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Fig.1 Diagram of water flow compensation
process for first stage hydropower station
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Fig.2 Schematic diagram of interactive channel
for cascade hydropower station
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Fig.3 Schematic diagram of water flow interactive relation for

multi-period cascade hydropower stations
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Fig.4 Schematic diagram of cascade community model
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Table 1  Power generation rights trading quantity bid by thermal power units

%5 RS/ (MW -h)

JA) ik 1 ik 2 ik 3 ik 4 ik 5 Zik 1 Zik2 %Zik 3 Zik 4
1 105.67 97.01 74.98 78.23 67.86 23.21 31.26 39.58 26.36
2 104.54 95.87 70.85 75.66 59.22 22.85 30.73 35.94 24.96
3 103.41 94.74 63.72 71.06 65.59 22.51 30.21 29.67 22.44
4 102.30 93.63 68.31 75.65 64.48 22.17 29.69 33.71 24.95
5 101.22 87.78 65.76 73.09 58.64 21.84 26.96 31.46 23.55
6 100.14 86.70 64.68 72.02 65.05 21.51 26.40 30.51 22.96
7 99.07 85.64 63.61 66.86 56.49 21.18 25.96 29.58 20.14
8 96.64 81.27 59.25 68.22 52.13 20.43 23.92 25.74 20.89
9 94.31 78.93 56.91 65.88 49.78 19.72 22.83 23.68 19.62
10 91.41 76.04 54.01 62.99 60.39 18.83 21.48 21.14 18.04
11 88.64 69.61 47.33 53.79 54.97 17.98 18.48 15.24 13.01
12 85.35 69.98 47.95 56.92 54.33 16.97 18.65 15.80 14.72
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Table 2 Power generation rights trading price bid by thermal power units

7 R W/ [ J6- (MW-h) ']

i ik 1 hik2 hik3 il 4 ik s Zik | Zik2 %Zik3 %Zik4
1 361.2 360.2 362.2 359.4 362.7 299.7 293.8 298.4 292.3
2 360.0 361.4 363.7 362.5 364.3 300.0 294.1 299.5 293.9
3 361.8 362.7 364.9 360.2 360.5 310.5 295.9 300.6 294.9
4 359.3 361.3 362.6 361.3 358.9 311.4 297.2 306.9 296.4
5 357.2 356.2 359.3 358.2 355.4 314.2 296.8 308.4 298.3
6 355.3 354.4 356.2 353.7 353.1 322.3 322.2 321.5 312.2
7 356.4 352.2 353.1 350.4 357.2 332.6 321.3 329.8 313.6
8 357.7 351.9 351.7 349.6 354.3 334.8 324.6 331.1 317.3
9 355.8 350.6 351.1 352.3 354.9 330.1 323.3 328.8 321.2
10 353.9 354.1 355.9 352.2 356.2 313.3 310.9 319.9 325.4
11 351.4 351.1 352.6 349.7 353.1 327.9 318.4 325.4 321.3
12 352.2 354.5 355.3 350.6 351.8 317.6 311.6 316.9 300.8
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Table 3  Discharge coefficients of thermal power units

15 W HE R AL

LB as/ Bs/ vs/ ns/ o5/

(kg*h™") [kg-(MW-h) 'Tkg-(MW2-h™1)] (kg-h™!) MW™!
Hiik 1 3034 -0.701 0.006 21 0.226 9 0.022 31
Hik2  29.78 -0.654 0.005 36 0.2259 0.020 81
k3 27.22 -0.615 0.004 76 0.2253 0.019 25
Hilk 4 20.41 -0.272 0.003 63 0.2204 0.016 94
Hiks5  13.61 -0.252 0.005 44 0.2284 0.014 78
Zilk1  9.26 -0.201 0.003 16 0.161 1 0.009 22
Zik2 734 -0.192 0.002 99 0.158 9 0.008 91
%Zik3  6.66 -0.179 0.002 65 0.150 1 0.008 16
Zik4  5.43 -0.171 0.002 32 0.1499 0.007 82
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Table 4 Basic parameters of power stations in cascade community
G5 Vipe/(m*es™)V, /(0P 5™ Q) /m® Qi /m’ Ry /M by /m g /MW g /MW @ B
1 800.00 85.25 8.738x10°  3.660x10° 88 52 825 0 0.88 5 100
2 557.50 45.50 5.000x10°  1.000x10° 54 40 350 0 0.87 5 180
3 625.00 55.00 6.920x10°  3.060x10° 69 45 450 0 0.85 5 150
4 450.00 40.00 3.250x10°  1.000x10° 49 33 300 0 0.84 5 210
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Fig.5 Relationship between compensation
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risk and compensating water quantity
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Table 5 Decision-making results of cascade hydropower taking part in power generation

rights trading considering water flow compensation risk

Hebrht/ (MW -h)

Behith/[JC- (MW-h) ']

225 JA

4.51% 5% 5.7% 6.3% 6.9% 4.51% 5% 5.7% 6.3% 6.9%
1 277.13 318.23 333.51 362.21 377.53 213.46 213.98 214.17 214.53 214.72
2 275.02 316.12 334.25 358.95 375.27 213.44 213.95 214.18 214.49 214.69
3 272.24 313.34 333.34 355.04 369.36 213.40 213.92 214.17 214.44 214.62
4 268.12 309.22 324.13 346.83 362.85 213.35 213.87 214.05 214.34 214.54
5 264.32 305.42 310.54 340.24 355.56 213.30 213.82 213.88 214.25 214.44
6 251.56 292.66 296.05 316.75 334.07 213.14 213.66 213.70 213.96 214.18
7 249.16 270.26 272.40 295.10 312.32 213.11 213.38 213.41 213.69 213.90
8 245.13 267.33 270.37 296.07 312.49 213.06 213.34 213.38 213.70 213.91
9 241.20 264.50 265.44 289.14 304.36 213.01 213.31 213.32 213.61 213.80
10 240.78 262.18 264.02 290.72 306.34 213.01 213.28 213.30 213.63 213.83
11 239.00 261.50 265.24 285.94 300.86 212.99 213.27 213.32 213.57 213.76
12 238.02 260.62 262.26 284.96 300.98 212.98 213.26 213.28 213.56 213.76

At 3 061.65 3441.38 3 531.54 3 821.97 4011.97 — — — — —
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Table 6 Results of power generation rights trading and emission reduction when risk tolerance of first stage hydropower station is 5%

pZ) B HL I A RGP ) % RIS /Y oI 4 A EE S
JE 49 (MW-h) (MW-h) /o0 HE i kg HEg kg
1 318.23 105.52 58 004.38 1379.78 387.18
2 316.12 90.02 57 471.93 1129.47 286.38
3 313.34 85.18 55 481.69 1039.52 259.92
4 309.22 95.15 54 890.57 1107.85 317.16
5 305.42 81.07 52 124.67 915.05 239.22
6 292.66 95.93 48 055.51 935.36 322.02
7 270.26 96.86 44 371.25 786.33 327.96
8 267.33 90.18 42 945.47 683.47 287.28
9 264.50 81.31 41811.27 610.30 240.48
10 262.18 79.49 42 429.59 604.62 231.66
11 261.50 52.84 38517.12 452.97 143.28
12 260.62 53.91 39 485.62 453.80 145.44

ait 3 441.38 1 007.46 575 589.07 10 098.51 3 187.98

B 477.36 % , [R)Fa] LA % A 7 A 0 35 e ) i i
T 68.43%,

7 Sk L B AR XU 7K 52 ) 0 0, BRIV JE vk S
K FAME:, d, =0, [A) B 1 H 50047, 79 2 & H
K oy B ydiR 4 5 , 3R 7 Fiow

®7T RLBIHIMEREAZ 1A 0 B
MEBNRZ S RBHEER
Table 7 Results of power generation rights trading and

emission reduction when risk tolerance of first stage
hydropower station is zero

5 W@KZKEE i%?fﬁic%ﬁ@ &%*11% j{;‘};}fﬁé’ﬂ
F i) v i ﬁ’aﬁz:- Y?%’%%ﬂF
(MW -h) (MW +h) B/ T ik kg
1 252.53 120.41 49 119.12 594.72
2 250.57 114.48 48 519.11 580.76
3 247.92 104.83 46 560.37 560.14
4 246.89 110.52 46 461.69 571.99
5 244 .88 103.81 44 132.79 558.13
6 241.85 101.38 41 453.26 553.42
7 243.70 96.86 40 909.24 545.08
8 240.77 90.98 39 544.67 535.1
9 237.94 85.85 38 784.39 527.17
10 235.62 79.49 38 940.91 518.36
11 234.94 64.71 36 207.25 502.30
12 234.06 66.14 37 237.84 503.59
&t 291167 1 139.46 507 870.64 6 550.76

XTEFE 6.7 AT LUAHIE , A1 T 3k H o oM
A 752 7, MR Z T $E i 2 5 % i, i i kLAY
285y, AT LA 9 A [R) 44 B 4 1) & e BCAR s 2 15 4
16.36 % , SEBRAFAS 1 b I L 53 K 14.76 % , & HL 7™
A BT e HE R TR 51.33 %, R RS 5 it 4
RO 13.33 %,

CAN A AU 1L Sl 4 456.56 MW -h, 4 Jp

Sk Rl JC M XU 7K 52 R P TG vk S K I A
% B L [ 1A R i ) B b i T B, 32 0% I R Y 3
Wi, 47 405.43 MW - h 1k R BEMCSL, HBEH &
HERCK ML A Ko —T7 T, A EE T K B %
T5 YD B, TOIl 0 17t K PR AR A 9 A X e A3 ik
SR HEBCK R B AR HOR 5 20T R R
BTt 55— 07 A EE T R R R R —E
MRS A3 o DR, TOAME IR R 32 ) T 1058 5 %5
Oy fii ke RABE 5y AL 2O M ERE A

4 ZHig

AR X KARAIK AN M T BOK A KBS
TR BB K HL AT AT e AR SR DR SR A ]
AL CA K1 R ML A RS N T BOK kb
JRBSE AR K R A RSB R R AR 388 2 B0 401 o
Br A DUT 2458

a. N AR R Bh B S K HL e AT UK IR
M XU ) At L, 45 PR T A F AR RS, (i
PRI S P E 4 I B Tt

b. SR CA Sy b T U 7K H 3l 65 T o8 P A 4
FEF AR, 25 2 IR K i 55 HAT S 2% RGUHRAE
(T T BRI R SR B e it T — R i 2%

c. DR AMEK TR A A i | R S
SFNABLOCHPIRZS T, RSB T KA K
I S5 B ROK HEL H A8 DB TR 2 K K IAE A B XU
BRI IL R A e A A bR D SR AR SR K, S K HE
Z 558 55 T 3B PR KA R S O XU
FFEAR AL TP e
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Bidding decision model of cascade hydropower taking part in power
generation rights trading considering water flow compensation risk

WU Yang',LIU Junyong®,SHUI Yue”, GAO Hongjun®, YAN Zhanxin® ,ZHANG Li’
(1. School of Economics and Management , Southwest University of Science and Technology , Mianyang 621010, China;
2. School of Electrical Engineering and Information, Sichuan University , Chengdu 610065, China;

3. Skill Training Center,State Grid Sichuan Electric Power Company , Chengdu 611133 , China)
Abstract ; Approaches to make bidding decisions under water flow compensation risks caused by the uncertainty of
natural inflow represent a necessary problem that should be considered for the cascade hydropower taking part in
PGRT ( Power Generation Rights Trading). Motivated by this, the bidding decision model of cascade hydropower
taking part in PGRT considering compensation risks is proposed. The impacts on PGRT caused by compensation
risks are analyzed. Then,the model of CC( Cascade Community) considering complex system characteristics of inter-
action between cascade hydropower stations is illustrated based on cellular automata theory. According to the water
flow compensation function, the upstream and downstream stations in CC are divided into the leading and basic cells.
The quantity of compensating water, quantity of power generation rights bidding and price are selected as the attri-
butes of the cells. Then,the state models and state transition models of leading and basic cells are constructed based
on the principles of risk management and hydropower generation theory, respectively. Consequently, the relationship
between the compensation risks and the output of CC is established. To maximize the bid quantity of CC,the up-
stream and downstream cells interact with each other according to neighborhood relationships,and the bidding deci-
sion model of CC is proposed based on the principles of hydropower generation and other factors.

Key words: cascade hydropower;power generation rights trading; compensation risk ; cellular automation ; collabora-

tive decision-making ; model buildings





