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Fig.1 A plant factory with a high-efficient water use in arid area
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Tablel The explanation of the character expressions and the

invariables
Symbol | Values Unit Symbol | Values Unit
ar 5.8 W/ (m*K)]| ODun 1,370 [W/m?]
Qw 58 [W/(m*K) ] H, 20 [%]
a, 5.8 [W/(m*)] Tret 15 [C]
C, 1.006 [J/ (kgK)] W aer 0.31 [g/s]
Cu 4217 [J/ (kgK)] W o 0.035 | [kg/s/m?]
b 1,013 [hPa] W 0.40 [kg/s]
p 1.29 [kg/m?] hs 8 [hour]
7 2,257 [J/¢g] COP,s 12 [—]
Vice 335 [J/¢g] COP en 5.0 [—]
7 hsm 230 [J/¢g] Su 19.55 [m?]
Ch 3 [—] Se 2.99 [m?]
Ry 1 [—] Sad 0.09 [m?]
R 0.3 [—] Py 200 (W]
width 2.3 [m] Py 100 (W]
depth 1.3 [m] U, 0.01 [m?/s]
height 2.3 [m] Copmi 0.5 [—]

Table 2 The simulation conditions of inequality constraint

symbol values unit symbol values unit
G acn_min 100 [W] acn_max 2000 [W]
Uout_min 0.01 [m?/s] Uit max 0.1 [m?/s]
Ut min 0.01 [m?/s] Uret max 0.05 [m?/s]
W mist_min 0 [—] 2 mist_max 1 [—]
W def_min 0 [ — ] W def_max 1 [ — ]
M isn_min 80 [kg] Msm_mas 120 [kg]
T i 20 [T] T s 35 [T]
Huin 70 [%] H s 90 [%]
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Fig. 6 Simulation results 1 (base case)
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Fig.7 Simulation results 2 (case 1), case 2))
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Fig.8 Simulation results 3 (Case 3), Case 4))

6.2 mELFEEHV-HERE

A, b FEE AVER Y X7 2O 4
AE bR L7z, Fig. 91213, SEMICIREL 72
HERBOFA L7256 1255 22 A7 20O
BAEREZIRLTWD, THICE B E, Ny ZARNDKS
OAZMR7ZIRETHERED RN E 25 &9 22
EMOMAETHOEDPERTETVE I DN, &
FELIFHROEMEIRE S NI, ZOWE,
WHIBE & BB TNy ANZERZRE L 72— A
F—AEHRD L, HHEEBEIENSRBICHK S LT

BT ENGMDH, TIUL, EEEEN, KEOUH A
WA SRR T PR, 3R PR 1T X 2 KRG B O A S
HEDS, N ANFEHOE T ANV F—LETHEIC LT
WHIERERLTWA, FRIZ, BEEHMD L) IZ
M ANDOATHEH ANV -2 F OV LEE L
WERBS B I KRN T A DB T AV F—(LIZIEA
RTHDHEEZONS, 72, HARICEAL T, M
T ERVEY OZEELCTHIIN L 72N AWK % PSS
LoTuRAT LI Lam/NRET D 72OIZBRBHEOF
LT SN s, ZOWE S KEEEE R L7220k
N HREBRERORM AL, B A VT %R KEL
CDVAT AW ENTHLZ EDghb, TNLHD
RS, RELLREFEEZLH LI LT, 4
T A DTG 8 0 5 AP R SEHI B 73 2SI 1 13 2 2 b
DD, FRIIIFFRARA R AVOEL & L5 Hilsi o £k
WERNOFIHOW NN H L DEE 2 b,

@ ®
a

1200 1200
= 800 21000
(53
g 2
2400 — S 800
- >
S L - P
= 0 ; - — N
£ R I 1z
5 L £ 400
Z -400 ‘ S
-800 200 ‘
(1000) o A
1200
Qio OQwg Qsun Qacn Qhms Omst Oplt Qice Oref Wiess  Eaen  Ear

(a) energy balance (b) water loss, energy

Fig.9 Simulation results 4 (optimization method)
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Abstract

The authors designed the optimal air-conditioning system of the green house which minimizes the
water and energy in an arid region by computer simulation. In this design, a heat balance model and
water balance model in the green house were constructed and they were considered to be con-
strained conditions. Moreover, the objective function unified with electric power in a moisture loss
and the electric power used was defined. Consequently, it was useful to introduce the fog cooling
system, thermal storage mediums, ice from the desalination process and gas absorption refrigerator
with dehumidification ability. It was suggested that drastic reduction of energies is possible by this
air-conditioning system compared to conventional methods.

Key words : plant factory, high-efficient water, energy-saving, optimal design, air-conditioning

system




