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ABSTRACT: To fully increase the benefit of electricity
generation and implement energy saving and loss reduction, a
multi-objective economic scheduling model, in which the
generated energy by cascade hydroelectric stations is
maximized and the coal consumption of thermal power
generating units is minimized, is proposed, and genetic
algorithm (GA) and data envelopment analysis (DEA) is used
to solve the proposed model. By means of penalty factors, the
constraint conditions are merged into the objective function,
then through setting different weight coefficient ten scheduling
schemes are obtained. Comparing objective values and DEA
estimation values of different scheduling schemes and
according to the preference of different decision-makers, the
optimal decision-making scheme can be chosen. The
effectiveness of the proposed method is verified by results of

case calculation.
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Tab.1 Typical daily load of hydro-thermal
power system GW

MR 1 2 3 4 5 6 7 8 9 10 11 12

fifif 2508 2463 2384 2308 2239 2232 2282 2337 2433 2702 2814 2660

B 13 14 15 16 17 18 19 20 21 22 23 24

fifif 2891 2700 2753 2849 2865 2979 2867 2768 3018 3062 2993 2788

R2 BRKEEERSEH

Tab.2 Parameters of cascade hydroelectric plants

e e BT MR . 9=
AKHLE E TR SKRm B SEKAL/m o
i=1 ZAE 780 83.95 731.0 25.990
i=2 H 645 0.26 637.0 0.076
i=3 H 440 2.11 4375 1.842

WATER R L ML e

ARIE 0 wd mEMW AUE kddm
i=1 57.960 102.60 300 4 110.7
=2 0.184 0.88 220 6 176.0
=3 0.268 2.78 135 3 34.0

x3 KHE[EKXSY

Tab.3 Parameters of coal-fired plants

KAL) WA B ™) R R MW
a; by < Pmin PGmax

Jj=1 0.000175 0.11 3.0 310 570
=2 0.000230 0.15 5.0 250 425
j=3 0.000 116 0.07 7.0 350 700
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Fig.1 Constraint violations and fuel consumptions
for coal-fired plants
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Fig. 2 Load demand, total output of coal-fired plants and
hydroelectric plants
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Tab.4 Power output of generating units in hydroelectric
plants and coal-fired plants

i JKHLS i H /MW KNI j HJI/MW
i=1 i=2 i=3 Jj=1 j=2 j=3
1 3663 602490 15140 3580  365.60  663.30
2 3578 904260 6488 4688 28150  385.60
3 8015 86200 12090 4018 32625  646.40
4 3175 777.670 17330 3364 25730 44580
5 6393 129730 160.60 3969 41640  497.30
6 562.1 484350 11610 3632  289.00 41840
7 8754 265930 108.80  380.6 27130  379.90
8 4340 717450 5878 4073 34740 371.90
9 9325 416170 9722 3239 27530  389.00

10 1018 57.505  206.10 550.2 405.60  464.60

11 804.5  713.760 167.00 388.0 356.00 384.80
12 1140.0  169.800 156.30 4724 26040  693.30
13 5723 875500 172.30 352.1 289.90  397.70
14 859.9  658.100 80.34 379.0  262.90 458.70
15 687.6 727200 215.60 370.8 318.40  433.20
16 9253  540.000 142.30 5414  278.50  421.50
17 744.6  586.100 260.80 404.2 401.20  468.30
18 378.8 1145.600  80.74 3335 41990  620.28
19 1110.0  520.600 85.75 467.4 31930  364.80

20 361.2  1069.100 88.39 540.2 326.50  383.40

21 7522 668.400 324.00 4794 406.70  387.60
22 946.4  734.500 90.37 356.1 354.80 579.81
23 687.6 971390 171.70 329.9 269.10  562.80
24 477.0  836.200 259.80 332.5 272.10  411.00

DEA iR ERAm A B/ ik, HAA 2
AU, GRS PR AR ITTAST H bk i rh 25K
KA HUALERE S f N (B HH s /y), - U H b R 2
A5G DEA IR NG Hn oK Bk .
SRAFFEAE B A /N H b e O 5 5K (14) PHIL S LL-1
(B (~A,¥,) <X, ), 06 SR 4 Sk N A e
K o UL (1) A X PLAEE 5 5L, 6
T 7 DEA R A & R BN IER ER . A
SCRHAREGEYS DEA AR rh iy 30 A7 76 SRR ANAS:
SRHATEAET Y e <e ™), LLiAF] DEA i 5E
Ko Z HERALE R 5 PR,

H13% 5 WIS, WR3EJT 5] DEA PRAS RO,
W5 S BrA Al H bR £5 6 Pl PElds, {E
TRFE XA H AR LA, Pl 55 I A
BRI S PR N e RS, TR

x5 ZEMRMUER

Tab. 5 Optimization results for multi-objective problems

POTE BCERBORME R A/(MW-h) R £/t DEA PG

1 0.1 32963.7 5787.0 0.468 17
2 0.2 34 681.0 54285 0.658 53
3 0.3 34032.2 5570.2 0.574 97
4 0.4 34 500.5 5467.2 1.000 00
5 0.5 34 666.0 54324 0.656 76
6 0.6 35083.0 53142 0.725 78
7 0.7 36 675.6 4972.6 1.000 00
8 0.8 35817.8 51384 0.85593
9 0.9 35021.6 53219 0.720 25
10 1.0 35162.2 53263 0.718 15

It B G i L 3k B 2 A D R PR B TR I S R T H
BB SR H ARSI PR SEA T A e 5K

AR LI BN LA H A ok B 25 A —
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PR T RE AT IR E A BN R . Wk
PL/E DEA PEAS{E KT 0.9 3k 5 R ik U 4 07
%, HysRaiasR R sk, WnEsrE 71
N IARE TS B PORE R R A SN, W)
IRk dE T % 7 E AR B e A5 &
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Fig. 3 Relations between power generation, coal
consumption and DEA values
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