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Abstract Recently, many research studies have been carried out on the efficiency of light-shelf daylighting systems, especially
comparing performance improvements and the limitations of reflective surfaces and their lighting performance. In this study,
a crystal face reflective surface is proposed. The objective of the study is to evaluate the lighting performance of a crystal
face light-shelf through a performance study. The performance study was carried out in a full scale test-bed in order to
calculate the light distribution and energy consumption utilizing the standard indoor illumination as an index. The conclusions
of the performance study are as follows. 1) The optimal angle of incidence for daylighting for both the operable flat type
light-shelf and the crystal face light-shelf are taken in the natural environment on the dates of the winter and summer solstices,
as well as the autumn and spring equinoxes. 2) The application and installation of the crystal face light-shelf can produce
a 29.9% ~34.3% increase of light distribution within the indoor space. However, the increase of light distribution can also
lead to a decrease in the uniformity ratio, a design challenge that should be considered when applying a crystal face light-shelf.
3) It is possible to achieve a 7.98% ~13.3% greater reduction in energy consumption when applying a crystal face light-shelf
than when applying a flat type light-shelf. The increase in the number of crystal faces should concur with the analysis
of the energy reduction. A limitation of the study is that only one predetermined pattern was performance tested for a crystal
face light-shelf. In order to carry out further research on crystal face light-shelves, additional performance studies are needed

based on alternative patterns and designs.
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<Literature review> Light-shelf, Light reflection,
Recommended levels of illumination

<Proposal> Crystal face Light-Shelf

<Lighting performance Evaluation>
Case 1 Case 2, Case 3, Case 4
Flat type, Number of
Crystal face : 1

Crystal face type, Number of
Crystal face : 198, 264,396

Conclusion ‘

Fig. 1 Floe chart of study.
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Fig. 2 Concept and variable type of light-shelf.
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Table 1 Concept of specular reflection and diffused
reflection

Specular reflection Diffused reflection

Incidence ; Angle of Incidence

Angle of
angle } Reflection angle
I
I

Reflection
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Table 2 Standard lux : KS A 3011
Scope[Ix]

Type of activity -
min. ave. max.

Visual Performance according to 150 200 300
the degree of high-brightness

isual Perf i
Visual Performance accgrdmg to 300 400 600
the degree of general-brightness

Visual Performance according to
. 600 1,000 1,500
the degree of low-brightness
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Table 3 Light inflow according to the light-shelf
Flat type

Crystal face type

Crystal face Light-Shelf

Flat Light-Shelf

(a) Plane of crystal face Light-shelf(Number of Crystal
face : 198)

ﬁystal face
Light-Shelf

Crystal face ~
(b) Perspective and enlarged view of crystal face Light-shelf
Fig. 3 Shape of crystal face light-shelf.
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Table 4 Setting of test-bed

4.9 m(W)x6.6 m(D), 2.5 m(Ceiling height)
Wall : reflexibility 46%,
Ceiling : reflexibility 86%
2.2 m(W)x1.8 m(H)

Room size,
Material

Window size,

Material Pair glass 12 mm(3 mmx6 mmx3 mm)
Direction South
Lighting 8 Level dimming
Test-bed
view

Table 5 Energy consumption for phased light
dimming

Energy consumption for phased light dimming(W)
1Lv 2Lv 3Lv 4Lv S5Lv 6Lv 7Lv 8 Lv
12.33 18.31 22.04 27.65 34.00 38.48 42.59 50.81
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L : Lighting, © : Illumination sensor
Fig. 4 Setting of the location of the lighting and
light sensors for the performance study.

Table 6 Setting of the light-shelf’s reflective surface
for the performance study

Shape of reflector Number of Crystal face

Case 1 Flat 1

Case 2 198
Case 3 Crystal face 264
Case 4 396

Table 7 Setting of the light-shelf’s variables

Light-shelf Scope
width External type : 300 mm
Angle -10°, 0°, 10°, 20°, 30°
height 1,800 mm
reflectivity 80%
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Table 8 Performance evaluation result of flat light-shelf
Summer Spring and Fall Winter
illumination illumination illumination
Angle of photometry(Ix) Average  Uniformity photometry(lx) Average  Uniformity photometry(Ix) Average  Uniformity
Light-shelf —————————illumination = ratio =~ ———————— illumination ratio ————————illumination  ratio
min max min max min max
-10 81.9 11,1558 327.3 0.250 1419 35,910 3,980.5 0.036 339 21,7973 4,765.6 0.071
0 864 1,317.2 3552 0.243 156.3 35,954 4,004.1 0.039 342.6 21,607.6 4,740.1 0.072
10 87.1 2,147.7 5140 0.170 157.9 35853.2  3,985.0 0.040 3539 21,673.1 14,7623 0.074
20 983 11,9058  471.9 0.208 162.4 35,7373  3,969.0 0.041 3643 21,714 4,779.4 0.076
30 104.4 1,459.3  478.0 0.218 160.8 35,7529  3,977.5 0.040 369.6 21,755.6 4,794.4 0.077
Table 9 Performance evaluation result of crystal face light-shelf
Summer Spring and Fall Winter
Light-shelf [Hfumination Average  Uniformity Hlumination Average  Uniformity Hlumination Average  Uniformity
photometry(Ix) photometry(Ix) photometry(Ix)
illumination ratio ——— illumination ratio —————— illumination ratio
Type Angle min  max min max min max
-10 849 1,286.2 355.7 0.239 1442 35,732.7 3,946.2 0.037 341.5 21,6145  4,7253 0.072
0 81.0 1,2239 339.9 0.238 1545 35,714.6  3,945.9 0.039 347.1 21,6454  4,754.1 0.073
Case 2 10 87.5 12375 347.1 0.252 155.5 35,7684  3,970.8 0.039 3548 21,700.7  4,757.8 0.075
20 125.1 1,199.2 390.4 0.320 155.7 35,723.5  3,963.6 0.039 364.4 21,6948 4,774.8 0.076
30 91.5 1,210.6 342.1 0.267 164.0 35,766.3  3,973.9 0.041 361.1 21,737.3  4,781.8 0.076
-10  86.6 1,249 342.9 0.253  134.3 35,7099  3,940.2 0.034  335.8 21,583.8 14,7232 0.071
0 83.6 1,390.7 372.7 0.224 1483 35,6949  3,946.1 0.038 3441 21,751.1  4,759.8 0.072
Case 3 10 884 1,196.2 342.4 0.258  153.2 35,7389  3,9583 0.039 3554 21,6534 4,761 0.075
20 1254 1,291 3777 0332 160.5 35,784.4  3,969.4 0.041 362.3 21,696.3 4,772.1 0.076
30 87.8 1,189.8 347.9 0252  172.7 35811.1 4,012.4 0.043 359.3 21,7019  4,774.6 0.075
-10 952 1,3559 375.9 0.253  141.5 35,810.1  3,958.7 0.036 3354 21,6764  4,735.6 0.071
0 940 1,551.7 4134 0.227  151.6 35,755.8  3,956.9 0.038 354.1 21,613.1  4,737.1 0.075
Case 4 10 969 1,303.8 374.3 0.259  155.0 35,895 3,991.6 0.039 3533 21,633.8  4,757.8 0.074
20 1344 1,433.5 4152 0.311 162.0 35,7445  3,962.5 0.041 369.2 21,724.0 4,786.4 0.077
30 1011 1,472.4 411 0.243 174.5 35,781.2  3,974.8 0.043 376.0 21,722.0 4,775.9 0.079
Table 10 Energy consumption according to the optimum angle of light-shelf
Summer Spring and Fall Winter
Lighting Control : Lighting Control : Lighting Control : Energy
Type of Light-shelf Angle of Light Angle of Light Angle of Light Consumption
(Number of crystal face) Light-shelf number(Dimming Light-shelf number(Dimming Light-shelf number(Dimming ~ (kWh)
level) level) level)
Flat(1) 30 1(8) = 3(5) 30 1(4) 30 1(1) 2.287
Crystal face(198) 20 1(8) = 3(4) 30 1(3) 20 1(1) 2.118
Crystal face(264) 20 1(8) —3(4) 30 1(3) 20 1(1) 2.023
Crystal face(396) 20 1(8)—3(3) 30 1(3) 30 1(1) 2.017
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Fig. 6 Energy Consumption according to Light-shelf.
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