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Development of a Highly Productive and Energy-Saving Tomato
Cultivation Method using the Thermal Storage Type of Environmental
Control System

Akemi TAKANO, Satoshi KIKUCHI, Masae KINOMOTO, Yoshiari TAJIMA, Takako GOTOU
Shigetada HANEISHI and Kazunori OSHIMA

Summary : In the thermal storage type of environmental control system, the heat pump has been playing
an important role in heat exchange between the air and the thermal storage water tank in the green house.
We investigated the system for operative conditions, tomato productivity and fuel cost. The growth of
tomatoes was not significantly affected even though the air temperature at which the heat pump operation
started during daytime was 20°C, which was lower by 7°C than that of the conventional condition.
Additional conduction of roof on watering with the most suitable thermal insulation material in a ridge
resulted in the coefficient of performance (COP) of 5.4. The system allowed minimizing the skylight
ventilation, leading to little change in the environmental conditions (temperature, humidity and carbon
dioxide concentration).  Therefore, the yield of tomato, the energy bill and the fuel cost necessary to
produce 1 kg of tomato were 133%, 55%, 41%, respectively in comparison with those achieved by the
hydroponics culture in the utility greenhouse. Additional conduction of an increase in planting density, and
using a tomato variety more suitable for utility of increasing stems, and hydroponics can increase the yield

by more approximately 50%.
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MHEERE m BT K 3 18 13 16 12 20 22 104

L AEMEE EIT, 2A ~57 132015420 ~5, 11H ~1A 132015411 ~201641 7 OF —4#.
2. ()1, BITER100E L= G O EH AR MHEEE &
3. RGN ABREHE i, BEUX 3T (L/H) 2 M. IBITIXIILPG (m/A) ZEH.

Fl6xk BFRARBHEH X TLARABREICRIFIZE (230 4m/n\ I XEREZ10a E) (2014, 20155 F)

m om AEH REEAAFER E—bRUT RBREBESE ARBHIRE
RER Bt
KL A A A A %
LR T LEFER 4.2 41 13 22 76 45
817 R 12.1 119 21 - 140 -

. 3 AME, LPG0.47H /L, #7126 /kwh, 47971 /L, Bih98H /LE L T4,
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WA 2R AT R i 770

EARES

EHXBEHIE AT LAEEY 1 kgH-YDIRILF—aX MZRIZT

22 (2014, 20154 )

=1
KEE AIERRBINE &AM kel Ulshan  SEW kgL YIshn 3
Mmoo BZIRLF—ORE T RILF—OR FOYRER
7MA/10a t/10a M/kg %
SR T LEIR 76 28.4 (133) 26.8 59
BT 140 21.4 (100) 65.4 0
LRTLENEBAKIR(5E) 0000 16 3.6 (148 241 63
AT LEEBEAR2R (%) 16 38.7 (181) 19.6 70

. PTCRIE: () 13, BT KO RBCRIEZ 1008 L7256 DOFR L.

F18%k FRAREHE X TLLNER BBSLWHEBNICRIZTTEE (2015412H829~308)
B AME BEIKKE E—rAKR2T RBEAR HBEN
oo ERAEE
kwh RARA S
BHE KBEE ERE HBRE E BE®AR>T E—RRUTARE
kwh kwh kwh kwh kwh kwh kwh
=] i 34.9 70.0 - 35.1 - 1.3 0.1 10.7
® Ei - 60. 8 4.0 - 0.0 1.3
B o1 120
L BRI LT8G = BOK R (G BUKREK 8 X E B 5 R ) B i 5 B IR DL 78) + HPIR A (B2 R ke R o

HP AZK IR~ 55 I 7 O HP H KR X it

2. VAT LEEHE BN & ERHEEOMEEN)=MER 7 OWEE) +HPARIKROWEES)
#=64.8,12.1=5.4

3. VAT ACOP=MREIZFIFALIZEE /AT LB E R

NV E%E

R AT DEFA LR ENRT ¥ — %505 BB
DO, b= RU T OBE S AR ET D LMK
LAEITHD. FEBMIRENMELRIVXe— MR T B R
OBBREML R EY, BRI OZBRICLY, FERUKE O KR
FRICE RS EZ NS, VAT AR ERIIERENS
{Ipol=Z T, VAT Ll H KIZ TR EEFE ~DE—h
R TR D52 mb, EINE ORI 2] 3
HIENTE. b= MRUTEFIAT 2T, HEBENIL
SRS e N EFIF = ANIYE R 3 K L0110~
20%HI T D LN TE, SHICEMBEICHNDIANT,
12A1316%, 1A1322%), 2H 1340% & KIBICHIBS A2 L
Dol IBHEICHIALZARES AT LNEIREEE )
BETHHLZVAT ACOPIE, VAT Ll H K EFIERRE
DIREHAERFTHZENTE, COPE FIF A LRI
TR TR CHDHI LDV L.

b— R T BEE L KRS 13°C T, RS KETHD
IZHD LT e— MR TR FEME LT HKIR LR, Eil
B2 DDA/~ T2, ZORERIE, BRI B3
e B ST Eb DY, RIS D EE 1R [FIIE 55 1A IR
A&/ #ifg, 128 Ears3ARaEctEHMTH
ofc. —Ji, b= MR T BEE I KIRETCETHZ 1LY,
=R TIREPR MIE IR T 2281372, EEKMEICE
BN BAT VX — DR FEICH I b, FEOKAE
AIRIE B FOEBTHMRSNDD, 2R K BIFNATARK
IR E AR EICEY T, b= R T B EBE L
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Wb KIRO EFIXICIT 72003, R B ik K9°C
FRE LB

AHTH HHEN LD EHRUTIONT AN E TR EL
KTFL, ZENESERILZVRILEAL SV oA RE
K TFEELER RS, £, FASBRE CIXARNENRZ N E
NTAND KRBT AR EITIE TL, YA sl ENE 32
ZERMBNTWA, BT, B HREENT A A %1T-> T b
Lh, BRICEDNT AN D REE T AR T AN R R EE I
KL, AR EOBRE Coli B3 gh RN E s, HH-
A (2010) OAKREFAS (2013) 1%, /7 APIAERHEE I
FWVIEE A BORENHEELHER EEZZDNDHEL, SHIT
Bi5 (2017) IXFPHEHEREE T CIE R AL 2 HiIBR 7T 68
T, RIEH AR E 2D EL UL THEFFCEDIEND,
AEGEENFEEDEL TS, EBRIC, RVATLEFHLT
BIEHAToT2 V0 AT LKL, b— MR P EOB#EIZ L0
SYENTZNKIRD EFH-T 52 TR R T 234
ZHNBDEEH IR B 7 A6 A 23 T, 81T X
L AEFMEHE LI LA 5T

BRI, DERSEEORLEMESED (HHDL,
1982; PIA D, 2005) ZENMHILTND. FRZA WO H
TICR T 2ERMBIT IR ENE DK TR ALNDIEND,
AT TILER R DA B2l 7 D 1 3EFREITHZ,
H 4% 5872 2 8 e DARR I ERAR D 1/ 32 BE DRI A FE AL
THIEIZEVAA BRI T 5. ZEORE LGS
Y72 BLRIZE ST, 10247200 w i FUN &1 E31.6tE72 >
7o EBIT, BRIEITMLS LRI SR T 5L THIN



HHAREREA S AT 22 M0 b~ FO®AEPE - BT RV X —BER T o B %

L, 10a47=0 0 Al BRI B i, 1B T45721. 4026 LT38.7t
EHIBONEAUL T 5 AT HEME AV RE N,

KU AT DEMTET D120, WO ITEIZ OV THR
FfL7z. VAR —7 U TIERIER R O S 22 T H A
B (P=—a—h) L EBUKEM A S DY, VAT AER
BEET220154E12 0 29 H 7530 B o7 B s L BN 2 %
Ak, AL 12BFETOZFRCIY, R ORIKIR
EITe— MR TR TIRIEROIEN TEZ. KHEREIC
FIHENEEHOKE OKIRITKICTIRT 3523, FH B K
THIUEIFEMREOZ A CT/AKIRIZEIE L. KRB DK
T THIUTTREITRE Db — MR 7 B & R T A i
DEBICIVE B DOKIEZ1C ERSEHLZENA[ET
HY, BEUKFEKIED 20°CITIRT= R BED DRI R )3
fe3 H LN THIVUXFEUKEN D — MR T RRFER TE,
T+ EAMERIIRCED.

AR AT LEFRTHIET, BEAHZ LS —HEEN
DI Ip B BTN EIMBITIZHL33% M L, EEY ke
BT DE=RNF — 2 ANIIEITD65.4[12 % 1.26.8
M &59% DEITR LA~ 7-. £z, Fhlss A EIT O35
FEICULA T A DA IS L0 #Al 2 E oRI 3B 0 Bk
EIPHZ LT, BTSSR LI R 48% ) LU, EREY kg 7=
DIZD DD EFRAX = ANI63 % B ST, SHIT, £
PG E DR A A DEITED, 1027200 A] P I & I3
TICRLAI80% M L, AFEW kg4 7202 Hm R /LF
—aAMNET0%HIEA TS AlREMEA RS-, 728, FRERT
IZBWTRB O — MR 7 BREIREA20°CEL, AT
B2 PRIREM ZEAL, # EBKbEETHZET, =%
NX—EENROIEIEL 2DV AT ACOPIE, 5.4ICE T
L7z, A%, M MBI @RS AR T 5LEb1T,
BMBOaAAN T BB LV AT AR EED DM
BdD.

K FEE BT T HITHTZD, FRARKF DA 5w OB,
B R FOREAL KA EE, Ao F—FHHa
=y N —& —DEMFLELHIER, BSOS IRF R
K SRR BT BN S ORI 7 E <O T B %0
Tei2uniz. Eiz, ESLAFSUR R B R - B S PE TR
A WFSTAERE DA KRS ERRATFFE BT X b~ o Sl - RO
TRHEA L TV ne, MR B BRSO TR DT Z IR,
BRFIREK, IR, mEEK, AR EK, ik
VR 3 S BR BN D TRFSE T O 8 R TN 7 B I AGABR D 2%
1T BT ER [ 45 O & B NS IS KT
W2 W, Fle, AREETDICHIZY, BEMRE
ZIXLOBREDF 2 ICEBRIY S - ZHEEE N2V
. ZZICRELCECUE# O BER T 5.
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