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Economic Feasibility Analysis on the Benefit of Daylighting Incorporation
Devices under Clear Skies
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ABSTRACT: An architectural means of optimal daylight distribution is by using so-called
light shelf systems, horizontal shading and redirecting devices. The overall performance of the
daylighting system can be improved by the incorporation with electric lighting control devices.
This paper aims to exemplify the benefit of daylighting in term of economic consideration. In
such a case a reasonable technique to compare system costs is by life-cycle costing. Stated
simply, a life-cycle cost represents the total cost of a system over its entire life cycle, that
is, the sum of first cost and all future costs. Four different electric lighting system designs
are proposed and a lighting control system that is continuously operating according to the
level of daylight in the space has been adapted. The result shows clearly that although
denser layout of lighting fixtures might be more effective to interface to the level of daylight
ceaselessly changeable, its economic benefit may not meet the expected criterion the reason of
increased initial investment and maintenance cost for the fixtures and control devices.
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Fig. 1 Prototype of the model space. dAstd FAR FEALHE Fig. 29 Zo] A
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Table 1 Electric lighting design for model

o <k Lighting fixture layout

ALT 1

40W
FL.

ALT 2

W
FL.

ALT 3

32W
Compact
FL.

ALT 4

18W
Compact
FL.
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Fig. 3 PSALI system with continuos dimming.
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Table 2 Data for performance evaluation

3

Table 3 Light distribution by integrated lighting

Dimension 12 m(W)x12 m(D)*3 m(H) ALT 1 (3.21/10 am) ALT?2 (3.21/ 2 pm)
Location | Seoul {Lat. 37.5°, Long. -126.5° W - -
hour 6 am thru. 6 pm
Time month 3,6,9 12
day 21
Program Office
Orientation South
Sky Clear
Window 10 m*x2 m ALT3 (12.21/ 9 am) | ALT4 (12.21/ 5 pm)
Glass 90% transmittance {(clear)
Work plane 75 cm~high
ceil 80%
Reflectance | wall 50%
floor 20%
AbEE Ao 12x12 WX By 2% F2 X
Wr17e WA A& ridEHe 2o ¢3¢ A
Az dAAAS RS FHisA dn 4 = 2275 i AFAL THE J71Fo® 500 lux
odeke gubAel AR A Frhe AME AAE AL AAse Aol dubdoel), e & A
?) ©A GAIERE 9F GA7A 12275 £4 oM FHel o AFFe Aok HIE WA
Sl Aoz AA}AT vtHo2RE T5em % sa AR 2t AdEe EAEE 1Y
ole] zte] WE Yo 1m A9 4 Matrix 7] 98 dexEE J|Foer i Wy %
g AAste ALE 2ERTLS EEFAUC & 34 "Hest Ao V¥ 2EE AFsEe
700Iux2 AR3}ReH ofFy AW o= A
32 T x=HHoOo MNIH dau NFEZEE FAY & Y=E 7] Y3
o] Fig. 3¢l vebd kel o] Zr =% A9
=33e% Aojdue HEe Aue 3w of FoRE g W Y #AA7IE HA
3 By, ol dAEFH HHHE AF WUAUS ‘Ri‘:} AEH7e slEee &3, 234 #
o os AFAh o|F A3 USE FFH BY = Table 29 2.
& AANste B, UFE 2& Ao 7 2
sl Ao Aol Brlsste B AT 4. MU FoAAH S FHAH HS5HIL
 dF 7 dEAH dr1l 39 6¥ 129 94
21, &, 33e o=z Jg 12 FQA A 4.1 ddt &5o| FHAE Hs
FBAEH7 2AY #5322 A FAY 7
ZEAZY Fol A dubAEel AlRa Aed AR AR ez da 255 WHA77] At F
sAZA ARSFE 0H 6ARH °F 6K 12 polw gEwS AAsE 4% 2R B4
Alzpset ZF A dE Aue 2EEXE Lumen o #AQe) Adse FriAe xwHEFHE A5
Micro Z21 9 & o]43lo] 4&S AT o & #H o NFZEE HIEA sHol YAF] LS9
goz zt 29 AAE, Atdd, 2540 E HaoAe Yz gt oh&9 Table 32 A4
Za#leld %ol tEd AFERWIITY AFE B3 olFzge 28z add) o] dAHE A
Azsle A7 G992 HiEdsgoen ol Azt U 22 BIXEZ A AREZ qAE =3
z2AH £govxe Azgor il LCC o)},
249 7lxAsg 2 AHEET the Table 4 BY Az HAF Aejotd
Egzwdule &8 A A o3 4 A ozt z2ade e gUddd ZEAATATE
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Table 4 Integrated performance indexes
(March, Clear)

daylight |ALT 1)ALT 2|ALT 3JALT 4

”(11‘23“ 11640 | 12360 | 12370 | 12390 | 12380

r(‘;;r; 1285 | 1950 | 2005 | 1980 | 1920

Iai’)‘ 75740 | 76320 | 76300 | 76310 | 76270

r”;:;‘é 59 39 38 39 40
mean/ 9 6| 6| 6| 6
min
W/m’ 0| 153] 132| 286 253
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(b) 10 a.m. of June

(a) 7 am. of March
Fig. 4 Effective depth of daylight.
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51 dut &50o AHM Table 7 Maintenance fee for lighting fixture
o (2x40 W FL.) with dimmer
dut Ao} dAE FRAHTLE Fu|gtol 7] ALT 1 life cost life cost
HEE ZAAE H73 Qo] 4 AFxwAA
el LOC RAAHE HEROZ 25 WAL 3 Ballast | 10 [W 7.200x24| 10yt |W  7.200x24
Ao] Brlssle] B Ao AAAN Hst Ag g ;‘;";32 104 | 15,000x24| 10y | W 15,000x24
HEH o8 maEaste] 2stadt gt 2| Lamp | 19 |W 1.200x48] 1yr |W 1.200<48
PEAOT A s ZHAAL 18 24709 o 5
o - Dimmer 10yr | W 66,0006
T y3E 2T RA 4809 #3539 278 — Ball 1 W 3000x24] Tvr ¥ 200024
47 24Nz FHHN Utk &7 FRpu A 5| Dallast | 19 [W 3 yr (W S,
e zwW7 P cgEE FARAM] HEe g ;?;22 19 W 3000x24| 1yr W 3,000<24
8o + A ZEZA A Sl
39 Table 59 zt}. X_}L 3 _XW 7} g Dimmer lyr [W 3,00%6
WAE AFHREANE TYHe B 3 FA —

Table 5 Initial investment on fixture unit! Table 8 LCC items for lighting design I

Line-type FL ] ALT 1 (2x40 W FL.) with dimmer
. . . ’ Continuos
Unit price fixture Dimming Initial ¥ 940,800 ¥ 1,377,600
(2 x 40W FL.) investment | (incl. installation)| (incl. installation)
Lamp W 1,200%x2 W 1,200x2 elec. elec.
Annual cost W 456,192 cost W 204,624
Ballast W 7,200 W 7,200 )
operating |replace W 57,600 [replace|W 57,600
Lamp shade W 15,000 W 15,000 cost w1 5 W
i 44 i 162
Dimmer W 16,500 . inspect ,000 |inspect 62,000
operating
Total W 24,600 W 41,100 cost(10 W 532,800 W 928,800
: years)
Line-type FL. .
e ) fixture Continuos
(2x40W FL) & Table 9 LCC analysis for lighting design II
W
Ballast W 6800 6800 ALT 2 | (2x75W FL) | with dimmer
W W
Lamp shade 6,800 6,800 Initial W 734,400 W 1,171,200
Misc. W 1,000 W 1,000 investment | (incl. installation) |(incl. installation)
Dimmer W 6,800 elec. W 427 680/yr elec. W 2583 00
Total W 14,600 W 21,400 Annual _cost ’ fut ’
oa ’ ’ OPerating | replace W 55,200 |replace| W 56,200
cos
Table 6 electric consumption for lighting inspect|W 72,000 |inspect|# 90,000
operating
Annual ALT 1 with dimmer cost W 504,000 W 900,000
(10 years)
(40 Wx46x1 hrx300
Elect. | 00 a0 1200 | days)+(40 W 42x1 25-year
consumpt. k%’yhs/ 2 hrx300 days)+... = LCC cost W 8,319,812 W 6,374,476
yr 4,464 KiWh / yr analysis
6,912 KWh / yr x 4,464 KWh / yrx W 66
elec. cost| W 66/ kWh/yr= /¥Wh/yr H% o] mAl=o] glch
W 456,192/ yr =W 294,624/ yr o2 WAL AAGE 487 Y349

Zh dijbd 2 LCC BHGAE AA AN 244
& A& LCC A& B3t A% H4Er)

mlo

1) & http://aquax.com/0001.htm
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Table 10 LCC analysis for lighting design III = Aoz golA 53 AAEE Ve
AL sl
ALT 3 [(32W comp. FL.)| with dimmer PWe TAE PPSo AL 2HAA 30
_ Initial | W 964800 | W 1,401,600 o) A AW Uit FFEE Ahgste] 2479
investment| (incl. installation) | (incl. installation) zwry7e M A7 1ok Hlae] 3671 T
elect' W 547,430 elect' W 439,085 2 748 29T AFE Yz JSos
Annual =2 . AAHow d¥ FVES AHET Aeud o
ODirOaSéng replace |W 82,300 |replace 32,800 sae Roz Vet
inspect |W 216,000 | inspect | W 234,000 18W F2E HFF7TE AMES 2944 4
operating ote] 4% zHrFe dE £ HXZ Add
cost W 356,400 W 752,400 Bt Awe 23 Aol A= Ao
(10 years) 2 b8 ge =9rTrt 25 ez
LOC cost | Wil | wrsaLi TR AL AR 2INTRA T
analysis 7hake] ol& Qlgh z7] FAR|9 &I FE
T2 Frtsly L3]e AAHezn Bttt
Table 11 LCC analysis for lighting design IV AdNM B4 a7hA 23 AAdE LCC E4
A3E F¥HoE AHYSH vhge xe Zroh
ALT 4 [(18 W comp. FL.)| with dimmer g5 o5zl LCC B4 A 7 d3S 7B5W
Initial W 3,844,800 W 4,281,600 2 AEFHS79 dAFEe MHAsle] BT AL
investment | (incl. installation) | (incl. installation) Ho A SAdH= 2dBa A4S $&5= A
elec. \w 15816 €€ 1w 379566 o} 7} AAAY Aoz AgEATh
Annual cost ' cost ’
Opigfting replace | W 331,200 replace|W 331,200 52 AU RSA A ARAM
inspect | W 864,000 |inspect| W 882,000
operating WHol xeFk obgw FAlA FAHW &
cost W 1,425,600 W 1,821,600 F8ste £ 9xAst dAsE A F5E
(10 years) Agote Ao 244 BhE A 9w 2E
oc e | wosgsoes | wossmen o LCC w3 $d3 sAgos gastdn. o
analysis AFzyere 59 APAs L3929 Lumen
: Micro Z2ades 2239 FFa4E 329
Table 12 Compared results by LCC analysis oo HE3tol 9 H 25998 HAS
AAR Hrte 718e] HE dARdoz Falsigo
ALTL | ALT2 | ALTS | ALTA Faw FeAsde FEAALEE 1A 2
ALT " oxaow | @xBW | ®RW | 8W W AANSe) ¥ B LCC AAY #
FL.) FL.) |comp. FL.}| comp. FL.)
ct(i)gr\llen WOT9T82 |WR3I0812 W 8322114 W 26,937 268 Table 13 Compared results by LCC analysis
integ ALT 1 ALT 2 ALT 3 ALT 4
rated W 8,167,701 |W 6,374476 |W 7,541,141 |W 24,323,671 ALT [ ox40W | @xTBW | (2W (18 W
FL) FL) |comp. FL.)|comp. FL.)
Ao AL AANME WnIgoen 1 AR e W OTORTRY | W B 310812 W 12,270,841 W 26,937,268
e g E= A, nECT |y 570,486 | W 6,083,146 [ W 11,906,160 24,772,111
ZHol 29 T5W HETY AL durde ¥ rated I i oo e
AX Y 27T HFIF FoJES ofd uwptbA saving 13 17 5 g
Axlvle} AFHHErie] FrulE L SEHH| %) .
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