099403 3.5387 35488
20 20101 11368 690.7 109.9338 35426 3.5547
21 18913 11933 6584 109.9293 35441 35579
22 25584 955.9  551.6 109.9245 3.5473 3.5602
23 22278 506.3 2252 109.9194 35473 35623
24 2010.7 3554 2524 109.9165 3.5468 3.5663

24 25730 13393  900.4 1426865 91135 90430
MR, B3 6—7 WA, T AR KPR LD
R BN LR il TR B, K BLAL
X BN TR ERRZ . R
KNS SZAL T R BB KL R % .

4 g
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