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Estimating Optimal Probability Distributions of Daily Potential Photovoltaic Power

Generation for Development of Rural Green-Village by Solar Energy
- with Area of Seosan Weather Station -
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Abstract

Photovoltaic power generation is currently being recognized as one of the most popular sources for renewable
resources over the country. Although it is also being adapted to rural area for may reasons, it is important to
estimate the magnitudes of power outputs with reliable statistical methodologies, while applying historical daily
solar energy data, for correct feasibility analysis. In this study, one of the well-known statistical methodologies
is employed to define the appropriate probability distributions for monthly power outputs for the selected rural
area, county of Seo-san, province of Chungnam. The results imply that the assumption of normal distributions
for several months may lead to incorrect decision-making and therefore lead to the unreliable feasibility analysis.
Generalized beta and triangular distributions were found to be superior to normal distribution, when describing
monthly probability distributions for daily photovoltaic power. Based on the appropriate distributions resulted
from this study, Monte Carlo simulation technique was also applied to provide additional flexible information
for the relevant decision makers. This study found out new finding that the probability distributions should be
considered to make planning of the photovoltaic power system in rural village unit, in order to give reasonable
economic analysis to the decision makers.

Keywords : Photovoltaic power generation, maximum likelihood estimation, probability distributions, Monte Carlo
simulation.
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Table 1 Ratio of the sloping side direct solar
radiation to the horizontal direct solar
radiation in Daejeon area”

Month
Item Mean
11213451678 9]|10|11|12

Slope

angle |1.651.44{1.291.11{1.01/0.970.981.051.191.401.61]1.77, 1.21
30°

A Qo R HoppiiAsge) U
FENHE)S v AHezRy & 4+ ket
o, 1999)

E, =nA4,Q, (kWh)
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Table 2 Spec of solar photovoltaic (PV) module®

ltem value
type of solar radiation poly=Si
system | absorption rate of solar energy -
in transmission network L%
efficiency of nominal PV module 11.0%
temperature coefficient of PV 0.40%/C
PV module loss rate of PV array 5.0%
power of PV array 3.0kWp
area of PV system 27.3 m’
o efficiency of mean invert 90%
electricity invert capacity 2.TkW(AC)
control
loss rate of electricity control 5%
solar radiation setting slope angle 30°
array setting direction angle 0° (south direction)
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Table 3 Definitions, Domains, and Parameters for Major Probability Distribution Functions”

Type Probability Function” Domain Mean Variance Remark
oo B Beta Function
Beta (z—min)™ ' (max —2)* ) mint 2 5 12 B, Incomplete Beta Function
— 7 | mn<x<max o Faoy | (g +0p)*(ay +a, +1) o
General Bloy, ) (max —min)* " ( i ) oy, o, ‘continuous shape
Mmax=min X(max-min) parameter (¢ o, > 0)
Ex- e o/ 0<x< +00 6 9 B:continuous scale parameter
ponential ] - B B>0
f(x)=
2(z—min)
(m.likely— min ) (max — min) @+ +F—db—ba—ac
(mi 18
Tri- for min < x < m.likely min
| = mn<x<max | +m.likely )
angular +Inax)/3 a=min,
2(max — ) b=m.likely,
(max — m.likely) (max — min) c=max
for m.likely < x < max
1:continuous
1 1 { T —p r location parameter
Normal e 2L o —00 < x<+00 u o o-continuous
2mo scale parameter
(0>0)
©:continuous
0d b 0c shape 'parameter
Pareto rES] a<x<+oo 1 m a:continuous
n N scale parameter
©,a>0)
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Table 4 Estimated Probability Functions for Seo—san's Daily Solar Radiation

Month
Items -

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

3 G T T T G G G G T T G T

mean | 7.99 | 1108 | 1428 | 17.37 | 1802 | 17.15 | 14.17 | 1508 | 1443 | 1197 | 803 | 7.12

on' a,=2.33| min=0 | min=0 | min=0 |, -} g3l =1 89|, =1.72| 0 =1.60| M0 | min=0 |, _o 0 min=0
Parameters 041 m.l.=13.57|m.1.=18.64|m.1.=23.60 175 . =1 84| 0. =2 24| =1 37 ml.=18.65|m.1.=15.32 181 m.].=8.60
274 ax=19.66max=24.21max=28.50| “2 0| 2 O W T AT ol 04 63max=20.59| 2 Imax=12.75

P | 9827 | 5019 | 11100 | 13840 |293.00 | 12860 | 12000 | 6348 | 72.82 | 5403 | 61.38 | 39.41
mean(u) | 811 | 1103 | 1393 | 17.07 | 1856 | 1743 | 1433 | 1525 | 1419 | 1230 | 816 | 701

o STD(o) | 336 | 4.7 5.73 699 | 809 | 791 | 743 | 694 | 565 4922 | 341 | 275
skewness | -0.36 | -0.56 | -0.63 | -0.66 | -0.65 | -0.36 | -0.04 | -0.33 | -0.57 | -067 | -0.35 | -043

¥ 12100 | 13100 | 21600 | 309.00 | 404.00 | 208.00 | 21800 | 181.00 | 210.00 | 145.00 | 101.00 | 113.00

e |070005 | 4829 | 4693 | 4829 | 4829 | 4829 | 4829 | 48320 | 4829 | 4829 | 4829 | 4829 | 4829
a=0.001 | 5405 | 5262 | 5405 | 5405 | 5405 | 5405 | 5405 | 5405 | 5405 | 5405 | 5405 | 54.05

Note: ~ TD: Type of distribution, OD: Optimal distribution, ND: Normal distribution, TV: Threshold value, ™ G: generalized beta, ™ T: triangular

Journal of the Korean Society of Agricultural Engineers, 50(6), 2008. 11 43



Table 5 Estimated Probability Functions for Seo—san's Daily Electricity Produced by Solar Radiation(30

degree)
T8 4
1 2 3 4 5 6 7 8 9 10 1 12
™ G T T T G G G G T T G T
mean | 9.62 | 1164 | 1345 | 1407 | 1328 | 1214 | 1014 | 1156 | 1253 | 1225 | 943 | 9.19
oD’ oy=2.33] min=0 | min=0 | min=0 1, - 99\, =1.89| oy =1.72|y=1.69| M0 | min=0 |, _pp3l min=0
Parameters —o4] ml.=14.27|m.l.=17.55|m.1.=19.12 175 0 =1.84] . =294 | . =1 37 m.1.=16.20|m.1.=15.66 181 ml=11.11
BT ax=20,66{max=22.80/max=23.10{ 212 A2 T T BT =01 40imax=21.40) “ O [max=16.48

Xk | 9745 | 49.68 11010 | 139.90 | 293.00 | 128.20 | 119.40 | 62.58 | 72.98 54.03 | 61.90 | 39.30
mean(y) | 9.77 11.59 13.12 13.83 | 13.68 | 12.34 | 10.25 | 11.69 | 1232 12.57 9.59 9.06
STD(o) | 4.05 4.48 5.39 5.67 597 | 560 | 531 5.32 4.90 4.32 4.00 3.56

'
skewness | -0.36 | -0.56 | -063 | -066 | -0.65 | -0.36 | -0.04 | 0.33 | -057 | -067 | -035 | -043

2 |L20B+02 L.31E+02 | 2.15E+02 | 3.11E+02 [hO4E+ 022088+ 02(2. 17E+ 0211 79+ 02| 2. 10+ 02| 1.45E+ 02 [LOZE+02] 1.13E+02
e 070005 | 4829 | 4693 | 4829 | 4829 | 4829 | 4829 | 4829 | 4829 | 4829 | 4829 | 4829 | 489
a=0001 | 5405 | 5262 | 5405 | 5405 | 5405 | 5405 | 5405 | 5405 | 5405 | 5405 | 5405 | 5405
A“j;iﬁf 01 95 | 112 126 135 | 135 | 125 | 103 | 117 | 122 123 | 91 87

Note: * TD: Type of distribution, OD: Optimal distribution, ND: Normal distribution, TV: Threshold value, " G generalized beta, T:
triangular, " @RS, 714 (2008)

Table 6 Monthly Electricity Produced by Solar Radiation for Seo—san (kWh/day)
Month
1 2 3 4 5 6 7 8 9 10 11 12

5% 2.97 3.84 4.47 4.69 3.55 3.13 2.16 2.79 4.16 4.06 2.68 3.02
10% 4.12 5.43 6.33 6.64 5.19 4.60 3.31 4.26 5.88 5.74 3.85 4.28
15% 5.02 6.65 7.75 8.14 6.51 5.80 4.28 5.47 7.21 7.03 478 5.24
20% 5.79 7.68 8.95 9.40 7.67 6.86 5.16 6.54 8.33 8.12 5.59 6.05
25% 6.50 8.58 10.00 10.50 8.74 7.84 5.99 7.52 9.31 9.07 6.33 6.76
30% 7.16 9.40 10.96 11.51 9.74 8.76 6.78 8.45 10.19 9.94 7.01 7.41
35% 7.79 10.16 11.83 12.43 10.69 9.64 7.56 9.33 11.01 10.74 7.67 8.00
40% 8.40 10.86 12.65 13.29 11.61 10.50 8.33 10.18 1177 11.48 8.30 8.56
45% 9.00 11.52 13.42 14.09 12.52 11.34 9.09 11.01 12.49 12.18 8.92 9.08
AP'| 50% 9.60 12.14 14.15 14.86 13.41 12.17 9.86 11.82 13.16 12.84 9.53 9.57
55% 10.19 12.73 14.83 15.58 14.29 13.00 10.64 12.62 13.81 13.46 10.13 10.03
60% 10.79 13.30 15.49 16.28 15.18 13.84 11.43 13.42 14.42 14.06 10.74 10.48
65% 11.41 13.84 16.13 16.94 16.07 14.69 12.26 14.21 15.01 14.63 11.35 10.91
70% 12.04 14.37 16.74 17.58 16.99 15.56 13.12 15.00 15.58 15.19 11.98 11.33
5% 12.71 14.91 17.32 18.20 17.94 16.47 14.04 15.80 16.12 15.72 12.63 1177
80% 13.43 15.52 17.91 18.79 18.93 17.43 15.03 16.63 16.68 16.28 13.31 12.27
85% 14.23 16.21 18.56 19.38 19.99 18.47 16.14 17.49 17.31 16.92 14.03 12.84
90% 15.15 17.03 19.34 20.06 21.18 19.63 17.42 18.40 18.06 17.68 14.85 13.50
95% 16.34 18.09 20.35 20.95 22.61 21.06 19.08 19.42 19.04 18.66 15.84 14.37
Note: * AP: Accumulated probability
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Fig. 1 Comparision of electronic power generation by monthly average solar radiation and daily solar

radiation
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