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ABSTRACT KEYW ORD
Purpose: Due to recent increase on energy consumption for light in building, many studies to mitigate this issue have 2+ gt
been conducted. Various researches have been carried out to suggest light shelf as one of the solutions, but researches ~ EHAHS
. . .. . . o Mmoot
for its reflectivity is very few. In fact, existing research on light shelf shows that utilizing more than 90% of ;%ﬁ”
high-illumination materials causes imbalance of glare and illuminance. Method: Therefore this research aimed to ' <"
evaluate the performance of light shelves depending on reflectivity and to identify proper solution through test-bed.  Light-shelf

Result: The results are following: 1) Increased reflectivity generally contributed to increase of indoor illuminance but ~ Reflectivity )
degrade uniformity factor related with indoor comfort of light environment. 2) The 0°fixed light shelf with 75% of ~ Performance Evaluation

reflectivity and width of 300mm and 40mm appeared to consume more energy than other shelves. Therefore, it is

Appropriate Dimension

analyzed as unsuitable. 3) This research was conducted by calculating appropriate angle of light shelf around winter
and summer solstices and vernal/autumnal equinox. Based on this, performance evaluation was undertaken depending
on reflectivity of movable light shelf, which is activated by external sources and can be applied with lower reflectivity
than fixed shelf. However, one exception was a movable shelf with width of 600mm that increased light energy
consumption when 75% of reflectivity was applied. 4) Performance evaluation of fixed and movable light shelf

showed that the shelf with 80% of reflectivity came up with suitable results, but 75% of reflectivity may be applied
depending on the width and angle of the shelf. This research is meaningful in that estimation of appropriate reflectivity
of light shelf can resolve the glare problem and improve light environment, and further research would be desirable

under more diverse conditions to identify proper solution.
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ok A ¥ 0 T 0] AN 5 G TN AR nt2 Tile of Study our | Relectivity of
587+ AAIsHH, 1o mbE AIREe] A A BhAbg R &I & Analysis and estimate the performance of 2001 95
Ao Ae)stsl lightshelf system using lightscape.
T=2 v O AA . . . .
B ~ A Study on the Computer Simulation Estimate of 2003 95
2 AL BN SRS 1 o8 A4 28 A% Light shelf Using Lighiscape
slod 2™ ol 2] ALQake AF2slod o ol T AIHF AL Daylighting Performance Evaluation of Lightshelf
oto] 21 o 2] AFE=FE AFEoEl o, o] = 344 4587t Window System by Lightscape 2004 95
£ A3t Q5 A Hety AlrE ) Development and Performance Evaluation of a | 5,4 97
Sloped Lightshelf Daylighting System
Scale Model Experiment for Daylighting 2005 97
Performance by Lightshelf Types
Literature review A Study on the Daylighting Performance in the 2006 97
C ¢ Liohtshelf R dod Tevels of Office Space with Double-lightshelf
* Concept of Light-shel * Recommended levels o Davlichti - -
. : . P ylighting Performance Evaluation of window
Trend research of Light-shelf illumination Integrated Light shelf System 2007 95
’ Evaluation of Daylighting Performance and
Design of a Curved-Lightshelf by the Ray Tracing 2011 96
Setting of Light-shelf and test-bed for Performance Evaluation Method
. L . - o Quit | The daylighting and energy performance
Reflectivity setting of Light-shelf Setting of test-bed evaluation of a polycarbonate lightshelf 2013 95
. A study on the assessment of energy performance 2013 95
of photovoltaic light shelf system

Performance Evaluation for Light-shelf according to the Reflectivity
* Fixed type (0° fixed) * Movable type (-30°~30")
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| Conclusion |
Fig. 1 Flowchart of study
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Fig. 2. Concept and variable of light shelf
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Table 2. Standard illuminance of KS A 3011
S i Measurement Range of illumination[lx]
eparation location Min Standard Max
Living General Above the floor 150 200 300
room Work 40+ 5(cm) 300 400 600
Inner General | Above the floor 60 100 150
room Work 80 5(cm) 300 400 600
General Above the floor 60 100 150
Bedroom | Work 4045 150 200 300
Work = 3(em) 600 1000 1500
. General Above the floor 60 100 150
Kitchen Work 80+ 5 300 400 600
Work =+ S(em) 150 200 300
General | Above the floor 60 100 150
Bathroom | v | 80+ s5(em) 150 200 300
3) A, A, L GHALE o] 831 AN AFA| AR 0] 7| R A 9 A5
7l et A1, theziEstsl =73 AlEA 19(3), 2003

4) 71 EFQ15E Y B A E www.standard.go kr
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Table 3. Reflectivity setting of Light-shelves for Performance Evaluation

Reflectivity setting of Light-shelf(%)
75 | 80 | 8 | 90 | 97 [ 9

Table 4. Variables of light shelf

Width external type : 0.3m, 0.4m, 0.5m, 0.6m
Height 1800mm(from flat)
Angle range -30" ~ 30" (10" intervals)
3.2. AW HSHAE 9% 874 94
AEO] YhALgol T WA A5 LS QA b 2Ey
Bl <q4>0} o] TEHR 0N HAEWE] A7) 2 49m,
Z©] 6.6m =©] 2.5mo|tt. E3F FAIRto] A2 == gl 2
71 E19m, %ol 1.7me|v], HAEHE] AFe|FTe A
ol Y12 A et

Table 4. Overview of Test-bed

Room Size 4.9m(W) x 6.6m(D) x 2.5m(H)
Windows Size 1.9m(W) x 1.7m(H)
Directions South aspect

Lighting Dimming Control(8 level)

Panoramic] view

of Test-bed
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o] @ 5l wloje], HIAEW 29| o) Fofl= IS e A
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o7} o] oA & = Sk

5) 3M, Construction Markets, Product Information

6) ©] 8-, OJAU, “AHRA Z1El A 487 AT o] 85 gk s, At
738+3)7] 18(1), 2011

7) AR, BT UAY BN A AR AR T Wb, SRR A5 =7
7(5), 2007

6,600
2200 2200 2200
8
@ Sengor 1 Senspr 2 Light-shelf
- ] - Skylight
Lighting | 1 Lighting 2
8| 8
&| @
< | o ¢
Lighting |3 Lighting 4
| [ [—]
o ] ]
= Sensor 3 Sensor 4

@ : illuminance sensor, [] : Lighting

Fig. 3. Plane of Test-bed, Location of illuminance sensor

6,600

2200 2200 2200

| I

i Lighting |
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Fig. 4. Section of Test-bed, Height of illuminance sensor

— Light-shelf
— Skylight

2,500

750

® : illuminance sensor
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Table 5. Energy consumption calculation for Performance Evaluation

Energy consumption(kWh)

Lighting energy consumption X Time(lh) x Solar term(15days)
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Table 6. Performance evaluation result of fixed type Light-shelf according to the

Reflectivity

Light-shelf Solar term Ilumination sensor Average | Uniformity Lighting dimming control Lighting energy
width(mm) | reflectivity(%o) 1 2 3 4 |illumination factor |: Lighting Number(Dimming level)| consumption(kWh)
75 summer 91.7 | 2552 | 126.9 | 521.9 248.9 0.368 Lighting 1(8)—Lighting 3(3)
spring and fall | 240.6 | 608.6 | 346.0 |1295.6| 622.7 0.386 Lighting 1(4) 1.848
%0 summer 103.8 | 256.0 | 130.7 | 540.1 257.7 0.403 Lighting 1(8)—Lighting 3(2)
spring and fall | 244.5 | 611.1 | 358.8 [1293.3| 626.9 0.390 Lighting 1(4) 1.726
g5 summer 103.0 | 255.7 | 129.1 | 545.9 258.4 0.399 Lighting 1(8)—Lighting 3(2)
200 spring and fall | 246.7 | 616.5 | 362.6 |1310.8| 6342 0389 Lighting 1(4) 1.726
% summer 995 | 2662 | 1313 | 547.1 | 2610 0381 Lighting 1(8)—Lighting 3(2)
spring and fall | 247.7 | 620.2 | 356.1 [1338.3| 640.6 0.387 Lighting 1(4) 1.726
07 summer 973 | 2702 | 1345 | 571.4 268.4 0.363 Lighting 1(8)—Lighting 3(2)
spring and fall| 251.1 | 614.6 | 363.8 [ 13453 | 643.7 0.390 Lighting 1(4) 1.726
9 summer 101.1 | 264.4 | 131.0 | 553.8 262.6 0.385 Lighting 1(8)—Lighting 3(3)
spring and fall | 257.3 | 615.0 | 359.2 |1343.6| 643.8 0.400 Lighting 1(4) 1.848
75 summer 100.8 | 262.1 | 128.6 | 541.8 258.3 0.390 Lighting 1(8)—Lighting 3(2)
spring and fall | 238.3 | 584.0 | 336.3 |1254.8| 6034 0.395 Lighting 1(4) 1.848
%0 summer 100.6 | 267.6 | 1335 | 556.8 | 264.6 0380 Lighting 1(8)—Lighting 3(2)
spring and fall| 229.9 | 584.9 | 330.9 [1262.9| 602.2 0.382 Lighting 1(4) 1.726
85 summer 984 | 271.9 | 132.1 | 575.2 269.4 0.365 Lighting 1(8)—Lighting 3(2)
400 spring and fall | 237.5 | 586.6 | 342.6 | 1309 618.9 0.384 Lighting 1(4) 1.726
9% summer 100.1 | 268.2 | 134.6 | 583.7 271.7 0.368 Lighting 1(8)—Lighting 3(2)
spring and fall| 251.1 | 600.2 | 343.1 [1299.6| 623.5 0.403 Lighting 1(4) 1.726
97 summer 1054 | 281.3 | 135.1 | 597.1 279.7 0.377 Lighting 1(8)—Lighting 3(2)
spring and fall | 2448 | 610.7 | 3456 |1351.2| 638.1 0.384 Lighting 1(4) 1.726
99 summer 104 | 2933 | 1379 | 593.0 282.1 0.369 Lighting 1(8)—Lighting 3(2)
spring and fall| 2472 | 6154 | 349.0 | 1342.1 638.4 0.387 Lighting 1(4) 1.726
75 summer 103.2 | 281.3 | 135.0 | 574.6 273.5 0.377 Lighting 1(8)—Lighting 3(2)
spring and fall| 227.2 | 567.6 | 320.9 | 1240.5| 589.1 0.386 Lighting 1(4) 1.726
%0 summer 101.4 | 291.4 | 138.7 | 594.6 281.5 0.360 Lighting 1(8)—Lighting 3(2)
spring and fall | 229.6 | 555.1 | 325.1 [1265.1| 593.7 0.387 Lighting 1(4) 1.726
g5 summer 104.9 | 282.2 | 136.6 | 610.8 283.6 0.370 Lighting 1(8)—Lighting 3(2)
00 spring and fall| 2285 | 584.6 | 327.1 |12734| 6034 0379 Lighting 1(4) 1.726
9 summer 108.3 | 290.7 | 138.0 | 604.7 285.4 0.379 Lighting 1(8)—Lighting 3(2)
spring and fall | 230.1 | 587.4 | 330.8 [1306.5| 613.7 0.375 Lighting 1(4) 1.726
07 summer 106.4 | 300.8 | 1414 | 621.7 292.6 0.364 Lighting 1(8)—Lighting 3(2)
spring and fall| 225.5 | 591.3 | 327.2 | 12954 | 609.9 0.370 Lighting 1(4) 1.726
9 summer 109.2 | 289.6 | 143.8 | 623.0 291.4 0.375 Lighting 1(8)—Lighting 3(2)
spring and fall | 232.4 | 578.2 | 327.3 |13054| 610.8 0.380 Lighting 1(4) 1.726
75 summer 104.8 | 276.7 | 136.1 | 591.1 271.2 0.378 Lighting 1(8)—Lighting 3(2)
spring and fall| 217.7 | 5324 | 2995 |1187.5| 5593 0389 Lighting 1(4) 1.726
%0 summer 1103 | 2950 | 139.7 | 605.6 | 287.7 0.383 Lighting 1(8)—Lighting 3(2)
spring and fall | 225.8 | 554.1 | 308.8 [1229.5| 579.6 0.390 Lighting 1(4) 1.726
85 summer 106.7 | 296.7 | 136.8 | 608.5 287.2 0.372 Lighting 1(8)—Lighting 3(2)
600 spring and fall | 226.1 | 558.4 | 308.4 |1257.5| 587.6 0.385 Lighting 1(4) 1.726
9% summer 105.7 | 306.1 | 143.5 | 632.8 297.0 0.356 Lighting 1(8)—Lighting 3(2)
spring and fall| 235.0 | 565.7 | 321.0 [1313.4| 608.8 0.386 Lighting 1(4) 1.726
97 summer 117.9 | 307.1 | 1459 | 643.5 303.6 0.388 Lighting 1(8)—Lighting 3(2)
spring and fall| 225.8 | 580.3 | 315.1 |1309.5| 607.7 0372 Lighting 1(4) 1.726
9 summer 106.6 | 301.0 | 146.4 | 663.8 304.5 0.350 Lighting 1(8)—Lighting 3(2)
spring and fall| 2259 | 599.3 | 320.1 [1313.8| 614.8 0.367 Lighting 1(4) 1.726
Table 7. Appropriate angle according to the reflectivity
Light-shelf Appropriate angle Light-shelf Appropriate angle Light-shelf Appropriate angle Light-shelf Appropriate angle
Winm) R%) | © | ® | ® [Winm) | R | © | ® | ® [Wm) |[R%) | © | @ | ® |[Wmm) R% | © | ® | ®
75 30 | <30 | 30 75 20 | -30 | 30 75 30 | <30 | 30 75 30 | -30 | 30
80 20 | <30 | 30 80 30 | <30 | 30 80 30 | -30 | 30 80 30 | -30 | 30
85 20 | -30 | 20 85 30 | -30 | 30 85 30 | -30 | 30 85 30 | -30 | 30
300 90 30 | -30 | 20 400 90 30 | -30 | 20 500 90 30 | -30 | 30 600 90 30 | -30 | 30
97 30 | -30 | 30 97 30 | -30 | 30 97 30 | -30 | 30 97 30 | -30 | 30
99 30 | -30 | 30 99 30 | -30 | 30 99 30 | -30 | 30 99 30 | -30 | 30

©Copyright Korea Institute of Ecological Architecture and Environment

W : width, R : reflectivity, ® :

summer, @ : Winter, ® : spring and fall
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Table 8. Performance

evaluation result of Movable type Light-shelf according to the Reflectivity(Width : 300mm, 400mm, 500mm)

Wi dIt;:ghtl_;:l;lfm = Solar Angle of 1 PO sensor Average |Uniformity Lighting dimming control Lighting energy
i (?, /)wty term Light-shelf| 1 2 3 4 |illumination | factor [: Lighting Number(Dimming level)consumption(kWh)
0)
summer 30 93.8 | 2584 | 142 | 5653 | 264.9 0.354 Lighting 1(8)—Lighting 3(2)
75 winter 30 | 4753 | 684.1 | 718.0 [263084 70464 0.067 -
Sp“‘llfua“d 30 2725 | 6284 | 387.4 |13314| 6549 0416 Lighting 1(3) 1.642
summer 20 1073 | 275.6 | 140 | 555.1 | 269.5 0398 Lighting 1(8)—Lighting 3(2)
%0 winter 30 | 4819 | 6704 | 7182 [26256.6] 70318 0.069 -
Spn?ag”and 30 281.5 | 668.9 | 390.5 |1366.2|  676.8 0416 Lighting 1(3) 1.642
summer 20 107.7 | 261.7 | 1393 | 565.6 | 268.6 0.401 Lighting 1(8)—Lighting 3(2)
%5 winter 30 | 4859 | 674.7 | 714.8 [26265.1]  7035.1 0.069 -
Spmgfuand 20 287.5 | 654.7 | 3764 |1365.5| 671.0 0.428 Lighting 1(3) 1.642
300 summer 30 1208 | 2779 [ 149 [ 5836 2828 0427 Lighting 1(8)—Lighting 3(2)
%0 winter 30 [ 490.5 | 6574 | 723.8 [26326.7] 7049.6 0.070 -
Spmllaguand 20 2823 | 6453 | 380.5 |1359.2|  666.8 0.423 Lighting 1(3) 1.642
summer 30 112.2 | 274.1 | 148.9 | 582.9 279.5 0.401 Lighting 1(8)—Lighting 3(2)
o7 winter 30 [500.0 | 686.7 | 715.9 [26345.9]  7062.1 0.071 -
Sp“?agua“d 30 285.1 | 657.4 | 391.3 |1360.8| 673.7 0.423 Lighting 1(3) 1.642
summer 30 118.2 | 288.8 | 150.2 | 606.1 290.8 0.406 Lighting 1(8)—Lighting 3(2)
9 winter 30 [ 487.9 | 670.6 | 719.9 [26297.8] 7044.0 0.069 -
Sp“‘,[lfua“d 30 2819 | 659.4 | 403.8 |13704| 6789 0415 Lighting 1(3) 1.642
summer 20 105.1 | 2853 | 141.1 | 569.8 | 2753 0.382 Lighting 1(3)—Lighting 3(2)
75 winter 30 | 463.1 | 655.1 | 680.3 [26201.6] 7000.0 0.066 -
Sp“‘llfua“d 30 275.1 | 647.7 | 384.7 | 1353.5|  665.3 0414 Lighting 1(3) 1.642
summer 30 1114 | 2859 | 1512 | 582.7 | 282.8 0.394 Lighting 1(8)—Lighting 3(2)
%0 winter 30 | 452.1 | 6243 | 689.9 [26216.5]  6995.7 0.065 -
Spn?ag”and 30 273.1 | 648.8 | 383.1 |1346.7| 6629 0412 Lighting 1(3) 1.642
summer 30 113.6 | 2882 | 1483 | 604.8 | 2887 0.393 Lighting 1(8)—Lighting 3(2)
%5 winter 30 | 469.3 | 612.9 | 683.4 [26214.3]  6995.0 0.067 -
Spmgfuand 30 2834 | 653.9 | 396.7 |1350.3| 671.1 0.422 Lighting 1(3) 1.642
400 summer 30 1149 | 2954 [ 152.8 [ 613.1 | 294.1 0391 Lighting 1(8)—Lighting 3(2)
%0 winter 30 [ 452.6 | 638.7 | 688.9 [ 26188 | 6992.0 0.065 -
Spmllaguand 20 2754 | 655.8 | 381.2 |1382.1| 673.6 0.409 Lighting 1(3) 1.642
summer 30 116.7 | 293.7 [ 1534 | 628.6 | 298.1 0391 Lighting 1(8)—Lighting 3(2)
o7 winter 30 [ 4589 | 649.8 | 686.8 [26246.1] 70104 0.065 -
Sp“?agua“d 30 270.5 | 668.3 | 390.2 |13724| 6754 0.401 Lighting 1(3) 1.642
summer 30 1234 | 302.5 | 1529 | 661.2 | 310.0 0.398 Lighting 1(8)—Lighting 3(2)
9 winter 30 [ 458.9 | 649.8 | 686.8 [26246.1] 70104 0.065 -
Sp“‘,[lfua“d 30 279.1 | 6449 | 407.6 |1404.7| 684.1 0.408 Lighting 1(3) 1.642
summer 30 117.2 | 286.3 | 1475 | 600.1 | 287.8 0.407 Lighting 1(3)—Lighting 3(2)
75 winter 30 | 433.6 | 598.0 | 646.8 [261433] 69554 0.062 -
Sp“‘llfua“d 30 2724 | 629.9 | 380.5 |1365.2|  662.0 0411 Lighting 1(3) 1.642
summer 30 1202 [ 294.1 | 149.8 | 612.5 | 2942 0.409 Lighting 1(8)—Lighting 3(2)
%0 winter 30 | 4292 | 6263 | 653.3 [26217.8] 69817 0.061 -
Spn?ag”and 30 271.1 | 6709 | 390.6 |1355.8| 672.1 0.403 Lighting 1(3) 1.642
summer . B B . . . 1ghtin, —Lightin;
30 1265 | 305.2 | 153.0 | 6259 | 3027 0418 Lighting 1(8)—Lighting 3(2)
%5 winter 30 [ 413.7 | 590.9 | 655.6 | 26171 | 6957.8 0.059 -
Spmgfuand 30 2748 | 6349 | 392.3 |1369.6| 667.9 0411 Lighting 1(3) 1.642
300 summer 30 1247 | 308.7 [ 1584 [ 6619 | 3134 0.398 Lighting 1(8)—Lighting 3(2)
%0 winter 30 | 4383 | 621.8 | 655.7 | 26172 | 6972.0 0.063 -
Spmllaguand 30 2835 | 645 | 392.1 |1364.2| 6712 0.422 Lighting 1(3) 1.642
summer 30 128.7 | 3363 | 156.5 | 651.1 | 3182 0.405 Lighting 1(8)—Lighting 3(2)
o7 winter 30 [423.0 [ 611.1 [ 652.1 [26216.8]  6975.8 0.061 -
Spr‘?flla“d 30 2813 | 643.6 | 393.8 |1369.2| 672.0 0.419 Lighting 1(3) 1.642
summer 30 129.0 | 3504 | 160.7 | 685.5 3314 0.389 Lighting 1(8)—Lighting 3(2)
9 winter 30 [ 4284 | 631.2 | 646.0 [26167.8]  6968.3 0.061 -
Sp“‘,[lfua“d 30 287.3 | 662.8 | 4023 |1429.8|  695.6 0413 Lighting 1(3) 1.642
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Table 9. Performance

Evaluation Result of Movable Light-shelf according to the Reflectivity(Width : 600mm)

Light-shelf Tluminati
ght-she — Solar Angle of on Sensor Average |Uniformity Lighting dimming control Lighting energy
m Reﬂ(ﬁft)'“ty tem  [Light-shelfl 1 2 3 4 |illumination| factor |: Lighting Number(Dimming level)| consumption(kWh)
0)
summer 30 | 1256 | 2985 | 1554 | 6385 | 3045 0412 Lighting 1(8)—Lighting 3(2)
75 winter 30 | 4113 | 5762 | 616.8 [26069.1] 69184 0.059 -
Spmflag“and 30 2577 | 6128 | 366 |1310.8| 63658 0.405 Lighting 1(4) 1.726
summer 30 | 1238 | 2985 | 157.6 | 6506 | 3076 0.402 Lighting 1(8)—Lighting 3(2)
%0 winter 30 | 4052 | 553.1 | 618.7 | 26067 | 6911.0 0.059 -
Sprhl}aguand 30 | 2744 | 6414 | 386.7 | 1360.5| 665.8 0.412 Lighting 1(3) 1.642
summer 30 | 139.1 | 3142 | 1669 | 6846 | 3262 0.426 Lighting 1(8)—Lighting 3(2)
g5 winter 30 | 4249 | 592.5 | 6239 [26133.1] 6943.6 0.061 -
Sp“‘gagua“d 30 2636 | 641.1 | 390 | 1360 | 663.7 0.397 Lighting 1(3) 1.642
600 summer 30 | 1351 | 3245 | 1675 | 6774 | 32611 0414 Lighting 1(8)—Lighting 3(2)
9% winter 30 | 4609 | 6323 | 597.1 [25532.1] 6805.6 0.068 -
Spn?aguand 30 [ 2719 | 628.1 | 3954 |13632| 664.7 0.409 Lighting 1(3) 1.642
summer 30 | 1273 ]3296 | 1717 | 7051 | 3334 0382 Lighting 1(8)—Lighting 3(2)
o7 winter 30 | 4087 | 577.4 | 619.4 [26097.4] 6925.8 0.059 -
Spn?aguand 30 | 2713 | 632.2 | 390.8 | 1364.5| 664.7 0.408 Lighting 1(3) 1.642
summer 30 146 | 3383 | 1714 | 7261 | 3455 0.423 Lighting 1(8)—Lighting 3(2)
9 winter 30 | 4083 | 580.1 | 6172 [26120.3] 6933.7 0.059 -
Sp“‘flagua“d 30 | 2711 | 642.2 | 388.7 | 13653|  666.8 0.407 Lighting 1(3) 1.642
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