
Development of Hybrid Greenhouse Heating and Cooling System by
an Air-to-air Heat Pump and its Application to Rose Production
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38% (
, http://www.e-stat.go.jp/SG1/est
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) 95% 

 
2002 35  L-1 
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results.html#headline3, 2015 1 27 , 1-1)
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( , 2009)
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COP4 90% 

39% 
 

4 ( , 2007)
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(
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(
2-2)   

  

(2009)

( 2-3)
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2-2  

 

2-1  
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8  

 
(2008) 8  

8  

( 2-1)  

( , 2008)
2-1

 

18  
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4-1) (
2-2 2-2) 2m 3

1.5 m 
 

 

2007 6 15 3 (KAIJO 
WS-590 )

2 ( 2-2)
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(FDUP1402HM , ( )) (
2-1)   

(MR6662, ( ) ) 10
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2-1  
 

 
,

.
 



    6  
_____________________________________________________________________________________ 

 

3 m s-1 
1.5m

9 2007 11 1 11 10
9  

 

2-3
0.35 m s-1 , 

0.61 m s-1 

0.05 m s-1 
( 2-3)

( 2-3)  

0.05 m s-1  0.25 m s-1 

 

11
8  ( 2-4) 11 1 2 ,

3  1  
 

(1982)
20 m 40 m 

 1 m s-1  

80 m3 min-1 

0.05 m sec-1  

0.25 m s-1 
 

11

3  1  
(2012)

3 2
2

2

 

 
2-4

 

  
 (m s-1)   (m s-1) 

2-3  1.5m
( ) 



 
 

 

 
 

23 25
16 17  ( , 1998) 2003

2005

( , 2010)  
65 85  L-1 2008

,

2009 97.2 ha
35.7 ha 15.5 ha 148.4 ha

2007 13 
ha 11  

( , 
2008 , 1990)

 
 

1)  

( 4-1)
( 3-1)   

( 2-2, 3-1)
18 8

8 18

259.2  ( 9.6 m 
 27 m)  4.8 m 

504.4  

634.0  

 
(FDUP1402H

M , ( )) 14 kW
( 2-1)

1000  ( 1770.9 )
49.2 W m-2 

(HK-2027, ( )) 56.8
 kW ( 64.6 kW, 88.0 )

1000  
199.4 W m-2 

12.5 kW 1000  
34.9 W m-2

(HK-1522, ( )) (
38.0 kW, 44.2 kW, 86.0 ) 1000 

133.4 W 
m-2 2009 6 1 2010

5 31  
(NT-600, 

( ), 2-3)  
(2007) (2009)

3-1  
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18 22 22 22

6 18 6 18 20  
2009 8 1 9 15

21 0 22 0 7 20  
2

( PH-66, 
LS-10S, ( ) ) 1 ( )

2
1

20  

 
2)  

Eq.(3-1), (3-2)
(RE1-LE, ( )) (RVR-52, 

( )) (MR6662, ( )
) 10 3 m 

s-1 2009
12  

 
=   10  / ((   )      3600))   

       Eq. (3-1) 
 

 =  ×  ×                          Eq. (3-2) 
 

(W m-2 K-1), (MJ), 
( ), ( ), 504.4( ), 
(h), A  36.7 (MJ L-1), 

(  0.88,  0.86 ,
(JIS A 4003) ), (L), 3600

3600 (sec) 
3)  

1000 1770.9  
1

(
( ), PPMCFBR2-M)

( ) (2010 (7

23 , 7 9 ) 12.95  kW-1 h-1 11.77  
kW-1 h-1 (23 7 )9.33  kW-1 h-1  
1037.4  kW-1)  

A 2009 6
2010 5 A (

, , http://www.e
necho.meti.go.jp/info/statistics/sekiyukakaku/sekiyukakak
u3.htm, 2012 8 16 ) 65.8  L-1 

 
4)  

Eq.(3-3)  
 

  ( ) 3600  / ( 106 )  
Eq. (3-3) 

 
 (L),  ( 18

8 ),  ( 18 8 ), 
(14 h day-1 18 8 ), (days), 

(W m-2 K-1), (m2), A 36.7 
(MJ L-1),  
5) CO2  

CO2

( 21
, http://www.env.go.jp/press/press.p

hp?serial=13319, 2012 8 16 )
115.8  10-6 g J-1 A CO2

39.
1 MJ L-1 0.0693 kg CO2 MJ-1 (

, , http://www.env.
go.jp/earth/ondanka/santeiho/guide/pdf1_6/mat_01.pdf, 20
12 8 16 ) 2.71 kg CO2 L-1 

 
6)  

2005 4 20 5.692  m-2 
(  L. Asami Red , 4-2)

®

2009 6 2010 5
 NO3-N:11.6, P:3.5, 

K:5.7, Ca:6.6, Mg:2.0 (me L-1)   Fe:3, Mn:0.5, 



 
 

 

 
 

B:0.3, Cu:0.04, Zn:0.1, Mo:0.02 (ppm)   
 

1)  
2009 12 14 17

3.4 3.9 W m-2 K-1 
3 3.66 

W m-2 K-1 3.70 W m-2 K-1 
( 3-1)  

2)  
1

22.7 22.7  
25.6 25.6  

( 3-2)
8

2.2  
( 3-2, 3-2) 7~9

(12 2 )

1
1.6   

 
 

( 3-3) 8
83% 90% 

72.9 % 
76.1% 

12 2

 

 
3)  

1
1.6  ( 3-2, 3-2)  

Eq.(3-3) 3-2
11 3 5

 6 10 4

8 9
7 ( 3-2)  

1000  (

3-3 (8 18 )

(18 8 )  

 8:00-18:00 

 18:00-8:00 

2009 2010 

 18:00-8:00 

3-2 (8 18 )

(18 8 )  
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1770.9 ) 1  
3-2

(
3-2 3-4) 8,9

( 3-2 3-4)
12.34 MJ m-2 1.32 MJ m-2

13.66 MJ m-2 
1.25 MJ m-2

14.91 MJ m-2 
1.13 MJ m-2 A

12.61 L m-2 
33.49 L m-2 38% ( 3-2)  

81.62 MJ 
m-2 

12.34 MJ m-2 31.43 

MJ m-2 43.77 MJ m-2 
37.85 MJ m-2 

 
COP(

7 , 6 , 20 ) 3.79
(

3-2, 3-5) 78.19 MJ m-2 
81.62 MJ m-2 

81.62 MJ m-2 
COP 4.06   
 

1 46% 4 88% 

 
3-5

 
3-4  

3-2 A (2009 2010 )z.

22.7 24.4 23.1 21.7 19.8 20.2 19.3 18.8 18.9 19.1 19.5 20.9
(MJ m-2) 0.12 0.00 0.00 0.02 0.28 1.66 2.20 2.22 1.70 1.86 1.47 0.81 12.34
(MJ m-2) 0.00 0.00 1.02 0.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.32

(MJ m-2) 0.00 0.00 0.00 0.00 0.01 0.07 0.21 0.34 0.23 0.19 0.15 0.05 1.25
A (L m-2) 0.02 0.00 0.00 0.00 0.11 0.84 2.77 3.97 2.70 1.70 0.26 0.01 12.38
A y (L m-2) 0.11 0.08 0.04 0.23

A (L m-2) 0.13 0.00 0.00 0.00 0.19 0.84 2.77 3.97 2.70 1.70 0.30 0.01 12.61
x (MJ m-2) 0.45 0.00 0.08 1.06 6.29 8.34 8.41 6.44 7.05 5.57 3.07 46.76
/  (%) (58) (69) (75) (55) (46) (49) (62) (88) (99) (60)

A w (MJ m-2) 0.32 0.00 0.47 2.09 6.91 9.90 6.73 4.24 0.75 0.02 31.43
A / (%) (42) (31) (25) (45) (54) (51) (38) (12) (1) (40)

(MJ m-2) 0.77 0.00 - 0.08 1.53 8.38 15.25 18.31 13.17 11.29 6.32 3.09 78.19
( ) 23.1 24.8 25.3 22.2 20.0 19.4 18.0 17.2 17.9 18.9 19.6 20.5

(MJ m-2) 0.01 0.00 0.00 0.00 0.11 0.12 0.27 0.25 0.14 0.09 0.11 0.03 1.13
A (L m-2) 0.45 0.00 0.00 0.06 1.33 2.76 5.36 6.80 5.00 4.30 2.80 2.93 31.79
A y (L m-2) 0.24 0.43 0.54 0.28 0.08 0.13 1.70

A (L m-2) 0.45 0.00 0.06 1.33 3.00 5.79 7.34 5.28 4.38 2.80 3.06 33.49
(MJ m-2) 1.10 0.00 0.15 3.24 7.31 14.11 17.89 12.87 10.67 6.82 7.46 81.62

z ,8 1 9 15 , .
y A  = ×  ×  ×  / (A  × )
x =  (J) × COP (3.79)
w A = A (36.7 × 106 J L–1) × ( 0.88, 0.86).



( 3-2) 2009 6

58% 
4)

3-2 A
2009 6 ~2010 5

A
65.8 L-1 ( 3-3, 3-6)

2162  m-2

1645  m-2 24% (517  m-2)

8 1 9 15
9 15

8 6 8
23.1 25.3

2.2 ( 3-2) 9
9 6% 

8 9 2
84  m-2

5% ( 3-6)

5) CO2

1 CO2

3-2
CO2

CO2 92.5 kg m-2

56.6 kg m-2 CO2 39% 
( 3-7)

1)
3.66 W m-2 K-1

3.70 W m-2 K-1

259.2 
1.95

1000 
1.77( 38.4 m, 27.0 m, 4.8 m)

( )

11 3

1 1.6

3-7 CO2

3-6
A 65.8  L-1 2009

L

3-3 2009 6 2010 5 z.
6 7 8 9 10 11 12 1 2 3 4 5

  (  m-2) 28.5 17.4 54.9 29.1 32.0 86.6 114.1 119.8 95.6 100.0 83.2 52.8 814.0
A y (  m-2) 8.5 0.0 0.0 0.0 12.9 55.3 182.5 261.0 177.9 111.9 20.1 0.7 830.8

 (  m-2) 37.0 17.4 54.9 29.1 44.9 141.8 296.6 380.8 273.5 211.8 103.3 53.4 1644.5
  (  m-2) 4.6 4.1 4.1 4.1 8.1 11.6 16.3 17.9 16.0 15.2 12.3 12.3 126.6

A y (  m-2) 28.5 0.0 0.0 4.0 85.1 176.4 343.2 435.5 319.9 275.6 179.5 187.7 2035.4
 (  m-2) 33.1 4.1 4.1 8.1 93.2 188.0 359.5 453.4 335.9 290.8 191.8 200.1 2162.1

z 18 °C. 20 8 1 9 15 )
.

y A 65.8  L-1



    6  
_____________________________________________________________________________________ 

 

A
 

2)  
COP 3.79

A
78.19 MJ m-2

81.62 MJ m-2 

COP 4.06
COP JIS 7

6 20  8
9 1 COP

4.06 1 4.5  (
3-2, 3-2)

 

43.77 MJ m-2 
81.62 MJ m-2 46  

( 3-5)  
8 9

45.09 MJ m-2 81.62 MJ m-2 
 

1.32 MJ m-2 12.34 MJ m-2 11% 
2  

55 m-2 ( 3-3)
 

COP4.06 1987 (1987a) COP
2.0 2.8 1989 (1989) COP 2.4

3.2
2008

(2008)
COP 3.58

5 9  
 

 (2008) 
COP5

6

 

(
, 2007 , 2009)

 
(2008)

 
1000  

( 1770.9 )
49.2 W m-2 

1 46% 
4 88% 

18  
49.2 W m-2 

 
3)  

A
62% A

13 (
3-2)  

A 65.8  L-1 

24% ( 3-3 3-6) A

A
( 3-8) A

 



 
 

 

 
 

 

A

A 37  L-1 

( 3-8)  

( ) 2
78  L-1 

( 3-9)  

 
1000  2500000
A

A
Eq.(3-4) 10% 

 
 

(    / 10)                       Eq. (3-4) 
 

: , (2500  m-2), 

 
 

A 50  L-1 2500  m-2 
8.9

7 A
54  L-1 7

( 3-10)  

 

49.2 W m-2 

18  (10 4 18 8
19.6 ) 20  (8, 9 18 8

22.4 )

A 37  L-1 

2500  m-2 A
54  L-1 7

 

46  ( 3-2, 3-5)
2009~2010

24% 
CO2

39% 
 

3-9 2

 

3-10

 

0
500
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1500
2000
2500
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3500
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4500
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A (  L-1)

 ( )
( )

 ( )
( )

3-8
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 46  
2009~2010 A

65.8 L-1 24% 

 

( , 1982, , 
1983b) (1990)

Plaaut Zieslin (1979)

1
 

1

 

1)  

( 3-1 4-1)
( 2-2, 2-2)

18 8 8
18

( 259.2 m2 (  9.6 m   27 m)  4.8 m)

504.4 

634.0   
2)  

(FDUP1402H
M , ( ))

14 kW ( 2-1)
1000 m2 ( 17

70.9 m2 ) 49.2 W m-2 
(HK-2027, ( ))

 56.8 kW  (  64.6 kW,  88.0 )
1000 m2 

199.4 W m-2 
12.5 kW 1000 m2 

34.9 W m-2 
 

(HK-1522, 
( )) (  38.0 kW,  44.2 kW,  
86.0 ) 1000 m2 

133.4 W m-2  
(NT-600, 

( )) ( 2-3) 18
22 22 22 6 18 6 18 20  

2009 8 1 9 15
21 0 22 0 7

20  
2 ( PH-66, 

LS-10S, ( ) )
1 ( )

2 1
20  

 



 
 

 

 
 

2009 6 1 2010 5 31
 

 
3)  

(MR6662, ( ) )
(MR9202, ( ) ) 10

3 m s-1 
9  1.5 m  

4)  
2005 4 20  5.692  m-2 

(  L. Asami Red , 
4-2)  

 
(

, , ( ) )
( 4-1, 4-3)
 

2 ( 4-1)
15 cm

 

 

 
 NO3-N: 11.6, P: 3.5, K: 5.7, Ca: 6.6, Mg: 

2.0 (me L-1)  Fe: 3, Mn: 0.5, B: 0.3, Cu: 0.04, Zn: 
0.1, Mo: 0.02 (ppm) 

( , 1994)
 

30 cm  10 cm 
30 cm 4.5 mm 

 

 10  3 
3

1  30   
ANOVA

 
5)  

( ,
 http://www.shijou-tokei.metro.tokyo.jp/index.html,  2012

4-1  
 

4-1  

 
4-3

 

 
4-2  L. 

Asami Red .  
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9 30 )

80 cm 1  70 cm 80 cm 0.
8  60 cm 70 cm 0.6  50 cm 60 cm 

0.4  40 cm 50 cm 0.2  30 cm 4
0 cm 0.1 0 

 
6)  

1000 m2 1770.9 m2 

(
( ), PPMCFBR2-M)

( ) (2010  (7
23  7 9 ) 12.95  kW-1 h-1 11.77  
kW-1 h-1  (23 7 ) 9.33  kW-1 h-1,
1037.4  kW-1 12 )

1000 m2 151 kW
 

A 2009 6

2010 5 A (
, , http://www.en

echo.meti.go.jp/info/statistics/sekiyukakaku/sekiyukakaku
3.htm, 2012 8 16 ) 65.8  L-1 

 
 
 

1)  

 

8
1.3  ( 4-1, 4-2)
8 1 9 15 9

18
19
20
21
22
23
24
25
26
27
28

6 7 8 9 10 11 12 1 2 3 4 5
2009 2010

4-2  

4  z.
6 7 8 9 10 11 12 1 2 3 4 5
24.9 26.5 26.2 24.1 21.7 21.6 20.8 20.4 20.8 20.9 21.7 23.4 22.7
25.2 26.7 27.5 24.6 22.0 21.3 19.9 19.3 19.9 20.9 21.7 23.2 22.7
22.7 26.1 27.4 24.2 18.8 14.3 9.2 6.2 8.0 10.6 13.8 18.9 16.7
28.1 29.1 30.5 27.5 24.3 23.7 22.8 22.6 23.5 23.3 24.9 27.0 25.6
28.1 29.6 30.8 27.9 24.7 23.9 22.5 22.3 22.7 23.6 24.2 26.5 25.6
24.9 27.7 29.9 26.9 21.6 16.9 11.6 8.6 10.4 12.8 16.1 21.7 19.1
22.7 24.4 23.1 21.7 19.8 20.2 19.3 18.8 18.9 19.1 19.5 20.9 20.7
23.1 24.8 25.3 22.2 20.0 19.4 18.0 17.2 17.9 18.9 19.6 20.5 20.6
21.1 25.0 25.6 22.2 16.8 12.4 7.6 4.5 6.4 9.1 12.2 16.9 15.0
79.7 83.7 76.2 78.2 78.3 74.9 66.8 58.8 64.7 67.2 72.0 73.6 72.9
81.3 85.5 80.7 79.2 79.5 78.6 72.9 69.5 71.2 69.8 71.4 73.3 76.1
79.5 84.9 75.2 70.6 73.1 73.4 66.5 62.0 74.3 71.2 71.4 71.7 72.8
68.0 77.5 66.6 64.1 66.7 72.1 68.5 62.3 63.2 63.2 63.1 59.2 66.2
68.4 74.9 64.9 61.7 66.8 74.2 74.0 71.4 71.9 67.1 64.8 57.9 68.2
70.7 78.5 64.4 59.4 62.9 64.0 58.1 53.1 65.2 62.6 62.9 61.7 63.6
86.4 89.2 83.1 88.3 86.6 76.9 65.7 56.3 65.7 70.1 78.4 83.9 77.5
89.9 91.2 90.4 90.8 88.1 82.0 73.2 69.5 71.9 72.4 77.1 84.2 81.7
85.8 89.5 83.0 78.6 80.4 80.1 72.5 68.3 80.7 77.4 77.4 78.7 79.4
18.5 22.2 20.7 16.8 14.5 15.3 13.9 12.5 13.2 12.9 13.7 14.9 15.8
18.5 22.0 20.4 16.5 14.8 15.9 14.8 14.1 14.5 14.1 13.9 14.2 16.1
16.1 20.8 19.3 15.0 11.7 9.3 6.2 4.5 6.5 7.1 8.5 11.7 11.4
17.5 19.9 17.3 16.9 14.8 13.4 10.9 9.1 10.7 11.5 12.9 15.3 14.2
18.6 20.7 21.2 18.2 15.4 13.7 11.3 10.2 11.1 11.8 13.1 15.0 15.0
15.9 20.5 19.8 15.5 11.6 8.9 6.0 4.6 6.3 7.2 8.6 11.6 11.4
0.39 0.34 0.49 0.31 0.32 0.55 0.78 0.96 0.75 0.68 0.54 0.41 0.54
0.30 0.29 0.33 0.26 0.29 0.41 0.56 0.60 0.58 0.60 0.53 0.40 0.43
0.36 0.35 0.57 0.59 0.38 0.29 0.28 0.27 0.17 0.25 0.32 0.41 0.35
1.26 0.96 1.49 1.37 1.07 0.85 0.89 1.05 1.12 1.12 1.30 1.52 1.17
1.24 1.12 1.60 1.50 1.09 0.80 0.74 0.80 0.81 1.02 1.15 1.53 1.12
0.97 0.86 1.55 1.49 1.02 0.73 0.58 0.55 0.45 0.58 0.73 1.04 0.88

z .
y  (8:00 ~ 18:00),  (18:00 ~ 8:00)



 
 

 

 
 

0.5  11 2
0.3 ~ 

1.1  
22.7   

8 18 

25.6  ( 4-1, 4-2)  
18 8 

8
23.1  2.2  

9
21.7  0.5  8

7 9

10
2010 1

1.6  
( 4-1, 3-2)  

( 4-1, 4-3)   

 

10

69.5% 
58.8% 
72.9% 76.1% 

 
5 11

12 ( 4-1,
3-3)

8 9 8
90.4% 

83.1% 12 3

(
4-1, 3-2)  

( 4-1, 4-4)   

 

1 1.6 g 
kgDA-1 

8
8

21.2 gkg DA-1 
17.3 g kgDA-1 

 

 

( 4-1)
8

11 2
( 4-1, 4-5)   

1)  

0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6
1.8

6 7 8 9 10 11 12 1 2 3 4 5

 8:00-18:00

 18:00-8:00

4-5 (8 18 )
(18 8 )  

8
10
12
14
16
18
20
22
24

6 7 8 9 10 11 12 1 2 3 4 5

:00-18:00

 18:00-8:00

4-4 (8 18 )
(18 8 )  

 
4-3  
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2009 9
( 4-2)

1 19.2 1
18.3 

 
9

1
712.7 g 1 643.2 g

 

7 2
1

39.3 g 1 36.2 g
 

2 5
2

5

74.8 cm 74.9 cm  
4 5

 
2009 6 1 5

6 9
35 12

45 1~2 60 5
45 ( 4-6) 7~9

35
9

10

1~2
4~5

 
4-6

6~7 8~9
10~5  (
4-3) 

 

1 139.2 g 1 91.0 g 

  

0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

6  7  8  9  10  11  12  1  2  3  4  5  

 

4-6
 

4-2 (  L. ‘Asami Red’) 
                

z 2.1 2.1 1.9 2.5 2.2 0.6 1.5 0.9 0.8 1.6 0.6 2.4 19.2
2.2 2.3 1.9 1.5 2.0 1.0 1.0 0.9 0.7 1.2 1.5 2.0 18.3

 y n.s. n.s. n.s. * n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.
83.6 73.8 58.2 81.0 80.3 29.1 59.9 35.8 39.8 71.3 27.3 72.8 712.7
88.0 70.2 48.3 42.7 67.7 37.7 42.4 37.6 26.8 51.6 62.7 67.6 643.2
n.s. n.s. n.s. * n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. *
39.8 35.2 30.3 32.6 37.0 45.9 40.2 39.8 51.9 44.9 43.1 30.7 39.3
39.4 30.2 26.0 28.0 34.0 37.4 42.2 40.2 38.4 41.8 42.4 34.7 36.2
n.s. ** n.s. n.s. n.s. n.s. n.s. n.s. * n.s. n.s. n.s. n.s.
73.4 72.6 69.1 66.7 75.7 81.5 82.0 76.2 85.8 78.7 76.4 59.7 74.8
77.2 69.3 62.3 61.4 75.3 77.0 85.9 80.4 75.5 79.6 80.8 73.5 74.9
n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. ** n.s. n.s. ** n.s.
4.44 4.18 3.89 4.34 4.57 4.44 4.47 4.67 4.78 4.71 3.86 4.07 4.37
4.39 3.98 3.95 4.19 4.32 4.57 4.65 4.46 4.59 4.60 4.59 4.35 4.39
n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. ** * n.s.

z (18:00 8:00) .
y  **  *  n.s. .



 
 

 

 
 

 

 

0.3  ( 4-3)
0.3  

1.4  

0.7    

( 4-4)
6 80 cm 8

9 70 cm 2
8

2010 3
70 cm 

40 cm  
 
 

4-3 ( L. ‘Asami Red’) .

4.2 4.4 10.6 19.2
4.6 3.4 10.4 18.3

y n.s. n.s. n.s. n.s.
157.4 139.2 416.1 712.7
158.2 91.0 394.0 643.2

n.s. * n.s. *
37.4 31.6 39.5 39.3
34.7 27.0 37.9 36.2

* * n.s. n.s.
73.0 67.8 74.7 74.8
73.2 62.1 77.9 74.9
n.s. * n.s. n.s.

4.32 4.15 4.44 4.37
4.18 4.06 4.49 4.39

* n.s. n.s. n.s.
28.6 29.0 24.0 25.6
28.8 29.3 23.8 25.6
23.6 22.4 19.6 20.7
23.9 23.8 18.9 20.6

z  (18:00 8:00) .
y  **  *  n.s. .
x 8:00 18:00, 18:00 8:00 .

(10~5 )(6~7 )
z

(8~9 )

 (cm)

 (cm)

 (g)

 
4-4 ( L. ‘Asami Red’) (%)z.

80 19.0 19.0 10.5 6.7 32.3 63.2 53.3 25.9 73.9 43.8 31.6 1.4 25.0
70 80 44.4 46.0 28.1 25.3 46.2 26.3 37.8 48.1 17.4 33.3 36.8 15.5 33.9
60 70 23.8 15.9 33.3 37.3 7.7 0.0 4.4 22.2 4.3 16.7 15.8 35.2 21.2
50 60 3.2 3.2 7.0 12.0 1.5 0.0 0.0 3.7 0.0 4.2 10.5 23.9 7.0
40 50 1.6 0.0 0.0 0.0 1.5 0.0 0.0 0.0 0.0 0.0 0.0 22.5 3.1
30 40 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.4 0.2

y 7.9 15.9 21.1 18.7 10.8 10.5 4.4 0.0 4.3 2.1 5.3 0.0 9.6
x 11.95 11.95 10.81 14.23 12.33 3.60 8.54 5.12 4.36 9.11 3.60 13.47 109.10

80 40.3 15.7 3.6 2.2 33.3 30.0 70.0 39.3 18.2 43.2 51.1 21.7 28.7
70 80 31.3 27.1 16.1 20.0 25.0 33.3 16.7 46.4 54.5 43.2 40.0 40.0 31.1
60 70 14.9 20.0 25.0 28.9 15.0 6.7 3.3 0.0 18.2 13.5 8.9 26.7 16.7
50 60 1.5 12.9 12.5 17.8 1.7 0.0 0.0 0.0 0.0 0.0 0.0 6.7 5.5
40 50 0.0 1.4 3.6 6.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.1
30 40 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

11.9 22.9 39.3 24.4 25.0 30.0 10.0 14.3 9.1 0.0 0.0 5.0 16.9
12.71 13.28 10.63 8.54 11.38 5.69 5.69 5.31 4.17 7.02 8.54 11.38 104.35
51.6 49.6 50.3 67.3 69.4 85.1 80.7 75.1 83.8 95.2 70.7 69.3 70.7

z 2009 6 2010 5 . 8 1 9 15  (18:00 8:00) .
y 5 mm 30 cm .
x 1 m2 .
w .

w (  )
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(

4-7)
80 cm 70 cm 

15.368  m-2 
14.799  m-2 2

80 cm 

60 cm 3
17.645  m-2 9.107  m-2 

  
10 5 70 cm 2

40.233  m-2 
43.639  m-2 

2.656  m-2 6.830  
m-2  
1)

 

( 4-4)
( 4-4)

( 4-5)
830  m-2 850  m-2 

820  
m-2 450  m-2 

3490 
 m-2 3420  m-2 1

5141  m-2

4726  m-2 415  m-2 
90% 

 
2)  

A
( 3-3)  

A 2009 6 ~2010 5
A 65.8  L-1 

2162  m-2 
1645  m-2 24% (517  m-2)

8~9
84  m-2 

8.2  m-2 75.8  m-2 
 

1000  2500000
A

A Eq. 
(4-1) 10% 

D I

 
 

( /10) (  + I )                   Eq. (4-1) 
 

: ( ), : (2500  m-2), : 
(  -1), : 

(  -1)  

7 A
54  L-1 

( 4-8)
A 32  L-1 

 
4-7

 

4 5 ( L. ‘Asami Red’) z.  : m  

 
(cm)

80 230.5 121.1 1680.8 2032.4
70 80 437.7 316.3 1209.8 1963.8
60 70 144.6 323.3 426.8 894.7
50 60 15.4 61.2 125.5 202.1
40 50 2.0 0.0 44.7 46.6
30 40 0.0 0.0 1.3 1.3

x 0.0 0.0 0.0 0.0
830.1 822.0 3488.9 5141.0

80 367.8 31.9 1719.0 2118.7
70 80 307.6 160.7 1326.1 1794.3
60 70 137.8 179.8 350.4 668.0
50 60 37.8 67.6 26.3 131.7
40 50 1.9 11.5 0.0 13.4
30 40 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0
852.9 451.4 3421.8 4726.1

z 

 80 cm ,70 cm 80 cm 0.8,60 cm 0 cm  0.6,
   50 cm 60 cm 0.4, 40 cm 50 cm  0.2, 30cm 40 cm 0.1.

x 5 mm 30 cm .

y

(8~9 ) (10~5 )(6~7 )

y  2009 6 2010 5 . 8 1 9 15
(18:00  8:00) .



 
 

 

 
 

1)
 

2009 6 2010 5 8 18

 
18 8

8 1 9 15
8 9

8
23.1  25.3  2.2   

8 9

8
 

11

 
2)

 
19.2  -1

18.3  -1 ( 4-3) (2003)
20

28  -1

 

6~7 8~9 10~5
(

4-3) 7 9

( 4-6)

( 4-6) 8 9
35

10 45 8
10

 

(1990)

8 9
( 4-1)

( 4-6)
 

8 9 2
( 4-3)

 
(1997)

Marcelis(1995)
8

25.3  
 

 Shin (2001)  30  
15  

 
(

, 1997b)

2 ( 4-1)

 

2010 1 1.6  
( 4-1)

4-8  
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( 4-2) 10 5
( 4-3)

 

(1997)

(1990)

 

(Ohkawa and Suematsu, 1999) Doi
(2009)

 
3)

 

 80 cm 1  10 cm 
0.2 Kim
Heinrich(2004)  
40 cm  80 cm 

 

370  m-2 
( 4-5)

415  m-2 90% 

 
67  m-2 

( 4-5)

 
1 5141  m-2

4726  m-2 415  m-2 

( 4-5)  
4)  

2162  m-2 1645  m-2 
24% (517  m-2 )
( 3-3)  

 
61.7 W m-2 

2  

 

2009~2010 A 32  L-1 



(Darlington , 1992)

( , 1990)

95% 

( , 1996)

1)

( 4-1)

( 5-1) 19 7
8 18

 18 8

259.2  ( 9.6 m, 27 m)
634.0 1410.0 m3

936 m3 ( 9 m,  26 m,
4 m)

( , ( ))

2)
2005 4 20 (

 L. Asami Red ) ( 4-2)
(Ohkawa and Suematsu, 1999, Lieth and Kim, 2001, 

Kim and Lieth, 2004)

( , ( ) , )
,( )

( 4-3) 2

( 4-1, 5-2)

1 10
1000 m2

5.692  m-2

( 5-1)

 259.2 
1010 1128

5-2
( )

3        2       1

8        7       6       5

5-1 . 
(08:00–18:00)  (18:00–08:00). 

. 
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118
3.900  m-2 4.352  m-2  

 NO3-N:11.6, P:3.5, K:5.7, Ca:6.6, Mg:2.0 (me L-1)
 Fe:3, Mn:0.5, B:0.3, Cu:0.04, Zn:0.1, Mo:0.02 

(ppm) 6 17
12

( , 
( ))  

3)  
12.5 

kW ( 5 , , 
2-1) 1000  

1770.9 34.9 W m-2  
19

7 20  
2 ( PH-66,

LS-10S, ) 1
20  

 
2008 7 20 7 24

 
4)  

(MR9202, ( ) )
(MR6662, ( ) )

10 3 m s-1 
9  1.5 m 

2008 8 1 8 8
4.6 m

(IKS-37, )  
5)  

, 1988

CO2 1500 mol mol-1 CO2

CO2 (GMT222, VAISALA )
Eq. (5-1)  

 
   =  (( - ) / (  - )) /           Eq. (5-1) 

:  (h-1), : CO2  ( mol mol-1), : 
CO2  ( mol mol-1), : CO2  ( mol mol-1), 

: (h) 

2007 11 12 11 13 11 29
12 6 2008 1 15 3 11 3 12

7  
6)  

1  ( 5-3) (FT-30KA4, 
( )) 1

1
2008 7 20

7 24 1 g 
1 mL  

 
1

1
1

(SD13S,
( ))

8 ( 5-1)
12 3 13 5

( 5-2)  
7)  

( ( ))
(RVR-52, ( ) )  

1)
 

1

FT-30KA4, 
( 5-3)

 
5-3  



 
 

 

 
 

 

2008 2 8
2 22 18 6 14

 
2)  

Eq. (5-2)  
 

 = 1/1000 (   ) 
                                           Eq. (5-2) 
 

: (L), 1/1000:mL L
, : (m3), : ( h-1), : (h), :

 (m-3 kgDA-1), :
 (mL g-1), :, : (g kgDA-1) 

 

Eq. (5-3)  
 

= (   )                   Eq. (5-3) 
 
 : (L), : (m3), :

 (m-3 kgDA-1), :
 (g kgDA-1)  

 

Eq. (5-4)
 

 
 =                                 Eq. (5-4) 

 
 :  (L), : 

 (L), : (L), :
(L) 

 
2008 7

20 7 24  
 

1)  

2008 7 20
12 24 12 5-4

  

 

7 20 21 17
19

19
1 27.2

26.8  0.4  1
30 20 30 27.0 26.1  

0.9  5 0
25.9 23.6  2.3  5

7
1 8

20  

 

80 90% 3~6% 
( 5-5)  

2008 7 20 24
(

5-5)
7 20 1

79.7% 77.3% 
5 0 85.3% 

18  

23  

28  

33  

38  

43  

/

   

Cooling 

7/20        7/21      7/22    7/23        7/24

0  

500  

1000  

1500  

5-4 2008 7 20 24
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77.1% 7

( 5-5)  

 

 
7 20

19 23.0 g kgDA-1 21.1 g kgDA-1 

30 19 30
7 21 5

21.6 g kgDA-1 15.7 g kgDA-1 

( 5-6)  
2008 8 1 8 8 19 5

1.5 m 
15.1 g kgDA-1  4.6 m 

16.4 g kgDA-1 22.2 g kgDA-1 

 
17

( 5-4, 5-5, 5-7)

5 0.3 kPa 
7

( 5-7)  

 

2)  
10

36 kg

2008 7 20 12 100
24 5-8  

18

19
6

(
5-8)  

0.0  
0.5  
1.0  
1.5  
2.0  
2.5  
3.0  
3.5  
4.0  
4.5  
5.0  

/

   

Cooling 

7/20        7/21              7/22             7/23          7/24 

 
5-7 2008 7 20 24

 

14  

16  

18  

20  

22  

24  

26  

/

   

Cooling 

7/20           7/21               7/22             7/23         7/24 

5-6 2008 7 20 24
 

40  

50  

60  

70  

80  

90  

100  

/

   

Cooling 

7/20        7/21             7/22            7/23           7/24 

 
5-5 2008 7 20 24

 



 
 

 

 
 

 
3)  

( 5-1)
0 100% 5

2008
2 8 2 22

0.8 kPa  

60.1 mL h-1 
7.8 mL h-1 

13% 

1.8% 

  
4)  

2008
7 20 7 24

1 3 14 mL h-1 
( 5-9)  

 

0.41 kPa 
0.65 kPa 

(19 5 )
1 5.2 mL 

h-1 
1  9.6 mL h-1 

5-9  

97

98

99

100

101

102

12:00 18:00 0:00 6:00 12:0

5-8  

5-1 z

 
( )

 
( )   (  / )

(%) (mL h-1 per planter) (mL h-1 per planter) (%) (kPa)
0 60.1 7.8 13.0 0.70
26 81.0 8.9 10.9 0.88
66 80.1 4.7 5.8 0.91
83 58.1 3.2 5.6 0.86
100 74.4 1.3 1.8 0.80

z  (18:00 6:00) .  
 

 5-2 
z

h-1 m s -1

11/12 21:00 to 23:00 2,163 902 453 0.67 3.5
11/13 19:00 to 23:00 3,646 1,597 468 0.34 0.0
11/29 19:00 to 23:00 2,421 1,111 462 0.37 0.8
12/6 19:00 to 23:00 2,278 1,015 488 0.41 0.4
12/7 19:00 to 23:00 2,772 1,617 479 0.23 0.0
3/11 19:00 to 22:00 1,538 769 449 0.41 1.2
3/12 20:00 to 22:00 1,900 1,175 475 0.36 2.0

z ( ) .
     = ln ((  - 0) / (  - 0)) / 
     : CO2 ( mol mol-1), 0: CO2 mol mol-1),
     :t CO2 ( mol mol- 1)

CO2  ( mol mol-1)
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(Eq. 5-5 
R  = 0.91** ** 1% )

( 5-9)

 
 

 =15.85   – 1.02        Eq. (5-5) 
 

:  (L)  :  (kPa) 
 
5)  

CO2

CO2 Eq. (5-1)
( 5-2)  

CO2 1500
3600 mol mol-1 CO2

3 700 1600 mol mol-1 

( 5-10) 0.23 0.67 h-1 
7

Eq. (5-6)
 = 0.71* * 5% 

Eq. (5-6)

 

 
 

0

500

1,000

1,500

2,000

2,500

3,000

16:00 18:00 20:00 22:00 0:00 2:00 4:00

CO2 

CO2 

 
5-10 CO2

5 3 2008 7 20 23

1 2 3 4 5 6 7 8
7/20 749 467 500 446 485 362 531 239
7/21 549 368 390 405 379 268 536 183
7/22 459 398 560 518 467 301 625 225
7/23 550 675 783 515 462 454 608 292

577 477 558 471 448 346 575 235
y (%) 100.0 82.8 96.8 81.7 77.7 60.0 99.7 40.7

z :
        = ( - ) / 
y 
   .

z

(mL day-1 per plant)

 
5-4 2008 7 20 24 .

1 2 3 4 5 6 7 8
7/20-21 103.0 12.4 10.2 12.0 10.9 10.4 8.0 13.4 5.4 82.8
7/21-22 96.5 11.6 9.6 11.2 10.3 9.7 7.5 12.5 5.1 77.5
7/22-23 89.0 10.7 8.8 10.3 9.5 9.0 6.9 11.5 4.7 71.5
7/23-24 96.0 11.5 9.5 11.2 10.2 9.7 7.5 12.4 5.1 77.1

120 120 120 130 130 130 130 130 1010
z 19:00 5:00 .
y 5-3 .

(L)

( )

z
 (L)y

 (mL per plant)

 
5-5 .z

( i) ( e)
L g kgDA-1 g kgDA-1 L g kgDA-1 g kgDA-1 L L L

7/20 ~ 7/21 115.9 20.15 17.19 12.5 23.0 15.7 10.3 93.1 82.8
7/21 ~ 7/22 114.4 20.15 16.58 15.1 21.9 14.7 10.1 89.2 77.5
7/22 ~ 7/23 120.0 21.48 17.55 16.6 23.8 15.4 11.8 91.6 71.5
7/23 ~ 7/24 117.6 21.46 17.44 17.4 22.8 15.5 10.3 89.8 77.1

117.0 20.81 17.19 15.4 22.9 15.3 10.6 90.9 77.2
z 19:00 5:00 .
y 1410.0 m3 . ,Eq.(5-2) .
x Eq. (5-3) .
w 5-4 .

x 

( )    (  -  - ) w ( ) ( out) ( in) ( )y



 
 

 

 
 

 
 

 = 0.089  + 0.30                       Eq. (5-6) 
 

h-1 ms-1 
 
6)  

10
1

 
2008 7 20 23

1 243 557 mL day-1 
( 5-3)

Bed number 1 
( 5-1) 100  ( 5-3)

( 5-4)  
7)  

7 20 19 7 21 5
115.9 L ( 5-5)

Eq. (5-2)
12.5 L  7 20 19

23.0 g kgDA-1 7
21 5 15.7 g kgDA-1

Eq. (5-3) 10.3 L Eq. (5-4) 
 115.9 L  12.5 L 10.3 L 93.1 L 

 
1

103.0 mL ( 5-4)  
( 5-3)

82.8 L  ( 5-4, 5-5)
10.3 L  

7 21 3 7
20

( 5-5)  

1)  

 1010 1128

10

( 5-1)  

1

( 5-3)  
Shimomura 2003

8 11 3
7 4

 
2)

 

34.9 W m-2 
11.7 L h-1 ( 5-5)

( 5-7)  
3)  

1.8% 
 

( 5-8)
( 5-9)
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4)  

76 80% ( 5-5)  
(2003, 2009)

 
 

1.8% 
 

 

 
19 5

 
 Eq.(5-4)

 2008 8 1 8 8

7.2 g kgDA-1 
1.3 g kgDA-1 

18.8% 
Eq.(5-2)

1.9 L  

1
(1982)

17  
 

( 5-3)
5-3 461 mL day-1 

143.3 31% 5-5

10.4 20.1 L 
11 22% 
 

  3.9  m-2 
76 80% (

5-11)  

 
 

9% 

 
78% 

 

13% 

5-11
%  



 
 

 

 
 

 
2009~2010 A 65.8

L-1 
24 % 46  

415  m-2 
 

( 1-1)

 
2012

( 24
( ),http://www.enecho.meti.go.jp/topics/haku

sho/2013/2-1.pdf. http://www.enecho.meti.
go.jp/saiene/kaitori/dl/setsubi/201312setsubi.pdf. 2014 3

31 )  
, 2002

, 2005
 

(Carlini , 2010) 2008

 

 
NEDO

(http://app7.infoc.nedo.go.jp/colormap/colormap.ht
ml 2014 3 31 )

13 (
( 20 21

)http://www.e-stat.go.jp/SG1/estat/List.do?lid=0000010744
17 2014 4 1 )

 

 
2011 2012

  
2011 11 2012 10

2009 6 1 2010 5
31

 

1)  

( 34.6 , 138.2 )
666  2011 11 1 2012 10

31  
2)  

(195W,NE125
125-72-M(L)SI195W, 158  80.8  3.5 cm,

( ))  
1 195 W -1  60

11.7 kW  
 ( )

(NEDO)
(http://app7.infoc.nedo.go.jp/index.html,2014 3

17 ) MONSOLA-11
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5 7 10
60 32.5  

10

10 32.5 2
 

5 6 2
 NEDO

(
[ ] , 2010)

2.139
h

2.139 h m
2.86 m 

 

15
15  

32.5 (LP 
PYRA03, )

 
(PV1000, ( )) 10 kW 

60 ( 11.7 kW)
1 /

( ) 1
 

3)  
2009 6 1

2010 5 31  
(FDUP1402HM , 

( )) 14 kW 
( 2-1) 1000 

m2 ( 1770.9 m2)
49.2 W m-2 
(HK-2027, ( ))  56.8 kW (

 64.6 kW,  88.0 )
1000 m2 

199.4 W m-2 
12.5 kW 1000 m2 

34.9 W m-2  
(NT-600, 

( ), 2-3))  
18 22 22 22 6 18 6 18

20   
2009 8 1 9 15

21 0 22 0 7
20   

1000 1770.9  
1  

(
( ), PPMCFBR2-M)  

 
 

1)
 

(2009 , http://www.data.jma.go.
jp/obd/stats/etrn/view/monthly_s1.php?prec_no=50&block_
no=47655&year=2009&month=&day=&view=,2010 , ht
tp://www.data.jma.go.jp/obd/stats/etrn/view/monthly_s1.ph
p?prec_no=50&block_no=47655&year=2010&month=&da
y=&view=, 2011 , http://www.data.jma.go.jp/obd/stats/etr
n/view/monthly_s1.php?prec_no=50&block_no=47655&yea
r=2011&month=11&day=&view=, 2012 , http://www.dat
a.jma.go.jp/obd/stats/etrn/view/monthly_s1.php?prec_no=5
0&block_no=47655&year=2012&month=11&day=&view=,
 , http://www.data.jma.go.jp/obd/stats/etrn/view/nml
_sfc_ym.php?prec_no=50&block_no=47655&year=2010&
month=&day=&view=, 26 4 28 ) 6-1

6-2  6-3  
2231

2345 ( 6-1)
7 10

9 130 % ( 6-1, 6-1)  



 
 

 

 
 

 

 

2026
91% ( 6-1) 7

55% ( 6-1, 6-1, 6-2)  

 16.3  16.4  0.1  
16.6  0.2  

( 6-1)  
2)  

32.5 1 (
6-3) 2012 4 12 6.6 kWh kW-1 

4 14 1.2 kWh kW-1 
5.5  

 

( 6-4)
 

3 5 6 2
 

6-2
 

2011 11 2012 10 ,
2009 6 2010 5 . 

6-1
 
2011 11 2012 10 ,

2009 6 2010 5 . 

6-3 (
32.5 ) 

1 2 3 4 5 6 7 8 9 10 11 12 y

x 206.4 159.7 184.3 196.8 208.2 129.7 206.8 272.2 218.2 205.2 151.4 205.6 2345
w 227.2 137.5 166.6 147.0 214.5 129.1 101.0 227.6 192.6 168.6 142.5 171.7 2026

199.4 183.9 186.7 196.0 197.0 149.1 185.3 234.9 167.6 164.8 168.4 197.4 2231
6.0 6.4 10.1 14.3 18.6 21.4 25.1 27.3 25.3 20.3 15.9 8.6 16.6

w 6.5 8.2 10.5 13.6 17.9 21.4 24.3 25.9 23.5 19.3 15.0 9.7 16.3
6.7 7.1 10.1 14.6 18.3 21.3 24.8 26.5 24.1 19.4 14.4 9.2 16.4

z

y , .
x 2011 11 2012 10
w 2009 6 2010 5

6-1 ( )Z

 
6-2 Z :kWh kW-1

1 2 3 4 5 6 7 8 9 10 11 12
32.5° 117.2 105.6 118.7 124.0 128.6 103.2 120.4 146.4 126.2 121.5 89.0 107.6 1,408.5
10.0° 89.3 84.5 102.7 118.2 135.0 111.2 128.8 143.3 107.7 94.8 70.8 79.0 1,265.3

z 2011 11 1 2012 10 30  
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1

1
  = 0.99 ( 6-5)  

 
 = 0.2289  + 0.0225 Eq. (6-1)  

 
:  (kWh day-1), :  (MJ day-1) 

3)  
( 6-6 6-9)

2012 1 3 1
6 (

5-1) ( 6-7) 8
( 6-1)

( 6-8) 11
( 6-1 6-9)  

 

 

 

 
4)  

32.5 10 2
2011 11 1 2012 10 31

6-2 6-10
8 9 4

32.5
5 7 10

32.5 1408.5 kWh 
kW-1  10 1265.3 kWh kW-1 

10 % ( 6-2)   

6-5  (
32-3 ) 

 
6-9 (

32.5 2012 10 ,2011 11 12 ) 

 
6-8 (

32.5 2012 7 9 ) 

 
6-7 (

32.5 2012 4 6 )

 
6-6  (

32.5 2012 1 3 ) 

 
6-4  (

32.5 ) 



 
 

 

 
 

 
5)  

6-11
21 7

 
12

6-12
45 1

( 6-12)
 

 

 

 

6-13

 

 

 

 

 

 
6-17

(2009 10 12 ) 

 
6-16
(2009 7 9 ) 

 
6-15
(2010 4 5 ,2009 6 ) 

 
6-14
(2010 1 3 ) 

6-13 (2009
12 22 24 ) 

 
6-12 (2009 12

22 24 ) 

 
6-11 (2009 8 7
9 ) 

 
6-10

( 32.5 ,10.0
2011 10 2012 11 ) 
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1 6-14
6-17 5 10

8 9

21 7

( 6-14 6-20)  

 

 

 

6)  

13.66 MJ m-2 
( 3-2) 11 3

1 2.56 MJ m-2  
7 0 MJ m-2 

8 1 9 15

12 1 ( 3-2)  
7)  

1
6-18 6-20  

8 1
6-18

21 7
  

12
1 6-19

0.5 kWh m-2 

0.1 kWh m-2  
12 4

1
6-20 12

12 9.2  
4 14.6  ( 6-1)

0.3 kWh m-2 

( 6-20)  

6-3
32.5 1408 kWh kW-1 10

1265 kWh kW-1 ( 6-3)
7 17 96 % 

53.75 kWh 
m-2 ( 6-3) 96 % 

7 17
18 %  

8)  

6-22
7

 (

6-20 4
 ( 2012

4 32.5 , 2010 4 ) 

 
6-19 12

 ( 2011 12
, 32.5 , 2009 12 ) 

 
6-18 8

 (
2012 8 , 32.5 , 2009 8

) 



 
 

 

 
 

6-21)

 

kWh m-2

0 3.17 0 0
1 3.13 0 0
2 3.19 0 0
3 3.20 0 0
4 3.25 0 0
5 3.26 0 0
6 3.55 2 3
7 2.58 13 18
8 1.70 51 52
9 0.76 102 94

10 0.50 148 128
11 0.41 178 156
12 0.42 196 177
13 0.44 204 186
14 0.51 189 170
15 0.91 158 138
16 1.67 108 91
17 2.39 46 41
18 2.89 11 11
19 3.20 1 1
20 3.46 0 0
21 3.76 0 0
22 2.52 0 0
23 2.89 0 0

53.75 1408 1265
9.90 1348 1209
18% 96% 96%

z 49.2 W m-2. 199.4 W m-2

   2009 6 2010 5 . .
y 2011 11 1 2012 10 30 .

7 17

y

kWh kW-1 kWh kW-1

 

 
2009 6 2010 5

( 49.2 W m-2)
( 199.4 W m-2) 1

 53.75 kWh m-2 ( 6-3) 1
32.5 1408 kWh kW-1

10 1265 kWh kW-1 ( 6-3)  

1
32.5 1  

0.0382 kW 
10 1 0.0425 kW 

 

1)
 

 

2344.5 2230.5 5% 
( 6-1) 7 0  9

30% 
5% 

 

11 12 0.5  
2 1.1  

16.3  0.1  
 

1

 
2)  

( 6-3)
5 1

( 6-4)  
( 6-5)  

32.5 3
( 6-4)

2 5 6
 

3)  
32.5

( 6-6 6-9)  

6-21
 

( 32.5 2011 10 2012 11 , 
49.2 W m-2. 199.4 W m-2.2009

6 2010 5 . ) 
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6
149.1 ( 6-1) 129.7 6

( 6-7) 272.2
( 6-1) 234.9 8

( 6-8)  
9 16

 
4)  

 32.5 10 2
5

( 6-2, 6-10) 32.5
1408.5 kWh kW-1  

10 1265.3 kWh kW-1 10% ( 6-2,
6-10)  

( 6-21) 32.5

 

26 10 kW 
20 32 (

, http://www.enecho.met
i.go.jp/category/saving_and_new/saiene/data/kaitori/kaitori
_jigyousha2013.pdf, 2014 5 26 ) 10 kw 

6-2 20
32.5 900

10 810

32.5

 
5)  

( 6-11)
(

45 ) ( 6-12)
8  

 

 
6)  

( 3-2)

18  
8

2  
(

6-14 6-17) 5 10

 

18  
( 6-14 6-17,6-2019)  

7)  

( 6-18 6-20) 8

( 6-18) 8

 
4

( 6-20)  
12

( 6-19)  

( 6-3) 7 17
98 % 

 7 17
18 % 7 17

18 % 
 

 



 
 

 

 
 

8)  
 (

6-21

 

( 6-21) 32.5

1  0.0382 kW 
10

1 
 0.0425 kW  

 

2 2
 

2012 7

(
, http://www.enecho.meti.go.jp/category

/saving_and_new/saiene/data/kaitori/kaitori_jigyousha2013.
pdf, 2014 5 26 )

 
2

 
NEDO 2013 Battery 

RM2013 (http://www.nedo.go.jp/content/100535728.pdf, 
2014 5 28 ) 2

2012 5 60  
kWh-1  

( 6-18 21) 1

 
1 29

7 Wh m-2 
1000   297 kWh 1000 m-2 

 NEDO
2013 2

 5  kWh-1  1000  
2 1485

1
2 2

2

Leaf to Home (http://ev.nissan.co.jp/LEAFT
OHOME/, 26 5 28 ) 

2
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1)  

46% 
2009~2010 65.8  L-1

24% ( 3-3)  

COP 3.79
1 3.79

( , 2009)

( , 2008)

 

1 CO2

CO2 92.5 kg m-2 
56.6 kg m-2 CO2

39% ( 3-7) 1997
3 (Conference of the 

Parties COP3)  
CO2

 
 21 2009
(12  900  t-CO2)

 (5100  t-CO2) (
23  , http://www.maff.go.jp/j/wpa
per/w_maff/h23/pdf/z_1_3_7.pdf, 2014 10 14 )

 
2)  

2
1

http://www.maff.go.jp/j/seisan/kan
kyo/ondanka/pdf/jissiryoukou.pdf,2013 12 31

 (2001) 

 

( 49.2 W m-2) 24% 
18  ( 3-3)

( 4-3)
( 4-4, 4-7) ( 4-5)  

8 9 2
84  m-2 
5% ( 3-3 4-6)

 
3)  

(2009)
3

 

( , 2009) 7 9 (18:00
8:00) 90% ( 3-3, 4-1)



 
 

 

 
 

34.9 W m-2 
11.7 L h-1 

( 5-5)
( 5-5, 5-6, 5-7)  

(
2-1)

( , 2009)

 
 

 
1)  

(Hamrick, 2003) 1917
1935 10000 

 3 (
, 1996)  

23 25
16 17  ( , 1998)

 
(1980)

15 12.5  
13% (2012b)

20  (EOD 
heating) 13  18  

15% 

( , 2012a)

 

(2010) 30  
18  3  15  

(2011)
26% 

 

2009~2010 A 65.8  L-1 

24 % (517  m-2)
( 3-3)

 
( , 1997)

 

 
2)  

( , 1982
,1983b)

23 25  ( , 1998)
30  

( , 1999, 
, 1997a)

( , 1996)  (2001) 

(1990)
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8 1
9 15 8 (18

8 ) 23.1
25.3  2.2  (

3-2)  
9

( 4-2) 8 9

( 4-3)
( 4-7)  

(1997)

 
4-6

 9

9

8
( 4-6)

 
(2012)

20
4 5 23

3
 

 
3)  

( , 
2009) (2003)

(2005)

 
 (

 (Waller. Ex.Fr.) Lévéille var. rosae Woronichin )  
 (  Berkely) 

1999

85% 
, 1999  

80% 

( 3-3, 4-1)
11

80% 90% 
( 3-3, 4-1)

80% ( 5-4)
 

5 16.9  18  

84% ( 4-1)

 

 
4)  

(LAI)
( , 1977) LAI

(1966)

Kim ( 2003)



 
 

 

 
 

(2005)

 

( 5-9)

( 5-9)

 
Goto Takakura (1992)

 

(Bunce, 1995)

( 5-7)
230 577 mL day-1 

( 5-3) 100 mL day-1 
( 5-3)

 
Stanhill (1974)

( 5-9)  
6 5

9
12 3

( 4-1, 4-5)
5 10 0.3 kPa 

8 0.49 kPa 

 

76 80% 
( 5-11)

 
5)  

1
9

( 4-2) 8 9

( 4-7, 4-4)  
1

415  m-2 ( 4-5) 90% 

 

25% 

7
A 54  L-1 

( 4-8)
A 32  L-1 

 

1-1

 
 

 

(2009)
25  

26  

 
2012 2013

2009 148 ha 
2014 400 ha 



    6  
_____________________________________________________________________________________ 

 

(2014 8 9  
)  

2013
40% 15 ha 43% 

12 ha 6% 4 ha 
( , 2014 8 )  

2008 18  
 16   22  

 
( , 2009) 89.2 L-1 

41% 
42%

32% 

 
 

 
1)  

 

  

6 11

 

2
2

2
2

2
 

2

 
2)  

 

( , 2009)

 
3)  

 
( , 2009)

(Ozgener , 2005)
 

2

 
7-1



 
 

 

 
 

 

 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
7-1  
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95% 

18  

1  

 
49.2 W m-2 

199.4 W m-2 

18
A 12.61 L m-2 

33.49 L m-2 38%
14.91 MJ m-2 

1.13 MJ m-2 
81.62 MJ m-2 

43.77 MJ 
m-2 
COP 3.79

78.19 MJ m-2 81.62 MJ m-2 

2009~2010 A 65.8
L-1 

2162  m-2 
24% 517  m-2 

1645  m-2 
46%

24%  

2009 6
2010 5 1

60 cm 
2

415  m-2 90 % 

2009~2010 A 32  
L-1 

 

76 80%   

2  
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Protected horticulture is expected to produce a good quality of crop, because it can control the environment in the 

greenhouse optimally for the crop. The main problem of the greenhouse management is the high cost of heating. Above the 
95% of the heating machine are using oil to heat the greenhouse. 
 In this study, the effectiveness of Hybrid system for greenhouse heating was examined used the cut rose production 
greenhouse which grew above 18 C through the year. Heat pump which running cost is lower than oil heater runs 
preferentially. If the heating load becomes high, the oil heater runs subsequently. The air flow of the heat pump blower is 
weaker than oil heater. We investigated the effect of the circulator in the greenhouse and concluded the circulator is effective 
to homogenize the temperature in the greenhouse. 
We compared the total cost of greenhouse heating between a conventional oil-fired air heater and a hybrid system 

comprising an electric heat pump (rated at 49.2 W m–2) and an oil-fired air heater (rated at 199.4 W m–2) in identical rose 
greenhouses in Iwata city, Shizuoka, Japan. To maintain a minimum temperature of 18 °C required an annual consumption 
of heavy oil for heating of 12.61 L m–2 by the hybrid system and 33.49 L m–2 by the oil heater. The annual consumption of 
electricity was 14.91 MJ m–2 by the hybrid system and 1.13 MJ m–2 by the oil heater. The total energy input for heating was 
43.77 MJ m–2 for the hybrid system and 81.62 MJ m–2 for the oil heater. Using 3.79 as the coefficient of performance of the 
heat pump gave an estimated energy use of 78.19 MJ m–2 for heating by the hybrid system, lower than the calculated value 
of 81.62 MJ m–2; that is, the rated COP was exceeded. At an oil price of 65.8 yen L–1, the annual running cost was 1645 yen 
m–2 in the hybrid-system greenhouse and 2162 yen m–2 in the oil-heater greenhouse. Overall, the hybrid system resulted in 
savings of 46% of input energy and about 24% of energy costs. 
We also compared the annual production and quality of cut roses and total greenhouse air conditioning and heating costs 

using a conventional oil-fired air heater and a hybrid system from June 2009 to July 2010. There was no difference in total 
cut rose weight between systems during the period before night cooling, but production increased in the hybrid system 
during the night cooling period. The number of cut roses with stem length >60 cm in the hybrid system was approximately 
twice that in the conventional system during the night cooling period. The annual production value increased by 415 yen 
m–2 in the hybrid system; 90 % of the increase occurred during the night cooling period. The hybrid system both decreases 
heating costs at a time of soaring oil prices and improves rose yield and quality by nighttime cooling. The installation cost 
can be amortized in less than 8 years at an oil cost of 32 yen L–1 due to the reduced costs and increased profits, which greatly 
improve the economics of rose cultivation. 
We compared the environmental factors in a greenhouse and the evapotranspiration from rose planters in the greenhouse 

under night cooling by a heat pump with those in a control (an identical rose greenhouse but without the heat pump). The 
heat pump was only operated at night, and decreased the temperature, relative humidity, and absolute humidity compared 
to those in the control. After the night cooling, the vapor pressure deficit and rose transpiration become higher than the 
control. The evapotranspiration from rose planters was strongly and significantly correlated to the vapor-pressure deficit 
The evapotranspiration was measured by the water balance method and the value measured using the electric balance. 
From these result, we conclude that evapotranspiration from the rose planter calculated by the water balance method 
equaled 76 to 80 % of the dehumidified water. 
We also investigated the possibility to use solar power generation as energy for hybrid system. It is difficult to use solar 

power energy for hybrid system directly, because the timing of supply and demand of the energy was different. So we 
proposed the use of rechargeable battery and electricity sales. 
From these result, we demonstrated that hybrid system can reduce the heating cost drastically compare to the normal oil 

heating system. Hybrid system can cool and also dehumanize the greenhouse atmosphere during the nighttime in summer 
season. Hybrid system can be used year round effectively. So the hybrid system can also be used many other crop, it seems 
the revolution system. Moreover, hybrid system can use the solar power energy indirectly. It will be possible to use the 
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hybrid system as a sustainable heating system for protected horticulture. More over, electric heat pump can use the 
reproductive energy such as solar energy. Hybrid system will become an indispensable system to control the greenhouse 
environment in stable condition. 
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