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SUMMARY

I. TITLE

Development of High Efficient Insulation System of Glass House

for Energy Saving

II. OBJECTIVES AND NECESSITY OF THE
STUDY

1. Purpose

Development of the high efficient thermal screen system for the side
wall and the roof of the glass house to improve the insulation

performance of the envelope of the glass house

2. Necessity

Until now, almost facilities of the glass house come into wide use
were invested to the advanced equipment and they were concentrated to
high quality production, labor reduction and automation etc.. Therefore
the investment for energy saving which was one of importance elements
have been inattentive.

The glass house was constructed as a kind of the structure
improvement business of agricultural villages. But it was introduced
without the sufficient investigation for domestic circumstances. So
recently it was made many social problems.

The glass house increased the amount of production of the
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cultivation crops greatly. Especially it enlarged a farm income by the
production in winter season and shipping of agricultural products in
good quality. But recently farms give up a winter cultivation due to the
rise of oil price.

Initial investment charge of nighttime insulation system in the glass
house is cheap. Nighttime insulation is very effective for energy
savings. It was early '90 that the glass house was come to the domestic
use. At that time, foreign techniques around Europe were introduced and
so the aluminized thermal screen began to use at the domestic.

Home productions of the reflective thermal screen are manufactured
in several domestic companies in now. But greater part of the domestic
thermal screens is currently in the level that the domestic production
imitates in simple the foreign one. Therefore the technology of the
multiple screen system is needed to improve the thermal efficiency for
the glass house. But the detailed information about the economic
analysis of the glass house is not kept now. So the deveiopment of the

high efficient reflective thermal screen system needs urgently.

III. SCOPE OF THE STUDY

- Computational modelling for evaluation of energy performance of the
glass house

-~ Monitoring of energy consumption in the conventional glass house

- Computational model setup for the evaluation of energy performance
per hour of the glass house

- Computational modelling for system optimization through performance
analysis of the nighttime insulation system

- Development of the high efficient reflective screen system

- viil -



- Design and manufacture of the reflective screen system for the side
wall

- Design and manufacture of the reflective screen system for the roof

- A system research for control of the high efficient thermal screen
system

- Experiment and standardization research of a performance index of the
glass house

- Experimental Method and performance index standardization of the
thermal screen system of the glass house

- Experiment of the insulation performance of the reflective thermal
screen system

- Energy performance verification of the thermal screen system of the
glass house

- Estimation of Crops physiology according to supply light condition

- Environment change and crop growth reaction due to shadow belt
made by the light reflection screen

- Effect of the reflection light of the reflective thermal screen system on
crops physiology ‘

- Effect of light transmittance on crops physiology and ecology

- The criteria establishment for the optimum environment condition of

glass house.

IV. RESULTS OF THE STUDY

High efficient thermal screen system appled to the side wall and the

roof of the glass house was developed to improve the insulation

performance of the envelope. The conclusions are as follows.

_iX'



Almost of the reflective screen used in the glass house have surface
emissivity over 0.6. This reason was due to coating of PE film to the
aluminium surface to prevent the corrosion and improve the durability.
As a experimental result, the thermal conductance decreased about 30~
70% with decreasing emissivity.

As a result of pre-experiment, it was found that the infiltration and
ventilation had a significant effect on the heating load of the glass house
which was a light-weight envelope building not easy to be airtight due
to the side windows, the ceiling and the doors etc..

The effects of the intervals of screen-glass window and fabric-screen
on the overall thermal conductance of the system were investigated in
the double layer reflective thermal screen system. As a result, the
overall thermal conductance decreases with increasing interval within a
certain value for the side wall and the roof. The overall thermal
conductance does not show the change over 2cm interval for the side
wall(This tendency is identical for the screen-glass window interval and
the fabric-screen interval respectively). On the other hand, the overall
thermal conductance does not change over 8~10cm interval for the roof.
For the side wall, insulation performance is improved about 6~7% when
the screen—fabric interval is over 2cm interval compared with the
interval below 05cm. For the roof, insulation performance is enhanced
about 10% by making the screen-fabric interval over 10cm.

In general, the overall thermal conductance of the glass house is
about 5.2 kcal/mhrC. As results of simulation, the overall thermal
conductance of the single layer thermal screen system is about 2.3~1.2
kcal/m'hr'C for the side wall and is about 2.9~1.7 kcal/m'hrC for the
roof respectively. By installation of the reflective thermal screen system,

the amount of heat losses might lower up to 40~80%. Therefore, the



reflective insulation screen systems are very useful facilities which are
needed to be established in the farmhouse.

The double layer thermal screen system is compared with the single
layer thermal screen system. At first, the overall thermal conductance of
the single layer thermal screen system falls rapidly to 1.7 kecal/mhrC for
the side wall, and it is 2.3 kcal/mrhr'C for the roof. On the other hand,
the overall thermal conductance of the double layer thermal screen
system is 1.0 kecal/mhrC for the side wall, and it is 1.6 kcal/m'hrC for
the roof. Therefore, the overall thermal conductance can not lower in
proportion to install the multiple thermal screen. And it is expected that
the effect of energy reduction by installation of a multiple thermal screen
system is not good. When the surface emissivity of thermal screen is
assumed 0.3 in both systems, for the side wall, the amount of the
energy consumption of the double layer thermal screen system is
reduced about 40% compared with that of the single layer thermal
screen system. For the roof, this tendency is about 30%.

The comparison of the experiment with the simulation was conducted
for the glass house system of Chunnam University. Energy simulation
was conducted for calculation of heat losses in the side wall, the roof
and the underground. The total amount of heat losses were evaluated by
summing up the heat losses of above three zones. In nighttime, the
glass house was heating by the boiler using kerosene. Hence the amount
of energy consumption were evaluated by the amount used of kerosene
in nighttime. The simulation results of the overall thermal conductance
were good agreement with the experimental results within the maximum
error of 15%. As results, the heat losses through the side wall and the
roof were about 85% to the total amount of heat losses for no screen

glass house. On the other hand, they were 70% for the single layer
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thermal screen system and 60% for the double layer thermal screen
system respectively. This means the effectiveness of the reflective
thermal screen system resulting in higher heat loss of the underground.

Until now, multiple thermal screen was applied to the roof side of
the glass house. The double layer thermal screen system of the side
wall which was developed in combination of reflective screen and fabric
was designed to apply the object glass house. And the problem of the
operation was solved to good economy.

The overall thermal conductance of the double layer plastic panel
system was about 30% lower than that of no screen glass house
system. And the insulation performance of the double layer plastic panel
systemn was much the same as that of the single layer reflective thermal
screen system of the glass house.

The economic analysis of the reflective thermal screen system was
conducted for Seoul, Daejon, Kwangju and Cheju area. As a result, the
life cycle of the single layer reflective screen system is the same as that
of the double layer reflective screen system. The reason for this is that
the additional charge of the double layer reflective thermal screen is
equal to the cost of the vearly energy saving. For kerosene, the life
cycle is about 2 years in Seoul, Daejon and Kwangju area and is about
3 vears in Cheju area. For tax free kerosene, the life cycle is about 2.7
years in Seoul, Daejon area. On the other hand, the life cycle is about 3
years in Kwangju area and is about 4.5 years in Cheju area respectively.

The life cycle of the reflective thermal screen is in general 5~7 years.
Under such a condition, it is expected that the effect of energy saving
in kerosene will keep up for 4~5 years and that in tax free kerosene
will continue for 25~4.3 years.

As a result, the installation of light reflection screen in the glass
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house during winter season could improve to result in growth promotion,
quality fruit production and yield increase of hydroponically grown

cucumber plants and it also might be lead to reduce the heating cost.
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<E 3-8> A EYolAdd HEd dd B FANEE €454 UolH

FAIEHES | 2 2 | ¥ € | ¥ (XY E FFE
(m) |(W/mC) | kg/m) {(J/kgT)HALS TF& | (W/mhT)

Glass 0.005 1.05 2500 750 0.83 0.05 5.47
AL flame | 0.01 210 2700 880 0.22 0.20 5.62
AL shield 1{0.001 210 2700 880 0.65 0.60 5.62
AL shield 2}0.001 210 2700 880 0.05 0.05 5.62

Kraft 0.001 0.56 350 1000 | 0.90 0.65
Cement ]0.024 1.40 2100 650 0.91 0.65
| plywood 0006 015 560 2500 | 0.90 0.65

AEAME A% 3 A AEHelH wAE dsiAe Ity oz O97]
AFE%(dry bulb temperature), @488 AbFH(HF )Y AHdiffuse  horizontal
insolation), @WAH A& AAMdirect normal insolation) F¥ FHW HUYALHE
(global horizontal insolation), @dth% Z(absolute humidity) £+ HHEE
(relative  humidity) %+¥ HF7TSS(wet bulb temperature), ©&F 3 (wind
direction), ®% <4 (wind speed), @& F(cloud cover) S| w3t 137 tolg 7}
2 g 5tTH19].
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<E 3-9> €d Ve WE A (dAE - 323, 1990)

AL} = (KWh/m') A7 L25(T)
FRAMS FEEAE I A udd A9 934 (980|997
1¥ 0.78 1.34 2.12 3.13 -140 | 80 | -34
2¢ 1.04 1.65 2.69 3.36 -100 | 100 | -0.6
3¢ 1.14 2.30 3.44 3.74 -40 | 180 | 6.2
4¥ 1.19 252 3.71 3.59 30 | 240 | 119
59 1.52 2.72 4.24 3.82 70 | 290 | 173
64 1.51 2.40 3.91 3.37 13.0 | 320 | 215
74 1.37 1.52 2.89 2.08 18.0 | 330 | 247
84 1.36 1.86 3.22 2.73 150 | 330 | 250
94 1.24 2.03 3.27 3.35 13.0 | 29.0 | 21.2
109 1.11 2.02 3.12 3.87 30 | 280 | 146
114 0.84 1.20 2.04 2.67 -50 | 180 | 69
129 0.82 0.84 1.66 2.20 -100| 110 | -06
AFF|  1.16 1.87 3.03 3.16 242 12275 12.06

| Daily Ambient Temperature

AMBIENT TEMPERATURE('C)

1Daily Integrated Insolation ["Golbal Horizontal
1 A28 - i D:ggg_{jllgrma/

INSOLATION (Kwh/m*2)

JAN  FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

[7" 3-17] 98 dAFg 93a7 (A5 0 F293), 1990)
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(DgreeC) (DgreeO) | (DgreeC) (Litter) | (Mcal/litter) (%)
Ambient Temperature 8.80
Inside 16.41 -0.29 0.19
East -
Outside | 15.04 1.08 5.08
Inside 16.78 -0.66 0.10
West -
Inotech Outside | 15.12 1.00 5.68
noted Inside 16.11 0.01 -0.39 22.50 207.0 100
Ultra 100 | South
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AEAIA ZRAN AEAGT AFAGHRE A Tl A Folg vhehi
T 9tk ot $9E WA FUT G FANE wAA LD

A
HE A9 71524 w2 AR AU FS AT ot &S RAF

{
o

<E 514> 9923 Helo] BE 24 AdW A AT (03 H)

(c+2] : Mcal)
M = K

Glass Only | Single Screen| Double Screen| Glass Only | Single Screen | Double Screen

JAN 20,052.29 9,066.01 7,061.45| 18,800.78 8,382.43 6,467.96
FEB 16,824.85 7,762.15 6,116.91 | 16,166.61 7,328.10 5,709.40
MAR 14,723.16 6,926.34 5,520.86 | 13,446.77 5,979.79 4,603.14
APR 8,474.13 4,004.50 3,225.33 6,881.32 2,951.53 2,234.41
MAY 0 0 0 0 0
JUN 0 0 0 0 0 0
JUL 0 0 0 0 0 0
AUG 0 0 0 0 0 0
SEP 0 0 0 0 0 0
OCT 4,265.22 1,593.95 1,108.58 4,805.57 1,684.49 1,103.12
NOV 11,024.70 4,623.09 3,438.49 | 10,737.17 4,237.74 3,020.24
DEC 17,250.91 7,608.61 5,837.47 } 15,989.16 6,923.02 5,234.96
TOTAL 92,615.26 41,584.65 32,309.10| 86,827.38 37,487.10 28,373.23
RATIO(%) 100.00 44.90 34.89 100.00 43.17 32.68

gF H =

Glass Only | Single Screen | Double Screen| Glass Only | Single Screen | Double Screen

JAN 17,112.78 7,664.21 5,925.51 1 11,705.49 4,943.64 3,685.07
FEB 14,896.58 6,743.56 5,248.16 | 10,800.93 4,685.93 3,556.42
MAR 12,666.07 5,612.04 4,315.87 9,595.20 4,129.37 3,120.55
APR 6,723.89 2,901.76 2,208.68 5,050.35 2,104.94 1,567.09
MAY 0 0 0 0 0 0
JUN 0 0 0 0 0 0
JUL 0 0 0 0 0 0
AUG 0 0 0 0 0 0
SEP 0 0 0 0 0 0
ocCT 2,974.24 1,050.55 683.72 509.32 193.81 111.06
NOV 8,637.06 3,348.84 2,336.88 4,740.51 1,693.20 1,110.50
DEC 14,260.35 6,092.27 4,566.30 9,072.62 3,596.93 2,561.35
TOTAL 77,270.97 33,413.24 25,285.11 | 51,474.42 21,347.80 15,712.04
RATIO((%) 100.00 43.24 32.72 100.00 41.47 30.52
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Y gLN2YW Fejo) wet 2 AGERE T FolB ehi g,
FAzgo) AAHA F& Aelo] Hlshe] TR WAbgo] 039 Bg2AAL 1F
o2 MAGAR 7} QoA B of 55% AR AyA HAEHE 7 ¢

AE Aoz vEnth B A uls) dxdF 9r1Lo] ®A dehbe AFEY
BAE I o7t AR AA 1F d@2aade] AAZ & 60% A=Y oyx A
2 2RE 4 e Aoz veud

2% wdaIdG AAY Aeole T AREol US Z4H] BT 65%~
%74 AUA B ERE NHE £ e Ao YEkes, 13 BgsadY

dA)e HwEte 2% dE2aYY HX) g F ~25% A& A 4z

2 oA E 2z gl oA Luge

o

FHOR AEIIHFT AF}E EAT Holth EF <F 5-16>% F A 9ER
GEAN 2T FF mE 20088 2AAA dFHE FAVUA 2HFE AT
Zolth, Eoll Yehd RAAY 249 F=7F 2008 Folut 50 Heoly FUA i

200000 — © — — — — e e e e e e e
4 o | : —O—— Seoul, Glass Only | |
18000.0 —— ?J, _ L _ 1 _ _{——@——— Seoul, Single Screen [
oA N© I I ————@——Seoul, Double Screen I o
16000.0 —+ vx\-@: - Daejon, Glass Only [ Lo
J ‘ A\\‘\ ‘ ——————— Daejon, Single Screen | ' !
&l 140000 —+— — - — 2 L\g ~ — 4% Daejon, Double Screen | — — - B
' i !
= b 1 : : ‘ A Kwangju, Glass Only ' ‘
g 120000 = 5 — =~ -~ =~ 1 & Kwangju, Single Screen T
2 . - L
£ Kwangju, Double Screen | .
5 100000 —— ' (PO R
‘é’ | - Jeju, Glass Only |y S
© 80000 — Jeju, Single Screen JA
B ' :
Q-__? | Jeju, Double Screen
w 60000 —+ i
40000 -+
2000.0 —+—
0.0 ] i ; ‘ i T
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
(2% 5-34] ©g23d A & F9E 4z ovx] 28z 5088)
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<& 5-15> @239 FHd w2 7 A9 AguR A (2008 9)
(Th2] : Mcal)
N2 ]
Glass Only | Single Screen | Double Screen| Glass Only | Single Screen| Double Screen
JAN 77,092.95 36,155.35 28,238.48 | 72,682.83 33,538.58 25,927.30
FEB 64,038.08 30,777.05 24,358.371 62,184.30 29,236.02 22,841.44
MAR 55,505.24 | 27,354.17 21,930.65| 51,615.82| 2381637 18,382.67
APR 31,380.74 15,660.95 12,722.59 | 26,749.24 11,855.84 8,972.97
MAY 0 0 0 0 0 0
JUN 0 0 0 ] 0 0
JUL 0 0 )} 0 0 0
AUG 0 0 4] 0 0 0
SEP 0 0 0 0 0 0
OoCT 15,640.03 6,120.34 4,264.54 1 17,653.95 6,447.41 4,208.70
NOV 41,743.48 18,230.73 13,588.82 | 39,951.05 16,463.42 11,753.55
DEC 65,943.85 30,239.01 23,264.49 | 62,077.88 27,760.01 21,009.29
TOTAL 351,43437 1 164,537.60 128,367.94 1 332,915.07 1 149,117.66 113,095.92
RATIO(%) 100.00 46.82 36.53 100.00 44.79 33.97
Chy A F
Glass Only | Single Screen | Double Screen| Glass Only | Single Screen{ Double Screen
JAN 66,008.13 30,622.40 23,729.58 1 44,688.56 19,595.38 14,635.64
FEB 57,271.92 26,894.96 20,991.30 ] 41,250.13 18,592.49 14,149.62
MAR 48,316.89 22,263.16 17,178.70 | 36,722.76 16,403.04 12,432.77
APR 25,496.68 11,467.67 8,761.72 19,807.03 8,481.71 6,314.32
MAY 0 0 0 0 0 0
JUN 0 0 0 0 0 0
JUL o] 0 0 0 0 0
AUG 0 0 0 0 0 0
SEP 0 0 0 0 0 0
OCT 11,972.16 4,299.09 2,784.31 2,195.44 746.75 474.20
NOV 33,585.09 13,406.79 9,344.83 18,728.43 6,841.61 4,465.74
DEC 55,067.82 24,335.61 18,259.20 1 34,854.86 14,289.51 10,179.97
TOTAL 297,718.69 ] 133,289.68 101,049.64 | 198,247.21 84,950.51 62,652.27
RATIO(%) 100.00 44.77 33.94 100.00 42.85 31.60
MF AAE olrt dAR wgA s FR weh Aol fAE UA 4w
HAHE YEHUE A& ¢ F A ol 240 AAHE Add mE o] &
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800000 —

P iy

~— Seoul, Glass Only
—— Seoul, Single Screen

Q .

76000.0 T

720000 L < -

-— Seoul, Double Screen

%‘,, S

A

J
i
T

68000.0

~—— Daejon, Glass Only

: O
L e

64000.0

Daejon, Single Screen

60000.0 —

(lean) uondwinsuon) ABisug

Daejon, Double Screen
Kwangiju, Glass Only
Jeju, Glass Only
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q;ﬂ,

200000 |- % =

120000 —+ —

56000.0
48000.0

44000.0

320000 —— T
240000 —
160000 ——
80000 —— — -
4000.0

I

JAN

0.0

OCT NOV DEC

JUN JUL AUG SEP

MAY

FEB MAR APR

- 169 -



<E 5-16> 923 7o) e 7t RHd 4 v S(20083)
JAN FEB MAR APR ocT NOV DEC [ AVERAGE
Side { 33.5% | 32.4% 30.9% | 29.2% | 37.2% | 35.0% | 34.1% | 33.0%
Seoul | Roof | 50.7% | 49.0% 46.7% | 44.2% | 56.3% | 53.0% | 51.6% | 49.9%
Bottomy 15.7% | 18.7% 224% | 266% | 65% | 12.0% | 143% | 17.1%
Side | 24.4% | 23.1% 23.0% | 23.0% | 32.1% | 28.4% | 25.5% | 24.8%
Daejon{ Roof | 48.8% | 46.5% 469% | 47.8% | 67.8% | 58.2% | 514% | 50.3%
Glass Bott 26.8% | 30.3% 301% [ 29.2% | 0.1% | 134% | 23.1% | 24.9%
Only Side | 23.7% | 22.9% 228% | 22.1% | 320% | 29.5% | 25.6% | 24.5%
Kwangjul Roof | 47.7% | 46.2% 46.7% | 46.1% | 67.9% | 60.9% | 52.0% | 49.9%
Bottor{ 28.6% | 30.9% 305% | 31.7% | 0.1% 9.6% | 224% | 256%
Side | 25.2% | 23.8% 234% | 235% | 316% | 32.1% | 279% { 255%
Jeju | Roof | 51.6% | 48.7% 48.4% | 49.7% | 68.1% | 67.8% | 57.7% 52.8%
Bottor§ 23.2% | 27.6% 282% | 26.8% | 03% | 0.1% | 144% | 21.7%
Side | 23.7% | 221% 200% | 17.7% | 27.8% | 252% | 243% [ 22.7%
Seoul | Roof | 47.4% | 44.4% 40.8% | 36.8% | 58.8% | 51.8% | 49.0% | 46.0%
Bott 28.8% | 33.5% 39.2% | 45.5% | 135% | 23.0% | 267% | 31.4%
Side | 244% | 23.1% 23.0% | 23.0% | 321% | 284% | 255% | 24.8%
Daejon | Roof | 48.8% | 46.5% 46.9% | 47.8% | 67.8% { 58.2% § 514% | 50.3%
Single Bott 26.8% | 30.3% 301% | 292% [ 0.1% | 13.4% | 23.1% [ 24.9%
Screen Side | 23.7% | 22.9% 22.8% | 221% | 32.0% | 29.5% | 25.6% | 24.5%
Kwangju| Roof | 47.7% | 46.2% 46.7% | 46.1% | 67.9% | 60.9% | 52.0% | 49.9%
Botiomy 28.6% | 30.9% 305% | 31.7% | 0.1% 96% | 224% | 25.6%
Side | 25.2% | 23.8% 23.4% | 23.5% | 31.6% | 321% | 27.9% | 25.5%
Jeju | Roof | 51.6% | 48.7% 48.4% | 49.7% | 68.1% | 67.8% | 57.7% | 52.8%
Bott 23.2% | 27.6% 28.2% | 26.8% | 03% | 01% 144% | 21.7%
Side | 18.4% 16.9% 15.1% | 13.2% | 24.5% | 205% | 19.1% | 17.6%
Seoul | Roof | 44.6% | 40.7% 36.0% | 30.9% | 56.2% | 48.7% | 46.1% | 42.2%
Bottorr{ 36.9% | 42.4% 49.0% | 56.0% | 19.3% | 30.9% | 347% | 40.2%
Side | 19.1% | 17.9% 18.0% | 18.4% | 30.1% | 24.0% | 204% | 19.8%
Dagjon| Roof | 46.2% | 43.2% 43.0% | 43.1% | 69.8% | 57.2% | 49.0% | 47.4%
Double Bottory 34.7% | 38.8% 39.0% | 38.6% | 01% | 187% | 30.6% | 32.8%
Screen Side | 18.5% 17.7% 17.9% | 17.5% | 304% | 25.6% | 20.6% 19.6%
Kwangjul Roof [ 44.6% | 42.6% 426% | 41.0% | 694% | 60.6% | 49.5% | 46.6%
Bottom 36.9% | 39.6% 39.6% | 41.5% [ 02% | 13.8% | 29.8% | 33.8%
Side | 20.4% 18.9% 18.7% | 193% | 31.6% { 30.1% | 23.7% | 21.0%
Jeju | Roof | 485% | 44.9% 441% | 44.7% | 67.9% | 69.8% | 56.1% | 49.5%
Bottor{ 31.1% | 36.2% 37.3% | 36.0% [ 05% 0.1% | 202% | 29.5%
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£ 5-17> 2008 FE2HNE 17, 25 ©E€aAY AXu)E
T EEERN FAHE) | A E) Sl (B | S ERAMI| FE ()
ABATHE 7 | 620,000
EakISE! 4,500,000
ajojEs 1,257,800
Eegluaxiy = 179,800} 12,257,600
otz=n|gA3al 1,500,000
BEZUA 400,000
Single o744 3,800,000
Screen 2~ E DEf 44,000 20,909,800 | 2,090,980 | 23,000,780
ofjolgl BHAIR LISIALE 375,000
EE ] 585,000
IS
. BaRiE 728,200 8,652,200
A2 gl x|x|mjo|= | 1,170,000
2nlEAz2 2,350,000
AEEGIA 400,000
olZAH| 3,000,000
AT 2| 620,000
=0l 4,500,000
njolZE 1,257,800
B KIRH 2 179,800
ETR-) M AR 4 12,617,600
etz=olsAgal 1,500,000
21 5(200g) 360,000
REZuba 400,000
olz4H| 3,800,000
Double ~EE 88,000 25,292,000 | 2,529,200 | 27,821,200
Screen THEHHE 2H 2 £92, NN /041,
ofelg! BHELE AshatE | 750,000
Safofd 1,170,000
BaXNE 1,456,400
MY ZIAFRE 2 xjx|ajo] = | 2,340,000 | 12,674,400
dzajEAdal 2,350,000
HAl2(200g) 720,000
BEZLA 800,000
ol74| 3,000,000
<HE 5-18>2 A9, ddx~ayd M AHEE AlEYolAd € AR FAME
GEA2E X FhE, TEl3 200298 10€ UME /7 5 SAE St 2
Mg dEA 2~"EE FAA ZBojTh
FoAAM 2 dEAIA"o] AR e {24 vusd 15 dELA
H AA Al GAEE A JUAARFA)Y, 25 TE 23Y AA A iy
© A AdUAALFBIE 20088 FEl2AS e E AEYeld € 2R
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<& 5-18> ©¥E23d HA A AAHEA
Me (8 ¥ 3= S
1 40,937.598 | 39,144.246 | 35,385.726 | 25,093.175
2 33,261.031 32,948.280 | 30,376.963 22,657.641

Glass Only vs. 3 28,241.074 | 27,799.446 |  26,053.731 20,319.718

Single Screen 4 15,719.786| 14,893.397|  14,029.007 11,325.322

of x| "4 10 9,519.688 11,206.537 7,673.066 1,448.688

(Mcal) 1 23,512.745| 23,487.632 | 20,178.304 | 11,886.815
12 35,704.844 | 34,317.875| 30,732.213| 20,565.345

31 (A) 186,896.765 | 183,797.411| 164,429.009 | 113,296.704

] 48,854.475| 46,755.532| 42,278.549| 30,052.915

2 39,679.707§ 39,342.859 | 36,280.624| 27,100.510

Glass Only vs. 3 33,664.587 | 33,233.147| 31,138.194| 24,289.986

Double Screen 4 18,658.150 | 17,776.273 16,734.961 13,492.706

ol x| Hzhat 10 11,375.488 13,445.253 9,187.847 1,721.245

(Mcal) 1 28,154.662 | 28,197.498 | 24,240.257 |  14,262.688
12 42,679.360 | 41,068.587 | 36,808.618 | 24,674.889
3174 (B) 223,066.429 | 219,819.150 | 196,669.050 | 135,594.940
=E231AF 2 (keal/Litter) (C) 9200
2 S M| ST (g/Litter) (D) 599.70
R =L nAST}tZ (Y/Litter) (B) 420.00
Single Screen A X|A| ofl L4 X| & Zt 2ol
CHsH S MR (Litter) 20,314.87 19,977.98 17,872.72 12,314.86
(F) =((A) * 1000)/ (C)
Double Screen A x[A| of L4 X[ Z+ZFol|
W3t S8 A2 (Litter) 24,246.35 23,893.39 21,377.07 14,738.58
(G) = ((B) * 1000)/ (C)
Single Screen A X|A| AR 12,182,825 | 11,980,794 10,718,269 7,385,221
off L x| M s 2(2)

(H) =(F) * (D) Y= 8,532,244 8,390,751 7,506,542 5,172,241
Double Screen 44 x| S 14,540,537 | 14,328,864 | 12,819,829 8,838,727

off L x| & Zts| (&)

o = (G) * (D) oA 10,183,467 | 10,035,222 8,978,370 6,190,204
Single Screen A x| 718 2(2) () 23,000,780
Double Screen M %] 7022 (K) 27,821,200

Single Screen A &[Af AR 1.9 1.9 2.1 3.1
M| 2 57| 2KA)

@ =d/ @H oMl 2.7 2.7 3.1 4.4
Double Screen A x| A| UMD 1.9 1.9 2.2 3.1
FIHIE 37| 2HA)

M) =K /D oM S 2.7 2.8 3.1 4.5

BN FIIH S =M RS A M S EA HE 2002.10.15Y 7| =71 E 2
(http://www.petronet.org/korea/general/intro/dome.xls)

HMRIIE2 SUZIASIHETAM B 2002.10.15¢ 7| =I1HHE
(http://www.namri.go.kr/upload/2002 xls)
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A 2 A WARE ofjfo] B AF 9 Ko v
6.2.1 A% 2 PH

Ald W &FrE v 291 e & T (canopy)H] Z&73 W3}
ojd] w& 20o]9 AK F A - A W TH37 A B AT 2001
d 145 E dddstn s3d REFFA FHHRY, FAEFFS AL
W7l AL oNFFTE)E AR on, 20019 19 FXE HolF: §H E
ojof W}F3hiL, AL EHol 5~6v] AMAINE W Yol ZIWEE 1]
2 g wiAo] vk Aujol] AlgE FHe vdF= PBG M F A S AL
o #FHFHAT. AWML Fehad F P u =(W30xH20xL100cm)o) T )

2 $oll Efo]EF(Typoon, 2.8 4 /hr, Netafim, Israel)S 2Z 2 A2 3lo
FHEdEez A Ak AT Al FHT-D, A EZFo whata
T2 At F3Ho) WALES o] &(T-2)9) F 7HA] A= stgen, 7 2xA

109 tA ez 339 24 2%, |5, 44, 993, AT, 42T € 4
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el WaE 3xd ZAH AFAANEE 2AE Ay T-2(7.6mm)7F T-1
(Tmm)3t WLA] 86%) B¢ FJaAR7F Jepxon, T-19) 3¢ 12 A 3
A AR A7 SMEE FoAE JEhiA &skey T-2 M7 A5
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T-1(3553.723cm2)3} W A] 62%9] WAZAgH7} Jehgon B3 1 Z7Z
°f & ZAFEFRT 453 BA vehdth o3 Aux A ukaAlgd] o
ZEA e gl ooz Yeus A% guHd.

ZA# A3 T-2(25%)7F T-1(1.76g)
oulaA 47%e) AREQEIL debkon, 3F, 94F, 94FY JE 49

¥NF FBAS
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W) Wi FaaA deton, 53 7 sl AT % QBT T 08
YT B we AL BE T £ AUD

EEER

HE (g)

Hel

(218 6-9] WbAbg o] &o] mE 35 W3}

U Hob F FEENG0F)N HFHEL, Bho) 1~29 WA 39 3ol M
FE(AE Gem)ol olAste] VABEPBGUIF 125 E1IS/mE B AT
4e 2gol 5~6u) AAHYL W HejoEst

2 sl 54 2599 sAT AN F 2Fue g
BHAR O, T o) FREHE FEFEL ko BFAT AMAage Fepx
g AW =(W30xH20xL100cm)dll EFuA & 93t

s’
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FA 2 TF(CON), Ald o] EFo vAlGIELES HX 3t Fhof whARE o] &
3 ofellE WL AT EFE o I E(T1), okgtol dagdgdEoz A
HAEE(T2), 3 Add AgdBEoz F§E 5 JE S9d AA9 ozt
SE(T)Z 3ttt AL BemtA oz A 3d 1554 399 wxssid
[2% 6-10].

A(back) © LRIF fixation B(back) : LRIF opening and closing
C(front) : LRIF opening and closing D(front) : LRIF opening and closing
E(left side) @ LRIF opening and closing F(right side) : LRIF opening and closing
G(partition) : White~Black Film H(roof) ¢ LRIF opening and closing
I(shade)  form shading area

* LRIF : Light reflection and insulation film

[Z¥ 6-10] 24 30 G EFHEA 24 =

, 228 FAEAY. 2232 TTC(Triphenyl tetrazolium chloride) ¥ <
olste g AHste FHT AAG F B AEE oF 2cm ZHolE Hds}
of FLA EFT F 1 FollA 500mge HstA FEl test tubeol ¥ 1%
TTCE Y, 0.IMYUAUEF buffer, TFF7F 22 14569 Hl&2 £Fd 4 10ml

& s RUE §9 oS4 WA B2 FAREZE o4l A

0l

T 71EE AAGL o dHE 30T F25x0A 241F< AR T WS
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AN FE F 2N 2 2mlg 7heiA wbe e AR AT, AEE AR F o] &
S dE HAA (UV/VIS spectrophotometer) & ©]€ 470nmoll A =3 st g o}
ZEEE ZHLE HE 2 2 10ARH 2F 4R 4
FA4d AHeE FUE 4598 BEAZ47)(Portable Photosynthesis System,
LI-6400, LI-COR, USA)Z £ 4AgdAM+= 1,