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[Nlumination simulation for selective application and energy

saving of solar cells in single-span glass greenhouse

< ***
Hai-Young Jung®, Boong—-Joo Lee

Abstract

In this study, when applying LED light sources within a single-span glass greenhouse for growing crops, the
illumination simulation was performed on the ceiling and side of the glass greenhouse to determine the selective
placement and effective light transmission of Si series solar cells and dye-sensitive solar cells (DSSC) for supplying
LED power source. In addition, energy saving effects of glass greenhouses were analyzed for optimum lighting control
when both daylight and LED light sources are considered in glass greenhouses.
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Table 1. Product detailed specifications and photometric curves.

E 1. LED 2o ME MF Ateknt sj2=4[6]
- = B ﬂ
| L B
Manufacturer R7B
Product name LED Strip-Light
Serial number 451160.002.1
Colour white
Length L 1,436 mm
Width B 23 mm
Height H 37 mm
Weight 513 g
Colour temperature 4000 K
Colour rendering index (CRI) 80
Lifetime 25000 h (L70/B50)
Beam Angle 138°/96°
System power 1 22 W
Rated luminous flux 1 2,400 Im
Glare evaluation UGR (4H 8H)1 26,6
Luminaire efficacy 1 110 Im/W
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Table 2. Average illumination values due to the variation of
ceiling optical transmittance.

T 2 7El2A ME Y52 sl mE Wd =5t
light
Eav[lx] |transmittance| 06:00 [ 10:00 | 14:00 | 18:00 | 22:00| Ave.
of roof
15% 164 17100{ 3950 | 1360 | O | 4514.8
Spring 30% 180 [17400| 4190 | 1340 | O | 4622.0
equinox
(21-Mar) 40% 189 [17600| 4360 | 1380 | O | 4705.8
89% 239 |18900| 5160 | 1580 | 0 | 5175.8
15% 1680 |13200| 1290 | 4550 | O | 4144.0
Summer 30% 2120 [13600| 1570 | 4750 | O | 4408.0
solstice
(21-Jun) 40% 2410 |13800| 1740 | 4900 | 0 | 4570.0
89% 3770 [15000| 2560 | 5530 | O | 5372.0
15% 257 |15700( 3630 | 3090 | 0 | 45354
Fall 30% 279 |16100| 3890 | 1170 | 0 | 4287.8
equinox
(23-Sep) 40% 294 |116300| 4030 | 1110 | 0 | 4346.8
89% 377 |17600| 4860 | 1250 | 0 | 4817.4
15% 0 |6150|5700| 146 | O | 2399.2
Winter 30% 0 6340|5920 | 154 | 0O | 24828
solstice
(22-Dec) 40% 0 6460|6020 | 159 | O | 2527.8
89% 0 | 7120|6680 | 187 | 0 | 27974
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Fig. 3. Average luminance between time and season for
the light transmittance of a glass greenhouse ceiling.
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Table 3. Average illumination values due to the variation of
side light transmittance.
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Table 4. Light compensation and saturation points in Lactuca
ativa.

E 4 2F 2o SEEd[]

light compensation |light saturation
point (Ix) point (Ix)

ategory| Growing
Crop degree (C)

Lactuca ativa 15~20 1500 1x 25000 Ix

Table 5. LED fully illuminated by season and time zone.
¥ 5 AFED AZIHE LED & MA ™S el

Solar| Spring Summer Fall Winter
term| equinox solstice equinox solstice
Clock (21-Mar) (21-Jun) (23-Sep) (22-Dec)
05~06 All ON All ON All ON All ON
06~07 All ON All ON All ON All ON
07~08 All ON All ON All ON All ON
08~09 All ON All ON All ON All ON
09~10 All ON All ON All ON All ON
10~11 All ON All ON All ON All ON
11~12 All ON All ON All ON All ON
12~13 All ON All ON All ON All ON
13~14 All ON All ON All ON All ON
14~15 All ON All ON All ON All ON
15~16 All ON All ON All ON All ON
16~17 All ON All ON All ON All ON
17~18 All ON All ON All ON All ON
18~19 All ON All ON All ON All ON
19~20 All ON All ON All ON All ON
20~05 All ON All ON All ON All ON
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Table 6. Minimum average illumination and power consumption
in LED full On.
¥ 6. LED M S Al =Lt AH|MY

Power

Eav [Ix] | Emin [Ix] |Emax [Ix] Consumption [W]

All ON
3140 1880 3720 2904W
%42 4 F AEY T35S JEda e
g g5 AE e FRAgES 1500 Ixo]th
AlEF ol e T3] dFge] A gy =4
ol 4 xwe] /et wo], 2=V AME EolE
dste] dA¥ LED 3d& A8 ded o A=
T oge]l AFel FRAAHS 1500 IxE 9E
&5 AAS FA olgA A S LED 44

G 338 492 % 1327]0]aL AL&% LED ¥
ZujdEe] 22 Wel2 2 LED A& Ay A
uj

g

i

ZT v AE e 2904 Woltt.

o e 10 0 BN N
Y

wet Lo,

Table 7. llumination and power consumption in LED full
on with daylight.

¥ 7 FEILED ©A HSS @ s o
UMY, FHE, HExE, AaET g

Category 100% Full ON
Seilir Power [lumination | Eav Emin
— Consumption [W] | uniformity [1x] [Ix]

Spring

equinox 69.7kWh 0.466 6059 2525

(21-Mar)

Summer

solstice 69.7kWh 0.496 6782 2807

(21-Jun)

Fall

equinox 69.7kWh 0.465 5809 2432

(23-Sep)

Winter

solstice 69.7kWh 0.496 4078 2065

(22-Dec)

¥ 5.+ Al A LED 39 A de3
FeE Yebd Zlola, i 6. LED 3¢ 132715
AR AFstAS vl X &AHdY Fo A&
ol A%E melFm gtk E 7.8 F¥3} LED
AA Aes &7 189S o 2njdg=t, oA,
Bz, Aozl s YEaL )l LED 24
132709 vl o] 2904 kWolE &2 244 7+E wb
et ti=F 69.7 kWhe] v =Ess BT},

Table 8. Optimal LED control by season and time.
¥ 8 AXET AZIHE LED el M ™MES e

Solar Spring Summer Fall Winter
term | equinox solstice equinox solstice
Clock (21-Mar) | (21-Jun) (23-Sep) | (22-Dec)
05~06 All ON All ON All ON All ON
06~07 All ON All OFF All ON All ON
07~08 All OFF | All OFF | All OFF All ON
08~09 All OFF | All OFF | All OFF | All OFF
09~10 All OFF | All OFF | All OFF | All OFF
10~11 All OFF | All OFF | All OFF | All OFF
11~12 All OFF | All OFF | All OFF | All OFF
12~13 All OFF | All OFF | All OFF | All OFF
13~14 All OFF | All OFF | All OFF | All OFF
14~15 All OFF | All OFF | All OFF | All OFF
15~16 All OFF | All OFF | All OFF | All OFF
16~17 All OFF | All OFF | All OFF | All OFF
17~18 All OFF | All OFF | All OFF | All OFF
18~19 All OFF | All OFF | All OFF All ON
19~20 All ON All OFF All ON All ON
20~05 All ON All ON All ON All ON

Table 9. lllumination and power consumption in LED optimal
control with daylight.

i* 9. &1l LED z|&¥ MEE & A
Medd fME Haxg, AT gt
Category scene control
Solar Power Tllumination Eav Emin
term Consumption [W] | uniformity [Ix] [Ix]

Spring

equinox 34.8kWh 0.55 31675 | 1734.2

(21-Mar)

Summer

solstice 29.0kWh 0.56 3239 | 1797.0

(21-Jun)

Fall

equinox 34.8kWh 0.55 31683 | 1739.2

(23-Sep)

Winter

solstice 40.7kWh 0.54 3150.7 | 1713.6

(22-Dec)

I 82 7 A7l s AR it 2=k
ALY SHAA 71 G280l 2 HAsHHS
ARESE FEIE BoFa 9lal, i 9.2 7 dA7|d
LED #9& HAAAZ A5 A 2uldda, 4
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