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Development of an energy-saving cultivation system suitable for the Hokuriku Region
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We have developed an energy-saving horticulture facility inside a glass greenhouse. There is limited
sunlight and low temperatures during the winter season. Thus, controlling light intensity and temperature
inside the facility is important for maintaining a natural environment in the Hokuriku region. The tem-
perature was monitored at the top of the greenhouse, and supplement lamps were turned on when the air
temperature from the top of the greenhouse was below 20°C during the day. The light supplement system
maintained the light intensity in the planting area at more than 150 umol m2 s! regardless of the weather.
On sunny days, the warmed air in the top of the greenhouse was circulated downward to the plantation
area, and thermal storage units made of PET bottles were used to keep the hydroponic culture solution tank
warm. The energy-saving air cooling system was constructed using a combination of water spray and an
electric fan. A ventilation duct was used to drive the outside air. When the temperature inside the cultiva-
tion area exceeded 28°C, the cooling system was activated, and an electric fan pumped outside air into the
plant cultivation area to maintain the temperature under 36°C. The systems maintained the temperature in
the planting area at 5-36°C when the outside temperature was —5 to 20°C. Our results confirm this system
is applicable to winter strawberry cultivation in the Hokuriku region and does not require air conditioning
or fuel consumption for a heater.
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Fig. 1. Temperature control system. The warmed air in the top
of the greenhouse is circulated downward to the plant
cultivation area. Supplement lamps will turn on when the air
temperature from the top of the greenhouse is below 20°C.
When the temperature inside the cultivation area is over 28°C,
a water spray system will automatically create a mist inside the
chamber that is made of non-woven fabrics for the air-cooling
system. The electric fan will simultaneously turn on to drive
the chilled air into the plant cultivation area. When the
temperature exceeds 32°C, the air circulation from the top of
greenhouse downward will be stopped, and cool air outside of
the greenhouse will be driven into the plant cultivation area.
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Light sources

1. Supplemental light
Ceiling temp. <20°C
Time 8:00~17:00

2. Water spray cooling - @
Plant area temp. >% Ventilation fan N
Time 8:00~17:00

3. Ceiling warm air reflux
Ceiling temp. >20°C
Time 8:00~16:30 —>|

Mist fan
Nonwoven chamber

Ceiling temp. < 32°C

Ceiling duct fan

Fig. 2. Flow chart of light and temperature control system.

ReBn, INUEOHHIZHRAEIEHT 2 LE05H
5. RIFEH O #E L 72K DI EAI32°C UL L oS &
RIFREGRTE & EIRT 5 LIRS, 79 AMEOND, S
2R B R R 7 7 v (5300 mm,  BE )AL AR AE
17CMM) #HWTHRASETHRGL, MRk ->TH
HysrzerlL

Fig. 1IZARZEEOMMER %, Fig. 21222 F TlRT
MRS RERBO 70 —F v — F 2R, I
OO AMIZY —F A ¥ v M, BRI 1HE,
DL =21, ERT 7 4, TIVIF I MR, Bk
W% Av4ty b, L7HIEER6ME, LEDEEK 124
BIOEM, vry e ERENIITHATH 5.
AR E A H WA F TP FERE T 72, FEER
MAEHZIE S EABRRNOMYEAE IR [ERHEAE] %
Mz, "y opikozosy=tarzar 7 (AR
FEEE, D) @ 1000 f5 A BRI 1 2 RE B Al L 7z
MENIZ3.6m X 3.6 mD A F THKF Xk % i%E LA
PHEBIFHEC ==V ERMTHER L7 2 v ATH-
72, AMOPHAIE S 1.8 mIZHEL0IMDE I
Fea it L7z, SHCX DB XSO ) ©=—
V7 2/ ADEEE09ImE 1.8mD2BRICHREHE &
L7z, COEBEXBHIC09IM X 1.5mE309mao7T
VX BRI A 2B L CRRIE L7z, FEAESA O 1
MK BEZES, THCEAKBEHOY v 7 (Fx
110L) Z&ELZ. & 27 HNOHEREIZ8025 100 L
ElL7:. #YroRMICIE FEoX)E, Br=—1
TAN=L7=Ry PRMVEESME LCRELZ.
D IRFTAN % ARBE X3RN C Rl 2 B AL TNV C 2 & %
3FITEFOGRRE L 72, 3EN 1 /12121000 x 150 X
75 mm DK & 2 OFH % 2F5WATIC B Wz, oM F
BZILERRBOEXE T4 b, €47 401424 G
A b= T2, =) 2R L7z KRGS » 755
FHAN O OBAE 1IN A R = 858 AR >~ 7 HHP-J-1

AWM T H93%



(AR S, KBORF) 2 L7z AR oA
R BOZWRAEY A T2, EC1.3 = 0.3dSm™
DWEIZHKREL. Ry 713709 r 50454 <—PT24
(V—=Rvy 7 A, BER) CHESHREHZHIEL, 8:00~
17:00 DRI 1R & 212 1S RIEB S8, #ENn7-ia
FETFEICRE LY Y 7 ICHRE T S LG5 L
L7-.

A F ITHRIEWMZE U T, REBNINOIRE, AifET
B L7z AT 22X ) AEHIE L7224 F TR o
BEOEALZWE L7z, AN ISR TTRAK-5°C 5 5
R 20.0°0C FT2LL, Tk XEENORERINR
MEDVEL L2500, L LAEHEIRKE %D 0°C
2541.5°CEFTEAL L7, RIFFECTRE LY AT 4
W&o T, A4 FITHRIEMELOWEZFH12.2°C, &
fi5°C 2> 55 36°C OFEPAMICARFET 5 2 LS TE 7
Fig. 312201141 A28 H2H2 A8 HEF TEM L1 F
THIEM DM EE L RT.

CORiEE A CTIOH Lt F Iz EmL, &
M#3THICH725 11 H FRIZIZEEZDT, 2HTHF
TORMMIEEIEI IS 2D B L 222, 4P ETIC
1 MH72)BLZ132gDA4 FTREZNHST L L
TE7. XWo3»HE (12H1H~2H28H) 0¥
FERICESWTHBEENRZRAT L L RO I H 1R
5. 6B ENENAIEE (F200W) %7k
L 635K AT L7z, fWitoHEEIIET62kWh T
Hotz. W77 (60W X 2) OVEBYEFRHIE 40 KR,
o 77 Q0W+80W) OB 173 BRI T,
IO ZAEIL-HEENIEZ22KkWhThH-72. L7z
Ao T30 A OB E L 784 kWh, RHEHE
DORERMIF A% 11.52 1 /kWh & L TRH413#9 9000
LD, AFFETIE, SOBRDA F T2 B L TWDHDT,
1 MdH720 oBLAFEE LTIBEAMTH -2 LTH
HEOOME 22, T/ A FITREORLEE 1IKD
#1000 &9 5 &, BHEROE LELEIE18% &k
HENn5.

COEHICLTREOHRERRZICHES LA ANV
F—M o A RIEAT S REE MR 2 RS L, BT 44E R
272 ) A F TORBRERE M L7, AREE 2
W, RAEDIFIES LML ED, RTINS 720
(ZHAAOEHRGT A R L 72 [DERiBRali | B & OIE % 3
& ¥ 2720 0EMRE 7D B % 920 L 72 (el E3E,
WA RIEE). TROLDHEDOEEIZOVTII,
MOFLE L TREEMPTH 5.

AR MR ORI > A 7 20%, VEBOEHENE L,
AEB OB ERTHIOOEE S v 7oA 2B -
7228, WREEHV O FARL 2D W TR A 72 22 >

20154E  5H9%

40.0

35.0 ; E...

pors

30.0

.

25.0

YR
15.0 i - i i

y i Wi

! -‘ H
so thi fioa i (N . LVM \
w L N Y
-5.0

-10.0 Hr—rrrrTTTTTT T T T T T T T

Temperature, °C

0:00

Jan. 29 12:00
0:00

Jan. 30 12:00
0:00

Jan. 31 12:00
0:00

Feb. 1 12:00
0:00

Feb.2 12:00
0:00

Feb.3 12:00
0:00

Feb.5 12:00
0:00

Feb.6 12:00
0:00

Jan. 28 12:00
Feb.4 12:00
Feb.7 12:00

0:00
Feb.8 12:00

Fig. 3. Temperature changes in the greenhouse interior,
outside, and in the plant cultivation area from January 28—
February 8, 2011. The thin line indicates the outside
temperature, and the dotted line indicates the temperature 1 m
above the floor of the greenhouse. The thick line indicates the
temperature recorded in the plant cultivation area. The
supplement lamps were turned on from January 29 to February
1 to keep the plant cultivation area warm.
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