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Abstract %

The light shelf, which is a natural light system \e ively’studied as its
efficiency is recognized. However, previous studl |gh e not considered
various depths of space, and the performanc |ght s%fslgn has not been
sufficiently studied with respect to the sepapation dlstan betWween a skylight and a
reflection board. Therefore, the purpos ythe pre’s@udy is to establish the

opriate separation distance

fundamental data for light shelf design”
arlous depths of space. In the
rogr diance, was employed, and the
r

between a skylight and a reflection
the enyironment on the summer solstice when the

present study, a simulation sof
performance evaluation was lifgi
energy consumption in builtﬁn&s e hi e depth of space was established from 3
m to 8 m at intervals of 1 m for th %ame evaluation. The separation distance
between a light shelf and@yllght W to be 50 mm, 100 mm, 150 mm, 200 mm, and
250 mm. The perfor evaluatidn was conducted by deriving the depth of space and
uniformity that sa the of 400 Ix. The following conclusions were drawn
from the prese y. 1) Th pths of space that satisfied the standard of 400 Ix
depending @ eparati istance between the light shelf and the skylight established
in the prese dy we ame at the light shelf angle of 0. However, the performance
of the light shelf d g on the separation distance between the light shelf and the
skylight was dep on the depths of space at the light shelf angle of 30. 2) With
regard to the ity depending on the separation distance between a light shelf and a
skylight, thequniformity was excellent in the case where the separation distance between a
light sh skylight was equal to or shorter than 100 mm, while the uniformity was
poor @ case where the separation distance was equal to or longer than 150 mm,
%E ould be considered in the design of a light shelf. In the present study, appropriate

S related to light shelf design were identified by analyzing the performance of a

shelf depending on the separation distance between a light shelf and a skylight.

Various studies may need to be conducted in the future about the performance variation

on the basis of the separation distance between a light shelf and a skylight depending on
the depth of space in controlling the angle of a light shelf.
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1. Introduction

1.1. Background and Purpose of Study

Energy consumption in Korea is continuously increasing due to industrial
development. Energy consumption in buildings accounts for about 24% of the total
energy consumption in South Korea, and as much as about 22% of the total energy
consumption in buildings is due to lighting [1-3]. Therefore, the need for technological
development and research to reduce lighting energy consumption is continuously
increasing, and various solutions have been proposed. Among them, the light shelf is a
natural light system that has been developed to reduce the energy consumption needed for
indoor lighting. The light shelf has been applied to and studied for various types of space,
as its efficiency has been recognized as a natural light system because it reflects external
natural light and introduces the light deep into the indoor space, not only reducing light,
energy consumption but also increasing indoor light uniformity. The light shelf i r&)b
install, requires little installation cost, and provides high natural lighting e i(%@. In
particular, an external type light shelf that is installed outdoor has bee ized and
examined in various studies, and the lighting performance was foung/t xcellent.
However, previous studies on the light shelf have not corﬁﬁd vario hs of space,
and the performance of light shelf design has not bee iciefitly Swdi ith respect to
the separation distance between a skylight and a r board:

Therefore, the purpose of the present study is to @stablish thmnental data for light
shelf design by deriving an appropriate se ion dis;arg)etween a skylight and a
reflection board, considering various depth ace \

1.2. Methods and Scope of Study 6\ 0\@
<ﬁte separa?ks}ti

In this study, to derive an a p@ istance between a light shelf and a
skylight depending on the %o pace«i@design of a light shelf, we reviewed the
concept of the light shelf, previgus studi the light shelf, and the theory of indoor
illumination standards. T@)erforma luation was carried out by using Radiance,

re proggam &8ed in the research of the light environment [5].

which is a simulatign
The depth of sps s establiShetl from 3 m to 8 m at intervals of 1 m for the

performance ev; distance between a light shelf and a skylight was

defined as % nce fro glass of a skylight to the angle-controlling axis of a light
shelf and set_to/be 50

environment establi

0 mm, 150 mm, 200 mm and 250 mm. The experimental
the present study was limited to the environment on the
ilding energy consumption is the highest [5-6].

summer solstic&
2. Review,of dight Shelf Concept, Indoor Illumination Standards, and
Previo dies on Light Shelf

€obcept of Light Self

e light shelf is a natural light system that reflects external natural light and
introduces the light deep into the indoor space to solve the problems caused by the indoor
introduction of external direct sunlight, including dazzling and unbalanced illumination.
In other words, the light shelf is a natural light system that makes indoor illumination
distribution uniform to increase the quality of indoor space and reduce lighting energy
consumption. However, the performance of a light shelf is dependent on the size and
shape of an indoor space. Since a light shelf has variables such as height, width, and
angle, as shown in Figure 1, studies have been conducted to search for the appropriate
dimensions by considering these variables [3-7]. However, there have been no studies
conducted to evaluate the performance according to the separation distance between a
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light shelf and a skylight which is an actual light shelf design consideration. Since the
depth of space and the separation distance between a light shelf and a skylight are critical
factors to the performance of a light shelf, it is necessary to conduct a study considering
these variables.

Exterior

Light-Shelf

|
Figure 1. Concept and Variables @LShe%@

2.2. Review of Previous Studies on Light Shelf

As the energy consumption in buildings mcrearlousx7 related to the light
shelf have been conducted with the goal o g energy sumption. However,
:n

conventional studies on the light shelf have nadm@mus depths of space, and
the performance of light shelf design has sufficie studied with respect to the
separation distance between a skyligh refl oard In addition, as shown in
Table 1, the previous applications of: shel |ted to a simple fixed type light
shelf solely for the purpose of r, s@qg tothe e aI environment, not considering the
environment required by th Ther , it is necessary to conduct a study about
the appropriate separation dIS kyllght and a light shelf depending on

depth of space in the dea@f a Ilght \
Ta\\ ewew%rewous Studies on Light Shelf

Year Q T|tIe Author Content
The light performance of a light
L\Qﬂ%erfor Analysis of | B.l. Park i . o
2008 Light Shelf ¢e Buildings [3] | et. al,. shelf applied to office buildings
~ was evaluated.
?‘ A ray tracing method was used to
Evalfiation of Light Performance of D.S. Kim design a curved light shelf that may
2011 |Lei elf System by Ray Tracing ét.al maximize indoor introduction of
Method [4] B diffused light and evaluate the
A.C> performance.

Comparison and Analysis of
H.W. Lee| Indoor lllumination Uniformity

et. al., | Depending on Position and Width
of Light Shelf

v Improvement of Light Environment
2011 | by Using Horizontal Light Shelf at
Office Buildings [5]

Simulation for Light Shelf
Performance Evaluation Depending
2013 | on Variation of Depth of Indoor
Space and Light Shelf Dimensions

[7]

A simulation was performed to
H.W. Lee| derive appropriate light shelf

et. al,. |dimensions depending on depth of
indoor space.
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Evaluation of Performance of Light A user recognition technology and

2014 Shelf System with Applied User Kv?tﬂlet light control were applied to a light
Recognition Technology and Light al ' shelf for residential spaces to

Dimming Control [8] evaluate the performance.

A punched reflection board was
applied to the reflection board of a
light shelf to evaluate the energy
saving performance of the light
shelf.

A curved light shelf was proposed
and the performance of the light
shelf was evaluated.

Evaluation of Energy Saving
Performance of External Type |Y.C. Choi
Light Shelf Having Punched et. al.,

Reflection Board [9]

2015

Evaluation of Light and Energy
2015 | Saving Performance of Curved
Light Shelf [10]

S.W. Oh
et. al.,

2.3. Standard of Indoor Illumination

The standard of indoor illumination seeks to maintain a constant indo
for the convenience and comfort of occupants. Standar feillumi
established to maintain a constant indoor illumination | S\l luding f US, JIS of
Japan, and KSA of Korea. As shown in Table a i ingoor illumination
standard in the present study was set to be 400 Ix, Is th illumination with
respect to the general illumination in KS A3011 e\

*
Table 2. Standard lllumination, f Q Work&rade in Individual

ries
. o\
Working initum SN Maximum
erage standard
grade/Standard | Country ndard illumination (Ix) standard
illumination L Mluminatié illumination (Ix)

U 3,000 5,000
Ultra-precise , 2,000 3,000
L Jor A%,soo 2,000 3,000
(\\\Js Q 000 1,500 2,000
Preci L Ja arz 750 1,000 1,500
K ) 600 1,000 600
500 750 1,000
Normal an 300 500 750
(‘ Korea 300 400 600
\' “lus 200 300 500
Sir@ Japan 150 200 300
O\ Korea 150 200 300
7 us 100 150 200
Rough Japan 75 100 150
Korea 60 100 150

3. Settings and Results of Performance Evaluation of Light Shelf
Separation Distance Depending on Depth of Space

3.1. Environmental Settings for Performance Evaluation

In the present study, a total of six types of depth of space were established by using a
basic module of 3 m x 3 m, on the basis of the fact that a construction module is designed
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with a height of 3 m [7-9], and increasing the depth of space by 1 m for each type up to
the maximum depth of space of 8 m, as shown in Figure 2. The skylight was set up as
shown in Table 3, for the performance evaluation of the appropriate separation distance
between a skylight and a light shelf depending on depth of space. The skylight was 2 m
wide and 1.8 m high. Pair glass of 12 mm thickness was chosen as the material for the
skylight to set the transmission factor. For the illumination analysis, 36 specific
illumination positions were established at a 2.5 m interval in the 3 m x 3 m area, and 12
specific illumination positions were added as the depth of space was increased by 1 m.
The arrangement and height of the illumination sensors were based on relevant previous
studies. Considering the height of the working surface, the sensors were installed at a
height of 750 mm from the bottom.

3000 1000 1000 1000 1000 1000

250 500 500 500 500 500 250

Illumination Sensor

Figure 2. I&%ﬂon 5\?& Positions

Table 3. Indoor&e S or Performance Evaluation

Chamber ¥ .
dimensions and\ 3 ~8m(D) * 2.5m (ceiling height)

0, 0, 0,
ESeh ecu$§5 10% (bottom), 55% (wall), and 74.99% (ceiling)
Dimenm# @ @ 2.0m (W) * 1.8m (H)
materia 6 ir glass 12 mm (3 mm + 6 mm + 3 mm), color: clear,

transmittance : 80.82%

Direction Due south
With regird ththe setting of the light shelf variables in the present study, the light shelf

windows

was 300 ide and 2,000 mm long, as shown in Table 4. The reflectivity of the light
self wasg be 85% which is the reflectivity of the specular reflection film. In addition,

the | elf was installed at a point 1,800 mm high from the bottom. The angle of the

setting was limited to (f which is the angle frequently applied to the conventional

type light shelf, and 30, which is the appropriate light shelf angle at summer solstice
[7-10]

Table 4. Light Shelf Variable Settings

Size of light shelf (width x length) 300 mm x 2000 mm
Reflection rate of light shelf specular reflection film (Reflection rate: 85%)
Height of light shelf 1800 mm
Angle of light shelf 0, 30
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3.2. Methods and Results of Performance Evaluation

The present study was conducted according to the following procedures to carry out the
performance evaluation depending on the separation distance between a skylight and a
light shelf at each depth of space.

First, the indoor illumination was measured at each depth of space and the separation
distance between a skylight and a light shelf. Second, on the basis of values, the depth of
indoor space satisfying the 400 Ix standard, the minimum illumination, the maximum
illumination, the average illumination, and the uniformity were calculated. Third, with
regard to the appropriate light shelf separation distance depending on depth of space, the
variables giving excellent values were calculated on the basis of, firstly, the depth of
space satisfying the 400 Ix standard and, secondly, the uniformity. Table 5 shows the
results of the performance evaluation depending on the depth of space and the light shelf
separation distance (at a light reflection board angle of ().

The analysis produced the following particular observations.

*
First, since the depth of space satisfying the 400 Ix standard was the sar?\m{y
m

separation distance between a skylight and a light shelf from 50 mm t

established in the present study, the depth of space satisfyin
dependent upon the separation distance between a skyli
uniformity was best at a separation distance between
mm. A separation distance between a skylight and
mm is inappropriate for a light shelf design since
the above mentioned results, the appropriate s

@iformit&
e bét

ation dist
light shelf is 100 mm if depth of space is.ta@ t6 accour eﬁoc

al t

, as
was not

Second, the
t shelf of 100
r higher than 150

low. Summarizing
ween a skylight and a

Table 5. Results of Performanc% uatio I%ending on Depth of Space
and Light Shelf Separation D};&@ (at a&\ Reflection Board Angle of 0)
4 4 N

; </
Depth | . SHEEI0N D f space °, e | Minimum | Maximum | . .
distance between|_ " ol RS .. Uniformity
of X tisfying 4 nationillumination|illumination
space | Nontshelfand (Fg - ory ( (1) (1) (1) ()
skylight (] T
50NN \278) | 14352 | 31408 | 5469 | 0381
c @2775 14035 | 5510 | 3039.0 & 0.393
3m \?30 2.75 2770.5 550.9 26705.0 0.199
N
209\\% 2.75 2890.2 554.6 26893.8 0.192
2@ 2.75 2828.1 558.4 26745.1 0.197
50 3.0 969.7 | 2690 | 28973 | 0277
100 3.0 966.4 274.6 2865.1 0.284
Q§y 150 3.0 2018.8 278.1 26583.2 0.138
200 3.0 2019.3 2794 26578.0 0.138
250 3.0 2017.4 271.4 26584.0 0.135
50 3.0 796.4 163.1 2875.4 0.205
100 3.0 793.7 163.5 2850.4 0.206
5m 150 3.0 1623.1 164.3 26598.9 0.101
200 3.0 1684.5 165.5 26746.3 0.100
250 3.0 1620.0 154.5 26555.7 0.095
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50 4.0 8608 | 2105 | 26750 | 0.239
100 4.0 8804 | 2186 | 27633 | 0.254
6m 150 4.0 15446 | 2135 | 263613 & 0.138
200 4.0 15463 | 2165 | 264900 | 0.140
250 4.0 1546.6 = 2181 | 265369 | 0.141
50 3.0 577.9 66.4 28762 | 0.115
100 3.0 573.7 68.8 2849.9 | 0.120
7m 150 3.0 11661 | 639 | 266001 | 0.055
200 3.0 11605 | 661 | 26529.8 | 0.057
250 3.0 1159.4 | 667 | 26557.3 | _00&8
50 3.0 508.5 295 28559~ {058
100 3.0 507.7 364, , 28p47\.J0.072
8m 150 3.0 1016.7 26559 | 0.030
200 3.0 10155\ "853 o 2\35(4 9 | 0035
250 3.0 1017.4 7 347 \\\{6564 2 | 0034

space and the light shelf separation dist
analysis produced the following partl
satisfying the 400 Ix standard was t

Table 6, shows the results of the perfo a c}evalu
S

performance was not depe

and a light shelf from SOM%?}

light shelf. Second, the unifor

wa
0 d 100 m@%
han 160 i
W. S

and a light shelf of 5
light shelf equal to,0
the uniformity is%

separation dista% Wi

space is tal

ccou nt®

Table 6. Results

and Light SE%

a hght refl

er
eata

0 mm, as“established in the present study, the

Nn{ upon tha@tion distance between a skylight and a

a separation distance between a skylight
eparation distance between a skylight and a

ependlng on the depth of
tlon board angle of 3(f). The
Flrst since the depth of space
ratlon distance between a skylight

is inappropriate for a light shelf design since

t
. ing the above mentioned results, the appropriate
een a ight and a light shelf is 100 mm or less if depth of

ormance Evaluation Depending on Depth of Space

aration Distance (at a Light Reflection Board Angle of

30)
aration .. .
A @%hgﬁf‘g’ﬁg” [;aet?;?y?;g;s T e T TR T e U”“E‘I’):)mity
&€>Sky”ght oy e standard (m) () (IX) (IX)
V 50 275 1387.9 | 5660 | 30602 | 0.408
100 275 13384 | 5810 | 20824 | 0434
3m 150 275 29902 | 6021 | 269753 | 0.201
200 275 28418 | 6081 | 267420 | 0214
250 275 28585 | 5960 | 268139 | 0.209
N 50 3.25 0927 | 2902 | 28625 | 0.292
100 3.25 999.4 | 2056 | 28879 | 0.296
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150 3.25 20491 | 2949 | 266041 | 0.144
200 3.25 20443 | 2918 | 26566.4 | 0.143
250 3.25 20540 | 2999 | 265749 | 0.146
50 3.0 8200 | 1769 | 28646 | 0216
100 3.0 8239 | 1838 | 28936 | 0.223
5m 150 3.0 16550 = 1764 | 265958 | 0.107
200 3.0 16569 | 190.2 | 265928 | 0.115
250 3.0 1650.8 | 1741 | 265831 | 0.105
50 4.25 891.0 | 2269 | 2651.9 | 0.255

100 4.25 8024 | 2404 | 26197 | 0269,°

6m 150 4.25 15738 | 2466 | 263710 %L
200 4.25 1582.4 | 2474 | 260447 7\)0.156
250 4.25 1573.6 ‘7‘\ 2608/ | 0.159
50 3.0 6024 \\74 o 2892 | o0.128
100 3.0 599.9 =/ 653 '\ ¥2870.8 | 0.109
7m 150 3.0 A‘é‘é} 73%) 265812 | 0062
200 30 . 94 | 265955 | 0.059
o 250 30 L 1180%\ 720 | 265529 | 0.061
50 N \@ . 5280 47.1 28754 | 0.089
100 30 s 44.3 28422 | 0.084
8m 150 D 30, ’{91037.3 456 | 266210 | 0.044
N 10367 | 460 | 26589.3 | 0.044
AQ‘ “ | 10337 40.9 26612.0 | 0.040

%]
4, Conclusmns

The present st @a preliminary study to derive an appropriate separation distance
between a skyk'@rd a light shelf at each depth of space depending on depth of space.
For performance® evaluation, an experimental environment was established and the
validity rified by using a simulation software program, Radiance. The following
concl were drawn from the results.
the depth of space satisfying the 400 Ix standard was the same at any separation
@ce between a skylight and a light shelf from 50 mm to 250 mm at the light shelf
angle of 0. However, the performance of the light shelf was dependent on the depth of
space at the light shelf angle of 30.

Second, with regard to the uniformity depending on the separation distance, the
uniformity was excellent when the separation distance between a skylight and a light shelf
was 100 mm or shorter, while the uniformity was low when the separation distance was
150 mm or longer, which should be considered in the design of a light shelf.

The present study was conducted in order to evaluate the performance of a light shelf
depending on depth of space and the separation distance between a skylight and a light
shelf, and we believe that it provides significant fundamental data for light shelf design.
However, the limitation of the present study is that the time considered in the study was
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only the summer solstice. Future studies may need to be conducted with regard to other
various factors involved in light shelf design and other environmental factors.
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