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Abstract

Hydropower stations convert water energy into electricity. The estimation of hydropower generation of
power stations and water resources of basins from each other can be directly implemented in a simple
way, which provides a basis for water-energy conversion. The 21 large-scale cascade hydropower sta-
tions in upper reaches of the Yangtze River were selected as the case study, and the conventional and
deterministic optimization operations were used to simulate reservoir operation, and then the wa-
ter-energy conversion relationship was established. The results show that: 1) the linear relationship
between the outflow and power generation is significant for a single hydropower station; 2) there is a
linear relationship between the total water resources of the basin and the total power generation of the
cascade hydropower stations and 3) the water energy relationship has a better goodness of fitting when
the installed capacity is used as the weight. The proposed method provides a new way to estimate the
amount of water resources based on power generation, and to estimate the power generation from water
resources.
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Figure 1. Overview of hydropower stations in the upper reaches of the Yangtze River
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Table 1. The results of cascade hydropower station group

=1 BRKBEIAELSR

WS R LR B (1L kWh) R HLHEK 2 (%)
BiHE 2207.3

BRI 3109.7 40.9

A FE 3356.0 7.9
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3.2.1. BAKEE
1) PLKEHR

BLEL =K B ut ], AR H AR LS5 R AR BE 5 2R, et R B A L D AAE S i, DL 1957~1986
FARNFEN, EAK - RERLR R NI LK - BER AR, AN 1987~2012 ARG, A=K ALk
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Table 2. The power generation and water resources fitting results of the Three Gorges hydropower station

T2 DK A ERKEREMSER

HELHR P A B o 4 v HRAE o AR 1 A
MBI g kAR ARE  mERENARE EEHUKAER  KEERNA LR R AR
(Z kwh) (2 kwh) (%) (fz m%) (2. m% (%)
H R 901.64 902.07 0.01 4311.27 4311.38 0.05
E
AL 937.99 938.01 —0.01 4321.60 4321.54 0.01
H R 896.05 874.79 0.02 4109.98 4110.74 —2.37
G
AL 911.06 909.05 0.69 4152.38 4181.01 —-0.22
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Table 3. The water-energy relationship fitting results of a single hydropower station

3. BAVKEBUAK - BEXFRBELER

GOREW]: BRE WA H ks,

R Ak B
7K HL 3k
a b R? a b R?

ZU [ 0.02 81.06 0.6633 -0.01 111.36 0.0200

Bl i 0.03 54.77 0.7728 0.03 54.55 0.7810
LA -0.01 124.66 0.0973 -0.01 112.91 0.0012
O 0.02 50.70 0.7338 -0.01 75.28 0.0455
E b 0.02 64.13 0.6895 0.02 63.92 0.6988
WEH 0.03 90.52 0.5831 0.03 86.53 0.6190
RIS 0.03 500.82 0.1624 0.16 48.55 0.9924
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Continued
e 0.02 227.20 0.6262 0.08 32.15 0.9978
HiBE 0.05 130.12 0.7013 0.06 98.70 0.7446
b 0.04 126.28 0.6978 0.06 95.91 0.7548
g 0.12 —-23.57 0.5501 0.01 10.51 0.1878
VRAT 0.09 54.91 0.8963 0.14 2.15 0.9817
#n 0.03 7.71 0.8575 0.03 6.53 0.8786
FERF 0.07 2.62 0.9374 0.08 -0.33 0.9848
=0 0.04 12.02 0.8411 0.06 1.46 0.9836
X} 0.01 19.32 0.5600 0.01 20.09 0.5311
Ha) B 0.13 9.13 0.8309 0.14 5.44 0.9750
5 0.04 11.89 0.8507 0.05 6.47 0.9344
e 0.03 15.90 0.7366 0.04 14.61 0.7697
K 0.03 28.73 0.7868 0.05 11.95 0.9268
=gk 0.05 362.62 0.8338 0.06 252.68 0.8652
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Figure 2. The energy-water relationship calibration results of the hydropower station group
[El 2. /KEBIHBERUIK - BEX R R ELER
Table 4. The power generation and water resources fitting result of the hydropower station group
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L R RS HE KEXRRUEGHE dEMGIRE WEERUKZEES KERRMAKTER KRR IRE
(Z kwh) (2 kwh) (%) (fz. m®) (fz. m®) (%)
EHUREE 2949.33 2949.68 0.01 4311.27 4311.19 -0.01
P 18 3239.39 3239.32 —-0.01 4321.60 4321.64 0.01
HHOMEE  2910.07 2887.33 -0.78 4109.98 4247.56 3.35
A 3246.44 3146.15 -3.09 4152.38 4329.67 4.27
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Figure 3. The weighted water-energy relationship calibration results of the hydropower station group
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