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A C K N O W L E D G E M E N T 

 

Recently, fusion between IT and traditional industries become emerging 

technologies based on information technology innovation and acceleration  of 

inter - industry fusion. Also the needs of greenhouse system and environment 

control technologies are increasin g which can avoid agriculture loss from 

severe climate change and can produce the crop all the year round.  

This project s target is development of agriculture IT technology for 

securing the competitiveness of agriculture , including integrated 

intelligent  greenhouse management, selective wave penetration and 

electricity generation for crops considering marketability  and economic 

feasibility, standardization  of integrated intelligent greenhouse management 

service. This project planned from year 2010 to 2014.    

This is 2 st  year fulfillment  report, we developed embedded platform  for 

integrated intelligent greenhouse management service. We also developed 

evaluation board for integrated greenhouse management controller  

ỈỖll develop integrated intelligent greenhouse service platform and 

managed to develop stable solution via field test with test - bed. Finally, we 

thank who give us support and help. Also thank to the engineers who joined 

this project and worked hard.  

 

                                            2011. 12. 31.  

 

The President of ETRI Heungnam Kim 
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SUMMARY 

 

 

I. TITLE 

Development of intelligent greenhouse (2 ndyear of 5years plan)  

 

II . THE OBJECTIVES AND IMPORTANCE OF THE STUDY 

 

 IT technologies development for agriculture to improve the 

competitiveness  of agriculture  that was alienated during the period of 

industrialization .  

 Integratd management service technologies development for plan of 

intelligent greenhouse.  

 Selective light penetration technogies development for plants 

growth that considering marketability and ec onomic feasibility.  

 Build test - bed for intelligent greenhouse, run substantiative 

operation and develop the related technologies  

 Integrated management service standard development for intelligent 

greenhouse. 

 

III . THE CONTENTS AND SCOPE OF THE STUDY 

 

 Inte grated service technologies development for intelligent greenhouse.  

 Requiments analysis for growth management service.  

-  Requirements analysis of the environment monitoring service for 

intelligent greenhouse.  

-  Requirements analysis of the environment control service for 
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intelligent greenhouse.  

 Specification development for growth management service  

-  Specification development of monitoring service for intelligent 

greenhouse. 

-  Specification development of environmen t control service for 

intelligent greenhouse.  

 The standardization of growth management service  

-  Analysis the status of domestic and international 

standardization  

 

 Development of electricity generation using selective penetrated 

light for plant growth  

 Analysis and design  of characteristic tunning method of selective 

light penetration  

- Analysis of penetration variations according to absorbtion layer 

thickness  

- Analysis of penetration variations according to electrolyte and 

dye concentration  

- Architecture design of dye - sensitized solar cellsfor intelligent 

greenhouse 

 Architecture  of selective light penetration module and design of 

packaging material and process  

- Environment analysis for green house  

- Architecture of cell panel for intelligent greenhouse and design 

of  packaging material and process  

- Selection of sealing material and evaluation  

 Technology standardization  of selective light 

penetrationelectricity generation  
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- Gathering technology data and analysis of current activities  

- Design of module/system characteristics measuring system  

 

IV. RESULTS 

 

 Analysis of ideal sunlight wavelength and quantity  

 Development of solar cell dyes for selective light penetration  

 Package design for selective light penetration  

 Development of the IT service model for agricult ure 

 Design of integrated management platform system for intelligent 

greenhouse 

 Development of growth chamber prototype  
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1.           

.   

      20~30nm   

  660nm   440nm      

         

 .  

 

.    

Å    

 

 2- 1     

 

    (  2- 1)    

  2- 2      .  
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 2- 2      

 

Å    

         

.    0.2   .  

 

 2- 1        

Glass Pilkington FTO Glass -  TEC 8 (2T) 

TiO2 Paste ENB 20nm 2 Layer (  10 )  

Pt 
10mM H2PtCl6(2- propanol solvent)  

 Spin Coating 1000rpm 3  

Dye  

R : 0.3mM N719 in Ethanol  

4 : JJ4  0.3mM in Ethanol  

5 : JJ5  0.3mM in Ethanol  

6 : JJ6  0.3mM in Ethanol  
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7 : JJ7  0.3mM in Ethanol  

8 : JJ8  0.3mM in Ethanol  

9 : JJ9  0.3mM in Ethanol  

Electrolyte  

 

0.5M  4- tert - Butylpyridine(TBP)  

0.6M  
1- Hexyl- 2,3- dimethylimidazolium 

iodide(HDMII)  

0.03M  Iodine(I2)  

0.1M  Guanidinethiocyanate(G - SCN) 

Solvent  Acetonitrile  

 

.    

Å     

  1 sun     .  

    .  

 2- 2      

  Voc ( )  Jsc ( / )  
Fill Factor 

(%) 

Efficiency 

(%) 
Area ( )  

N719 758  9.07  51.5  3.59  0.170  

JJ- 4 745  6.72  66.3  3.32  0.194  

JJ- 5 748  6.74  56.9  2.88  0.227  

JJ- 6 794  8.14  60.8  3.93  0.193  

JJ- 7 793  8.22  64.9  4.23  0.146  

JJ- 8 765  7.63  60.3  3.52  0.174  

JJ- 9 793  8.24  64.4  4.20  0.145  

.  
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 2- 3 (R)     

 

.     

      N3  N719   
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   JJ- 7, 9, 6, 8    , 

 JJ- 8, 6, 7, 9   .      

       JJ- 7  JJ- 8  .  
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2.  TiO2         

  

 

.    

440nm   660nm       

 TiO2            

         

 .  

 

.    

Å TiO2        

TiO2    ENB( )  2  ( , )  

CCIC( ) 20nm    ~10     

  .  

 

Å       

ENB( )   ~5 , ~10     

  ,       

.  

 

.    

Å TiO2      
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A12 (V)

 A12

 A22

 B12

 B22

 C12

 22

 

 2- 4  -   

 

ENB( )  2  ( , )  CCIC( ) 20nm  

  ~10     1 sun   

     

 

 2- 3 TiO2        

 TiO2    (%) 
4   

(%) 

N719 

ENB 20nm( )  7.33 7.06 

ENB 20nm(

)  
7.23 7.13 

CCIC 6.48 6.20 

JJ- 7 

ENB 20nm( )  5.43 5.08 

ENB 20nm(

)  
6.01 5.70 

CCIC 5.25 4.95 

 



46 

 

 2- 4 TiO2     

 TiO2  440nm  660nm  

N719 

ENB 20nm( )  1.3 35.8 

ENB 20nm(

)  
1.4 35.1 

CCIC 3.4 41.3 

JJ- 7 

ENB 20nm( )  5.0 47.9 

ENB 20nm(

)  
4.9 48.4 

CCIC 9.4 54.4 
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% T

 

 2- 5 TiO2     

 

Å     

ENB( )   ~5 , ~10     1 

sun       .  

 

 2- 5 TiO2       

 TiO2    (%) 
4   

(%) 

N719 
ENB  5  6.25 6.08 

ENB  10  7.67 7.39 
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JJ- 7 
ENB  5  4.96 4.83 

ENB  10  6.58 6.12 

 

 2- 6 TiO2    

 TiO2  440nm (%) 6600nm (%) 

N719 
ENB  5  6.95 48.3 

ENB  10  1.56 37.92 

JJ- 7 
ENB  5  18.15 62.88 

ENB  10  7.45 62.86 

 

 

Transmittance (N719 & JJ - 7)

400 500 600 700 800

0
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20

30

40

50

60

70

80

90

100

% T

Wavelength (nm)

 N719 (5um) 

 JJ - 7 (5um) 

 N719 (10um) 

 JJ - 7 (10um)

% T

Wavelength (nm)

440 660 Eff.

N719 (5um) 6.9% 48.3% 6.08%

JJ - 7 (5um) 18.2% 62.9% 4.83%

N719 (10um) 1.6% 37.9% 7.39%

JJ - 7 (10um) 7.5% 62.9% 6.12%

 

 2- 6 (R)     

 

.     

  (   5%,  50%)    TiO2

       . CCIC   
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10   JJ- 7  ,  5.25%  660nm  

 54%, 440nm  9.4%    

 

.  

3.         

    

 
.    

JJ- 7     50%,  5%    TiO2 

         .  

        

          

  JJ- 7     .  

     JJ- 7  100 mm x 100 mm  

   ,      

.  

  

.    

Å    

    3    , N719 

   5um   , JJ- 7   5um  

 10um   2   

     100mm x 100mm  .   

  .  

 

Å    
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    4     lux

 umol/m2s        .  

 

.    

Å    

 

 2- 7        

 

 2- 7      

  N719 5um JJ- 7 5um JJ- 7 10um 

   5.34 3.32 4.60 
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 2- 8   440nm, 660nm   

 

Å     

5  25   11  17        

     .  

 

 2- 9       
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 ,      ,  

          

  .  

 

 

 2- 10 ,  , N719   
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 2- 11 N719(5um), JJ- 7(5um), JJ - 7(10um)   

 

 2- 12 N719(5um), JJ- 7(5um), JJ - 7(10um)    
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 2- 13   

 

 2- 8     

 

30 X 30 [N719]  
30 X 30 [N719]  

+  
 (5T)  

10 X 10 

[N719(5)]  

10 X 10 

[JJ - 7(5)]  

10 X 10 

[JJ - 7(10)]  

(lux)  
( mol 

/m2s1)  
(lux)  

( mol 

/m2s1)  
(lux)  

( mol 

/m2s1)  
(lux)  

( mol 

/m2s1)  
(lux)  

( mol 

/m2s1)  
(lux)  

( mol 

/m2s1)  

 12.2 14.4 11.2 13.0 88.2 88.1 14.6 18.2 30.6 34.6 20.6 24.9 

 2   9 13 23 28 15 19 

 
      

5.34 3.32 4.60 

 

     N719(5um)  15% , JJ- 7(5um)  32% 

, JJ- 7(10um)  22%  .  

Å    
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 2- 14       

 

 2- 9    440nm, 660nm    

 10 X 10 [N719(5)]  10 X 10 [JJ - 7(5)]  10 X 10 [JJ - 7(10)]  

out  in   out  in   out  in   

 

(umol/m2s) 

2080 270 13% 2030 520 26% 2030 367 18% 

1020 119 12% 1007 263 26% 1003 197 20% 

(660nm) 29.2 12.3 42% 29.2 18.2 62% 29.2 16.9 58% 

(440nm) 31.2 1.8 6% 31.2 3.7 12% 31.2 6.2 20% 

660:450 = 1/4  29.2 7.2 25% 29.2 18.2 62% 29.2 14.8 51% 

 

 

2080 520  2030 1269  2030 1035  

1020 255  1007 624  1003 511  

(%) 5.34 3.32 4.60 
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 2- 15 660nm  440nm     

 

.     

 

    JJ- 7(5um)     

  26%    660nm  440nm   62% 

  .  N719(5um)     12%, 

  25%, JJ- 7(10um)    19%,  51%  

.  
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1.  JJ- 7     

.    

     N719     jj - 7  

          

  .  

 

.    

Å    

 ENB( )   TiO2  ,  

 surlyn  bynel      .  

 

Å    

       (6  11 )   (6

 15 )  07  18        

 .  

  6  8  7  2  4     

13           

.  

 

.    

Å    

     1 sun   

   .  
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 2- 10     

  

(TiO2 )  

Voc 

( )  

Jsc 

( / )  

FF 

(%) 

Eff.  

(%) 

Area 

( )  

Surlyn  N719(5 )  849 8.63 72.0 5.27 0.196 

JJ- 7(5 )  846 7.79 71.9 4.74 0.199 

JJ- 7(10 )  829 10.89 72.1 6.50 0.232 

Bynel N719(5 )  815 9.18 70.4 5.25 0.195 

JJ- 7(5 )  817 8.29 70.2 4.75 0.231 

JJ- 7(10 )  806 11.09 72.7 6.49 0.237 

 

 2- 11     

   440nm  660nm  

N719 5 7.3 50.5 

JJ- 7 
5 8.9 53.8 

10 3 42.9 
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 2- 16     

 

Å    (6 11 )  

N719(5)-  surlyn  JJ-  7(5) -  surlyn  JJ- 7(10) ↨ surlyn  
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N719(5)↨bynel  JJ -  7(5) -  bynel  JJ -  7(10) -  bynel  

 

 

 2- 17 6  11        

 

   bynel    surlyn     

. Bynel       4- 5%   

.  

 

Å      (6  15 )  

     ,  JJ- 7  

     .  
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 2- 18 6  15       

 

Å 4   (6  8~7  2 )  

6-8 6-10 6-12 6-14 6-16 6-18 6-20 6-22 6-24 6-26 6-28 6-30
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D

D

 

 2- 19 4     

 

.     

   bynel    surlyn     

. Bynel       4- 5%   

.  

4    N719(5um) surlyn      

11   6  19     ,    
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16   6  24  JJ- 7(5um) bynel   .  

  N719 1   JJ- 7 3   4     

      .  

 
       

 

.     

 

          

     .     

          

 .  

 

.     

    test     

 .        

     .  

 ,           

          .  

(  2- 20)          

 .  
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 2- 20 4      

 

.      

  ,      vacuum 

bagging  .    ,    

 85oC  .  

(  2- 21)      , (  2- 22)   

   10cm x 10cm  sub- module 2    

.  

 

 2- 21 Vacuum bagging    

 






































































































































