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Study of Efficient Lighting Systems for Conditioned Greenhouses

Shigeki ASHIDA!, Tomomi SHIMIZU? and Kazuyoshi TATEYAMA?
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Abstract

Highly conditioned greenhouses, including plant factories, are expected to provide greater
product availability for increasing food requirements, especially here in Japan. There are
generally two types of lighting systems employed at plant factories. One is a sunlight system
and the other is an artificial light system. The sunlight system requires that a massive
amount of expensive glasses be installed all around the sides of a greenhouse, which
causes the structure to be relatively weak. This problem raises the costs of construction.
To counteract the situation, we have conducted a study on how to efficiently use sunlight
with reflective materials on the internal side walls of a greenhouse. Firstly we verified
the effect of the reflection through a numerical simulation and some basic experiments, in
which the illumination of a rectangular space on the floor was measured. The illumination
on the floor and the growth of the test plants were seen to greatly improve through the
use of the reflecting walls. The results of this experimental study are helping us to realize
the potential of employing less glass in greenhouses and the possibility of applying freer
designs to their structures. We also investigated a lighting system for thermal control,
whereby sunlight is converted into thermal energy. In this system, the energy is stored
in thermal-preserving materials during the daytime and then used for heating during the
nighttime in winter. We confirmed the applicability of this system through an experimental
study. Finally, we proposed a new system for conditioned greenhouses which uses natural
energy more efficiently and offers more flexibility in the structural and the architectural
designs.

Keywords:  conditioned greenhouse, experimental study, lighting efficiency, plant factory,
reflecting wall, sunlight
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Fig. 1 Calculated illumination, as a ratio, of the floor
with reflectance from the walls and the ceiling,
according to the Experiment No.1 (50% reflectance
each; ratio = 1).
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Fig. 2 Model used in Experiment No.1 with artificial
light.
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Table 1 Measured reflectance of each reflective
material used in the experiment

Material Reflectance (%)
Aluminum foil (Smooth surface) 82.1
Aluminum foil (Rough surface) 57.5

‘White paper (for Drawing) 43.2
Light colored paper (Cardboard) 16.9 (Reference)

IZE5I2 100 mm FEofz ). EEEFVHEERICIE, WNEEEIC
WA THLY VRE—NEE S -TE ROV TFEH, &
OWBERRERELL. 2O FFHICEIRYEL, S0d
BEFARRICR I LD FET RIS LR R EOMEZ R
HL7-. BERIT 60 W, EEE 30 mm OFESTEEAL,
RFELAUBSIZRBLTWS, EFVOBERIURHIE
% Fig. 2\ORT. BE, sHIEEORM 8 RICHER
Z EMECREBELUCEHIL., BRI R m B LS M B
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THELRY VR— NV TOFHARERE B L . RBEH
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7=
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12, R BBEO LB Table 2 1R $. FEICE, AR
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L7z ZOMGIEIETD S, Bl L3I BE N
KEL7z BMEALTY7FE Table 1ISRUEER
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7z ZOWE, BAOBIEIRSTE 9.8%, HEEEL64.1%
Tholz. FO 10 HBEDAEEF RN % Fig. 4127 T. ZOK
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INSWTTREEEASHE 25N B728, H%E IVATEICS 572012
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KW IR S B HEERIC BT, B R E
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ATHRENFIr—sEHAv fHlCH TR,
I 500 mm, BATE 500 mm, BE 400 mm OE HAEFIR

Aluminum foil

(Smooth surface White paper

0 150 300 450 0 150 300 450

Aluminum foil Light colored paper
(Rough surface) (Base)

450

0 150 300 450

lllumination (Ix) %: U .
p—y— : Under the light
W 200-400 B 400-600 & 600-800 Unit : m

800-1000 [@1000-1200 ©€11200~-1400
[31400-1600 0116001800

Fig. 3 Measured illumination in Experiment No.1 with
artificial light.

_5_




62 FH - k- Eil

Table 2 Comparison of the measured illumination at each reflective condition in
Experiment No.1 with artificial light, including the calculated results

Reflecting material [llumination (Ix) Ratio (Measured) Ratio (Calculated)
Aluminum foil (Smooth surface) 1684 171 1.70
Aluminum foil (Rough surface) 1555 1.58 1.28
White paper (for Drawing) 1427 1.45 1.15

Light colored paper (Cardboard) 985 1 1

A : With reflective panels

ol

B : Without reflective panels

Fig. 4 Comparison in growth of the test plants after 10 days.
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DN BN MR E BT A2k, £mRBIT LY
73% DBEFBONIEVIFRIBON:. SOITREE
FETRRNERTORSFZ 1 BT 2 BB EE
HLTWEH, EBRITLRIEMREURS T 5720, SHEMEL
VRESEMTAILIE NS, ZoZkiE, KEtHEN

Grass panels:All

Ceiling only
450 »

0 155(;5[ T

South side South side
Ceiling & h Unit : mm
el ,m_g Sou’iso Illumination (kix)
' H10-20  E20-30
£1300
}:}: B30-40 [@40-50
150 E50-60  [160-70
0 150 f300 T 0180-90
South side

Fig. 5 Measured illumination in Experiment No. 1 with
sunlight.
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Table 3 Measured illumination in Experiment
No. 1with sunlight, including the calculated

results
Glass Illumination Ratio Ratio
panels (Ix) (Measured) (Calculated*)
All
directions 57303 1 1
Ceiling 37772 0.66 0.77
only
Ceiling
and south 80181 14 16

*Calculated*; Without the effects of east-west sides.

-——. Glasses Sunllght

.
S
e
3
North = South
o 10%
Measured area
Fig. 6 Image of the lighting conditions for the calculation

of the illumination in Experiment No.1l with
sunlight.
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Fig. 7 Outline of the model used in Experiment No. 2.
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Table 4 Conditions for Experiment No. 2

Conditions I;]nder'tloor Glass Season Sunlight Tempel.‘ature Ventilation
room outside

s-Standard No All ] )

s-Proposed Yes  South ummer 79 30C Yes

w-Standard No All . s .

w-Proposed Yes South Winter 31 5C No
EBOTRELL w0
BREER Day Night
=] o9 »

ERIZI-oTH LN B RREOREZLLE Fig. 8
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EORE FLREMZLIENTES. —F, LB IS
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FHEZ A LS @A LASTES. BOLER KA HIIOWTIE,
R SYR LT IA VR E% T A R R A S5
FERTHEV, S Lo T TR RELHERL TN

2) THOET (BMTETEHT ) Ic2MzREL, &

Winter |- = w-Standard |

— = w—Proposed|

Temperature at the floor (°C)
N
o

0:00 1:00 2:00 3:00 4:00 500 6:00
Time passage (hr)

Fig. 8 Changes in temperature on the floor of the cultivating
area in the model used in Experiment No.2.
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On ceiling devices ‘entilation control (open)

South side b0

Water sBray

m——
Reflectors

North side

Ground

255500595650,
Dirsarasit)

grgzzzziza

und water

Thermal preserver {cooled with water)

Fig. 9 (@) Sample image of a greenhouse based on the
proposed concept (in summer).

On ceiling devices Ventilation controi (close)

Warmed air flow

—_—
Refrectors

Air Pump
Thermal preserver (heated with suniight)

Fig. 9 (b) Sample image of a greenhouse based on the
proposed concept (in winter).
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