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Abstract:

Renewable energies, especially Run-Of the-River (ROR) power plants are increasingly used for the
electricity generation in the power systems. The uncertain and intermittent nature of these plants arisen
from variability of water flow, however, has led to some problems in their integration to power
systems. Thus, the operating reserve requirement in a power system containing large ROR plants is a
main challenge, which has to be addressed properly. In this way, this paper presents an analytical
approach to determine the adequate spinning reserve based on the well-being approach during the
system operation. For this purpose, a comprehensive reliability model of ROR units considering both
associated components failure rates and uncertainty nature of the output power resulted from the
variability in the water flow is developed and multi-state model for these resources is obtained based
on the Fuzzy c-means clustering method (FCM) approach. This approach not only evaluates the
interaction between these energies and conventional units but also determines the contribution that
ROR power plants can make in load carrying capability of a power generating system. Two reliability
test systems, i.e., RBTS and IEEE-RTS, have been examined to demonstrate the effectiveness of the
proposed reliability model. Also, these two reliability test systems, utilized from water flow data of
Sheshpir River in Pars Province of Iran, are examined to demonstrate the effectiveness of the proposed
model.
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Cap. (MW) Type No. of units Priority order Failure rate (occ./yr)
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20 Thermal 1 6 5
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5 Hydro 2 10-11 2
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Peak load (MW) | Healthy state probability | Marginal state probability | Risk state probability
160 0.993149 0.006836 1.51E-05
170 0.993137 0.006848 1.52E-05
180 0.986562 0.013378 6.04E-05
190 0.984759 0.015168 7.28E-05
200 0 0.993149 0.006851
210 0 0.993137 0.006863
220 0 0.986562 0.013438

(P30 3y50) Caoduw Joo o aslis (V) Jgu
Peak load (MW) | Healthy state probability | Marginal state probability | Risk state probability

160 0.999969 3.08E-05 4.52E-08
170 0.999924 7.57E-05 1.44E-07
180 0.999897 0.000103 2.75E-07
190 0.993129 0.006855 1.52E-05
200 0.990869 0.0091 3.08E-05
210 0.984309 0.015615 7.59E-05
220 0.982511 0.017386 0.000103

(paw 9590) Ceadlas oo 5l a5 L :(F) Jgur
Peak load (MW) | Healthy state probability | Marginal state probability | Risk state probability

160 0.998557 0.001443 7.92E-07
170 0.998399 0.001601 8.80E-07
180 0.996941 0.003056 3.31E-06
190 0.996351 0.003645 4.26E-06
200 0.156966 0.841591 0.001443
210 0.065154 0.933244 0.001601
220 0.030933 0.966007 0.003059

(Pl 9590) Codlw Juo o (5L :(B) Jgux

Peak load (MW) | Healthy state probability | Marginal state probability | Risk state probability
160 0.999961 3.86E-05 2.09E-08
170 0.999957 4.33E-05 2.35E-08
180 0.999908 9.23E-05 9.30E-08
190 0.998239 0.00176 1.02E-06
200 0.976286 0.023675 3.87E-05
210 0.973573 0.026384 4.33E-05
220 0.966317 0.03359 9.23E-05
220 0.966317 0.03359 9.23E-05
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Peak load (MW) Case 1 Case 2 Case 3 Case 4
160 50 50 50 50
170 60 70 60 50
180 55 60 50 45
190 - 70 50 45
200 - 70 45 40
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Lead time Case 1 Case 2 Case 3 Case 4
1h 200 229.9 200.4 223.3
4 h 190 210 199.9 201
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Lead time Case 2 Case 3 Case 4
1h 29.9 0.4 23.3
4h 20 9.9 11
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Peak load (MW) | Healthy state probability | Marginal state probability | Risk state probability
2500 0.999644 0.000355 1.19E-06
2600 0.999083 0.000914 2.62E-06
2700 0.98889 0.011068 4.16E-05
2800 0.987565 0.012381 5.37E-05
2900 0.95992 0.039724 0.000356
3000 0.893082 0.106001 0.000917
3100 0 0.98889 0.01111
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Peak load (MW) | Healthy state probability | Marginal state probability | Risk state probability

2500 0.999703 2.96E-04 7.76E-07
2600 0.999396 6.02E-04 1.87E-06
2700 0.988998 0.010961 4.08E-05
2800 0.988364 0.011589 4.69E-05
2900 0.960401 0.039302 2.97E-04
3000 0.931451 0.067946 6.04E-04
3100 0 0.988998 0.011002
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Peak load (MW) | Healthy state probability | Marginal state probability | Risk state probability
2500 0.999653 0.000346 1.13E-06
2600 0.999103 0.000895 2.58E-06
2700 0.988901 0.011057 4.15E-05
2800 0.987631 0.012316 5.31E-05
2900 0.959948 0.039704 0.000347
3000 0.895556 0.103547 0.000897
3100 0 0.988901 0.011099
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Peak load (MW) Healthy state probability | Marginal state probability | Risk state probability
2500 0.999702 2.97E-04 7.85E-07
2600 0.99939 6.09E-04 1.88E-06
2700 0.988995 1.10E-02 4.08E-05
2800 0.98834 1.16E-02 4.71E-05
2900 0.960391 0.039311 0.000298
3000 0.930632 0.068758 0.00061
3100 0 0.988995 0.011005
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Lead time Case 1 Case 2 Case 3 Case 4
1h 2954 2983 2960 2982
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Lead time Case 2 Case 3 Case 4
1h 29 6 28
4 h 27 8 15
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