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The Glass Greenhouse‘s Lighting Charactersitics for Ginseng with
Structures and the Lighting Simulation for Energy Saving

Boong-Joo Lee
Dept. of Electronic Engineering, Nameoul University
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Abstract This research focused on a light simulation according to design factors in a fusion-type glass
greenhouse using natural and artificial light sources. Typically, the illuminance decreases by about 28%
and 6% on average in summer and winter, respectively. The uniformity decreases by about 83% and 7%
in summer and winter, respectively. In addition, the external structure of the glass greenhouse affects
the illuminance and uniformity. The optimal arrangement of the internal shelf structures for an
installation orientation angle of 90° is a horizontal parallel achieving a more natural light effect. The
illuminance decreases with the number of shelves and floors, but the uniformity is inconsistent.
High-quality light control is possible with a selective artificial lighting arrangement and light quantity
control. As the red light increases, the illuminance increases, and the PPFD decreases. The opposite
happens when the blue light increases. In the case of cultivating ginseng in a glass greenhouse using
natural light and LED (R:B=3:1), 42 % energy saving can be obtained when the selective artificial light
source is operated considering energy saving. It is expected that the results will be helpful for the
optimal design of a glass greenhouse using a fusion light source.
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Table 1. simulation conditions

Item conditions of simulation
W/D/H 20/15/4.3 m
Height of roof 2m

location Ganghwa Island
""" Measuring positon | 075m
"""" installation angle | 90°
""" maintenance factor, | 075
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(a)

Fig. 1. Demension of lighting design room
(a)greenhouse without columns
(b) greenhouse with columns
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Table 2. structure specification of greenhouse

I‘tem. Specifications Quantity

[Mark in fig.1-b] .(W/D/H) m

external column[A] 0.1/0.1/4.3 36
"""" inner columnlBl |  0023/0.038/43 | 108
" Hloor column of rooflCl | 0115001 | 18
" long column of rooflD] | 01/980/01 | 18
*short column of rooflE] | 0.1/5.675/0.1 | 18
""" column of doorlF] | 15/02/24 | 4
T solarcell | 09/02/12 | 326
""""""" LED | 1473/0022/0030 | 112
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. 2. Illuminance characteristics according to
columns in glass greenhouses
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Fig. 3. Uniformity of illumination according to
columns in glass greenhouses
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Fig. 4. Shelf arrangement in glass greenhouses
(a) Horizontal arrangement (b) Vertical arrangement
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Fig. 5. Illuminance characteristics according to shelf
arrangement in glass greenhouses
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greenhouses
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Table 3. LED specification

Item (Co.) LED strip (RZB)
Product no. 451160.002.1
Red: Blue LED 311
Installation (W/D/H) m 1.2/0.35/2
Installation No.[Row/Column] 112 [7/16]
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Fig. 9. Light characteristics according to Red:
Blue(3:1) LED in glass greenhouses
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Table 4. structure specification of greenhouse

Continuous LED 0~24hr ON

summer 06~20hr OFF
Controlled LED

winter 08~18hr OFF
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Fig. 10. Light characteristics according to number of
horizontal shelf arrangement in glass greenhouses

Tl ﬂM Jalﬂlgﬂﬂ W° 5
2 BE AR A A} QT
o] Al =gg FuAt gt
TR0 wE AAge] o

T oI5} AL S 4

g} ol
ot ﬁ _nlﬂg ot o
[

)

Il

o

G

o m
ol

~



QAA e 22

lo

FEAH oA Zzre A FAEH A

Zr Y@z oz oF 28%%} 6%2] X+ AAaET, oF 83
%, 7 %2 #AIE Zo] ZHAHTh o]HY SgL9] 9
5 230 2 WEE E8ske B FREY IF
e TEAY ATFYS L85 FEAEINE T
o & Hojtt.

B4, fe249 WRIERE oE gl ot
FEEALS Ate] vjdL vt2Ejdo] Arjdoz A=
Bt 2Age] a9 o B 9SS &< otk
7tz gL A sigzo] 90° & 7S i gge] 55
3 A& st fEjAe] 71 W Zo=
el R AA%e] RAMHZO] AX WE L2E9
FEFS @ oA =7 whizolgtar AFztE|ojXict. E3F A

ulo] Mg 4ot B4t Aowe] ane Wi 3

QAR WHE|O A= gkor, olo] i3t sAY R
FH AdFxY9 widn FF 20 wEt 8] 52&
< =Y o] dAE R

AR, 2= FFA AL Lo TAYE et
Az}, HAFo Z7to) weh 2= Zrbeka, A F
Ad Wi FHaelal, Ao F7tol wet 4ty &
AL el Z715l0, Res A4S

WA, 2433 A5FLRed:Blue=3:1)S -85}
A ol Qi Aelists A%, BRI 500
lux o149 2EgtS |ASHHA YA HZHE 1ot
of ZAFo] AR AlZtolE LEDRIE3YE A3
O & OFFsh= 4% 42 % oA dhadE 4 5 Al
Edold Z1E At

AFZANE B Foizl W82 45
2O F5A S8R A9 9 7| % glo[HE &
453 AAHoz §3gYs E8%t

& YIS A H5 12 A7 7]

31X} }_Eg A 7;"

References

[1] Hai-Young JungBoong-Joo Lee‘Seok-Hyun Lee, “The
Study of LED Lighting Simulation on Artificial Light
Characteristics of Glasshouse using Solar Cell”, Journal of
the Korean Institute of Illuminating and Electrical
Installation Engineers, Vol.32, No. 5, pp.1-9, 2018
DOL: http://dx.doi.org/10.5207/J1EIE.2018.32.5.001

[2] Hyeong Gon Kim, Jae Su Lee, Yong Hyeon Kim, *
Chlorophyll  Fluorescence, Chlorophyll Content,
Graft-taking, and Growth of Grafted Cucumber
Seedlings Affected by Photosynthetic Photon Flux of
LED Lamps’, Protected Horticulture and Plant

Factory, Vol.27, No.3, pp.231-238, July(2018)

15

DOI: http://doi.org/10.12791/KSBEC.2018.27.3.231

N.Khan,N.Abas, “Comparative study of energy saving
light sources’, Renewable and Sustainable Energy
Reviews, vol.15,pp.296-309,2011.

DOI: http://doi.org/10.1016/j.rser.2010.07.072

Boong-Joo Lee, “A Study on the Lighting and the
Photosynthetic Photon Flux Density with LED for
Light Reinforcement” Journal of the Korea Academia-
Industrial ~ cooperation  Society, Vol.22, No.3,
pp.333-338, 2021

DOI: https://doi.org/10.5762/KAIS.2021.22.3.333

[5] Boong-Joo Lee, ‘Basic Research on Lighting Design
for Learning Effect”, Journal of the Korea
Academia-Industrial cooperation Society, Vol.21,

No.4 pp.518-524, 2020
DOI: https://doi.org/10.5762/KAI1S.2020.21.4.518

Young-Jin Hong, Soon-Ja Lim, Wan-Bum Lee, ‘A
study on lighting system for LED color temperature
control using wireless communication and smartphone®,
Journal of the Korea Academia-Industrial cooperation
Society, Vol.18, No.11, pp.72-77 (2017)

DOI: https://doi.org/10.5762/KAIS.2017.18.11.72

Xiao-Ming An, Young-Jin Hong, Hwan-Yong Kim,
“Efficient LED lighting system design of the plant
growing  system®, Journal of the Korea
Academia-Industrial cooperation Society, Vol.16,
No.11, pp.7256-7261 (2015)

DOL: http://dx.doi.org/10.5762/KAIS.2015.16.11.7256

Jun-Hyuk Yang, Won-Ho Choi, Noh-Joon Park, and
Dae-Hee Park, “A Study on Growth of the Green Leaf
Lettuce Depends on PPFD and Light Quality of LED Lighting
Source for Growing Plant”, Journal of Korean Inst. Electr.
Electron. Mater. Eng., Vol.28, No.2, pp.142-147 (2015)
DOL: http://dx.doi.org/10.4313/]KEM.2015.28.2.142

0] & #(Boong-Joo Lee) [(Hs|y]

19964 29 : olslthsta &7
st SAFHAD

19984 24 : Qlaltsty thshd
A7} EAFTHAIAD
20039 2¢ : QlIsiHstn A7E
st EJ(FHEAD

oH

.

.

+ 20049 ~ 20079 : LGHA} dAEYAZFoldT4
+ 20079 99 ~ @A : GALHEw Ayt ws

(TRl
71 AZHEMAAH, W), x|, SFALZHOLED,
LED), 2%, t2Zdo]



