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Development of Year-round Cultivation System Utilizing Hot Spring Drain Water
and Mountain Stream Water as a Heat Source in Idle Facilities™

Shintaroh OHASHI*!, Kazuhiro NAKANO*2, Yuma KIDA*®, Kouhei KOBASHI*®

Abstract

In order to revitalize agricultural production activities in an inter-mountainous area, we built a
cultivation facility utilizing regional resources with a view to developing ‘sixth industrialization’, and
evaluated the effectiveness of the system.

For this research, idle facilities were used as horticultural facilities to cultivate sweet potatoes. Heat
pumps were introduced to the cultivation environment with hot spring drain water and mountain stream
water used as a heat source. In addition, a multi-stage cultivation system incorporating a subsurface
heating device, also utilizing hot spring drain water heat, was constructed to promote tuberous root
enlargement and increase yield. In conclusion, we examined how to efficiently utilize hot spring drain
water as a heat source and confirmed the effectiveness of a system based on the use of regional resources
on increasing yield.

[Keywords] regional resource, regional activation, heat pump, sweet potato, subsurface heating
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Fig. 1 Outline of cultivation system utilizing regional
resources
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F 1 BEEXICBTHEELE

Table 1 Cultivation period in each growing area

HEEH %184 %21
5 HRIX FEERIX PIE AR ERBX (HhT2W)
(FHEEN) (NI ARA) (HEEN) whimesx  HhimEEx
JEMEH 7/14 7/14 7/14  7/14 9/12 9/12 9/12
AR 11/18 11/18 1217 1/5 1/5 1/5 1/5
A @ 127 127 156 175 115 115 115

# a7 — (GRAPHTEC, GL-820L) IZUU& L7z,

(5) FREEBREEMHIM

HP (2 & 27 AR, S3kEEim (78 14
H~F1A5H) 5%, 10 14 HF THEERZIT
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720 WHEEEEEONY ANKRERE L 271C, BEEERE
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fFIRIRRE © 26T, AYEEZ 25C), #l#z1To7,
(6) skEzS&M
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L, HEHHOENIC L 2 HEE~OFEZFHE L 72,
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Fig. 2 Changes over time in hot-spring discharge flow
rate and temperature of hot water tank
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M 3 FEEICBIT2HPRREOZRELE (128 26 H
~12 A 30 B)
Fig. 3 Changes over time in underground temperature
at each depth
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4. WIREIFEFIFHRES
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Fig. 4 Results of control greenhouse temperature during
cooling operation period
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Fig.5 Results of control greenhouse temperature during
heating operation period
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% 2 HPNEB LU HP I X ARETHE D L OFHEE
Table 2 Amount of heat utilization from hot spring drain water by subsurface heating and heat pump

X455 H IR Hp
R 1008 1A 12 1A &% 108 118 128 18 CED
FHSRR (T) 14.6 9.4 1.8 0.6 - 14.6 9.4 1.8 0.6 -
3 HE# (d/month) 18 30 31 5 84 18 30 31 5 84
HEFH#E (MJ/month) 78.0 184.1 448.7 69.4 780.2 818.0 4201.9 10090.5 1799.0 16909.4
ERMEEH (h/month) 85.2 186.9 508.2 84.4 864.7 53.1 257.1 476.6 77.8 864.6
FEHRBH % (d/month) 3.6 7.8 21.2 3.5 36.0 2.2 10.7 19.9 3.2 36.0
ERBHAED -0 OFHABE M]/d) 22.0 236 21.2 19.8 21.7 369.6 392.3 508.2 554.8 469.4
IS RS- ) OFAHE (M]/m?) 95.6 225.6 549.8 85.1 956.1 33.7 172.9 415.2 74.0 695.9
TR S AEH 72 ) OB FHFARE (MJ/ (m?-d)) 5.3 75 17.7 17.0 11.4 1.9 5.8 13.4 14.8 8.3
BEHE (%) 19.7 260 68.3 70.3 42.9 12.3 35.7 64.1 64.8 42.9
£ 3 KRERIIBIIV YA EHEE
Table 3 Sweet potato yield in each experiment
HREHA %18 HE2H
X5 TRX EBRIX WHMEEX #HPmRER
FIEAH (@ 126 126 155 177 115 115
NEE (o) 218.4 681.7 805.5 820.2 250.6 117.2

BMTESH ) OER (ke/m®)  0.316  1.671

1.974  2.010 0.614 0.207

MEBEIZBIT ATV A EOEMHERED - ) OIUH#ESR  1.482kg/m? (1990 4£~2010 4F F TOTHE)

68.3% L KX {HMLz. FHNKEROEL, L SBEE
BHOBIMZE 20D THBEER B,

HP B X OB HEAHASAED AT, 2he
1 16.9G], 7802MJ T o7z, HP T & 2 FIHEE 5
TAHHBIRIC L ZABEOESIL46% E/NSWET
Hole L L, MEHNRERE Oy ZREME : 24.3m?,
WA R ERE 0 0.82m?) 72 DFIEBEL KD B &,
HP Tid 695.9M]/m?, iR Tid 956.1 MJ/m? & %
D, MFHERIC X 2 ABRENHP Ik 220 % EE -7z,
Thbb, MRS HP £ Y R 2 EEE 2SI i
THbH I EPHERINT

IR RAEH ) OFARETHEAH TR LA
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EIEOR RS % HP B X UHH IR B 2 B 5
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DFESE, 1 19.7M]/m?-d (&K 31.8MJ/m?-d, &/
72M]/m?-d) &% o7z, ThbBLERY AT AR, T
BECHIEEE 057L/m? IZET A BERITH S
W0l BB, TMBEEICIZE (KB BEE
34.27MJ/L (FgE, 2014) ZH\W:7z,
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Fig. 6 Transition of Brix according to storage days in
raw potatoes and steamed potatoes
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