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ABSTRACT

KEYW ORD

Purpose: As the energy consumed by buildings increases, the demand for research and technology development 7|4 &l TtALE

to solve this problem is increasing. Among them, the building envelope system can regulate the influx of climate

BIPV
HEZE

factors that make up the outside environment into the room. This system is applied to various buildings because it Hemof

can minimize the use of energy such as lighting. Among them, the BIPV system is a representative eco-friendly  of 14 x| &2
envelope system that integrates the solar power generation system and satisfies the function of the envelope and

renewable energy generation at the same time. However, the efficiency of PV is generally known to be good at 30 Kinetic Facades

degrees south, and the power generation varies according to region and time. In this regard, this study aims to

BIPV
Indoor Illuminance

provide basic data for eco-friendly design by conducting light environment performance evaluation of the outer skin  performance Evaluation
that combines PV with kinetic structure. Method: In this study, In this study, a 1:1 scaletestbed was established for ~ Energy Saving
performance evaluation, and PV power generation and lighting power energy were evaluated according to the

kinetic skin variables. Results: The results of this study are as follows: 1) BIPV power generation was the highest at
20 degrees and 110 degrees, respectively. Due to the angular change through the kinetic structure, the rate of increase

ACCEPTANCE INFO

Received Nov. 27, 2019
Final revision received Dec. 24, 2019

in power generation was 140.29% and 16.03%, respectively. 2) The power consumption by indoor lighting device Accepted Dec. 30, 2019
was higher than the standard without installation. However, in both summer and winter, the uniformity increased,
and as the angle approached 0 degrees, the lighting energy decreased. 3) From the perspective of saving building
energy, each case showed 20 degrees for the lower limbs, 10 degrees for the winter solstice and 10 degrees for the
winter solstice. The lower layer is considered to be effective in the installation of shells because of the high energy
reduction rate at high angles of PV generation. However, the winter solstice satisfies the average illuminance of 400
Ix when the outer shell is not installed, so the energy reduction rate is 10 degrees and 0 degrees, which is the angle
that can maximize the inflow of sunlight. Therefore, more research and technology development may be needed to

solve the problem of increased energy consumption in the winter solstice.
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Fig. 1. Flowchart of study
Table 1. Classification of BIPV by Attachment Type[ll]
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Fig. 5. Set the external illumination for each time zone, summer,

winter solstice
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Fig. 6. Set the external illumination for each time zone, summer, wintersolstice
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Table 5. Appropriate variables by case according to the energy saving loss rate from 10:00-12:00, 14:00-15:00

Case App]?r:z:iitefainail: of Consuler:lpet:;);l (]:)‘thI)lghtmg Electrlc0 fp(;v:f(rk‘;p":;ductlon T @y GOTSEm Eo
Summer Not installed 0.149 0 0.149
1 Winter Not installed 0.066 0 0.066
Summer 20° 0.222 0.261 -0.039
’ Winter 0° 0.146 0.055 -0.091
Summer 10° 0.257 0.203 -0.054
’ Winter 40° 0.189 0.149 -0.040

Table 6. Appropriate variables by case according to the energy saving loss rate from 12:00-14:00

Case App]?r:z:iitefainail: of Consuler:lpet:;);l (]:)‘thI)lghtmg Electrlc0 fp(;)v:f(rk‘;p":;ductlon oo vy GO Te T
Summer Not installed 0.110 0 0.110
1 Winter Not installed 0 0 0
Summer 20° 0.181 0.123 -0.058
’ Winter 30° 0.000 0.132 -0.132
Summer 10° 0.110 0.180 -0.070
’ Winter 0° 0 0.109 -0.109

Table 7. Performance evaluation result when not attached

Summer
External illuminance : 70,000 Ix (10:00-12:00, 14:00-15:00) External illuminance : 80,000 Ix (12:00-14:00)
case
1 . . . .
Illumination L‘lghu‘ng . Electric Illumination L‘lghtl‘ng . Electric
() dimming Consumption ower 1 dimming Consumption ower
Uniformity control of lighting P . Uniformity control of lighting P .
. L. production . L. production
ratio : Lighting energy of ratio : Lighting energy of
‘ Nu‘mber (kwh) PV(kwh) ‘ Nu‘mber (kwh) PV(kwh)
Angle Ave. (Dimming level) Ave. (Dimming level)
Not
insta?led 741.93 0.164 1(49)—3(3) 0.149 0 890.44 0.165 1(4)—3(4) 0.110 0
Winter
External illuminance : 20,000 Ix (10:00-11:00, 14:00-15:00) External illuminance : 30,000 Ix (12:00-14:00)
case
1 . . . .
Illumination L‘lghu‘ng . Electric Illumination L‘lghtl‘ng . Electric
() dimming Consumption ower 1 dimming Consumption ower
Uniformity control of lighting P . Uniformity control of lighting P .
. L. production . L. production
ratio : Lighting energy of ratio : Lighting energy of
‘ Nu‘mber (kwh) PV(kwh) ‘ Nu‘mber (kwh) PV(kwh)
Angle Ave. (Dimming level) Ave. (Dimming level)
e 2546.18 0.107 1(3) 0.066 0 3019.92 0.157 0 0 0
installed
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Table 8. Result of performance evaluation at the summer solstice
Summer
External illuminance : 70,000 Ix (10:00-12:00, 14:00-15:00) External illuminance : 80,000 Ix (12:00-14:00)
cazse lumination Lighting dimming | Consumption| <" | | ination Lighting dimming | Consumption | e
(%) Uniformity  control of lighting pl;";;:m (%) Uniformity  control of lighting prs;’:;irm
ratio : Lighting Number energy of ratio : Lighting Number energy of
b An T 1) W pvaol [ Ave, Mg ) ) pviawn)
180 6.08 | 0092 | 1(6)>2(4)—3(5)—4(3) | 0.366 0.116 705 | 0050 | 1(6)>2(4)—3(5)—4(@d) | 0255 0.084
170 583 | 0105 | 1(6)=24)=3(5)—4(3) | 0366 0.132 8.21 0.049 | 1(6)=2(4)—3(5)—4(4) | 0.255 0.094
140 5226 | 0099 | 1(6)=2@4)=3(5)—42) | 0355 0.176 4289 | 0120 | 1(6)>2(4)—>3(5)—4(2) | 0.236 0.124
130 9035 | 0.135 1(6)—2(4)—3(5) 0301 0.186 10662 | 0.141 1(6)—2(4)—3(5) 0.201 0.132
120 969 | 0.129 1(6)—2(4)—3(5) 0301 0.198 10415 | 0.107 1(6)—2(4)—3(5) 0.201 0.141
110 126.98 0.116 1(6)—2(4)—3(5) 0.301 0.210 154.01 0.112 1(6)—2(4)—3(5) 0.201 0.148
100 13452 | 0.115 1(6)—2(4)—3(5) 0301 0.220 16538 | 0.122 1(6)=2(3)=3(5) 0.189 0.155
90 267.23 0.113 1(5)—2(3)—3(6) 0.283 0.229 302.76 0.118 1(5)—2(2)—3(5) 0.172 0.161
80 29576 | 0.133 1(5)-2(2)~3(6) 0272 0236 38507 | 0.116 1(3)=2(2)=3(5) 0.172 0.166
70 3707 | 0.120 1(5)-2(2)~3(5) 0.258 0242 4288 | 0.108 1(3)=2(2)=3(5) 0.172 0.17
60 360.82 | 0.113 1(5)-2(2)~3(5) 0258 0248 411.18 | 0.107 1(3)=2(2)=3(5) 0.172 0.174
50 40396 | 0.135 1(5)-2(1)=3(5) 0.249 0253 43772 | 0150 1(3)=2(1)=3(5) 0.160 0.177
40 40845 | 0.152 1(5)-2(1)=3(5) 0.249 0257 46278 | 0.163 1(3)=2(1)=3(5) 0.160 0.179
30 420.45 0.199 1(4)—2(1)—3(5) 0.222 0.257 500.41 0.186 1(5)—3(5) 0.136 0.180
20 48149 | 0.184 1@)—2(1)=3(5) 0222 0261 54112 | 0.192 1(4)—3(5) 0.123 0.181
10 46843 | 0.183 1@)—2(1)=3(5) 0222 0257 57463 | 0.176 1(4)—3(5) 0.123 0.180
0 47812 | 0173 1(5)-2(1)=3(5) 0.249 0256 58334 | 0.139 1(5)-3(4) 0.123 0.178
‘Winter
External illuminance : 20,000 Ix (10:00-12:00, 14:00-15:00) External illuminance : 30,000 Ix (12:00-14:00)
case
2 | Nlumination Lightng dimming | Consumption| " 5| umination Lighting dimming | e
(y | Uniformity _ control of lighting | uction | (1) | Uniformity __ control of lighting | production
| | T | e | IR
Angle Ave. PV(lowvh) Ave. PV(lowh)
180 2.82 0.398 1(6)—2(4)—3(5)—44) 0.383 0.197 4.57 0.133 1(6)—2(4)—3(5)44) 0.255 0.141
170 14.87 0.089 1(6)—2(4)—3(5)—4(3) 0.366 0.204 22.14 0.192 1(6)—2(4)—3(5)—4(3) 0.244 0.146
160 3331 0.166 | 16)=2(4)~3(5)—~4(2) |  0.355 0210 2838 | 0.119 | 1(6)=2(4)=3(5)~4(2) | 0237 0.149
150 3665 | 0271 | 1(6)=2(4)=3(5)~4Q2) | 0355 0215 4793 | 0316 | 1(6)>2(4)—3(5)—4(2) | 0237 0.153
140 7762 | 0186 | 1(6)=2d)=3@d)—4(1) | 0318 0219 9200 | 0385 | 1(5)=2(4)=3G)—4(1) | 0216 0.157
130 173.54 0.168 1(6)—2(4)—3(5) 0.301 0.222 176.24 0.463 1(5)—2(4)—3(4) 0.179 0.162
120 182.07 0.250 1(5)—2(3)—3(5) 0.271 0.225 237.15 0.535 1(4)—2(3)—3(3) 0.143 0.162
110 23591 0.289 1(5)—2(3)—3(5) 0.271 0.224 259.90 0.430 1(4)—2(3)—3(3) 0.143 0.163
100 30328 | 0.260 1(5)-2(3)-3(3) 0.234 0223 449.00 | 0340 1(3)=2(3)=3(1) 0.113 0.162
90 37334 | 0330 1)—2(2)~3(3) 0.204 0221 57534 | 0322 1(3)=2(3)=3(1) 0.113 0.161
80 49085 | 0307 13)-2(1)=3(4) 0.186 0217 657.65 | 0.324 13)=2(1)=3(1) 0.093 0.158
70 607.17 | 0.300 13)-2(1)=3(3) 0.169 0211 73953 | 0.325 1(3)-2(1) 0.069 0.155
60 588.15 0.269 13)—3(3) 0.132 0.205 742.84 0.305 1(3)—2(1) 0.069 0.150
50 711.41 0.234 13)—3(3) 0.132 0.198 877.70 0.294 13) 0.044 0.145
40 1584.37 0.142 13)—3(3) 0.132 0.189 1732.21 0.186 12) 0.037 0.139
30 2408.44 0.120 13)—3(1) 0.103 0.179 2637.36 0.159 0.00 0.000 0.132
20 1631.01 0.178 13)—3(1) 0.103 0.169 2837.43 0.159 0.00 0.000 0.124
10 2318.39 0.126 13)—3(1) 0.103 0.156 2836.71 0.165 0.00 0.000 0.116
0 2388.61 0.133 1(2) 0.055 0.146 2879.31 0.173 0.00 0.000 0.109
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Table 9. Result of performance evaluation at the winter solstice

Summer
case External illuminance : 20,000 Ix (10:00-12:00, 14:00-15:00) External illuminance : 30,000 Ix (12:00-14:00)
3 Illumination Lighting dimming Consumption Electric | [llumination Lighting dimming Consumption Electric
(Ix) Uniformity  control of lighting psz;z_rm (1) Uniformity  control of lighting psz;z_rm
ange | ave, | ™Mo | e | ey PRGN | e | wee e | o)\,
PV(kwh) PV(kwh)
180 6.13 0.093 | 1(6)—2(4)—3(5)—4(3) | 0.366 0.111 7.05 0.050 | 1(6)—2(4)—3(5)—4(4) | 0.255 0.073
170 14.87 0.089 | 1(6)—2(4)—3(5)—4(3) | 0.366 0.125 22.14 0.192 | 1(6)—2(4)—3(5)—4(4) | 0.255 0.083
140 65.9 0.118 | 1(6)—2(4)—3(5)—4(1) | 0.337 0.167 75.59 0.092 | 1(6)—2(4)—3(5)—4(1) | 0.225 0.111
130 75.76 0.123 | 1(6)—2(4)—3(5)—4(1) | 0.337 0.178 94.57 0.127 1(5)—2(4)—3(6) 0.201 0.119
120 106.97 0.133 | 1(6)—2(4)—3(5)—4(1) | 0.337 0.19 96.24 0.149 1(5)—2(4)—3(6) 0.201 0.127
110 151.07 0.144 1(5)—2(3)—3(6) 0.283 0.201 146.95 0.098 1(5)—2(4)—3(6) 0.201 0.135
100 168.56 0.123 1(6)—2(3)—3(5) 0.283 0.211 198.64 0.104 1(5)—2(3)—3(6) 0.189 0.141
90 22253 0.103 1(6)—2(2)—3(5) 0.272 0.22 262.58 0.090 1(5)—2(3)—3(6) 0.189 0.147
80 270.62 0.113 1(6)—2(2)—3(5) 0.272 0.226 302.24 0.097 1(4)—2(3)—3(6) 0.176 0.152
70 279.24 0.109 1(6)—2(2)—3(5) 0.272 0.232 348.67 0.101 1(5)—=2(1)—3(6) 0.169 0.156
60 35347 0.136 1(5)—2(2)—3(5) 0.258 0.238 437.61 0.142 1(5)—=2(1)—3(5) 0.160 0.16
50 403.68 0.117 1(5)—2(2)—3(5) 0.258 0.244 498.64 0.126 1(5)—3(5) 0.136 0.163
40 422.99 0.161 1(5)—2(1)—3(5) 0.241 0.247 554.77 0.165 1(5)—3(5) 0.136 0.165
30 471.33 0.165 1(5)—2(1)—3(4) 0.222 0.248 606.32 0.171 1(5)—3(4) 0.123 0.166
20 503 0.164 1(5)—2(1)—3(4) 0.222 0.253 674.68 0.172 1(5)—3(4) 0.123 0.169
10 525.76 0.181 1(5)—3(5) 0.203 0.248 696.35 0.188 1(4)—3(4) 0.110 0.167
0 601.28 0.170 1(5)—3(5) 0.203 0.247 749.63 0.200 1(4)—3(4) 0.110 0.165
‘Winter
External illuminance : 20,000 Ix (10:00-12:00, 14:00-15:00) External illuminance : 30,000 Ix (12:00-14:00)
case X X
3 Illumination| Lighting dimming Power ]i,lssvu:: Illumination| Lighting dimming Power ]i,lssvu::
x) Uniformity _control consumption| production %) Uniformity _control consumption | production
" g ey | W | " Oming ey | G| ot
Angle Ave. A Ave. A
180 2.82 0.398 | 1(6)—2(4)—3(5)—4(4) | 0.383 0.197 4.57 0.133 | 1(6)—2(4)—3(5)—4(4) | 0.255 0.141
170 3.59 0.188 | 1(6)—2(4)—3(5)—4(4) | 0.383 0.204 19.59 0.049 | 1(6)—2(4)—3(5)—4(3) | 0.244 0.146
160 2721 0.203 | 1(6)—2(4)—3(5)—4(3) | 0.366 0.210 29.2 0.195 | 1(6)—2(4)—3(5)—4(2) | 0.237 0.149
150 60.23 0.141 1(6)—2(4)—3(5)—4(1) | 0.338 0.215 51.04 0.167 | 1(6)—2(4)—3(5)—4(1) | 0.216 0.153
140 71.94 0.172 | 1(6)—2(4)—3(5)—4(1) | 0.338 0.219 77.62 0.262 | 1(6)—2(4)—3(5)—4(1) | 0.216 0.157
130 93.41 0.186 1(5)—2(4)—3(5) 0.287 0.222 112.94 0.240 1(6)—2(4)—3(5) 0.200 0.162
120 22137 0.156 1(5)—2(4)—3(5) 0.287 0.225 144.6 0.289 1(6)—2(4)—3(5) 0.200 0.162
110 210.05 0.137 1(6)—2(3)—3(5) 0.284 0.224 184.56 0.313 1(5)—2(3)—3(5) 0.181 0.163
100 266.23 0.149 1(6)—2(3)—3(5) 0.284 0.223 247.59 0.344 1(5)—2(3)—34) 0.167 0.162
90 36222 0.162 1(4)—2(3)—3(5) 0.251 0.221 394.84 0.280 1(2)—=2(2)—3(5) 0.141 0.161
80 430.33 0.141 1(4)—2(3)—3(5) 0.251 0.217 432.84 0.328 13)—2(2)—34) 0.136 0.158
70 541.27 0.147 1(4)—2(2)—3(5) 0.240 0.211 546.45 0.286 13)—=2(1)—3(3) 0.113 0.155
60 573.99 0.177 1(4)—2(2)—3(4) 0.221 0.205 638.15 0.302 13)—3(3) 0.088 0.150
50 696.38 0.129 1(5)—3(3) 0.168 0.198 696.77 0.305 1(1)—3(3) 0.069 0.145
40 687.5 0.185 1(4)—3(3) 0.149 0.189 782.77 0.380 1(2)—3(1) 0.061 0.139
30 781.26 0.196 1(4)—3(3) 0.149 0.179 841.51 0.385 1(2) 0.037 0.132
20 874.22 0.188 1(4)—3(3) 0.149 0.169 904.49 0.401 1(1) 0.025 0.124
10 886.34 0.198 13)—3(2) 0.121 0.156 960.04 0.405 1(1) 0.025 0.116
0 911.69 0.255 13)—3(03) 0.132 0.146 1049.41 0.402 0.00 0.000 0.109
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