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A Study on Power Generation Efficiency through the Post Evaluation of Photovoltaic
Panels in Complex Type Buildings
— Focused on Annual Generation Performance of S—university —

Kim, Heejin', Jung, Hyejin®
'College of Liberal Studies, Seoul National University

Abstract : The purpose of this study is to analyze the efficiency of PV according to installation condition in the complex
type buildings, For this purpose, annual performance of solar power generation in a certain area was investigated
and various methods were conducted including post operation evaluation, In addition, we tried to find out influencing
factors that affect the efficiency and sought to identify their relative impact of degree through the data analysis and
site visits together, In the middle of this process we can draw up major considerations for the efficient photovoltaic
power generation installation, In the mean while, previous studies are making something new related with method for
efficiency enhancement and individual influential factors based on experimental environment rather than the empirical
data site based. As a result of the study, it was confirmed that even if installed in the same area, the power generation
efficiency is 1.5 times as high as the installation condition, Furthermore, statistical analyses were performed on
azimuth, tilted angle and shade, which are variables affecting conversion efficiency, and it was statistically confirmed
that all variables are meaningful factors that affect the conversion efficiency which is a dependent variable, The most
influential factor is the azimuth, followed by the tilted angle and the shade factor, From this result, we expect to be able
to provide installation guidelines for the solar power generation equipments on the rooftop zone,
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1. MZ 2016). 3t 23} F7tol 2|7} 2A o] whe} 2035974
QUi ilero] ARIOIVIA) A4 whie] 9978
= Qs T AgolH, AIRA R 20209 3571
Al A ) FAE- HA(RPS: Renewable Portfolio A 50] AU ] Do EH]S BEE Gl ALAML

1.1 9720 i % =5

o X T

Standard)? AN 33718 AAARSAE 5 aro) gppela] 309 AFERTL olmH S ChAEE B
O Al ol U B bl gt whEA] et Al gt o golciMinistry of Trade, Industry and Energy,
. 2010 TOMWOl ST AT 20l 20159 g01g) mpepa) ol sy w9 Hagol Buxos
= LISIMWE SPE SR, WIS S T g goe apgsp), aapgeneiAe) eia e vge
3,980MWh2] o 2] 7} AAEE] St Korea Energy Agency, 2|0z AFaE Zoa st sHar Blokl B Al

] 1=9Jo] J5] SofubwA] A2l Ldo] that A5

. v 35} 77 oltl TIy|alo] AO TLIo|Hple W
* Corresponding author: Jung, Hyejin Asian Institute for Energy, J:“ Rl _]’}E}q—{“ Mrj]" ©° ]“V] S Hv/]—'— ]E -
Environment and Sustainability, Seoul National University, Seoul —:"JL-‘S‘ ‘ié‘ 5]'7] _0'.,]6}01 _i‘l'xé % % %ﬂoﬂ EHOO]::%]- Ecg ; g
1335*0?31035;822 . . Ao og MAjel= WAR 229 W9zt o7, st
—mail: jhj snu.ac. kr o 2 = o 2 - 293
Received May 29, 2017 revised August 2, 2017 o o|AAEE A)71717} o9 L Ax} 27] AHA] A 7]dh
accepted August 3, 2017 %?j ]f]z]';ﬁ e 6]1_5‘01 1’]’—2X] %‘;'—15 7§—?‘7 ]’ & ‘?ﬂl'}\gﬁ]‘—'* 9\)\7] HH

oo

stR7AMBalEts| =27 A8 x5z 207 98 ] ]



0[tHYang, 2014).

2 A7t oA HRd T E=Yo] solube AldellA
7|0l A H o] S e B g T Aduje) 2 @
T Ak, 53] 5L A W 71V 8910] SL7t 9A
@ dE o W RS wde] A o) Eied 2ol 1|
Ae S FstaAl e 71E e SRR dXIe 7
4881 Fol WA mEol| ot FFe vA=A
tieiA BAlshs 71s4dl e Ba F A7 S ol
a1 QM. L AuE golor RREE o7 Wl
tisirte FdFl 7 5 4AY FRe = rES 2L
22 9] 2] AU EEIRLA} ke Alesol Ui 18
L o2t HAES AR Y B U HEY
O MBS B-Eslo] Aleha] Ao Avfs "al )lom A
3 go] ofd A egolM 2P Arteg BT AFA

1=R=]

A o FolX|X] ik, Z, iR Ao AF A
A2 Bl A W] sl UE Fhneo] HatEs
=2310] 09 7] that Q) FF=S Dot >
A solan gl

ool & Gl ol A A28 QI 7 AR 2l B
2 F3 9 o] ol it A% Al 241

4
2 e
& o

[€)
& 414) olgdo] M Egel ofn] gz RS A= B4
SjaLA giet, o] 2 Bl A AL 71 E el A
A ga

v] 2] A asfor & avpAel & 44 8

[e2]

=
WS Asks o=, 2A 7154 aclat 224 &
Ql, AA=22] 8l(efst &84 8o yrojAH, o]
= 79 AlFEEe] ass A%t A iR
FEE vRls 7154 8l dig A7, BYRHA]
of o] A7 BieFgAle] B ouAE A7]ollu A= e
A7le FAE QuistEg, "Gal o] Wlde 275 &
H, Wb AT e 5 WS Bolde YAIE
B9l Zgatal th(Park et al, 2012). o]jofl= 7]20]

12 s=zapalsts) =27 &g H5s 20174 98

30 oAol|A] olARE PV HEC| BHL LT} AR5Elo]
Hgo] Wolzl= BAIE Holal Slrk(Shin et al., 2009)
AR Rkl 3RS n|xl= 2|2 A a”lel tigh A
, EIRE WA O] 2|A RS TS| =09 Bigo}
o}, gAlgro] Wkl JkS w|X|= Alladolng A
UARE 7P Hol BhS 4= Gl AR7} ejokgAld o)

felo] Eli= Zloft}, o]

Ir

=M R T

(o
A
[
u)
Lo
n
n
30
rr
N
o
)

o] AT BAH 201 o WPET Gl AL

wolw gie}, B Aclole e ey mEQ] M) A
22 715 BAE WEE, eI, 29, 52 8
o A F PV E 1h ol AA R 5L Qr) oA
-
[e]

20129t FZa w9)2ko] Hishiof upE sk S WHa
& W3} BS =231 99L(Choi et al,, 2011)7} Qlch 04 A
o]l qlofalte, bl wE BjA] ofgold] I AE =&
2k ¢15HChoi et al.,, 2009)2} ofg|o] 7HA ol whE 2|2
a8 35 AvHKim & Koo, 2011)7} glon $2]2|%=
RS o] 83t THA AoF .S H| ATl ejofd A B
& AR AHJung & Kim, 2016)7F ik,

SEAHE 2 A2t AP AR 2 st 54 <l
A1) FaF 81 ulofslr] ffste] thE FaF S EA

= 72
Fe 7R AiEe dde R silen, A 2] ofd
A 27 sk RS vl ® ASAQl 4 Y
Ei

2. GATo| T U 7| ZEA
2.1 Ao| T4t

B ATE SN FUT Aol o] Gk s T
Yol SR8 =] 24 o] AYsieka & 4 glom]
webd 20 cfebas st ARt o Fel 9 Roleha
Teolich, g vhehe oo dey were] Al



o 22 LY Y Tl AFS TIIS S8t UX 58 17 - SUHSt| oIt N AKS FHOZ -

7p7F o] Rl A7} gleB' A A S thekE At
oz AAsilet, AESEAol IARE Stetu 3T 27
N, 126" 57'B)9] T A& o= siglaL, & o s
2016 o of e EAI A7} Sk E L 7R
) 011;,]"7 Q)= X535 74%:,101[:]. S\:Hﬂﬂ_q]/ql: 20031517'_
B B RIS ARGl on, 27] 958 A o] % thi
£ Hxdggor dA)H Adgolt), 201297 8= el W
Eol ofsto] ¢ & 3] Bl FE3] F7ste] AA
17N o] g I Ao mf=glem, AA dA] &
2 891kWol| 0] 24= A o& ZARE|QITE, 2 ALo] 14 of
& = 5 20169 HolEE ¥ o AU AEE2 27
T 107114 Lo lofelo] faEo] ot tlole o] 414
A2VE FHsE] offE Ui, Holel] S50 #5H
A7} & 2704 tafiAl= Ao thrdoll A Alefskaich
22. 7| ZSHH
2.2.1 AT L&t Ut Y
Aol AMGE T/ B eepguaA s 5
Table 12 QoFst 4= i} HE i} &2 20164 o]
o] guE AEE 20164 44148 B
CIE[ SR <= G APIc ol $E o 2
e Sk, akael B AL o
2] wlolE| 2 XSty YAH 2} A} £A
= HEW o] F Ax|8eFS 538kWo i, 20161 ﬁL
FAekRo- oF 345 570kWho|t) Ax]-gekS dake]= 3t
;fq -2 A R Y] 9J5te] 1k B AR, A%
Tkewtd Z|tl) 892kWh, Z|4~ 487kWh, B+t 699kWh=
SJEH oF 1.50)e] WfIcke] Aol S molar ek,

Obo 2 o

N

Table 1. General information of target buildings’ PV modue
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Table 2. Conversion efficiency monthly average of target
building

8 15-1 38 62-1 86 86-1 101

Jan | 0.15385 | 0.18752 | 0.20003 | 0.23431 | 0.26563 | 0.25909 | 0.16292

Feb | 0.15627 | 0.17601 | 0.18337 | 0.23412 | 0.24215 | 0.25890 | 0.15584

8 | 15-1] 38 | 62-1] 86 | 86-1] 101
CapacitykW) | 31 30 27 | 325 | 60 0 | 20
Power amount
102016 () 21,578 | 23,724 | 24,086 | 191,082 | 49,657 | 18,365 | 17,079
Ceneration | cog | 791 | gop | 588 | 828 | 612 | 487
per kw
PV 11934 | 1931 | 191.8 | 1470.4 | 3001 | 96.70 | 129.7
area (m? )
Titangle ) | 10 30 30 10 | 3 15 30
Azimuth 20 | -89 | —25 | 0 | +42 | +72 | +51
Rated 1563 | 1553 | 1533 | 1539 | 20.10 | 1551 | 15.20
Efficiency (%)
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Mar | 0.15265 | 0.16115 | 0.16606 | 0.23119 | 0.21892 | 0.24249 | 0.14088
Apr | 0.14962 | 0.15175 | 0.15041 | 0.23335 | 0.20033 | 0.23841 | 0.13310
May - 0.14009 | 0.13822 - 0.18209 | 0.22363 -
Jun | 0.14030 | 0.13757 | 0.13368 | 0.22926 | 0.17984 | 0.22631 | 0.12313
Jul 0.14073 | 0.14608 | 0.14055 | 0.24130 | 0.18943 | 0.21191 | 0.12799
Aug | 0.13102 | 0.13991 | 0.13317 | 0.21617 | 0.17276 - 0.12855
Sep | 0.12611 | 0.14210 | 0.14611 | 0.21857 | 0.19874 - 0.13151
Oct 0.1284 |0.15318 | 0.16247 | 0.21978 | 0.20802 | 0.22639 | 0.13043
Nov | 0.13736 | 0.18020 | 0.18847 | 0.23105 | 0.24949 | 0.25999 | 0.15713
Dec | 0.13227 | 0.17773 | 0.18737 | 0.23049 | 0.24880 | 0.23907 | 0.15607
Average | 0.14078 | 0.15777 | 0.16083 | 0.22905 | 0.21302 | 0.23862 | 0.14069

standard
deviation

0.01085 | 0.01811 | 0.02391 | 0.00770 | 0.03145 | 0.01680 | 0.01447
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b) Monthly Fluctuation (2016)

Fig. 1. Conversion efficiency of target building
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Fig. 2. Example of Calculation on Shadow Area Percentage:
Building No.101

Table 3. Average of monthly shaded area and conversion

efficiency
e o Average o(fo AS)hade area Aver:fgf:aC i(()afn gsr}z/zrsion
8 5.290909 0.140784
15—1 4.333333 0.157779
38 3.416667 0.160831
62—1 0.272727 0.229057
86 0.409091 0.208237
86—1 0 0.238624
101 5.141667 0.143779
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Table 4. Reliability Statistics

a of Cronbach O Cronba'ch bgsed on N of item
standardized item
.644 .710 3

[ Normal P-P Plot of Azimuth ] [ Normal P-P Plot of Shade ]
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Fig. 3. Distribution of the independent variables

=S
. o1 O
of Aol 1 e AR 2o e el
£ HoJAl ok, Y] 2 W AlEleE 99% ol

A fpssi

16  s=ziapalsts) =27 &g H53 20174 98

Table 5. Correlation between variables

Uitz Shade | Azimuth Conygrsmn
Angle Efficiency
Pearson
Correlation 1
Tilted Angle coefficient
Tilted Angle . .
Significance
level (both)
Pearson
Correlation 147 1
Shade coefficient
Shad
ace Significance 195
level (both) )
Pearson
Correlation .840%* | .360** 1
Azimuth coefficient
Azimuth Significance
level (both) 000 001
Pearson
Conversion Correlation | —.317#%|—=.509%*| —.550% 1
Efficiency coefficient
Conversion Significan
Efficiency | >'9MMCANCE | 604 | 000 | 000
level (both)
N 79 79 79 79

=x Correlation is significant at the 0.01 a—level. (both)
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Partial Semipartial Partial Semipartial Significance

Variable | Corr. Corr. Corr.”2 Corr.”2 Value

shade -0.3337 -0.2642 0.1113 0.0698 0.0030
azimuth -0.4272 -0.3526 0.1825 0.1244 0.0001
yanggak 0.2254 0.1727 0.0508 0.0298 0.0487




Table 6. Factors Affecting Conversion Efficiency of Photovoltaic
Power Generation

Nonstandard coefficient Stan_d E."d
coefficient
Model t
B Standard )
error
(Constant) .204 .010 20.682
Shade —.004** .001 —.297 —3.065
1
Azimuth —.007 *** .000 —.723 —4.092
Tilted 001+ .001 334 2.004
Angle

a. Dependent variable: Conversion Efficiency
*P<0.05, *+P<0.01, ***P<0.0071

[Model Summary]

) Standard

Model R R? Ad:::f'md error of
estimate

1 .665a 443 421 .032823

a. predictor: (constant), Tilted Angle, Shade, Azimuth

[Dispersion analysis table]

Model Sum of df Mean £ Significance
squares square level
regression | g4 3 021 | 19.874 |  .000b
analysis
1 residual .081 75 .001
total 145 78

a. dependent variable: Conversion Efficiency
b. predictor: (constant), Tilted Angle, Shade, Azimuth
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Table 7. Model through step-by-step entry of independent varia

bles
Coefficient®
Nonstandard coefficient Stan_d ?"d
coefficient
Model t
B Standard error B
(Constant) 214 .007 31.285
1 Azimuth | —.0071*** .000 —.550 —5.774
(Constant) 219 .006 33.901
Azimuth | —.001**x* .000 —.421 —4.471
2 Shade —.005%** .001 —.357 —3.789
(Constant) .204 .010 20.682
Azimuth | —.001*** .000 —.723 —4.092
3 Shade —.004 .001 —-.297 —3.065
Tilted Angle | .001* .001 .334 2.004
a. dependent variable: Conversion Efficiency
*P<0.05, **P<0.01, +*+P<0.001
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Fig. 4. Simulation of power generation efficiency by azimuth and
installation angle of solar panel

= Sl A sl Fofel |t iy
7 B2 21 2] Auletel Sk QL ijA] A
& ool &9 e Haet ks 99 o] Basi. Al
A oA o 9] ulgo] Ao 1&% Tl 4
A F20] ofet 5 o] AXIAL =
of Z-gof gt A2 Ao] A3
ek,

Jﬁ
2
]
=)
ot
tlo
>
—~
]
K

AT W Bl RS 7 ThE WS A5
0 sube] ofaF QAP HAs ke AT V& AT
of Hlste] A4 WolA] S WA PR G vieto B
0] WAS o 3 LEEFEAS At dolch

whebA] a3 371K Gapas ko] AiA dEe
hssiged], 3% a9l 4 mEe) B2 A glol 39l
7} o}z 9o Lo vpeERFom ARfA 03‘63:5}‘__-. H}o) 7}
o] ThE W50 uslo] of 282 Ljehi Eow
A mE SHos FolEh Wizl it iitlﬂ
Aoz Uk,

= Aole AT s FfEl AA HelEelA HlolEE
A= B 5}1 A LY ER O] 74| Aol A
7t Qe AR

2 73 glet,

O{N
r°“ i

gl E A5 AsiAY 2ARE 3
] o FAbo| gt ¢lele- skelslr] st

5) AZHE £ atH o2 AYEL A Jsto] oy i M) o
A7b B el AAE Edto] o]l o]2 3k Hr o] HUEHS
15t FA7} ol RoiA1 3L QA @] ot

18 s=rMmass| =27 A8 M55 20174 9

of Telah 1% QlE RS eyt A} wae mE
AZE BRRAIAAP $A), <lee] 5] o] tig A
Aol 714 A A Fol Fagk U9 RO ehieh
wlew 3 A7} e AR B AOLE U9l A|45A0.

Seaglo] 49 S715H Qi e W] ol g
Tvxl o] Aol B2 2 4 U1E Ve,

2 e ARSAARIF(MOTIE) 2} kol v 2] 7]
7HFA(KETEP) 2] A ¢S who} 4=8f5h A+t A YU tkNo,
20169210100270).

References

Cha, W. C. (2015). “A Study on the Prediction of the
Annual Power Generation through the Analysis on
Factors Affecting Photovoltaic Power Generation”
Department of Electrical Engineering, Graduate
School of Soongsil University, pp. 22—23.

Choi, H. K., Choi, D, W., Yoo. H. C., Choi, S. G., and
Kim, Y. K. (2009). “A Study on the Photovoltaic
Array Optimal Arrangement Considering Power
Output” Journal of the Korean Institute of
Illuminating and Electrical Installation Engineers,
23(12), pp. 96-105,

Choi, Y. K, Kim, Y. K., Kim, H. G., and Shin, M., C,
(2011), “A Study on Changes to the Azimuth Angle
and Tilt of a Photovoltaic Array and its Influence
on Solar Radiation” Proceedings of KIIEE Annual
Conference, The Korean Institute of Illuminating
and electrical Installation Engineers, pp. 337—338.

Jung, J. H., and Kim, B, I, (2016). "Using Numerical
Maps to Select Solar Panel Installation Sites no
Expressway Slopes” Korean Journal of Construction
Engineering and Management, KICEM, 17(5), pp.
-7,

Kim, J. N., and Um, D. Y (2015). “Solar Power location
analysis for improving the efficiency of solar
photovoltaic” Korea Society of Surveying, Geodesy,
Photogrammetry and Cartography, pp. 303—305.

Kim, S. J., and Koo, K. J. (2011). “A Study on
Optimizing of Roof—Top Photovoltaic Arrays
Arrangement Based on Three—Dimensional Geo—
Spatial Information” Korean Journal of Construction
Engineering and Management, KICEM, 12(6), pp



EXIR

ogr
[

151-159,

Korea Energy Agency (2016). “New & Renewable Energy
Statistics 2015” pp. 3—149.

Ministry of Trade, Industry and Energy (2014). “The
Fourth New & Renewable Energy Master Plan” pp.
1-20,

Oh, S. K., Ihm, P. C., and Lee, K, H. (2012), “Optimal
Electric Generation for Fixed—Type Photovoltaic
System Installed for Residential Building in Korea”
GRI REVIEW, Gyeonggi Research Institute, 14(2),
pp. 271-288,

Park, K. H,, Lee, J. H.,, Kim, S. M., and Park, K, W,
(2012). “Analysis of the Correlation between Climate
Elements and Electricity Generation of Building
Intergrated Photovoltaic on Gymnasium Building’
s Curtain Wall” Journal of the Korean Solar Energy
Society, The Korean Solar Energy Society, 32(1), pp.
8-14,

Park, S. H., and Seo, J. H. (2012). “A Study on the
Photovoltaic Module Layout Considering the
Azimuth and Inclination in Region” Korean Journal
of Air—Conditioning and Refrigeration Engineering,
24(6), pp. 461—466,

Shin, H, Y., Choi, H, K., Kim, Y. K., An, Y. K., Choi,
J. Y., Yoon, C. G,, Lim, M, H,, Kim, J, S., and
Seo, B. G. (2009). “The efficiency of solarcell related
to temperature” Proceedings of KIIEE Annual
Conference, The Korean Institute of Illuminating
and electrical Installaion Engineers, pp. 356—359.

Yang, S. M. (2014). “Issue Analysis and Improvement
Schemes in Executing New Renewable Energy
Installation Institution for Public Buildings”

= W B Tl At IS St U &8 O - Stigtel ¢izh U AdXg 4oz -

Department of Construction Engineering, The
Graduate School of Chung—ang University, pp. 66—
70,

Q0 & AFoldE GAT dE o W ofe] =] SAol AXH eid s d o] Azt AF S48 B X o] whE wd
a-80| 2tole} Qe eelstarzt siict. =, dA Aol YAIZ cha=2f gjged 2 AAjof izt A H7HE St &8
V= 7= D4 HeE EEFIL 0|59 AR FFEE Thefstara sielet, 7129 At NEA 9 8919 HAs
ke Y BRI =& A77EFE o Rl lom AAl & o o= g ASAQ] A7t 757 Aol & <

of A}, g2 A o] AA)=ef glej2tE g4 8.91o] o3} LoHe] Pl J8-5 Kol 35 Belstyiet, Eet ek
& FIFE F= Wl B, 97, 5900 disiA S = AARE A3 B aglo] S5l Mtado] Y=
T Hede SARCR eleidltt 7Y 2 Y3 = 892 Wil deo 2 A 5go] ae] g3 71A
© 8Qle® YElh & A5 Foll B B Al o] FE35] SIshaL Qs of7dollA AA AR 274 8.9lo] ¥
& Heo] YFE T BES ATHOR s FF EQlEe Hjgd I Adnjef 2] rleleile AleE 4 2 Ao
7| etk

st27AMmalEts| =27 A8 xss 20md o2 19

.



