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Abstract

This paper deals with the effectiveness of a fiber optic solar lighting system that uses a Fresnel
lens mounted on a two-axis solar tracker. A series of comparative analyses were made
concerning its performance as compared to fluorescent lighting by using a simulation model
based on ECOTECT and RADIANCE as well as referring to actual data. ECOTECT was used
to model the test room (space) while RADIANCE was used for its indoor lighting conditions
(environment). It was found that the average indoor light levels of fluorescent lighting fully
satisfy the KS standard (KS A 3011, general office, class [G]: 300-400-600 lux) whereas those
of the solar lighting with light diffusers depends on the occlusion factor of roller shades installed
on the south window.

Keywords: 2} 43 (Daylighting), Z|dl 3l =(Fresnel lens), ECOTECT, RADIANCE, A
Ed|o]4(simulation)

1LME

QU1 A ] A} e 270 e TSR A ol 1S &
oRHRA 271, B, B Q@A ATHAE St
QAL YT T AL 2ok glo] AR BIAH H Qlek A of
5 Bl il FFSl0], o} AL} 7o) RSl ot il 2|72
wsfe] 20 Gloleky & 4 glet. A AR 02 F45] S7kshs ouix] Amiet ol

Journal of the Korean Solar Energy Society Vol. 37, No. 3, 2017 1



1
1—

o}

T

}_

st

s

fol 22 21ge] 7]

G

FAele. o] 4AS §
Q-

o] g e
17 Sl

==

LIS

1499 o]

. 52

(=]

=22
=t

SH
of

H|Z0] 30%7}

FRERUO AR
o]

e}

o X Mmoo mm mrm ' oo = A ﬂ_:m ECE 50
i T ol o2 XK o X o sl
CRLGHTE EEEEY
¥ = L "L 5
NI ﬂﬂ% 9 wmo -
oy TR M DAl ow T ST =B N E
o i n Ho 65 B% N M o - X o
— i~ [ B ,.mﬂ =8 _ZT mE T
o W2 g B o o Mo
ﬂ@%%léﬁw %ﬂ.ﬁm@upﬂ@mﬂ
[92]
mﬂﬁl%%% o P o g B g
[ = Jl = T — r - &
S A EWH N R B oA B R 2
S ey B2 A
AR e R gy < o o T OB
O_E 1MO m [ g ayze) ﬂmo | ot n_Ano =
mo R Wy or = X N A > M=
w0 X N} O ® = = N < = ©° x°
G B 3 ~ m [N oo o £ w M
U~ PR T INCI G N J 3T Y
WwOE o w o § % ~ K oo B G
Fo @ B = 8 B S L xH
K T B B = e Ho i 5 T <
do X = omw o B = B 3 oy =
p X T By = o O o 9 gu
a RUNCN m o< 8 X B B OF o s o
S | mﬂd ,A_ . M <V = 1_,_Al o ] .B‘qu Lm.o wlA
= = o @ n = o
) < =n o M ™H =r No o1 ) oF
A Lo R B oy
m o < Mo o 8 RO o] o XA
= J S X ar oqu T & 2 g o o
S = 0 B oI o ooy 2 g 9 g A
N Lo ® 8 GO N or
T ,El N plo + A~ m X =
X o gl T ro  f ]
N 2 X 9 e ER NS
o R X & H = @ N _ﬂ_o mo 2T &_.
o) = 5 -~ [ ,%i\ o = N Al
il _i % T N 1 et _ln_ X
oy o do o T )
gm0 = O Ton e g
EEESRA S sHEEX
u T F 2 o H g = = o N R =R
o s fl s B w_m s - S m_ﬂ o o
Ko T el iy 20Ol ® O oop oy 5 op
S L ru 0 o v T T W
N &N X & N L N mh
et 1__ ] E._ KM 1_”1_ = %om mﬁ“ p %O_W m_z W_ 1__1_ ° _:,._o TH % ey
Erogpx e 2w 42X Wby o
prorETRIELE 2 R TOEN ko
®© - % % A T o] ol = It X g o oF
—~ - _ _.._I <
BB o BOX T < X5 m = B = of X oy ST
B oo Moo= oﬂmm 8 S %m%ﬂmmﬁ
o BT N ok B K T ~N R R R

=3

1

—

3

&5 O

51

=

A B 2o
7} 4]

3]
=

‘|_

-

]

o]

{

i
=

Journal of the Korean Solar Energy Society Vol. 37, No. 3, 2017

Aole]

=

o

3}

=

o

golm
9,000 x 3,000 X 2,700 mme]al, A

B
= 7]

ol 750 mm:

=

o=

1

A

—_

REER
2 vy

=
jLE
=

£
Al
=

o
S

o] it

17

=
L

o

il

S

Jolct. test roo
TFE=9oH
L= 2aH 7]

A




30|t L Fresnel lens & 234 AAHE AAHO| 0185 S8 2YOIHR(O| E: AlZ2fold 2 HE H|w stz 2|

0] Q= B9 1A= A BB AL B2 AR y5 O = test room] Tl IAIEIR O™, x5
Ayo gl 21 o g HE] 7F7ko] 72] 71750 mm, 1,800 mm, 1,800 mm, 1,500 mme]l $]2jste = B el=]=|g]ct
(Fig. 1(d)).

AEFO]AE flote] ECOTECT 218 o & Auje] Eai4 3 3gat4 E/dof thet RagS eHstale
™, Table 1-2 2 HEg o]l 283 U5 A2 E 27 22 o] 1d 9 EAS HofFal Qirk ka2
A A AE 7|0 2 /d7dstl o, Fikg-2 -2 ECOTECT W9 double window?] 7112 E7kg =2
g5t blind= AA| ZEAE o 8ol Fae-S 573 T a2 Aoiltt. A2 Skg2 AlEdolA

27391¢) RADIANCESHE 451 947 Sajert 485130k

mx

=

(b)

(@ (d)

Fig. 1 Modeling conditions; (a) actual test room (b) modeling test room (c) solar tracking system (d) lighting position

Table 1 Properties of materials used

Wall Floor Ceiling Window Shading device (blind)
Material Concrete Concrete Plaster Double window Fabric
Reflectance (0~1) 0.9 0.75 0.9 0.92 0.54
Transparency (0~1) n/a n/a n/a 0.92 0.0256
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2.2 Roller shade?| A} $1&kat 2p2t 2 |4~(occlusion factor)

(1) A% =24

AlgEe)dE shloll ebA A A AFEES] EE Aol AR 0] e roller shade®] AHE A2 2
st £, Y= oz HE] AY 2 89l 2pdl-S AxpA 0 2 2 A-sH= 9IRS 1= roller shade ] 2}
F mkg Fatod olg AlEeelAel| A A4x(occlusion facton) 2 ¥HsE7] oIty % BAL test
roome] 912|gF ATt et 4 vk(Fig. 2)< tVd o= Skl & =2 Fig. 2014 Hol= Fiol A4
RS oL, Aol Beks o) @S tiF-2o] Aoz dE o] A, At thE RS2 A

A A HE BQ1517] 212 0] Adaset Abm = o] 475kt Fig. 19] test room¥} 22 e o] AR o] 917

Sk Q= =0 EE A tiste] & 109 7holl A4 1A 214 0 & ARE o] A1 dZE9] roller shade
ALg @ ZASIA.

Fig. 2 Sky condition and window shading by roller shades

(2) F= 59} 2AF33A14(occlusion factor)

Occlusion factor m100% W75% m50% W25% m0%

Total | .
athfloor |
3rd floor | .
2nd floor |
1st floor | NN

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Fig. 3 The actual use of roller shades
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= =2 o)

Fig. 32 Fig. 29| ARlof|A Hol= AlFfelal -atehel 453 AFAE9] roller shade ZFgA]4=(occlusion
factor) & ZAIA 0%, 25%, 50%, 15%, 100%2 W0 1=ixg vehd Zolct, & 1047tef A4 roller
shade AFSAERE ZALGH ATHE 45| EH roller shadeS 100% 25 7H 9= A1) oF 40%5 24|13
o, 15%= 7¥d 78 AAY] oF 50%E UEE =, o] T 71A]9] 97t tiRE2 AAIskAL )lgleH,
15%= 7V 787 7P Bkt ERE, AR ti R o] AdRREO] roller shade®] ZolE 24d5kA] ¢iar A

ellM @852 A A AL e Ao = A,

3. AI28ojd U Al=

3.1 Roller shade 2F&A|0]| (HE Al=2j|0|4

(D AlEgle)d =4 4A

AlEd|o]d-2 ECOTECTS o|-85t] 7]22{Q1 el vt 214 44742 3+ & RADIANCES} ¢-soto] 438
SHATE. HA Z2BFFR]Q roller shade ] XFPgR]4=o]| whet A2 F-A == BfeFge] S dotE 7] S roller
shade @] 2PZA|5(E =0]2] 0%(ZFFEA] 92), 50%, 75%, 100%) ] wet AlE#|o] /A2 Zsgsteich Est

gl 71 e 189 69 210D 102 ARETe] Bage A&

(@) (b)

Fig. 4 Solar altitude and indoor illuminance (simulated) (a) summer solstice (b) result: at 12:30 blind 50%

Fig. 4a)= AlEdlold 2791 68 219(6HADS] B 2 test room®] AHIE HolEr) Fg. 4(b)=

h, =
roller shade®] o, A|7HE AlEd|o]AA-& 4=34st A} 4k 5 shuto]H roller shade Z20]71 50%Q 74-9- 2%
12:30°14 0 ~ 1,000 lux7k#] 100 lux@9]=2 A 2eE 2S5 Vel ot 34 = clear sky= 475t
ATt
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() PgAret Bt 2

Average comparison
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400
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0

8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00
Time of Day (June 21 Clear Skies)

Fig. 5 Solar altitude and indoor illuminance (simulated) (a) summer solstice (b) result: at 12:30 blind 50%

Fig. 5+ roller shade 213 2]4=0f| w2 Bt AWZ T HI3lERS AlEeo]det Ayto|™, test roome] AW H
2] 27m” (9,000 X 3,000 mm)E 7F& 8051, A2 3052510 F 24007H HE 2] HgkS AHEsto] Lrehfiol
o} AYE 25 71 100%2] 74 B2 5 50 lux® U 2] ko w, 759%2] 9= H 200~400 lux 2]
A3LE BYTh 50%2] 73-$-= 400 ~ 900 lux7FA] 9] 23EE H 1, 0%+= B+ 900 ~ 1600 lux7F2] Lisitt. oF
A2t 09%2] 749 AP A 2 7]38(KS A 3011 LHF AR [GI5-E{300-400-600 lux])'™? B AF3]5}
+ Z2E B3It T3 100%2} 75%= 27100 & v A e AUl 0%2F 50% 735 25 A7 Ford

Zof Blsf ul-- Brot = @0l AT A o= vt olE =T flols 'Yl e Wolle gt Aio] =

3.2 AlZ2lod 2t &=21o] ]

(D vlw =4

7} 7] roler shade®] AYAGER(75%, 100%) ZE54E T A7} k< HEshrt, D@t ABefolae
B o] gli= Aejh o] Gt e Aeell A o|Fol AL Fig, 62 A4 S5 Ae] ZEA2] 91710t
o152 UERiic, ZE AR 219 o] 71t APy o]9] 8o 276 750 mme] BolHor, 1014e]
FE A7 A1) X501, 102908 A 7ol XI5 103, 104, 105, 1069 5% Aol A 2

7} 5% Nl E £AE 02 Askct
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wv

03 R

Fig. 6 Location of photo sensors

(2) ZFgA 15%

—101(5) =——102(5) =—103(5) 104(5) =—105(5) =106 (S)

Comparison: Real vs Simulation
®m 101(R) + 102(R) + 103(R) 104(R) x 105(R) ® 106(R)

2000 T

1800 +
1600 +
1400 +
1200 +
1000 +

800 +

600 T

Indoor illuminance [Lux]

400

200

E mmm— XX ] ¥ —— - -
0 1 M L L 1 f o ) ¥ x -
8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00

Time of Day (10.31)

Fig. 7 Comparison between measured values and simulation results on October 31 (75%)

Fig. 72 2015 102 3199 roller shade”} 2] 75%5 AHAIotAL Q= 7H-5-2] A S99 2 3t A
Belo]A ZhS vl Wt T molek AA| 2% S Delta OHM AF] PHOT 01 2% 27 2|9} Agilent A2
34970A Hlo|E|2AE 0|85t Fig. 62] T1HolA Holi= ZQIEA HlolelE S7dstelrt. Algeold 2t
AR T A 4 HASAD-2 FAS ol8ste] o] FElE Uegler, @74 114] 302 ©]
SHE 71EE ek AlE ol A5 227 7P AR 8l (clear sky)E AEote] X855l
9% 3A] o] Fof| FelR 150 YIS W] 7= o] FE0] P URAIRE AL AR 20& 7]
& QASIet QR EEO] ASA)= T ARl AlE ol a2 AFol7t gl ~ 11%), 1 €19 242}
Of ZLAIM O FHE 71 9f YASHAY 2 e 7 0 = veht AlE o]l o] Aehde SISt

_l[Nl

ol

|
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(3) 2FgA14> 100%

—101(5) 102 () —103 (8) —104(5)
e 101 (R) = 102 (R) a 103 (R) * 104 (R)

Ccmparlson Real vs Simulation
20 T

@
o
L

Indoor illuminance [Lux]
[ w = ul
o o o o
i
»
LR J
»
*
*

=
[=}
4

o

8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00
Time of Day (06.19)

Fig. 8 Comparison between measured values and simulation results on June 19 (100%)

Fig, 8 20159 6% 199 roller shade 55 W& 73] 44 27zt A8 ello) 2 2} ghe vl 1
Shaolck. Aglo}ae] 2 Al BRI b E BB clear sky) HEHE sklizd, A 2% gl

A T20] G 7 B FolSlek. Fig. 79] 390 22 Fel Temold ABelol gt 53A1S BA)
SHES ARSIt QA1) 9ok uhz bR WA O e 2102 ekt S Aol AR 5
A9} B g 2 Hol} gl o2 pehget

i

3.3 QIBZB(HS) B YoRfEO| ALY 2 B[ £

obx] ZARRE AAZES] AA roller shade AFEAS-S T efste] 2FgSH AEi2 AfRFE0] A 35H= roller
shade 75%% 2710 2 oo Al E&|o]A4-& =Y o}5ITt. E2H 2] 74-F- test roome] AA| A7} H]S=7F ALQF
S AFgoISET], PARS] MASTER TL-D 32W/865 §5 2717F IMESQ] iy 57145 2402 s

At AAAEE A AFHEO] kLG Ao] Fresnel lens7h 2kelo] G415 A7eell 7 g oF

o B H5T 4 YIS AAT A6)g AANF FAE gekich, AT ARl AL 64 219
(512 71702 olef] 4] (12 o}g5) 71 #he AZihel 538 2=gES(89,000 lwo) o} 5H=d, 2F

AR A1) FFE- BA(0.071 m?) ol FdoH= F414:(6,288 Im)- Alktote] Xaotoiet. AA] FrgAl T

R4 Qi £ 58 TelelA) iokom, BUET S IR0 6 RIste] A BoE Aol
e
Lo X Apo(nr?) = lumeng, [Im] D
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2510/ L Fresnel lens 212 ZIZA] 2R A|AEIO| 0|28 E5F ZHO||LR|Q| 22k AIS0|M L AlZ H|m 5= <)
L= 71 BF2 AR O] 2
A c=335 (Light Collector) 2] A4
e sjole 7] o) EAVY Tii-Eo] X Felz Bafol gElo] Bolo T B3t ghriol

o] A Gl Az ZAHEE, o] eS| Siste] Balol DeHe] YoRIZE DEAR B2
732 gt of2d] 11 AU 2 & BxE BAS19T] T FA4= convex/concave lens FEIZ A2 AL

¢

ol

£ 42 =2 7Pgaiect Fig 9(), (b T 28 At o] witaae el Fig 90), () tiF
A Hg 3} 50| 25 B Ageold ATtE vehict

Polar Distribution Solar_Tracking_System_Light___Mo_Dif fuser Polar Distribution Solar_Tracking_System__Light___ Diffuser

(©
Fig. 9 Diffuser setting; (a) No diffuser (b) Diffuser (c) Before applying the diffuser (d) After applying the diffuser

(2 Y == vlw B

2 A7ollAE FEEI ST AEAE ol 8RE A 2 Hlw AlEFloldS A BHEQ AlFdetn
e} 45 71] test room& 7150 2 ECOTECTE Re=et & RADIANCES ]85 Al Ed|o] 418 43
5tod roller shade?F 75% Wikt 2719] 368 A8 et A 24415 283 3¢ A

ZA) A B 592 Ao 2 25 Huel BaEE ge] Waks ARt

¢
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09:00 12:00 15:00 18:00

Fluorescent

lighting

Optical

fiber

lighting

Optical "
fiber with )
diffuser

Fig. 10 Change of indoor illuminance with time

Fig. 102 A1Belo}d 2718 BeiF g, 1) AB2R@HS), 2) A w142 A4, Telm 3
O A B AT 5 371 790 A 2w 2] WakE Lheh i glck, o] JEEE 0 912 7|0,
2 3AImlete] AfEelold FAE HolFR glov], 71 o} BRI 0 luxiE 71 Hhe 2291 1,000
lux7b2] 100 lux@k912 Lheigiet. el @52 o} 8 QBEBe SR Ro] A1 600 luxo AT
ot 22 & 4 qlom, AAge] A9t TFAS BASH) 9o WA IS FAOR dege]
S 9% Ik G, TRAS A A9 13U R0] 00 b Lo 22 9 4 glom]
GUEI Hg BEE Hol A0 Uitk D33)9] 798 vl msli U5 2viet gl A At
CEAZ ALET IS TR 540 597t S S &5 Gt ol AR B A5 S

2 100%= 7Pe) he Ao A= o WA g Ao R dEdr,

-

_‘

po)

Avergge comparison ==No lighting =@=Fluorescent lamp =li=Daylighting Cutdoor illumination
800 = r 100,000
el
700 A e 90,000
= —— :
3--15.-&-—'5’_'"—‘ ‘“__G‘_'F}—*fh__{:‘.__- L 80,000
600 W %j
- t 70,000 &=
~— | =
2 |y—*“‘"’ =
= - **’\‘\. s
= 5
E g
E 400 A r 50,000 £
2 =
S 300 A [ 40000 3
B =
= =1
= F 30,000 5
200 4 .
+ 20,000
1004 + 10,000
0 L 1 1 L " L L L 1 L 0
800 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00

Time of Day (06.21 Summer Soltice)

Fig. 11 Change of average indoor illuminance with time
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Fig. 112 AlE2d[o]A D} 3)9] Z-2of] lojA] JFZ I} test room 2] FtZ e HEHE Lrehd 2] o],
Fig. 102] 7492} vi7FR| 2 roller shade @] AFFA= 75% 2 5H3.2™ 171 2] No lighting2 AWz glo]
AlEdHo]A F Aol Fluorescent lamp 1)9] A5 12|11, Daylighting2 3) 2] A& 212 Yepiict,
I ZIe= TF R R ER HE S35 7|0 BAFGOH, M5 HE -5 (clear sky) 2= @7 8AJF
Bl 25 6A17F4] 23,000 ~ 90,000 lux®] 225 BTt IHA Azrge] gl d-oll= B+t 100 ~ 200
lux®] REREZE H Q=Y Hls)], J335-2 085 elg2g o] A-eol= Bt 02 500 ~ 600 lux®] 2=
IS B o, A 2 AHAage] ol HatA 02 600 ~ 700 lux®] 2R s Hof 95T
T -FARF 22 RS Uelle A o= FAESI Al ¢ BT o2 Ert 525 o] Mo uhet ehatst
A Hsks e & 4= Slrk. @852 ol-81t AdAEe] 7ol KSo AR Adl 2% 7]=(KS A 3011 &
9 AR [GISRI300-400-600 ))& 585 THEoks ke R0, B 42 A 29 o
SF-FARH VS Y= A o2 FA4H T

O

& A= Fresnel lens® 3g2lolH 72 2183 F384 A4 A 2612 870l Histo] A AR &

2he Ti0 2 Tl 2t AR o) it A2 7S Aeldlct. S5, FUEL o188 QB2
59 275114 YA 2 v BHL Flo] A2 A 270 240] B84 e A A

£ BAS 7o AgEglon], 422 2eiele] AxE & NS o] §le] AXTLOR of2olir). &

5L ol 8 AR 7ol FRETE AR A 25 712S(KS A 3011 Qe AR [CI5F

[300-400-600 lux]) Z5-5] TEESHE AT2 BojZglon], AAAAEE TREAS A3 7490 AP

A 25 712 P 23HE Bk KS FE/1E AAe] At 1A okl 2e eieE o)

ApAZ 0] A2 8-S A7|ou 9] Brto] Tk, G BRALTC] Pohiate] 227 peiste] A
o

[FolHor & 2l o= Alm

T= AT ‘A G Y] SHEIAE-E 915 A AA0] = TM (Thermal to Mechanical energy) 2
AR = L, “AF W ASEY] oA 3 7|& 243} o]9] HA8-2 B3t F8 5 e &4 A

39 FRAY S R AT ] 2| U0 2 4=38E] S (AR S 2017R1A2A1A05001461, 2016R1D1A1-
B04934265)
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