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A Study on Application of New & Renewable Energy for

Environmental-friendly Planning of Rural Villages
- Analysis of Solar Energy Resources -

S g

Nam, Sang-Woon - Kim, Dae-Sik""

Abstract

Solar energy, which is one of renewable energy, would be the most useful resources that can be applied to
making energy recycling villages without using fossil energy. This study analyzed energy potential on solar
energy considering weather condition in three traditional villages and compared with energy consumption surveyed.
A photovoltaic system having 3.0kWp capacity of unit module can generate 182.5%, 96.1% and 170.9% of the
yearly mean consumption of electric power in Makhyun, Boojang, and Soso, respectively. A flat-plate solar
collector having 2.64m” area of unit module can generate warm water of 142 #/day, 89 ¢ /day, and 173 ¢ /day,
respectively in three study villages. In Makhyun and Soso, photovoltaic power and warm water produced by
solar energy were sufficient to supply required amount of electric power and warm water. However, both
electric power and warm water produced by unit solar module were not sufficient in Boojang area, and so it is
required to increase the module area by more than 50%. According to the results of this study, the appropriate
combination of energy resources can be applied to rural green-village planning if the characteristic of energy
potential for each local area is considered.

Keywords : Renewable energy, Rural village, Solar radiation, Solar hot water system, Photovoltaic system
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Table 1 Locations of study villages and weather

stations
Study village Weather station
Latitude |Longitude Latitude |Longitude
Name | g | @ | V™ | @

Makhyun { 36° 11 [127° 22" | Geumsan | 36° 06 * [127°29~
Boojang | 36°51 " }126°50 " | Seosan |36°47  |126°30°
Soso |36°49 " {126°45 " | Cheonan | 36°46 ~ |127°07 °
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Table 2 Monthly normal sunshine duration and

solar radiation in

study villages

Item Village Jan. | Feb., | Mar. | Apr. | May | Jun. Jul. Aug. | Sep. | Oct. | Nov. | Dec. | Total
Sunshine Makhyun | 167.7 | 176.7 | 2103 | 232.3 | 250.7 | 216.6 | 1936 | 206.6 | 1939 | 202.2 | 137.9 | 155.2 | 2364
duration Boojang 153.7 | 164.7 | 207.7 | 2209 | 2403 { 1987 | 154.7 | 187.6 | 1986 | 204.9 | 1486 | 1429 | 2223

(hr) Soso 1787 1 189.7 | 2253 | 2416 | 264.1 | 239.3 | 213.6 | 228.3 | 2239 | 221.0 | 167.3 | 163.5 | 2556

Solar Makhyun | 13.36 | 16.44 | 20.99 | 25.28 | 29.00 | 27.22 | 22.62 | 2593 | 2249 | 1853 | 1466 | 11.75 | 2483
radiation Boojang 791 11072 | 1346 | 16.75 | 1833 { 1768 | 14.48 | 1535 | 14.14 | 1203 ] 7.79 | 6.73 | 1554
(MJ/m”) Soso 14.39 | 19.11 | 26.03 | 31.14 | 37.28 | 35.41 | 27.93 | 30.88 | 29.31 | 22.72 | 15.12 | 13.20 | 302.5

Table 3 The ratio of solar radiation on south—facing surface to horizontal plane
Slope Jan. Feb. Mar. Apr. May Jun., Jul, Aug. Sep. QOct. Nov. Dec. Avg,

15° 1.38 1.29 1.20 1.09 1.04 1.01 1.02 1.06 1.13 1.25 1.36 145 1.15

30° 165 | L4 1.29 1.11 1.01 0.97 0.98 1.05 119 1.40 1.61 L77 1.21

45° 1.78 1.53 1.26 1.02 0.89 0.84 0.86 0.9 L13 1.43 1.72 1.95 118
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Table 4 Specifications of solar photovoltaic (PV)
module(After Kim et al., 2007

ftem Value
tvpe of PV module poly-Si
System | absorption rate of solar energy in
. 95.0%
transmission network
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 27.3mt
) mean efficiency of inverter 90%
Electric power capacity of inverter 2.TKW(AQ)
control
loss rate of power control 5%
setting slope angle 30°
PV array T -
setting direction angle (P(south-facing)
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Table 5 Estimation of photovoltaic generation from unit module in Makhyun

Month Horizontal solar/}radiation Insolation of sloge surface Daily generation Monthly generation
kWh/m') (kWh/m") (kWh/day) (kWh)
Jan. 37" 6.12 160 4975
Feb. 457 6.58 17.2 4826
Mar. 5.83 7.52 187 611.1
Apr. 7.02 .79 204 612.8
May 8.06 8.14 21.3 661.0
Jun, 7.56 7.33 19.2 576.7
Jul. 6.28 6.16 16.1 500.3
Aug. 7.20 7.56 19.8 614.4
Sep. 6.25 7.43 195 584.5
QOct. 515 7.21 189 585.5
Nov. 4.07 6.56 17.2 515.5
Dec. 3.26 5.78 15.1 469.4
Total 70.96 36.18 2204 6,711.3

*) B.TLEWR/m i =3.71 kJfs+3,6005/m = 13.36 MJ/m*

Table 6 Estimation of photovoltaic generation from unit module in Boojang

Month Horizontal Sola; radiation | Insolation of sio;je surface Daily generation Monthly generation
(kWh/m?) (kWh/m") (kWh/day) (kWh)
Jan. 2.20 363 95 204.5
Feb. 2.98 4.29 11.2 3147
Mar. 3.74 4.82 126 3919
Apr. 4.65 5.16 13.5 406.1
May 5.09 5.14 133 417.8
Jun. 4.91 4.76 125 374.5
Jul. 4.02 394 10.3 320.2
Aug. 4.26 4.48 117 363.7
Sep. 3.93 4.67 12.2 3675
Oct. 3.34 4.68 123 380.1
Nov. 2.16 3.48 9.1 2739
Dec. 1.87 3.31 8.7 268.8
Total 45.15 H4.36 137.1 4,173.7
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Table 7 Estimation of photovoltaic generation from unit module in Soso

Month Horizontal solarzradiation Insolation of slop;e surface Daily generation Monthly generation
(kWh/m’) (kWh/m’) (kWh/day) (kWh)

Jan. 4.00 6.60 17.3 535.8

Feb. 5.31 7.64 200 560.9

Mar. 7.23 9.33 24.4 757.8

Apr. 8.65 9.60 25.2 754.9

May 10.36 10.46 274 849.7

Jun. 9.84 9.54 25.0 750.2

Jul. 7.76 7.60 19.9 617.7

Aug. 8.58 9.01 23.6 7317

Sep. 8.14 9.69 25.4 761.8

Oct. 6.31 8.84 23.2 717.8

Nov. 4.20 6.76 17.7 531.7

Dec. 3.67 6.49 17.0 527.3

Total 86.05 10356 266.1 8,097.3
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Fig. 1 Monthly photovoltaic generation and electric
power consumption per house in study
villages

110

re 2FgALEoR A= e
Y EAAEE Bbstgct

Table 8 4 (3 oJ3)] AAH Bl¥d FHAA
go] AikEe Uehd ook A&AAA] 19
G 24ARgEEe 11374 /dayS A&tz o =
At 23l 314 /day~ 61 ¢ /day A= AL
2 Yehta Qlon(FER 5, 2006), 2 dTolA
3% 7IEE 7120 T uf 3R oF 1382 Hzo
2571 ag ACR et udeleh Al
Adwd 2.64m*Q AL7] 128 o3 Aol 7t
ST FAEle JEEAE 50%014 F7HIAL
g oz mehEch

AR 20k B E ggoA] A
o] HuH & ZAoE HHHoH, BYeAY
o 24e)e] AL gYgofuia] FARo] 7 #A U
B BEo] S4bs7lel 9o wiEEe o] 2o
U e &4 7HsstEE AAeuA] Aol
P v AoR waHnh ¥ dhEoN Y
o #xste] FHAYL £ A2 JEHAY
ol AR 7H B2 Aoz Yeptt o=
At Z|ofo] Qtfel FEO] PR dRATI]
A= o] Yepd Aoz ghEc

o

S5 34 =EF ANE A3, 008



gAe -

A

Table 8 Estimation of warm water produced from unit solar collector in study villages

Makhyun Boojang Soso

) warm water warm water warm water
Month ene(gi';%;eyc)ted produced ene(r@;%ic)ted produced ene(l;;g}j'ncl%;gted produced
(£ /day) (2 fday) (£ [day)
Jan. 26.188 124.7 15,505 738 28,207 134.3
Feb. 28,124 1339 18.339 87.3 32,692 155.7
Mar., 32,168 153.2 20.628 93.2 39,891 190.0
Apr. 33,336 158.7 22,088 105.2 41,064 195.5
May 34,797 165.7 21,994 104.7 44,732 213.0
Jun. 31,367 1494 20,374 97.0 40,805 1943
Jul. 26,335 1254 16,858 80.3 32,517 154.8
Aug. 32.345 154.0 19,148 91.2 38,520 1834
Sep. 31795 1514 19,990 95.2 41,436 197.3
Oct. 30.819 146.8 20,008 95.3 37,788 1799
Nov. 28,040 133.5 14,900 71.0 28,920 137.7
Dec. 24,707 117.7 14,152 67.4 27,756 132.2
Average 29.740 141.6 18.612 88.6 36,239 172.6
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