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The analysis of Photovoltaic Power using Terrain Data based on

LiDAR Surveying and Weather Data Measurement System
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Abstract

In this study, we conducted a study to predict the photovoltaic power by constructing the
sensor based meteorological data observation system and the accurate terrain data obtained by
using LiDAR surveying. The average sunshine hours in 2018 is 4.53 hours and the photovoltaic
power is 2,305 MWh. In order to analyze the effect of photovoltaic power on the installation angle
of solar modules, we installed module installation angle at 10° intervals. As a result, the generation
time was 4.24 hours at the module arrangement angle of 30°, and the daily power generation and
the monthly power generation were the highest, 3.37 MWh and 10247 MWh, respectively.
Therefore, when the module arrangement angle is set to 30°, the generation efficiency is increased
by about 4.8% compared with the module angle of 50°. As a result of analyzing the influence of
the seasonal photovoltaic power by the installation angle of the solar module, it was found that
the photovoltaic power was high in the range of 40°~50°, where the module angle was large
from November to February when the weather was cold. From March to October, it was found
that the photovoltaic power amount is 10° ~30° with small module angle.

Keywords: LIDAR Surveying, Weather Data Measurement System, Solar Radiation, Photovoltaic Power

1M E S A= Sishal Utk 2euh ARKEoUR] Alds
Falgol lof Yokl 59| eFd B nEEA

F 71FHelo) e AreuslE niEst a1 AR TVIQEA R ARIRIEO] ofgfe A9 &
o 5 ISt SFARAT thEE L Yo BRoji] Aot Tk ARdoAR] S B BEe 2T B
= EQE W EYURL40L 22 ARoHR] g = ZHIof Hieh AgiEo] EREiAEA S20] B

* MEH|FEOstD X|HESStot 24 Department of Cadastre & Civil Engineering, Vision College of Jeonju
(first author: gslee@jvision.ac.kr)
** @ELO|AUX| CHEO|AF Kumgang Eng. (ok4494@daum.net)

Journal of Cadastre & Land InformatiX Vol49 No.1 (2019) 17



o] WAL 0] SHAMUIRE RS EQ¢t HOR Q1
AT a1 Qo TIZIIAEAT S49] BA Eds] 7
HZ=0] ATHESscobar et al. 2015; Huang et al. 2008).

ERQFZERR A ATQO] 71E Q5 HES QAR

SR} SOl HiRREe RE QXIS Mash

Zloltt. 55| el ZE A4 A A AIFHEL Q
A7 BQIHEE GISe} YIAISH H77ldto] IR
ST GIS AFE2} (A g N ™ A FANAE A
ZA], 8P 9](2010)2 BAHE, 341, AFHEFEF S A
AAlg S8 HISE60] 714 H EX018 §4g 11
S AIRNVBOUA] AKX E AEato] 71E ARI1E W
FA40] g88 ARSI T8t A8H 91201002
Bl ]

LA FHYA] A Aol AR, d=
7

]_
L A2, s S Tt 714QIRkS] tigt

e

>~

0

20

MeQ1E AHP 7[HE &8510]
1718+ 0]915](2015)= S| B (DEM; Digital

=]

a1

Aol thal B EEa ARIEAS S-sIC
ok2d] U=8(2010)2 FFEAVIH
HE 01&st0] ZFAlo] et By BEAld)l ¢

Al gehd g ATE seilen =A@
(2014)2 =& JHTIR] GAX| LA s
245101 B IEO) FA] RIS EAIGIACE
D NMEEAY S8 SHeE Uk
Ef A -0 thet 2alo] o =t 071"
01A8](2016)2 RFSH} 7|12QIRE 7=

Zoy o]
RO 54 BBTEL0l HPLS BAIR b}
ok

Z|2oll= LiDAR(Ligth Detection And Ranging)
L} E2 7|5He] UXYAIRE E8o10] EfggEd
29| YRIE EAstl FAES o] &8sh= ¢
T RAEL QITE O]} 015 A (2018a)= &
LIDAR AFRE &l F56t 3xH AIFGARE 0l

St o

18 XX ZEXE, K49 F1Z. 2019

o] B WPR49] YXIE AEsh= H+E Jdst
Hom 040152 (2018b)=  UAV(Unmanned
Aerial Vehicle)E €&3d10] EfZZHR 4 FAJo] T
st AR 26T

B4 ARROIA] 7HE EQ3%E 22 Al
YRE thedRQ o] HEgs Aets| oSot= 20l
L} o= BYZEEAE AlEsio] Tjshs 7]
ORIt AHIAF SHOAE i Q= FEOTh
QY degke AEmstof mE ejgo] 11Eot A

gzto] Aol = Qlal] AlZhIF g4 e} B2 AJolE

0

iz

AR Hst B g AA] 20l me WS oS
Sh= 71&0] QL] Bl A0] gl o
e Fe Qaols gulL A, 1211 718247l

efe QJmieitt.
o A9 AR 10 e geks 9

B o Fof et Ok
of ATk 01d9]-G2AI(2016)= ESHalet 7]
£ 1Idslo] ©iKie) By EHEgs oSe
ol A:EE HE 27
LEgE dSohs A+
REA](2015)2 SRl &2
2H”IojA] 187 A
Asto] At =
HRIREE HECR 3

Learning Machine)& 0]&

BN

rlﬂr 2
mEJ;ommg

1) 0o

on o 4 o

- AN A
B R L iy
— 0= e
womo TN

N 2 - -
> © oo il
—|—41-‘ro|| =
oﬁwg\_o ke)
o = o o o O
Ui O g g
ofr > % F 4o & i

rlo
11/
1H
K/
Da
il
H1
i
O

El
[z
o
)
e

~

ol

ra}

b
of

Z1A(ELM: Extreme
F R o F I
s 56Uk 123l OjtE 91(2015)¢ 8t tl
O|E1Q} AZ HIOIE] Ztholl AHdo] Alste -2 1t st
FO= ot s Aot A7 g 4= Q=TS 4l
A3z 21| HskIR HA g e & Est

S|
TE-THA HEE g8010] HieY oS REs Y

0
J

rol



LIDAR £ 7|t| X|FXt 29t 7|4 HO|Ef HZAIAHMS 0| 8ot Ef S Y EY

SIACE

B BREgks o Sop] flol Be T2 IS0
22571 A}t WA RETscreene ZHUIC} Canmet
ENERGY 91 AEjof] Olsf] 7HdkE =02 4
AWdolRIS] S8 W HIE 52 74 & o A= ZR
A B4 =2 70|t} B8 HOMER: Hl=1 HOMER
ENERGYOA] 7Hdte] T2 IHOF nj=t =g Al-&f
A OfLIR] 714 (NREL)OA] QIEE T2 T-H0|H
Al AHEOIIA] A g thest ohe AR S 71K )L
C}. PV SYSTi= AQI200A] ZHEE T2 IHOZ of
AT L AJEZ0]H0] Tt 0]9], =4S HOlE =
O, SAM(System Advisor Mode) £ 1] =+ =& Al-
AOIR] H7EA(NREL)O]l OJal 7Herel =23y
OF Excel T TRNSYSQ} ¢1E510] ARRE = ¢
L} 58t SOLAR PRO= HEAF, X|YHEf, HEC]
&, BEC JHANE s Bl WA AlEH 0]
A Z2TH oz ARHOIHE E&alo I-HAHEA,
RS A, HREE AlLRet 4= QITHIIE] 2014).

=
Y10 I WY oS (TES R Tt

i

QIRREC Heks HinlstAL Theret oL ALK
RE 7Fgel o|SRY o] tigt B750] FE 0
Tl QU0 2Tt B AT F2 YORA|
g SHOE OJFOIX|LL il &E B AHIES)
FAIZ ok Xde Iz FRlsks sFEolA 7
IS77E FAE AL Qs AFOIT) wetk] Eet Al
& gus gelolA Hddsio] B2 o5
EEol= 71=0] HEH0Iof 5, S35 sig K|
714Q4E FelolA HIsk7| figt k7] 71
Ahe FSE o SQoA HRACH

= AF0IME oK Aol AxIE BT A0
WS IHOR 0S517] el K& LiDAR &
e Soll SYAIIAEE FE5I e dg K9]
2L, 5, QA 58 SIE o2 Hidahy| fisk Al
Al Z18H] 71 ke FEAISEE SN S5

oly

rol
pa!
Mt
5
N
H1
i
ik}
0

ol
L
(e
129
ot
rlo
[y
4
4
02

2. X| 4 LiDAR £ 7|49 X|HXlgr 1=

21 A CHAX]

B 9ol A= A4} LIDARE 7RO =2 33K Al
gy AFEE F|Sotal OlF Saf tist AUz
H UPHERS ol Eot7] 918l Figure 131 20] A& &
AT sAH Ay XYg AFHdRIZ Adst

K

Figure 1. Study site

22, X|A} LiDAR &2 7|tto| X|&Xl2 &

710 HiZEg 0% Aok e RdRks +
=& Plol FARF LY SIAIRE F& E85I2
Lt ==0]] S5t XHHo] K1 BAPF Ol &2 SHAIZE R
QICE & oIk 01F A5} LIDAR S
ot Y RERRE F5ap] flel @AEe(of
RIEGLALC] VZ-400 LIDAR &HIE &-83l91oH, &
Q AIF2 Table 13} 2Tt

Figure 2t= RIEGLAIO] VZ-400 LiDAR &HIE &
golo] dgojx See sdote ol Al

LiDAR 2230 Al &AM s 1ol dsid e

Journal of Cadastre & Land InformatiX Vol49 No.1 (2019) 19



0|24 - 0|5

Table 1. Specification of LiDAR VZ-400 £ MA5] QIeiAE 7130] Bl A ZAMHAE 3D
Category Specifications Hoj Zog J1E55 E TE AW ZXNE A
Laser Grade Class 1(Eye safe) HoZ MAEI] 713 AN ZX M SE251= 14

o | gt
Weight 98k CHS ©AIQ1 Multi station adjustment AL €]
2ange oo 3 7t 271 BRS0] s TR A1 BEE Tl
Accuracy 100°(+60/-40)~360° Aalsio] Zelts AABITTE TI8]al Akl olg
8 7% A7 AN BUlES Melslo] BAg 7
dolen, gt @A gQlsto] An|d|opdo]

Figure 2. LiDAR equipment

DSLR 7S 4
AL

A4t LiDAR S SEAIF0] SHEESE 107
AES MElEo] HoES FES & o2HER A
51910, 012 RISCANPRO SWE E5fl 225t =
TRAMEE AN TS AESIIC} T8 2 X
A 270 HOTEIS 0I5 = oJujx] 2 B Rt

E'_—n_.\_.‘r‘

X510 Qo) &

= SAlof AAlsH

Be Soll sk A g e F516l9om, 0lE &
&ll CADLE GIS Z2 10X HEE o~ A= 5l
L} A7 ClojEIQh AARRIte] 1 gloldg <lsh
Reflector”} % oJnjx] S&o] EZOIEE MAE}
L}, =5t A7 HlojE 9 AR BES lsh %
EQIE 7] 3¢ A& AP I= dge &t

o=

R OM Link Tiepoint TogetherE Eaf £AX
AT

[ A0 204 FgEe Ss) st 5ol

D)

EE

20 AN FEYE, H49H 1S, 2019

2 QX2 mm U2 SR

AR A wEollA] ARIFolu =30] 9
= AFoA] 01U} LR Ol XIS ei=t= MASH
7] ?1el A1 ZHE AS GBI 015 Safl |
A% 2ZQIE HIOJEof| thal Atz B A7 0]
e YHoto] A FHER0| Heke AAIEIICE
Figure 32 thARI0] TSt 3AFERIE R EE At
o[tk

Figure 3. 3D topographic modeling data

3. X[HXt=2e} 7| SBFA LS 0|8

o
ENQLUTY 24

e

3.1. EHOFJ'-I'HI'I-|EF 'E_*—-! :I_I'xo
2 ool HYBYEL: BE AR e 2

e oEs}7] fIol ArcGIS Z2TIHE 0]85

iDAR =22 E3 2E3 371 \grgalz

o= O



-

LIDAR £ 7|t| X|FXt 29t 7|4 HO|Ef HZAIAHMS 0| 8ot Ef S Y EY

Z=Z3IC} =6t SketchUp T2 13
& LIDARE %OH FE0 5114 A=

9} Z0] Drop 71 S 018310 Tl &

HHx] S } 53] Hi

Figure 4. PV module arrangement using Drop
function

FA9| HYY WEEE olS5oh] flaike 89,
A, Q¥ 5 Ui Q0lo|| 12 &8 Aot BAIE
SO ST EfZEERAof thet &0 AA) 4l
A& QIoliAl= Figure 52+ 20| B K9] 014
AHe|2t AAH, AdE (1 E = 9] oY QRIS HE
Sfjof Stk

/l 17

d

Figure 5. Condition setting for PV module arrange-
ment

EHZ oldAd= 4] (1A} 2o
(Escobar et al. 2015).

AP OfZITH

sin (180" — o — 3)

d=LXx sing3

(1)

071A] o= B E A
40], 12]3l di= oA LIERALTE

HE QIHEIS] MPPT HQI9t &8, 2% 52 ¢
E510] ZiAH(Voe) 1 EIEH R (Vmp) S AlA
gt 4= 9o, Ofi= 2of| whet HetHel7t Hetsto]
F| 319} FA o] thet s} HE B QI
O] [} S18HRIE USop| QISolTh
FE AR (Voo)= S AQlo] £3g 4
= Z|the] [ee Qnletod, 3|=7F 7Le0] EH B
PAXIAE £20] oFsh Axh= Mt JF7t oksh
A7) 2ol S22t 7l 7191 EfFEIA|of oFF
Ax @QGW 2 Aol BfZEXIQ] 2F HollA
HH\H—}_

121 B B T2 L2

0]
AN
OF
S

loss %y
5%

loss 0% loss

Figure 6. Loss ratio according to PV module
azimuth angle

Journal of Cadastre & Land InformatiX Vol49 No.1 (2019) 21



2

e

ToM = HREE olF3l7] fIah SketchUp
O] Skelion RIS O|E3IAUC}. SketchUp?)
Skelion ZZIHE LiIDAR E&S &8l S5t A
AFRE HIFES BEdA) ue ReEds, HEild
7o, B W olgAe, = et e, HE A

U, A g 52 1o B Ea &

|

= o
AT HYE 2REE o Soket e &
7

1&¥8ollA o Hsh= 7

i
:Oll:
i
I
ol
ol
e
A=)
I
)
=)
>
1w
>~
N
i
o
&
flok

S HESHE Sofl =

A8 Sofl AAHE A&
A

= Elo]E= BALES
, EATHOIA EIOJESH)
SR AEE ARE KSR} o s O

So} W olZo] BET 4 UTE St

It

J
o
s

AFAIZEE B, H, Obl, BAF 50| £ VIS
ot 7INZAOR BUERAS) WS WHeH
ol YTARIS F510] T w0l kst AFA]
2 EA0] T EQBIT YRARKS AIEO] Wk

22 XDt TEYE, H49H F|1Z. 2019

AAto] mHE Efre] FEZL Halo] dgks v EH
dird oz Jakol oJaf ZFETHOIZ-01ER
2018a).

2 oFoMe £EE SAH AsE] K9S thit
OF 2018\ 15 1287HK] 12HLIZ 714 Hlo]
HE F56 & AARE =
RESILE 018 7122 €8¢ 52 ¢8H IXA]
e ALKE = QQILE SET SAH AS2l9] (Y
T RARIS 453ARIO R LIEIITE YRR OF =
WollAl= B EPRIA0] Brsigt oS0l Eit 35A]

>
~N

A o= EIkE HojFal 9Tt

Arrays analysis
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o, P.power DCr.  Energy  Yield
Solarpanels  NP. o) (W) (KWh)  (KWhKWp)
HUYNDAI365W 4904 365.00 1789.96 231162025 1201.44

Res: each array

Armay Color  Model e, P uth Tt

Enel Yield SHn
(KWh)  (KWh/KWp) (KWhim’lyear)
3.80 19.212311620.25 129144 1654.36

(kWp)
1 HUYNDAI:365W 4904 365.00 1789 96

Estimated system losses

Array Color Solling Shading Snow Mismatch Wiring Connections LID Nameplate r. Age Syst.aval. ESL
1 0 300 000 200 200 0 000 300 1408

Defautt 200 300 000 200 200 050 150 100 000 300 1408

Provided data
Array Color Database Module Type  Array Type  de_ac_ratio Inv_eff ger
1 tmy3  Standard Fixed - Open Rack 1.1 96

E, (kWhiday)
Array Color Jan  Feb  Mar  Apr  May Jun  Jul  Aug  Sep  Oct Nov  Dec

4014.98 5032.31 6516.40 8117 57 8650.77 8549.68 7723.97 7247.72 6731.65 5365 53 4197 56 3797.73

5 4014.98 5032.31 6516.40 8117.57 8650.77 8549.68 772397 7247.72 6731.65 5365.53 4197 58 3797.73

Figure 8. Prediction result of PV power
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Figure 9. Analysis of monthly PV power to PV
module angle

Table 4. Analysis of Photovoltaic power to Phtovoltaic module angle

Photovoltaic Power (MWh)
Month Season
10° 20° 30° 40° 50°
Dec 63.32 72.09 77.50 81.62 83.77
Jan 69.32 78.13 83.45 87.36 89.15 )
Winter
Feb 79.34 86.69 90.73 93.14 93.36
SUM(Dec~Feb) 211.98 236.91 251.68 262.12 266.28
Mar 105.89 111.37 11348 113.34 110.59
Apr 126.82 12871 127.54 123.40 116.32 Sori
rin
May 136.36 133.96 129.25 121.33 110.58 Pring
SUM(Mar~May) 369.07 374.04 370.27 358.07 33749
Jun 109.73 106.55 101.88 94.70 85.44
Jul 105.42 102.81 98.77 9242 84.19
Summer
Aug 105.77 105.20 102.73 97.93 91.04
SUM@un~Aug) 320.92 314.56 303.38 285.05 260.67
Sep 102.00 105.32 105.85 104.14 100.04
Oct 98.21 106.69 111.16 113.54 113.20 Fall
a
Nov 72.82 81.87 87.28 91.20 9291
SUM(Sep~Nov) 273.03 293.88 304.29 308.88 306.15
SUM 1,175.00 1,219.39 1,229.62 1,214.12 1,170.59
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