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Analysis of Economical Efficiency by Optimum

Lighting Design in Lecture room

Yone-Kook Yang

Department of Electronic and Electrical
Engineering Graduate School of Industry
Cheju National University

Supervised by professor Seong—Bo Oh

Summary

School illumination with full volume of light and adequate brightness is
designed to help students better focus on their education and produce an
optimum atmosphere where students can apply their utmost to learning.
This paper presents study on actual illumination environment of schools in
order to figure out illumination problems. Furthermore, it attempts to
suggest an optimum design for lecture room illumination through computer
simulation. We try to attain qualitative improvement effect in school
illumination under the illumination plan which is based on economical
efficiency, illumination maintenance and uniformity ratio that K.S.

illumination standard sets.
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Table 1 K.S. illumination standard

Place/activity ﬁ%iisjn Place/activity fiiilcis(fn
Lecture hall F Office room F
Classroom G Kitchen, dining room F
Conference room F Broadcating room F
Reading room H Emergency staircase D
Hallway E Night duty room E
Health room F Indoor gymnasium F
Bookroom F Computer room H
Entrance F Rest room F
Laboratory G Wash room, toilet E
Printing room F Staircase, elevator E
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Table 2 Conditions of luminaire in lecture room

Twenty
luminaires

Sixteen
luminaires

Twelve
luminaires

Nine
luminaires

Six
luminaires

1

1

1

Division

1st floor

2nd floor

3th floor
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Fig. 2 Calculation method of average illumination
2274 el Fig. 29 (0F AbEste] SAsAoH 7 azl= el 3
dxEAA S A (D3 2
Eozé(ZEA—W EL) (1)

7] A Eav WF R0l

a
Fig. 33 o] £dst= @979 = LY £2E m no=2 &



W mxnolal, ZFoAHA S HtxzE ALAS AQ2)E AHEETH

7oA By UZdolth = g (SE. 425 E. 425 Ep) (2)
o] Aol Fig. 3% o] wmAAANA 712 ng 71[mlZ2 HAZ m<
73ImlE i, £E==Ae 25 =g FREY 5EHEQE A, it

FATH(="g 8h3], 1992).

o

ELEAS AQ2)F A

11 A O 0 o A
2l A O 0 o A
A HMEH
| | | | | e
m0 | | | | | e
| | | | |
| | | | | O 4%
| | | | |
| | | | |

NGEZ =
1 2 n
n0

Fig. 3 Photometry by five points

=
it
o,
M
BN
k1
4
B
k1
ojfl
AN
ol
L
2ad
ﬁ‘
il
>
=)
@)

w
2
2
>,
QL
32
v
N
L)
=2
N
N

,14,



FoxE 9 FAEL #AE 25 95T F e A

m
\)
N
3
S
)
K3
ox
o
L
2
o
2
o2
ot
=
ol

300[Lux]el 4, A% 10] 1/3014, A
TZE7F 242[Lux], ¥ A= 19] 0231, ¥ A% 27} 0.338
ol 2ol aFEH .

it
[-'N
i
M
ﬁ
2,
=
i

@)@(@K@K@M@

Fig. 4 Values of illumination photometry in lecture room

_15_



Table 3 Installation conditions of illumination and uniformity ratio by measurement

Luminaire
number Six luminaires
Item
Average photometry illumination
242
[Lux]
Uniformity ratio 1 0.231
Uniformity ratio 2 0.338
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Fig. 6 Simulation result of illumination distribution of model 2
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Fig. 7 Simulation result of iso-lux diagram of model 1
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Table 4 Ilumination simulation of model 1

Luminaire Six luminaires and downlight four
number ..
luminaires
Item
Average photometry illumination 3184
[Lux]
Uniformity ratio 1 0.425
Uniformity ratio 2 0.532

Table 5 Hlumination simulation of model 2

Luminaire
number Eight luminaires
Item
Average photometry illumination 3484
[Lux]
Uniformity ratio 1 0.370
Uniformity ratio 2 0.494
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Table 6 The comparison of economical efficient on lighting models
Classification |Num. Contents Model 1 Model 2 Note
1 Calculation data 2003.4.11 | 2003.4.11
S lecture lecture
2 Type of lighting room room room
. . . opened opened
3 Type of illuminat underside | underside
4 Lamp type(A) FL40W/2 | FL40W/2
0 5 Lamp type(B) DL13W/2 -
Basic 6 Width room(m) 71 7.1
iélpu‘t 7 Length room(m) 7.3 7.3
ata 8 Height room(m) 2.3 28
9 Height desk(m) 0.77 0.77
10 Lamps per illuminat 2 2
11 Area room(m’) 51.83 51.83
12 Number illuminat(A) 6 8
13 Number illuminat(B) 4 -
14 Number using illuminat(A) 6 8
15 Number using illuminat(B) 4 -
16 Unit cost illuminat (A)(won) 51,100 51,100
17 | Unit cost illuminat (B)(won) 11,600 -
Installation cost illuminat 0.46person
18 (A)(won) 38,226 38,226 x#83,100
(2) Installation cost illuminat 0.245person
Ecqnomtical 19 (B)(won) 20,359 B x 83,100
inpu
data 20 Lighting time per year(h) 2,400 2400 | Smonths Sdays
21 | Input power illuminat (A)(w) 100 100 50w x2unit
22 Input powr illuminat (B)(w) 26 - 13wx2unit
23 Power rate(won/kw) 90 90 th% eliniltk\c)é) st
24 Cost illuminats(won) 353,000 408,300 1 room
(3) 25 |Installation cost illuminats(won)| 310,792 305,308 1 room
Economical Amount of power rart per
calculation | 26 veartowh) ¥ 1,689 1,920 1 room
27 Power rate per year(won) 152,010 172,800 1 room
Total installation cost of = after calculating
) 28 illuminats(won) 937,597 998,954 cost (a room)
Comparing after imposing
eecf(%i?énnlg)a]ﬂ 29 |Total power rate per year(won)| 167,211 190,080 tax (a room)
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Table 7 The calculator

of construction

original cost on model 1

Item(classification) Amounts Component ratio Note
Direct material cost(Al) 353,000
Sub total(A) 353,000
Direct labor cost(B1) 310,792
Indirect labor cost(B2) 43,510 14% Bl
Sub total(B) 354,302 B1+B2
Rest of expenses(C1) 35,365 5% A+B
Sub total(C) 35,365
Total 742,667 A+B+C
General management
expenses(D) 44,560 6% ArBrC
Profit(E) 65,134 15% B+C+D
Total cost(F) 852,361 A+B+C+D+E
Tax on value added(G) 85,236 10% F
Total amounts 937,597 won
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Table 8 The calculator

of construction original cost on

model 2

Item(classification) Amounts Component ratio Note
Direct material cost(Al) 408,800
Sub total(A) 408,800
Direct labor cost(B1) 305,308
Indirect labor cost(B2) 42813 14% Bl
Sub total(B) 348,621 B1+B2
Rest of expenses(C1) 37,871 5% A+B
Sub total(C) 37,871
Total 795,292 A+B+C
General management
47717 6% A+B+C
expenses(D)
Profit(E) 65,131 15% B+C+D
Total cost(F) 908,140 A+B+C+D+E
Tax on value added(G) 90,314 10% F
Total amounts 998,954 won
Table 9 The economical efficiency on analysis of models
Total Installed Luminators per
Clas. . Construction
lamps luminators Rooms room (ea) Power rate
Item expenses
(ea) |FL40w/2|DL13W/2 FL40W/2 |DL13W/2
937,597x42 | 167,211 x42
Model 1 420 252 168 42 6 4 room= room=
W39,379,074| ¥7,022,862
998,954x42 | 190,080%42
Model 2 336 336 - 42 8 - room= room=
W41,956,068| ¥7,983,360
Difference
T 141,956,068(model 2) - 39,379,074(model 1) = 2,576,994
construction
expenses
Difference

in power rate

7,983,360(model 2) - 7,022,862(model 1) = W960,498(per an year)

Difference
in total
amounts

W2,576,994(the difference in construction expenses) + W960,498(the difference
in power rate per an year) = %3,537,492
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