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ABSTRACT KEYWORD
Purpose : Existing solar facilities are limited to the installation of rooftops or parking lots, and can only be =& EfL2
installed in rectangles, so aesthetic aspects cannot be considered, structural safety review problems are caused, and E%ﬁii%’%ﬂ
electricity is often installed while due to rooftop waterproofing problems and exposure to electric wires. In fact, it HH?} c E|X|’;"_|__| B
is pointed out that solar power generation systems can be exposed to a vulnerable environment due to fires caused
by inverters and electrical short circuits. Therefore, Building Integrated Photovoltaic (BIPV) is in the spotlight asan ~ Building Integrated Photovoltaic

alternative. Therefore, this study proposes prerequisites and measures for the application of BIPV to school ~ Building Information Modeling
Building Energy Simulation

Facade Design

elevation. Method : From the viewpoint of technical, functional, and aesthetic integration, the necessity of applying
BIPV in consideration of the slope shape and color design suitable for school buildings is derived, and the
applicability of color BIPV design and system is suggested to reflect this in school facility design. Result: Basedon A CCEPTANCE INFO
the analysis of actual BIPV application cases of domestic school buildings, design directions and considerations for ~ Received Feb. 1, 2024
each design stage are derived through BIM (Building Information Modeling) simulation. By analyzing the actual ~ Final revision received Feb. 26, 2024
amount of power generation of schools applying BIPV and comparing before and after BIPV, the reduction effect ~ /Accepted Mar. 4,2024
of electricity consumption reduction and the saving effect were derived by converting it into electricity bills.
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Table 1. Global BIPV market in 2025(2019 statistical estimation)[1]

Application site Amount($) Ratio(%0)
Roofings 6,414,100,000 56.9
Glazing 2,411,300,000 214
Facades 1,746,800,000 15.5
Architectural shading 696,900,000 6.2
Total 11,269,100,000 100
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Fig. 1. South side of middle
school in Seoul (built in 1980)

Fig. 2. The front balcony of the
school building
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Fig. 3. School floor plan built before 2000s
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Fig. 4. School elevation patterns built before 2000s

Table 2. Applicable location for each local school elevation size

Table 3. BIM-based pre-simulation process specific fuctionality

Elementary school
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Function Function description

3D mass elevation analysis during the initial

D BIM design planning (PD) phase

Design model

Enter the longitude and latitude in degree,
minutes, and seconds, and calculate the altitude
(2 Enter area | and orientation of the sun from 0:00 to 24:00

information =

Select the BIPV installation surface accordingly by
3 Enter sizeing the elevation grid (width x height)
BIPV analysis

|
information I = |l =
< 11 s
. Identify the building, vegetation, etc. around the
@ Setting the . . .
> project and obtain the height values of the
surrounding . . .
. surrounding elements using X, y, z coordinates
environmental R

factors of the e
building « B

Establish conditions for selecting a 5-hour

continuous and 5-hour cumulative or specific time

© Setting from sunrise to sunset (5 hours is maximum
BIPV . .

. . power generation time)

installation -

conditions — B

Model lines created in BIM models allow you to

® Analysis of visualize available/non-installed areas and identify
BIPV available areas, capacities and quantities

3
——
—_—

installation
plan
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Flg 7. Schools before BIPV Fig. 8. Schools after BIPV
application application
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Table 4. BIM-based pre-simulation

ot

oo

Direction Results of elevation simulation analysis
. 1,100mm x
Module size 1.300mm
Module output 100W
East Installable area 126.35m’
Side
Module 66EA
quantity
Installa:ble 8 84kW
capacity
. 1,100mm x
Module size 1.300mm
Module output 100W
West A Installable area 155.01m?
Side
Module 99EA
quantity
Installa.ble 10.84KW
capacity
. 1,100mm x
Module size 1.300mm
Module output 100W
South Installable area 294.55m’
Side
Module 206EA
quantity
Installz?ble 20.6kW
capacity

Fig. 9. Design and area of BIPV in the facade of the south of
middle school

Table 5. BIPV installation capacity for middle schools in Seoul

Color
exterior
wall
BIPV

Division Pmax
Size(mm) Color | W) Quantity | Total Output
1,843 x 870 G 2444 | 27EA | 6.598[kW]
1,842 x 705 1933 | 52EA | 10.051[kW]
1,100 x 1,600 | Blue | 259.6 | 4EA 1.038[kW)]
Total 83EA | 17.689(kW)

Fig. 10. Gray color module

Fig. 11. Blue color module
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2) 28 1A 153w BIPV 3-&AH B4 @ BIPV H-&-& 93t BIM7]Ht Al E3o]A

FE AT -G 2% 39 15 stao|tt 19764 ¢ A€ SHEA Y 115

58t BIM7]§F Al 2] o] A AiH= Table 6.7 2
o] BIPV A7) 7Ps 99L& 51 57.59m% AZH 103.41m?%, 9=

Kae Jeadt” 4 ™ 420.27m’2 BA Y, BIPVAA 7 BE 38 BIPV 25
i ' o] Apo]ZE 1,100mm x 1,300mme= 7H45t9S o, 559
41EA, A5 T3EA, §5H 330EAR #A =Sl

Fay ik BIPV BE©] $32 100W= 7HstdS of, 2o 42422 5
Fig. 12. School facade before  Fig. 13. School facade after ZH 4.03kW, AE5H 7.23kW, G5 32.80kWE 2= ¢t
BIPV application BIPV application

@ YA E4L AET A BIPV HAH
Table 6. BIM-based pre-simulation

BIM Al&d|o] A A3to] o)A A2] 7Hs WA} AR] 7Hs 83
Direction Results of elevation simulation analysis 2 Apste] tbel 9l Mol utedstein). st Qlwo] aby atol
Module size | 1o < e »HH @47 Bz ol takelolt), o] g 5 A o]
Ev— oo T Y22 EE S 928 P4 ZAER A, G504
odule output _ B
- Aot & 23EA AHESt] TRl H it
East Installabl 57.59 .
Fast nstallable area m 14.40kWp &0 2 t]#el &]o] Fig, 14.9} Table 7.3} Zo]
gf;ﬁgi; 41EA = 7o) L7o] & 4= gl Wlo| 4] Zeo} Behe AY, o5& o
stalla 3 YlojH] S 712 Mo 2 Hsto] BES A8t
nstaffable 4.03kW
capacity
Module size 1,100mm x Table 7. BIPV installation capacity
1,300mm
_ Division Pmax
Module output 100W Quantity Total Output
A Size(mm) Color W)
West Installable area 103.41m>
Side Gray | 13.69 | 79 EA 1.081[kW]
Module
quantity T3EA 385 x 385 | Wine | 1422 | 97 EA 1.379[kW]
Installable oW Terracotta| 12.44 | 21 EA 0.261[kW]
capactty Color | 265 x 785 | Gray | 13.62 | 4 EA 0.054[kW]
1,1 i
Module size ’1(3)83“‘“ * exterior Gray | 2099 | 10 EA 0.209[kW]
,300mm wall | 385 5 535
Module output L00W BIPV Wine | 19.51 | 14 EA 0.273[kW]
South || Installable area 420.27m’ iy 2945 | 134 EA 3.946[kW]
Side §
Wine | 26.78 | 205 EA 5.489[kW]
Module 330EA 385 x 785
qQuantity Terracotta| 24.08 | 58 EA 1.396[kW]
I‘::?i‘ﬂ’yle 3.89KW Beige | 2676 | 16 EA |  0.428[kW]
Total 638 EA 14.40(kW)

3

Fig. 14. Design and area of BIPV application in the facade south
of high school Fig. 15. A physical image of a brick-colored color module
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Fig. 18. Design and area of BIPV in the southern facade of
elementary school

Fig. 16. School facade before Fzg 17. School facade after

Table 9. BIPV installation capacity

BIPV application BIPV application
Division Pmax
Quantity | Total Output
Table 8. BIM-based pre-simulation Size(mm) Color ()
Direction Results of elevation simulation analysis 1,400 x 1,000 216.98 15 EA 3.255[kW]
1,000mm x Red
Module size ,oovmm 705 x 1,695 170.17 | 4 EA 0.681[kW]
1,500mm
2 1,400 x 1,000 26.11 18 EA 3.890[k
@ Module output 200W (kW]
Front i
Installable arca 46.11m° 705 x 1440 | Purple | 137.94 12 EA 1.655[kW]
West Color
Module quantity 29EA exterior | 300 x 1440 33.44 6 EA 0.201[kW]
Installable wall 1,400 x 1,000 196.00 10 EA 1.960[kW]
capacity 6.13kW BIPV
P 1,025 x 1,420 | Yellow | 190.49 8 EA 1.524[kW]
Module size 1,000mm
1,500mm 1,025 x 380 46.81 4 EA 1.872[kW]
Module output 200w 1,400 x 1,000 22496 | 8 EA | 1.800[kW]
Front 5
South % Installable area 65.65m 300 x 2’010 C]?:::n 31.69 4 EA 0_127[1(“/]
Module quantity 35EA 995 x 1,320 23297 | 8 EA | 1.864[kW]
Installable
capacity 8.73kW Total 97 EA 18.829(kW)
. 1,000mm x
Module size 1.500mm
Module output 200W
Front
ron Installable area 42.69m’
East
Module quantity 24EA
Installe?ble 5.68KW : : . :
capacity Fig. 19. A physical image of a brick-colored color module
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Monthly BIPV power genetation Measurement data of Jincheon High School (2021)

Accumulated Solar Radiation [W/m*2] & Accumulated Power Generation [kWh]
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Fig. 20. Monthly BIPV power generation measurement data of
Chungcheongbuk-do province

Monthly BIPV power genetation Measurement data of Seonghwan Elementary School (2021)

Accumulated Solar Radiation [W/mA2] o Accumulated Power Generation [kWh]
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2,000 A
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C . O 20,000
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Month
(2021.03 - 2021.11)
Fig. 21. Monthly BIPV power generation measurement data of
Chungcheongnam-do province
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Jincheon High School annual electricity usage and electricity charges
Electricity usage (kW] BB Electricity charges [cheon-won]
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0 0

2020 2021

Electricity usage [kW]
Electricity charges [cheon-won]

Fig. 22. Comparative analysis of annual energy usage and
electricity bills

2

BIPV 2] A3} -0 A7) ofuf 2] ARG A71A| 859 A
g A Q) A A 2 e AAsHT s ek
3] Z

2] vl-go] 7] Wizl e g Au7E AR =4 ek 2020
4~2020d 114 7429} BIPVZ} A X £ 20219 19~2021d
4 7HA B FF RS 2 A ARSF T ATIAE HlaE
3 A3} Fig. 22.9F Zo] A7IAHE2 2.8%2] A4 A3HE e
om, A7) @52 F430Td BHo® oF7.3%S HeFet A
A= QIe}. ot o] HlolEl= BIPVZE A2 E3hFe] Z3Hd
A 6} A7) Aol tieh wl&olol M A A o= WA e
A71852 AT dgayp et Zow Z4HH.

— 4 o =

% = o 1o o o

o
il

T

ol

XN

ORI A 3

»
Ru)
o M
ol
.
i
o
i
1o
|
FN
j_(‘)_ll‘
e

N
-

=

4o
o,
of
ot
Ir o
rlol
o\
olrt
i
Rl

144

=2

o

BN mie
2

iy ofn

N T rE

>

e Rl
o
4
)
ral
kl
olrt
5

ir
T

ook
o
o T

o

o

[e]

)

=

o m
N
o x8 T

Bl
i) [‘-{Uﬁ ol

2
oo
4r
4o
P
==l
L
b1
1o

fl L oo
Q % m
W 1o ro o2

53
oflt
K

P

o
e e <<
ol

o 32 i Rl

u
g =
£ o ng
El
=2
iy
ol
iy
|
fu
N,
kl
N
N

2o
_);l_r‘
=

N
M

[m gy 1o L o
~N

i
o
NS

%
Y,
M
ok
>
R
10,
olN
N
1o
e I

_1°l‘ rlr

>

N,
jins
a2

ox
flo

=
i

M, oo

N
ofN o rlr
ko

o Jm

L ow

o X,
fu e

oo U ol ot Rl
4 |o
N
L,
[> off it md

2
R
=)
2
u)
rol
Fl
HN
el
N
N
N
N
o3

B4
3o
4 28k
50, rr
oo

Bl
1%
=

>,

-0,
Y
L
El
2
rr
Ak
Y
o,

2
BN
&)
RSN
2
>
2
2
&

-0,

=]
s
ki)

o
o of
oo oX
~ oA

=)
S
%
>
15
iy

o

e

)

;

ol

|=j s

rlr

o g omy ol

32 1x
T i
=

e 2=

M)
M R

N
M N o

o,
re
=2
12
LT
>
oo
[Sa ek
32,
o
ofj
i
R
A
Sl
olrt
& % o
El

av]

<

sl

o,
rEo 1o

ot opp Rl Hr 3L

%,
o
=
jinss
A—‘L

X,
re
1

©
&
=~
ol
®
®

2_15
5
P
T
Y
=
fr
>
1o

shaL A 47183 5 A4
SRR QAHA e et 2o Bt shaAld
YUS A BPVEES FEE Tzl o) v g stoleh



ML - HEH
SE AR Fsolths A4S BAT 4 et ol A )
2 £ 54T ) W9 o] 27), Zet ol it 7144 B}
o} AT o] A AEeel 49 52 A el 147, 715
A, 0|2 B3] 7 28 WA 2710] 2 Aolck, BPVIHYe] B

Z3jok 7] BIPVAI 281) thet Aeker AuAE, BIPVIALE)

A5t el He A A9 AE BPVHAAnRAL
A 5 kA B BIPVAATI] Geld 288 98 58
@ @Az 0] B Aolet.

2 aTe) BA2AE TANE 4 9t Pl RE 47
ShE, A0l o 9 2 ANV E MY E FE A 3
AY B4 B, 223 BIPVIHAE 9] 4 87t Sl that 741
A 27 R &L T4 AT SHA B Aol

B ALl AAEAG AR (MOTIE) 9} gHel 1 2] 7] & B 7HA (K
ETEP) 9] 2] ¢S dro} =243t A5 ZA d Yt} (No. 20223030010
250)

B AdTE 20215hAE HLstw shaAdF g A FA] 9
A Qg ol a5t A AA JY .

References

[1] Department of Energy, Building integrated photovoltaics, 2021.

2] AEEIALR, FEYAT SR BIPY) A Bt e,
2022. // (Ministry of Trade, Industry and Energy, Plan to revitalize the
building-integrated photovoltaic (BIPV) industrial ecosystem, 2022.)

3] ZA1, WA, A, TRiAntEn|stE 97 25718 M

AT, AZFZHATY, 2021, pp17-22. / (S.E. Cho, SK. Back, JS.

Bang, Improving architecture planning for the green smart future schools

program, Architecture & Urban Research Institute, 2021, pp.17-22.)

ol4L, 1960~70th A&Al 253 7% BEHA R B AT,

ANl & 5o =R A], A9W Al6S, 2008.12, pp.1718-1725. // (J.W.

Lee, A study on the standard drawings of Seoul elementary school

architecture in 1960~70s, Journal of the Korea Academia-Industrial

Cooperation Society, 9(6), 2008.12, pp.1718-1725.)

[5] J. Marchwinski, Aesthetic and functional aspects of BIPV - An
architectural outlook, Technical Transactions, 120(1), 2023.

[6] G. Callegari, E. Merolla, P. Simeone, Photovoltaic breakthrough in
architecture, In: Arbizzani E et al., editors, Technological imagination
in the green and digital transition, Switzerland: Springer, 2023,
pp.325-332.

71 9%, A¥d AHgE 29 "HIE 2RE Ve %
et Aetelz], AsE AZ, 2019, pp38-45. / (HJ. Song,
Crystalline Silicon Color Solar Module Technology Trends, Bulletin of
the Korea Photovoltaic Society, 5(1), 2019.08, pp.38-45.)

[8] AUTHALR, BIPV AA-He SYSE R 484 Al e
2018. // (Ministry of Trade, Industry and Energy, Measures to increase
acceptance to activate BIPV installation and distribution, 2018.)

[9] HE<L 9 391, BIMZIYE BIPV 2% A 84 155 919 =279
el ogh A, AdEAAEsE], Aisd AT, 201802
pp.71-82. // (HW. Jeon et al., Development of BIM based BIPV
architectural design Environmet, KIEAE Journal, 18(1), 2018.02,
pp.71-82.)

[10] AASAERE, A odz] A AT Age) St AE2UAY
gt AE 9 S 2El AR 2019,/ (Ministry of Trade,
Industry and Energy, Development of school building-integrated solar
power products and convergence systems for core new and renewable
energy development project, 2019.)

=
e

(©2024. Korea Institute of Ecological Architecture and Environment all rights reserved.

69



	학교시설 파사드에 BIPV적용을 위한 전제조건 연구 - 태양광패널 모듈 활용을 중심으로 -
	ABSTRACT
	1. 서론
	2. 학교시설의 BIPV 적용 기본방향
	3. 학교시설 BIPV모듈 통합적용의 기본 요인
	4. 결론
	References


