AKEBEALZEERS

Wt |BhABS HERmC EEE | = =
sTfEOl st HR

58-3-9

A Study on Probabilistic Reliability Evaluation of Power System Considering
Solar Cell Generators
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Abstract - This paper proposes a new methodology on reliability evaluation of a power system including solar cell
generators(SCG). The SCGs using renewable energy resource such as solar radiation(SR) should be modeled as
multi-state operational model because the uncertainty of the resource supply may occur an effect as same as the forced
outage of generator in viewpoint of adequacy reliability of system. While a two-state model is well suited for modeling
conventional generators, a multi-state model is needed to model the SCGs due to the random variation of solar radiation.
This makes the method of calculating reliability evaluation indices of the SCG different from the conventional generator.
After identifying the typical pattern of the SR probability distribution function(pdf) from SR actual data, this paper
describes modelling, methodology and details process for reliability evaluation of the solar cell generators integrated with
power system. Two test results indicate the viability of the proposed method.
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Table 2 Solar radiation and available pdf of SCG
.. SCG State
S°la’[f“},‘/';‘;‘z‘]a“°“ <piﬁwer Probability
(MW] (PBs)
0 0 0.5501712
100 0.667 0.1151953
200 2.000 0.0653222
300 3.000 0.0529014
400 4.000 0.0463629
500 5.000 0.0447933
600 6.000 0.0393043
700 7.000 0.0335458
800 8.000 0.0275622
900 9.000 0.0193335
1000 10.000 0.0053716
1100 10.000 0.0001363
Total 1.0000000
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Table 3 Rounding of the SCG power and corresponding
probability of model system |

P, Pl o0 3 5 7 10
[MW] [Prob. MW | MW | MW | MW | MW
0.000 | 0.5502 | 0.5502 | - - - -
0667 | 0.1152 | 0.0896 | 0.0256 | - 3 }
2.000 | 0.0653 | 0.0218 | 0.0435 | - - -
3.000 | 00529 | - | 00529 | - ; ;
4000 | 00464 | - | 0.0232 | 0.0232 | - ;
5000 | 00448 | - - oosag | - -
6.000 | 00393 | - - 00197 | 00197 | -
7.000 0.0335 - - - 0.0335 -
8.000 0.0276 - - - 0.0184 | 0.0092
9.000 0.0193 - - - 0.0064 | 0.0129
10,000 | 0.0055 | - ; ; - 00055
Total 1 0.6616 | 0.1452 | 0.0876 | 0.0780 | 0.0276
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Table 4 The outage capacity pdfif) of the simplified
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OC[MW] 10 7 5 3 0
FOR 0.6616 | 0.1452 | 0.0876 | 0.0780 0.0276
0.6616
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Table 5 Reliability indices of the two case studies

LOLE |  EENS EIR

[Hours/day] [MWh/day] [pu]

Case 1 24 34 0.9
Case 11 2.36 29.93 0.91197
I1-1 -0.04 -4.07 0.01197
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Table 6 Probabilistic production energies and capacity factors

of generators of Case Ul

83 FHMWh/day] | 4| o] §-&(%]
CGl 269.37 3741
SCG 40.70 16.96
Total 310.07
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Table 7 Generators data of model system I

Q 2k EI
ws | ag | ga | SO EE gae g
1 HWN | SCG | Py;=50 1 10 -
2 SSN SCG | Py=30 1 7 -
3 JCN SCG | Py=20 1 5 -
. N 0.010/
4 HVDC | DC | 75/150 2 3 0.028"
5 NMB T/P 100 2 2 0.012
6 JU1 T/P 10 1 2 0.015
7 JJU2 T/P 75 2 2 0.012
8 HNM1 | G/T 35 2 2 0.013
9 HNM1 | S/T 35 1 2 0.013
10 JJU3 D/P 40 1 2 0.018
11 NMJ1 D/P 10 4 2 0.018
oA 945 18
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Table 8 Data of SCGs of model system |
Rer=Re=Res 150W/m’
Guar=Gira2=Gisias 1,000W/m>
PsnI SOMW
P sn2 30MW
Psn3 20MW
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Fig. 21 Patterns of daily peak load variation curve of the
model system |l

ABABTRS L8t BARMY MRHROY EFHE FEO 2T FR

Trans. KIEE. Vol. 58, No. 3, MAR, 2009

Probability
o
w

0.15F

G F

0.05F
0

0 200 400 600 800 1000
Solar radiation[W/m?]

O 22 LEAE 1o EjYASEEREZET
Fig. 22 Probability distribution function of the solar radiation
of model system i
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Fig. 23 Semi-logarithmic probabilistic distribution function of
solar radiation of model system I
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Table 9 Reliability indices of model system I

Without With SCGs Case 11
(Case ) (Case II) - Case I
LOLE
0.33 0.25 -0.08
[days/year]
[M\]i/]?)l\/lysear] 12.88 9.34 -3.54
EIR 0.99994 0.99995 0.00001

0.6582
A

0.1074

0.0661
0.0472
0.0342
0.0103 T T
t .

01073
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Fig. 24 Outage capacity pdfifowre) of SCGs of three solar
farms in model system |i
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Table 10 Reliability indices of model system Il according to

changing of peak load

Without SCG With SCG

L, LOLE EENS EIR LOLE EENS EIR

[days/year] |[MWD/year] [pu] [days/year] | [MWD/year] [pul
631 0.1 3.54 0.99998 0.07 2.47 0.99999
641 0.14 4.69 0.99997 0.1 3.28 0.99998
651 0.18 6.16 0.99997 | 0.13 4.34 0.99998
661 0.22 7.97 0.99996 | 0.16 5.66 0.99997
671 0.26 10.16 0.99995 0.2 7.31 0.99996
681 0.33 12.38 0.99994 | 0.25 9.34 0.99995
691 0.41 16.23 0.99992 0.3 11.85 0.99994
701 0.6 20.85 0.9999 0.41 15.09 0.99993
711 0.97 27.87 0.99987 0.6 19.67 0.99991
721 1.38 38.84 0.99982 | 0.88 26.55 0.99987
731 1.68 53.33 0.99975 1.18 36.29 0.99983
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Fig. 25 ELCC(Equivalent Load Carrying Capability) of SCG
of the modal system I
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