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Abstract. This study was accomplished to compare energy saving effects of several heat insulation mate-
rials in greenhouse and to develop new automatic opening and closing equipment which is suitable to the
most effective heat insulation material. To find out more effective heat insulation material, the magnitude of
heat transfer occurred through aluminum screen (ALS), non-woven fabric (NWF), double-layer aluminum
screen with chemical cotton sheet (DAL), and multi-layer fabric screen material quilted with non-woven
fabric, chemical cotton, poly foam, and polypropylene (MLF) were compared relatively. The results showed
that the relative magnitude of heat transfer occurred through MLF was lower than DAL and ALS by 23.3%
and 43.0% respectively. MLF screen material was the most effective compared with other heat insulation
materials. But because of thickness, there was a need of new mechanism for automatic operation in green-
house. Accordingly, new screen system using MLF-thick but profitable for keeping warm in greenhouse-was
developed. Opening & closing equipment was designed to roll MLF with pipe axis during opening process
and pull MLF with string during closing process with electric motors, clutches, drums, and so on. In hot
pepper cultivation and energy saving test during winter time, the early stage yield of pepper under MLF
screen system was higher than NWF by 27%, and gasoline consumption of MLF screen system was lower
than NWF by 46%.
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Fig. 1. Picture of adiabatic styrofoam box and heat tempera-
ture control box.
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Fig. 2. Scheme of multi layer screen system and experimen-
tal greenhouse.
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Table 1. Heat flow amount and relative heat transfer ratio of each screen materials.

Heat flow amount (W/m?+ hr)

Screen materials Thickness (mm) Heat transfer ratio (A/B) (%)
Inner surface (A) Outer surface (B)
Polyfoam 0.15 2945.4 2999.4 98.2
Chemical wool 35 1251.7 1394.1 89.8
Non-woven fabric 1.2 2850.3 3093.0 922
Multi layered 46 776.7 1268.0 58.9
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Fig. 3. Comparison of heat flow amount according to screen

materials.
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Table 2. Specifications of multi layer screen system.
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Description Specification Description Specification
Motor (pulling) 0.75 kW Bearing 225
Motor (rolling) 1125 kW Supporting wire 93.2
Drum 2 105x 180 Pulling pipe 25 Ax2t
Joint 25018t Rolling pipe 40 Ax2t
Supporting pole 3stage Joint pipe 32 Ax2t
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Fig. 4. Design for pulling type closing operation.
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Fig. 5. Design for rolling type opening operation.
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Fig. 6. Comparing view between non-woven screen and
multi layer screen.
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Fig. 7. Comparison of completely opened view and PPFD
during day time.
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Fig. 8. Growth variation of hot pepper under multi layer and
non-woven screen.
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Table 3. Economy of multi layer screen system (Partial budget method).

Profit factor (A)

Loss factor (B)

O Increase of early stage yield of hot pepper:27%
—294.6 kg x 2,592 won="763,603 won

O Reduction of heating cost : 46%
~566.81 /x 430 won=243,724 won

Total : 1,007,327 won

O Cost of multi layer screen system

— (8,100,000 won—4,431,000 won) -+ 7 year
=524,142 won
¥ Cost of non woven fabric : 4,431,000 won

Total : 524,142 won

Increase of income (A-B): 483,185 won/10a
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Al 51999y A drioux] B Aol A
Aol BEENLE, Y] A BT, 237
E, 331d, yREL2E) B8 AXEIEE e
e A7Ee] g8 Baigh ) §low, B A
A RAZAET GHRLAE A3 240 BHeF
715 ol&sl st Afo] ARFES ZARE A
3}, Fig. 100149} o) 71&e] RATAHE M3 24
o] AR ARTS 12333//10a, THEEXHAE x|
228 666.5 /10a2 JER} THHRLAES AX|g
24004 46% Aol A a3y} vepdd.

THEAE /MEgxlel vigh FAEe BAZ A
B3} vlwdl] ER2AE] Ao mE £47 9
ol i3k AzkelE3) Fuo) 2% S 2 W
uH] Azlo] W o]}z Qi i3t Azl E-S B
FoibHo 2 viwdlt A7 Table 37 Zo] 7k 10a
3 483,185¢9] &5 FiEle AoE #A=HUC

¥ g

A& Yidas} Bl 2RHE diE 958 £
9] BeAS PPN 98] BE HeAE B
o] AHgEE CHIREASE olgsie] TlEs] R,
QerEAamE 59 RedS AdiEo R namsigc
8 TR LA o] wout Tt TS
HEREE o83 SIS T4 ofeie &
ol Qome ATd Lo A8 & e 7ol
M3 Aol 9BE AS AN ANDele] 22
W) B Wdls AENE AEsih thaRe)
o} BAE, derlpaza So) HeAES AAe] @
BRAL 245 A9 neEHE v 23
Rz 8] YFrhgazRe] deRe] AL,
enly 2 S5Ee] AN TR LA
relEaade] wa duFD] A% 233%,

]

—04 —



RS H2d vl

O A~5

43.0% ZA JER oEReAAle] BeAdo] 9423
AoE A=) HHR2AAlE o8] Foz
Z3Y H2ARAe|RE FAZ T sy, ZeE
5 =] A ARE o183ERE A7RE ARSA]
AL MR dilddol R2apA)7E HAA € S
27t dom g ¢Qlant A S Sl 3
3l HLAE MG A AlEE 24
o) HiR2AER FAFAES HA3lal FuFE A
High A OERAE AR S0 Eaiseo] S
o] fEBlAT ZNNFHE 27% A% F5rEYen, 4
P70 WPAE ARHS 46% FE AL

FAol Y, TR, AEed, dsAR AE

9ol

—_

=4

Ao
re

1. Actual results of vegetable product. 2005a. rep. of

-95—

o)
=

AENAZZA] AL

MAF. 52-64.

. Jeon, J. G, K. J. Choi, J. H. Yun, K. M. Lee. 1997. Devel-

opment of cable driven roll type automatic horizontal cur-
tain drive system. Proc. of KSAM. 2(1):307-312.

. Kim, T. Y,, Y. S. Kwon, Y. W. Woo, H. I. Jang, S. Y.

Lee, I. H. Cho, S. C. Ji. 1999. Research on energy sav-
ing by minimizing of heating space of greenhouse.
Rep. of NHRI. pp. 269-276.

. Lee, S. Y, H. H. Kim, H. Chun, Y. S. Kwon, K. M.

Lee. 1996. Research on structural improvement and
optimum use of materials in protected horticulture.
Rep. of NHRI. pp. 541-546.

. Seo, G S., J. W. Lee, J. W. Son. 1999. Research on

economy for heating energy saving of protected horti-
culture. Rep. of JARES. pp. 434-442.

. Status of floriculture. 2005b. rep. of MAF. 3-13.



