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High Utilization of Photovoltaic Power System in Rural Green Village
Location Analysis and Evaluation using GIS
- With Chubumyeon, Keumsan, Chungnam province -
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ABSTRACT : The composition of rural Green Village requires higher utilization of renewable energy in those selected rural villages.
The purpose of this study is to select the best results of rural green villages when using photovoltaic power system(PV system). 10
different rural villages in Chubumyeon, Keumsan, Chungnam province, were selected as study villages. This study shows measured
solar radiation data, a 20-year time series data, and GIS spatial analysis; and whose were used to predict the photovoltaic power
generation. PV system is used as a form with capacity of 3kWp to use for personal and public houses. Generation data was
calculated by the town, where the economics of the Green Village location analysis was performed; and the solar radiation's
correction factor was calculated by the 20-year time series data and measured data by study villages. By applying to the data of
DEM, slope and aspect of the study villages were found, therefore performed. Spatial analysis tools were performed by using solar
radiation map's tools. Those data found were used to calculate the average needed energy every months. When used the properly
calculated data, towns performed economical energy consumption in rural Green Village. Every study villages have showed very high
potential for PV system. Sungdangri ranked at the first (7,401kWp/year), Jangdaeri follows behind to the second (7,203kWp/year) and
Yogwangri at third (7,89kWp/year) which shows higher developed energy than other study villages. The areas covered of these three
towns are as follows: Sungdangri at 33,300m’, Jangdaeri covers 18,000m’ and Yogwangri shows 46,800m’. With these results,
analyzing the potentials using GIS spatial analysis before installation of PV system was possible. Also different villages and
topography in study villages have showed various results by the area. For convenience and to shorten research time, it is possible

and enough to use solar radiation tools when studying spatial analysis of solar radiation.
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Table 1. Specification of solar radiation sensor and datalogger

Description
Item Value

ISO classification Second class
Spectral range 305~20800nm
LP-02 Sensitivity (norminal) 150 V/ Wim?

Temperature range -40~+80°C

Range 0 to 2000 Wm®

A/D resolution 1or 10pV

LI-19 A/D sample rate 1/second
Memory capacity 3500 samples
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Table 2. Specification of solar photovoltaic (PV) module”
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Item Value
type of solar radiation poly-Si
system . . .
absorption rate of solar energy in transmission network 95.0%
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 27.3m
efficiency of mean invert 90%
electricity control invert capacity 2.7kW(AC)
loss rate of electricity control 5%
. setting slope angle 30°
solar radiation array - T .
setting direction angle 0° (south direction)
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Figure 2. Area site map of Study villages

vol. 20, no. 1, 2014 55



()= AP or A 7= 30mE ST WEF o
Al DEMO.ZRE FZHEAMo|A FHAREAM| & J=o
olg3ly FelPom A I7]= 30mE YT

34 HFF LAF A =E o83 YAEH

AR HHE oAy 7S AFolx Ao €8
g o8] 1A RS MAET HLsYAN, B AL
ANAE ArcGISS| FXHEA =5 o]&3te] A A
EE &%, HdE ARE
< Hole YAE L w
2y extension$! Solar radiation analysis toolS ©]&3Fe] X
g2 FrelAe] t7|9E Sy, & AL 1%, &
EAst, tdrkee] AR AEE TFESIATH
F AEe PV Al2=H RS ALbele 2 (DEF
cGIS Raster calculatordl] &8 F AEE 2] ()=

o

il
X
XY
il
&
>0
¥y
o
A
R o

) mlo 4

=L o o

Ll
20 & Z

Output map = > ([input map] * R * 1.2011 * Day)  (6)

©17]14, Ouput mape Thanhe W= A =(Wh),
Input mapS THAPHS YALEF A =M)), RE thidvle-9)
209 € HodA@yuleel 208 A HFdEEe]
(Table 3), 1.2011= MJE kWhZE 3415171913 < ( )

* ZJAME(1.65) * LIubABH2.6208)S
183l Dayw 39 99 ¥ ©|th Spatial Analyst®]
Raster calculator® WA 7F A=E A =W, W=
o] 71 &2 AR e A E 4 JAh

A g,

o T T

3.5 YA F2FF Hl &4

T IUAYAE A Ao ejFd
it =8 9@ F5 HIPL o|Fo| AHof gt A w&
nS TRZ A el ik HVAMERFS AFERAS
ATCEEE, 200704 FAHEE S4k ], 92T
o] FAeE|ot adglE SR AAst AR A
A 2657172 H2 4319kWhZ YERd B} o} o]
H AFoAE AR AP 8ol gt 3314
°‘1Vﬂ7b°] EHolBg, MiydAFdA A FAEE
7 153 FEAAr] AMES olgste] o 24 (D
o] 1 B‘Piit}.

off zo ¢
)

m

£
de = Ed (7)

oA7|A, R, FLEF Y, B 7] 41
E= A7) A8 (kwh) o]tk

(kWh),

1. 71&RE=0] oISt DS YN 2

2 ATFoA ntSER ST YA A5 1993
FE 20129714 2093 73RS AEE XH7}%6‘}04 o
2 uke dARF ARE TSI 2012 € 3A
2 BXAS 203 4, 5 6,9, 11€0] A o]
o, I F B, 7Feol &3k 5, 1080] R
=A B4 =k 9 BREs @9 20129 A HA
dge AgdErt 7,764kWhzE Az, Aoigirt
6,331kWh& H&7hs Uepdth ko] Hdighs 2k

r{r

TS HEphE Zhe 1S 1,433kWhE zlolE B
Sk 2012 A FHO wEFS AHEE 7] 9,031kWhE
ke, AdEzt 7,926kWhzE H4s UeRpdth
2012 4 FHa AL APy} 6,738kWhE Huigk
<, MtiEl7h 4825kWhE HSghe dehih
o] Huizks vehlle v HEHE 2te v
Ho ST W 1,104kWh, A Ha #HTEY
1,913kWhe] zpel& By e 4 A=
fHoz Hghs Hole AggdisE 4 Ho &
I3 A HA BHFLS 2052kWhE 2po|S B, AT
o A HupddEg Adigle] A HAi dFE vlws
e w, 3,965kWhZE 2 zlolE BSt) wabA, 22 v}
NAE A WslE sl WHFo] B2 Aol B
T o, v Rk 2jol= At 3,965kWh=
Z 2Fo) _,41:]]71-0 71-_ u].gﬁ_ HhA 2o _,,]5:71-0 Zr=
So] o] of aufjell AT MRS BT

AAYE Age AR B8 wet fHake ARE, A
&g 42 vgd gig ool EHE F7) wiEl 49
@ =
15

a
)
o o &

o

7
ZA7E PN 2AG AT ARENE 2
2067 VR A WAHEE BAY Bark ok w3

Table 3. Ratio of monthly mean electricity generation to yearly mean electricity generation

Month

Item
1 2 3 4 5 6

Mean
7 8 9 10 11 12

Ratio 0.62 0.84 1.05 1.30 1.40 1.31

1.12 1.11 1.05 0.92 0.65 0.56 1.21
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Table 5. Estimation of 20 Years time series accrued electricity generation in study villages

. electricity generation (kWh)

Name of villages Minimum Mean Maximum
Jangdaeri 136882 141190 147737
Chujungri 129381 134697 140870
Majeonri 117703 136236 141028
Yongjiri 127894 137488 142705

Biryeri 135869 139379 144857
Jaburi 109506 131356 138907
Yogwangri 134477 138486 140490
Shinpyeongri 135932 137847 139983
Sungdangri 130869 142347 149067
Seodaeri 125963 134719 140680
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Figure 3. Estimation of electricity generation in study villages
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Table 4. Yearly mean electricity generation in study villages

. electricity generation (kWh)
Name of villages Minimum Mean e (Maximum Max - Min
Jangdaeri 6,844 7,059 7,386 542
Chujungri 6,469 6,734 7,043 574
Majeonri 5,885 6,811 7,051 1,166
Yongjiri 6,394 6,874 7,135 740
Biryeri 6,793 6,968 7,242 449
Jaburi 5,475 6,567 6,945 1,470
Yogwangri 6,723 6,924 7,024 300
Shinpyeongri 6,796 6,892 6,999 202
Sungdangri 6,543 7,117 7,453 909
Seodaeri 6,298 6,735 7,034 735
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Table 6. The number of cells
Electric The number of cells
gerzifﬁt)lon Birye Chujung Jabu Jangdae Majeon Seodae _:}Zsﬁg Sungdang | Yogwang | Yongji
5356 ~ 5434.5 0 0 1 0 0 0 0 0 0 0
5434.5 ~ 5513 0 0 1 0 0 0 0 0 0 0
5513 ~5591.5 0 0 1 0 0 0 0 0 0 0
5591.5 ~ 5670 0 0 1 0 0 0 0 0 0 0
5670 ~ 5748.5 0 0 1 0 0 0 0 0 0 0
5748.5 ~ 5827 0 0 2 0 0 0 0 0 0 0
5827 ~5905.5 0 0 1 0 1 0 0 0 0 0
5905.5 ~ 5984 0 0 5 0 0 0 0 0 0 0
5984 ~ 6062.5 0 0 1 0 0 0 0 0 0 0
6062.5 ~ 6141 0 0 3 0 6 0 0 0 0 0
6141 ~6219.5 0 0 2 0 7 0 0 0 0 0
6219.5 ~ 6298 0 0 4 0 7 3 0 0 0 0
6298 ~ 6376.5 0 0 1 0 4 4 0 0 0 1
6376.5 ~ 6455 0 8 6 0 6 8 0 0 0 2
6455 ~ 6533.5 0 13 5 0 5 5 0 1 0 4
6533.5 ~ 6612 0 12 7 0 9 14 0 3 0 3
6612 ~ 6690.5 0 16 5 0 25 16 0 5 2 2
6690.5 ~ 6769 6 22 29 0 70 10 13 3 10 5
6769 ~ 6847.5 73 13 16 12 80 16 168 6 17 8
6847.5 ~ 6926 97 9 2 16 113 13 18 14 48 14
6926 ~ 7004.5 60 2 0 14 10 5 0 14 6 13
7004.5 ~ 7083 23 0 0 22 0 0 0 3 0 4
7083 ~7161.5 11 0 0 15 0 0 0 13 0 0
7161.5 ~ 7240 1 0 0 3 0 0 0 23 0 0
7240 ~ 7318.5 0 0 0 2 0 0 0 16 0 0
7318.5 ~7397 0 0 0 0 0 0 0 6 0 0
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a) Yearly mean electricity generation of Biryeri
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b) 20 Years time series accrued electricity generation of Biryeri

Figure 4. electricity generation map
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_ Result of grid analysis
Name of villages Number ocfeltlhe highest Electrici(tlzl Wghe)neration Number of the most cell Electn'ci(tlzl Wghe)neration

Jangdaeri 20 7149 44 7059
Chujungri 24 6850 51 6725
Majeonri 203 6859 203 6859
Yongjiri 31 6939 35 6897
Biryeri 35 7072 230 6992
Jaburi 47 6763 50 6747
Yogwangri 52 6924 52 6924
Shinpyeongri 199 6892 199 6892
Sungdangri 37 7249 50 7205
Seodaeri 34 6861 39 6814
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Table 8. Potential of electricity

Potential of electrl.cny based on Potential of electricity based on GIS data
Used weather station data
. . Electricity generation .
Name of villages electricity Electrlc.lty (kWh) (Supply) Supply / Demand ratio
(kWh) generation Supply /
. The The The The
(Demand) (kWh) Demand ratio . Yearly . Yearly
(Supply) highest most mean highest most mean
cell cell cell cell
Sungdangri 4319 7,456 1.73 7,249 7,205 7,117 1.67 1.66 1.64
Jangdaeri 4,319 7,190 1.66 7,149 7,059 7,059 1.65 1.63 1.63
Biryeri 4319 7,166 1.66 7,072 6,992 6,968 1.63 1.61 1.61
Yogwangri 4319 7,100 1.64 6,924 6,924 6,924 1.60 1.60 1.60
Yongjiri 4319 7,028 1.63 6,939 6,897 6,874 1.60 1.59 1.59
Shinpyeongri 4,319 7,020 1.63 6,892 6,892 6,892 1.59 1.59 1.59
Majeonri 4319 6,696 1.55 6,859 6,859 6,811 1.58 1.58 1.57
Seodaeri 4,319 6,575 1.52 6,861 6,814 6,735 1.58 1.57 1.55
Chujungri 4,319 6,439 1.49 6,850 6,725 6,734 1.58 1.55 1.55
Jaburi 4,319 6,080 1.40 6,763 6,747 6,567 1.56 1.56 1.52

nhg QoM WA Ffolr} veht, 2t e gl
He| Hr) T&e ;@t AAE 44T Best Ak 10

NAARE ol g3te] el WAFL EFT 1A
& Az WAe] Tole] mheoAE uheke] ol g 1 Treel Aol wdEst ARRHFE 2542 w5
oo WARGT GISEAAT w1 kAT Age @ b A8 WUFE Hele ) BRe) Hd P
Hol me} waFo] ol Yee WALy HHe)  ATH ATH A BT V) $HE FAUAGE
AAE AAF] e neEe] UAE WA AA BSHE, BEE BFY Hild#Es CSFoE BHEs9
B 3, AAEE Baslel UAE WSt vhege - 1 TR AREE A € w HAHE 33,500
o elxE AASFy] Y neEz 9= Jehjgo m’, Bsw 45000m" Cswd 53, 100mi AukA o 2 rhok
W, E9lE lgAEel oF Amw wegs s o o) Eol RS0 sk 269 A AET 3
3 A uAere] WMAY wog Asw Az o) O 18000m OS2 AYIRT ATH WAl FA LR
Chtable 9). AWE]7} 7401kWhz  1<29), Adielr} o™ B, C5a2 WAl 39,600m' o2 £A Ex=o
7203kWhE 2429), 2337} 7,189kWh 3492 o2 n} ATk 39 8FYE BRO wE dHF 2o|rt glod

gof) s wAo] ol pvAI~T

1S 283 19

RE 539 wWAo] 46800m'S.E A LERFTHTable

Az 448 £ dokn ddd 10, Figure 3).
Table 9. Rank of electricity generation in the study villages
Name of Yearly electricity ger.leration Yearly electricity generation Total
. based on weather station(kWh) based on GIS(kWh) Rank
villages Minimum Mean Maximum Minimum Mean Maximum mean
Jangdaeri 6,202 7,309 8,417 6,844 7,059 7,386 7,203 2
Chujungri 5,657 6,973 8,289 6,469 6,734 7,043 6,861 7
Majeonri 5,349 6,846 8,344 5,885 6,811 7,051 6,714 9
Yongjiri 6,117 7,393 8,669 6,394 6,874 7,135 7,097 5
Biryeri 4,878 6,705 7,843 6,793 6,968 7,242 6,738 8
Jaburi 5,893 7,461 9,031 5,475 6,567 6,945 6,895 6
Yogwangri 6,167 7,487 8,807 6,723 6,924 7,024 7,189 3
Shinpyeongri 6,493 7,318 8,143 6,796 6,892 6,999 7,107 4
Sungdangri 6,738 7,764 8,790 6,543 7,117 7,453 7,401 1
Seodaeri 4,825 6,331 7,926 6,298 6,735 7,034 6,525 10
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Table 10. Area of efficiency electricity generation

. Area(m)
Name of villages Grade A Grade B Grade C
Sungdangri
(Rank 1) 33,300 45,000 53,100
Jangdaeri
(Rank 2) 18,000 39,600 39,600
Yogwangri
(Rank 3) 46,800 46,800 46,300
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Figure 5. Result of site selection
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