
 

 

 

●☻ ⌐╟╢ Ᵽ▬○ⱴ☻⅛╠─ 

◄Ⱡꜟ◑כ ⌐ ∆╢  

 

 

 

2 3  

 

 

  

 

 

 

 

 



i  

 

 

 

1   .......................................................................................................................1 

1- 1 ⅜ ⌐⅔↑╢Ᵽ▬○ⱴ☻⅛╠─◄Ⱡꜟ◑כ ─ ≤∕─  ...................1 

1- 1- 1 Ᵽ▬○ⱴ☻⅛╠─◄Ⱡꜟ◑כ ╩ ≤∆╢  .........................................1 

1- 1- 2 Ᵽ▬○ⱴ☻─  ................................................................................................2 

1- 1- 3 Ᵽ▬○ⱴ☻⅛╠─◄Ⱡꜟ◑כ ─  ...........................................................4 

1- 2 Ᵽ▬○ⱴ☻─●☻ ⌐ ∆╢ ..............................................................................6 

1- 2- 1 Ᵽ▬○ⱴ☻─●☻  .....................................................................................6 

1- 2- ─ꜟכ♃ 2  ..............................................................................................10 

1- 3  ....................................................................................................................12 

1- 3- 1 ●☻  .....................................................................................................12 

1- 3- 2  ............................................................................................................15 

1- 4 ─ ≤  .................................................................................................19 

 .............................................................................................................................20 

2  ⌐╟╢ Ᵽ▬○ⱴ☻ ●☻ ─  ............................................26 

2- 1 │∂╘⌐ ....................................................................................................................26 

2- 2 Ɽ▬꜡♇♩☻◔כꜟ ●☻ ╩ ™√  ..................................................26 

2- 2- 1  ............................................................................................................27 

2- 2- 2  ............................................................................................................28 

2- 2- 3 ≤  .................................................................................................30 

2- 3 ⱪꜝfi♩≢─●☻ ●☻  ........................................................................42 

2- 3- 1  ............................................................................................................42 

2- 3- 2  ............................................................................................................43 

2- 3- 3 ≤  .................................................................................................46 

2- 4 Ɽ▬꜡♇♩☻◔כꜟ ≤ ⱪꜝfi♩─ ─  ...........................................52 

2- 4- 1 ●☻ ─  ..........................................................................................52 

2- 4- כꜗ♅⁸ꜟכ♃ 2 ─  ........................................................................56 

2- 4- 3 ◄Ⱡꜟ◑כ ─  ...................................................................................57 

2- 5 ●☻◄fi☺fi ≤⇔≡─ ─  .........................................................59 

2- 5- 1  ............................................................................................................59 

2- 5- 1  ............................................................................................................60 

2- 6  ...........................................................................................................................61 

 .............................................................................................................................62 



ii  

 

3  NiO/SBA- 15 ─●☻ ꜟכ♃┘╟⅔  ....................................65 

3- 1 │∂╘⌐ ....................................................................................................................65 

3- 2  ...........................................................................................................................66 

3- 2- 1 ●☻  .........................................................................................................66 

3- 2- 2 NiO/SBA- 15  ..........................................................................................66 

3- 2- 3 ≤  ..........................................................................................68 

3- 2- 4  ............................................................................................................69 

3- 2- 5  ............................................................................................................69 

3- 3 ≤  .........................................................................................................70 

3- 3- 1 ─  .................................................................................................70 

3- 3- 2 ●☻  ......................................................................................71 

3- 4  ...........................................................................................................................82 

 .............................................................................................................................83 

4  Ᵽ▬○ⱴ☻─ ●☻ -  ..................................................86 

4- 1 │∂╘⌐ ....................................................................................................................86 

4- 2  ....................................................................................................................87 

4- 2- 1  ....................................................................................................................87 

4- 2- 2  ....................................................................................................................87 

4- 2- 3 ≤  ..........................................................................................88 

4- 2- 4  ............................................................................................................91 

4- 3 ≤  .........................................................................................................91 

4- 3- 1 ─  .................................................................................................91 

4- 3- 2 ●☻ ≢─ ●☻ ......................................................................................93 

4- 3- 3 ⌐╟╢●☻ ─  ..................................................................... 102 

4- 3- ꜟכ♃╢╟⌐ 4 ─  ................................................................. 108 

4- 3- 5 NiO/SBA- 15 ─ .................................................................................... 112 

4- 4  ........................................................................................................................ 120 

 .......................................................................................................................... 121 

5  Ᵽ▬○ⱴ☻─●☻ -●☻◄fi☺fi ⱪ꜡☿☻─ ≤  .............. 124 

5- 1 │∂╘⌐ ................................................................................................................. 124 

5- 2 ●☻ ≢─ ─ ......................................................................... 124 

5- 2- 1 ●☻ ......................................................................................................... 124 

5- 2-  127 ............................................................................................................. ꜟכ♃ 2

5- 2-  129 ............................................................................................................. כꜗ♅ 3

5- 2- 4 ●☻  .................................................................................................. 130 



iii  

 

5- 3 ⌐╟╢ ●☻─  ................................................................................ 130 

5- 3- 1 NiO/SBA- 15⌐╟╢●☻  ........................................................................... 130 

5- 3- 2 CaO⅔╟┘ ⌐╟╢●☻  ...................................................................... 134 

5- 4 ●☻ -●☻◄fi☺fi ⱪ꜡☿☻─  ............................................................ 137 

5- 4- 1 ⱪ꜡☿☻≤  ................................................................................ 137 

5- 4- 2 ⱪ꜡☿☻─  .............................................................................................. 141 

5- 5  ........................................................................................................................ 151 

 .......................................................................................................................... 151 

6   .................................................................................................................. 153 

 .......................................................................................................................... 156 

 ..................................................................................................................................... 157 

 

  



1 

 

1   

1- 1 ⅜ ⌐⅔↑╢Ᵽ▬○ⱴ☻⅛╠─◄Ⱡꜟ◑כ ─ ≤∕─  

1- 1- 1 Ᵽ▬○ⱴ☻⅛╠─◄Ⱡꜟ◑כ ╩ ≤∆╢  

⌐╟╢ │⁸ ⅜ ∆╢ ─ ≤⌂∫≡™╢⁹201512

⌐│ 21 COP21⌐≡Ɽꜞ ⅜ ↕╣√⁹↓─

│ ─ ─ ╩ ⅛╠ 2ϴ╟╡ ↄ ∆╢≤≤╙⌐

1.5ϴ ⌐ ⅎ╢ ╩ ∆╢↓≤ ╩ ≤⇔≡⅔╡⁸ ⌐ ⇔ ●☻

NDCNationally Determined Contribution╩5 ↔≤⌐ ⁸ ∆╢↓≤╛⁸

⌐ ↑√ ╩ ∆╢↓≤⌂≥╩ ⇔≡™╢⁹╕√⁸ ─ ⌐ ↑⁸

≢⅝╢∞↑ ™ ⌐ ─ ●☻─ ─ ╩ ╘⁸ ⌐│

♀꜡╩ ∆≤╙ ↕╣≡™╢⁹↓─╟℮⌂ ⁸ ⅜ ≢│₈2030 ⌐⅔™≡⁸

2013 ≢26.0%─ ╩ ∆₉≤⇔√ ╩COP21⌐ ≈20157 ⌐ ⇔⁸

⌐ ⇔√⁹╕√⁸20165 ⌐ ↕╣√₈ ₉⌐⅔™≡│⁸

≤⇔≡₈2050╕≢⌐ 80%─ ●☻─ ╩ ∆₉≤™℮ ™

╩ →≡™╢⁹ 

⅜ ─ ●☻ ─℮∟⁸∕─ 9 ╩◄Ⱡꜟ◑כ ─ CO2

⅜ ╘╢⁹ ⅜ ⌐⅔↑╢ ●☻ ─ 1)╩ 1-1⌐ ∆⁹↓─╟℮⌂ ⅛

╠⁸ ●☻─ ╩ ∆╢√╘⌐│◄Ⱡꜟ◑כ ⌐⅔↑╢ ⅜ ⌐

≤⌂╢⁹ ⅜ ─◄Ⱡꜟ◑כ ⌐ ╩ ↑╣┌⁸2011─

⌐╟╢ ─ ⌐ ∆╢ ⁸◄Ⱡꜟ◑כ ─ ⌐ ↑√

⌂≥╙ ≤⇔≡ →╠╣╢⁹↓╣╠─ ╩┤╕ⅎ⁸ │ 4 ◄Ⱡꜟ◑

כ ⌐⅔™≡⁸2030─ ⇔ ◄Ⱡꜟ◑כⱵ♇◒☻ ⌐ ↑√

─ ≈≤⇔≡ ◄Ⱡꜟ◑כ─ ─ ╩℮√∫≡™╢⁹ ◄Ⱡꜟ◑

1-1 ⅜ ⌐⅔↑╢ ●☻ ⅔╟┘ ─  

●☻▬fiⱬfi♩ꜞ 1)╩╙≤⌐  
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─כ │⁸ ─╖⌂╠∏⁸◄Ⱡꜟ◑כ☿◐ꜙꜞ♥▫─ ╛ ─

⌐╙ ⅝ↄ ∆╢≤ ↕╣╢⁹ 

◄Ⱡꜟ◑כ │₈◄Ⱡꜟ◑כ ≤⇔≡ ⌐ ∆╢↓≤⅜≢⅝╢≤ ↕

╣╢╙─₉≤⇔≡ ↕╣≡⅔╡⁸ ⁸ ⁸ ⁸ ⁸Ᵽ▬○ⱴ☻⌂≥⅜ →╠╣

╢⁹ 1-2⌐ ⅜ ─ ◄Ⱡꜟ◑כ ─ 2)╩ ∆⁹2012⌐ ↕╣√

FITFeed-in Tariff⌐╟∫≡ ◄Ⱡꜟ◑כ│ ⌐ ⅜ ╪∞⅜⁸

∕─ │ ⅜ ╘≡™╢⁹ ⌐ ™ ─ │ ⌐ ⅜∫

≡⅝√ 3)╙──⁸ │ ╩ ℮↓≤⅛╠ ⌐ ⇔≡│ ⌂≥╩ ™√

─ ⅜ ≤⌂╡⁸∕╣ ≢│ ╩ ∆╢↓≤│≢⅝⌂™⁹∕─√╘⁸

Ᵽ▬○ⱴ☻─╟℮⌐ ⇔√ ⅜ ⌂ ◄Ⱡꜟ◑כ─ ╩ ╢ ⅜№

╢⁹ 

 

1-2 ⅜ ─ ◄Ⱡꜟ◑כ⌐╟╢ ─ 2) 

 

 

1- 1- 2 Ᵽ▬○ⱴ☻─  

 ◄Ⱡꜟ◑כ ─└≤≈≢№╢Ᵽ▬○ⱴ☻│⁸◄Ⱡꜟ◑כ ⌐╟╢

◄Ⱡꜟ◑כ ─ ┘ ◄Ⱡꜟ◑כ ─ ─ ⌐ ∆╢ ⌐⅔™≡₈

⌐ ∆╢ ≢№∫≡◄Ⱡꜟ◑כ ≤⇔≡ ∆╢↓≤⅜≢⅝╢╙─

╩ ↄ ₉≤ ↕╣╢⁹Ᵽ▬○ⱴ☻─ │ ↕╣≡™⌂™⅜⁸ ⁸

⁸ ⌐ ⇔√ ─Ᵽ▬○ⱴ☻ ─ 4)╩ 1-1⌐ ∆⁹╕√⁸ ⅜

⌐⅔↑╢Ᵽ▬○ⱴ☻─ ≤ 5)╩ 1-3⌐ ∆⁹ 
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Ᵽ▬○ⱴ☻│⁸∕─ ─ ⌐ ↕╣╢ CO2⅜ ─ CO2 ─ ⌐ ╩ ⅎ⌂

≥₉ꜟꜝ♩כꜙ♬Ⱳfiכ◌₈™ ┌╣╢ ╩ ⇔≡™╢⁹↓─√╘⁸ ─◄Ⱡ

╛כ◑ꜟ ╩Ᵽ▬○ⱴ☻≢ ∆╢↓≤⌐╟╡⁸CO2─ ⌐ ∆╢↓≤⅜≢⅝

╢⁹╕√⁸Ᵽ▬○ⱴ☻│ ◄Ⱡꜟ◑כ ─ ≢ ⁸ ה ─╖⌂╠∏●☻ ⁸

⁸ ⌂≥┼ ≢⅝╢≤™℮ ╙ ≈⁹↕╠⌐⁸Ᵽ▬○ⱴ☻│ ⌂

╩ ⇔≡™╢⁹ ─ ─ │ ≢⁸∕─ ─ │ 1150

♩fi≢№╡⁸◄Ⱡꜟ◑כ ∆╢≤ ─ ◄Ⱡꜟ◑כ ─ ⌐ ∆╢≤

™╦╣╢ 6)⁹ ⌐│ ─Ᵽ▬○ⱴ☻│ ╩│∂╘ ₁⌂ ─ ≤⇔≡⁸╕√∕─

─ ≢╙ ↕╣╢√╘⁸◄Ⱡꜟ◑כ┼ ⌂Ᵽ▬○ⱴ☻ │↓─℮∟─ 10%

≤ ↕╣≡™╢⅜⁸∕╣≢╙◄Ⱡꜟ◑כ ⌐ ⌐ ≢⅝╢ ≢№╢≤™ⅎ╢ 6)⁹

─ 7 ╩ ⅜ ╘╢ ⅜ ⌐⅔™≡│ 7)⁸ Ᵽ▬○ⱴ☻╩ ⇔√ │

╩ ⇔⁸ ╛ ╩ ∆╢ ⁸⅔╟┘ ─◄Ⱡꜟ◑כ ≤⇔≡─

╩ √∆↓≤⌐╙ ⅜ √╣╢⁹ 

 

1-1 Ᵽ▬○ⱴ☻ ─ 4) 

 

ṕ Ṗ



4 

 

 

1-3 ⅜ ⌐⅔↑╢Ᵽ▬○ⱴ☻─ ≤ 5) 

 

1- 1- 3 Ᵽ▬○ⱴ☻⅛╠─◄Ⱡꜟ◑כ ─  

FIT⌐ ↕╣√Ᵽ▬○ⱴ☻ ─ 8)╩ 1-4⌐ ∆⁹2016 ─Ᵽ▬○ⱴ

☻ ─FIT │⁸◄Ⱡꜟ◑כⱵ♇◒☻≢ ↕╣╢2030─Ᵽ▬○ⱴ☻

602728kW╩ ⌐ ⅎ≡™╢⁹ ⌐ ⌂≥╩ ⇔√Ᵽ▬○ⱴ☻

─ ⅜ ⇔≡⅔╡⁸2016 ⌐│Ᵽ▬○ⱴ☻ ─ ─℮∟ 9 ╩

╘≡™╢⁹ ⌐ ↕╣√ ⌐⅔™≡╙⁸╛│╡ ⌂≥╩ ⇔

√ ─ ╘╢ ⅜ ⅝™⁹ ⌂≥╩ ⇔√Ᵽ▬○ⱴ☻ ─ 9)

╩╖╢≤ 1-5⁸∕─╒≤╪≥⅜ 5,000kW─ ≤⌂∫≡™╢⁹↓╣│⁸Ᵽ▬

○ⱴ☻ ─ ⅜ ≤ ─ ≢№╢ ⱦfiכ♃ ╩ ⇔

≡™╢√╘≢№╢⁹ 1-6⌐ ∆╟℮⌐⁸ ╢╟⌐ⱦfiכ♃ │ ⅜ ↕ↄ⌂╢

≤ ⌐ ⅜ ∆╢⁹∕─√╘⁸ ⱦfiכ♃ ╩ ⇔√Ᵽ▬○ⱴ☻ ≢

│⁸ ╩ ∆╢√╘⌐ 5,000kW─ ⅜ ≤⌂╢⁹ ≢⁸5,000kW─

Ᵽ▬○ⱴ☻ ≢ ≤∆╢ │ 6 ♩fi⌐─╓╢≤↕╣≡⅔╡ 7)⁸ ⇔

√ ⅜ ⌂ │ ╠╣≡™╢⁹ ─ ╛ ─ ≤™∫√

Ᵽ▬○ⱴ☻┼ ↕╣╢ ╩ ╖╣┌⁸ ╛ ⌐ ╕╣≡™╢⌂≥─

⌐⅔™≡╙ ─ ⅜ ≤⌂╢ ≢─ ⅜ ╕╣╢⁹↓─╟℮⌂ ╩ ↑⁸

2015⌐│ ╩ ⇔√2,000kW─ ╩ ⌐FIT ⌐⅔↑╢

─ ⅝ →⅜⌂↕╣√⁹Ᵽ▬○ⱴ☻ ─FIT ⌐⅔↑╢ ─ 10)╩ 1-2⌐

∆⁹ ─Ᵽ▬○ⱴ☻ ─ ⌐ ↑⁸Ᵽ▬○ⱴ☻╩●☻⌐ ●☻ ⇔⁸

≢╙ ⅜ ™●☻◄fi☺fi╩ ™≡ ∆╢ⱪ꜡☿☻⌐ ⅜ √╣

≡™╢⁹ 
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1-4 Ᵽ▬○ⱴ☻ ─FIT ≤ Ᵽ▬○ⱴ☻  

◄Ⱡꜟ◑כ ♃כ♦ 8╩╙≤⌐  

β™∏╣╙3 ╩♃כ♦─ ⇔⁸ ה ≤╙ ─╖ ⇔√⁹ 

 

 

 

1-5 20188 ╕≢─ Ᵽ▬○ⱴ☻ ─ FIT  

43 9╩╙≤⌐  

 

 

1-2 Ᵽ▬○ⱴ☻ ─FIT ⌐⅔↑╢ ─ 10) 
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1-6 ─ 11) 

 

 

1- 2 Ᵽ▬○ⱴ☻─●☻ ⌐ ∆╢  

1- 2- 1 Ᵽ▬○ⱴ☻─●☻  

1)  ●☻ ⌐≈™≡ 

●☻ ⌐│⁸ ⌐╟╡ ┤╪ ⌂≥╩ ↕∑╢↓≤≢●☻╩ ╢₈ ⌂●

☻ ₉≤⁸ ─ ה ⌐╟∫≡●☻╩ ╢₈ ⌂●☻ ₉⅜№╢

⅜⁸ ≢│ ⌐≈™≡ ∆╢⁹ ⌂●☻ ≤│⁸ ⌐⅔™≡⁸ №╢

™│ ─ ╩●☻ ≤ ↕∑╢↓≤≢ H2 ╛ CO ⌂≥─●☻

⌐ ∆╢ⱪ꜡☿☻≢№╢⁹●☻ ⌐│⁸ ⌐ ╛ O2⁸ H2O⁸

╕√ ⌂ CO2⅜ ™╠╣╢⁹ ⅜∆═≡●☻⌐ ↕╣╢≤⇔√ ⁸●☻

│ ⌐ ─ ≢ ↕╣╢⁹ 

 

 CnHmOp + aO2 + bH2O ќ cCO + dCO2 + eH2 + CxHy   (1-1) 

 

●☻ ⌐⅔™≡│ ₁─ ⅜ ⅛≈ ⌐ ∂╢⅜⁸ ≤⇔≡ ─╟℮⌂

⅜ →╠╣╢ 6)⁹ ─◄fi♃ꜟⱧכ │ 12)⌐ ─ ◄fi♃
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ꜟⱧכ╩╙≤⌐ ⇔√⁹  

 

 C + O2 ќ CO2 -393.8kJ/mol (1-2) 

 H2 + 1/2O2 ќ H2O(g) -242.0kJ/mol (1-3) 

 C + 1/2O2 ќ CO -110.6kJ/mol (1-4) 

●☻  C + CO2 ќ 2CO +172.6kJ/mol (1-5) 

●☻  C + H2O(g) ќ CO + H2 +131.4kJ/mol (1-6) 

 C + 2H2 ќ CH4 -74.9kJ/mol (1-7) 

●☻◦ⱨ♩  CO + H2O(g) ź CO2 + H2 -41.2kJ/mol (1-8) 

ⱷ♃fi  CO + 3H2 ќ CH4 + H2O(g) -206.3kJ/mol (1-9) 

ꜞⱨ◊כⱶ  CH4 + H2O(g) ќ CO + 3H2 +206.3kJ/mol (1-10) 

 

⌐│⁸●☻ ─ ≤⇔≡ ⁸∆∆╛כꜗ♅─ ⅜ꜟכ♃─ ∆╢⁹●☻

≢│⁸●☻ ⌐╟╢ ●☻╩●☻◄fi☺fi╛●☻♃כⱦfi⌐ ⇔≡ ╩ ℮⁹╕√⁸

●☻│H2⁸CO╩ ╗↓≤⅛╠⁸ ╛ ─ ≤⇔≡─ⱳ♥fi◦ꜗꜟ╙

∆╢ 13)15)⁹ 

 

2)  Ᵽ▬○ⱴ☻─●☻ ⌐⅔↑╢  

 Ᵽ▬○ⱴ☻●☻ ⌐⅔™≡ ≤⌂╢─⅜⁸Ᵽ▬○ⱴ☻─ ─ ⌐ ꜟכ♃╢∆

─ ⁸│≥ꜟכ♃⁹╢№≢ 5 ─ ╛ ⁸ ⅛

╠⌂╢⁸ ╩╙≈ ─ ─ ≢№╢ ⁸│ꜟכ♃⁹(16 ⌐⌂╢≤

⇔≡ ╩ ↕∑╢⁸ ⱨ▫ꜟ♃─ ≢ ╩ ⇔ ╕╡╩ ⅝

↓∆⌂≥⁸ ₁⌂ ♩ꜝⱩꜟ╩ ↄ ⅜№╢⁹ ●☻─ ≤⌂╢●☻◄fi☺

fi╛●☻♃כⱦfi╙ │ꜟכ♃─ ⌐ ╩⅝√∆√╘ ≢⅝⌂™≤⇔≡™╢⁹

∕╣∞↑≢⌂ↄ⁸♃כꜟ⅜ ≢№╢↓≤╩ ╕ⅎ╣┌⁸●☻ ⱪ꜡☿☻⌐⅔™

≡∕╣╠│ H2⁸CO⌂≥─●☻≤⇔≡ ↕╣╢═⅝◄Ⱡꜟ◑כ ≢№╢⁹∆⌂╦∟⁸

─ꜟכ♃ │●☻ ⌐╟╢◄Ⱡꜟ◑כ ─ ꜟכ♃⁸√╕⁹╢⅜⌂≈⌐ ⌐│

⅜╪ ⅜ ↕╣≡™╢ ╙ ╕╣≡⅔╡⁸∕─ ⅜ ↕╣╢⁹↓╣╠─ 17)

⅛╠⁸Ᵽ▬○ⱴ☻─●☻ ─ꜟכ♃│≡™⅔⌐ ⅜ ⌂ ≤⌂╢⁹ 

 ╕√⁸●☻◄fi☺fi│ ─√╘⌐ ─●☻ 4MJ/m3
N ╩ ≤∆╢ 18)⁸

19)⁹∕─√╘⁸●☻◄fi☺fi≢─ ╩ ⇔√ ⁸ ●☻─ ⅔╟┘ ●☻

●☻ ─ ⌐ ∆╢ ●☻─ ─ ─ ⅜ ⌐ ≤⌂╢⁹ 

 

 



8 

 

3)  ●☻ ─  

 ●☻ ─ │ ─ ╛ ⌐╟∫≡ ↕╣╢⁹ 1-3⌐●☻ ─ ╩

∆⁹╕√⁸ ⌂●☻ ─ ≤⇔≡⁸ ≤ ≤ ─ ≤∕

─ ╩ 1-7⌐ ∆⁹ 

●☻ │▪♇ⱪ♪ꜝⱨ♩ ≤♄►fi♪ꜝⱨ♩ ─ 2 ⌐ ↕╣╢⁹▪♇ⱪ

♪ꜝⱨ♩ ≢│⁸ │ ─ ⅛╠ ↕╣≡ ╩ ⇔⁸●☻ │ ⅛╠ ⅝

╕╣╢⁹ │ ≢ ⁸ ↕╣⁸ ─ ≢●☻ ∆╢⁹ ●☻│

╩ ⇔⌂⅜╠ ─ ⅛╠ ↕╣╢⁹ │ ≤ ●☻⅜ ⌂╢ ⌐ ╗↓

≤⅛╠₈ ₉≤╙ ┌╣╢⁹▪♇ⱪ♪ꜝⱨ♩ ≢│⁸ ≢ ₁⌐ ╩

↕∑⌂⅜╠●☻ ⅜ ⅜ꜟכ♃⁸╘√╢∂ ⌐ │ꜟכ♃─↓⁹╢∆ ●☻⌐

∆╢∞↑≢⌂ↄ⁸ ⅛╠ ⇔√ ≤≤╙⌐ ╩ ↕∑⁸™╦╝╢Ⱪꜞ♇

☺≤ ┌╣╢ ─ ╩ ∂╢⁹ ∫≡⁸Ⱪꜞ♇☺╩ ←√╘ ─ ⅝↕╩ ∆

╢⁸№╢™│ ─ ╩ ↑╢↓≤⅜ ≤⌂╢ 20)⁹ 

♄►fi♪ꜝⱨ♩ │ ⌐│▪♇ⱪ♪ꜝⱨ♩ ╩ ⇔√ ≤⌂∫≡™╢⅜⁸

●☻─ ╣╩ ⅝⅛╠ ⅝⌐ ⇔≡™╢⁹ ≤ ●☻─ ╗ ⅜ ∂↓≤⅛

╠⁸↓∟╠│ ≤╙ ┌╣╢⁹ ≢ │ꜟכ♃√⇔ ─ ╩ ∆╢

⌐ ⁸ ↕╣╢√╘⁸●☻ ─ ●☻ ꜟכ♃─ │▪♇ⱪ♪ꜝⱨ♩ ─

1/100≤ ╩ꜟכ♃⁸⇔∞√⁹╢⌂⌐ ⌐ ∆╢√╘⌐│ ─ ⌂ ⅜

⌐⌂╡⁸ ⌐│ ⅛⌂™⁹╕√⁸ ─ ╩ ∆╢√╘ ╩ ⇔ↄ

⌡15% ⌐ ⅜☻כ◔╢™≡⇔ ™⁹ 

●☻ ≢│⁸●☻ ╩ ─ ⅛╠ ⇔≡ ⌂≥─ ╩ ↕∑⁸

∕─ ⌐≡ ╩●☻ ∆╢⁹ ●☻ │♄►fi♪ꜝⱨ♩ ⌐ ═╢

ꜟכ♃≥ ⅜ ↄ⁸╕√⁸ ⅜ ↄ ╕╣≡™╢ ≢│ ─ ⅜ ↕╣

╢ ⅜№╢⁹ ⁸ ●☻ ─ │⁸ ⅜fiכ♂ ⌐ ↕╣≡™╢√╘

⅜ ∆╢↓≤⁸ ⅜ ⇔≡ ≤⌂∫√ ─╖⅜ ↕╣╢√╘ ─

─ ⅜ ⌐ ╣╢↓≤⌐№╢⁹╕√⁸ ╩ ╘ ⌂ ╩ ≢⅝

╢↓≤⌐╙ ⌐ ⅜№╢⁹∕─ ⅛╠ ●☻ │ ⌂ ↔╖

─ ⌐╙ ↕╣≡⅔╡ 23)⁸ ●☻ ≤⇔≡ ≢╙∆≢⌐ ↄ─

⅜№╢⁹ 

⌂⅔⁸ ⌐│ⱣⱩꜞfi◓ ≤ ⅜ ∆╢⁹ⱣⱩꜞfi◓ ─ ─ ⁸

─ │1m/s─○כ♄≤⌂∫≡™╢─⌐ ⇔⁸ ≢│∕─5 10─

≢ ≤ ╩ ↕∑╢⁹ │ⱣⱩꜞfi◓ ⌐ ─

⌐ ╣╢⅜⁸ ─ │╟╡ ⌐ ↄ 24)⁹ 
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1-3 ●☻ ─ 6) 

 

 

 

 

1-7 ⌂ ●☻ ─ ≤ 4⁸20)22)╩╙≤⌐  

 

 

4)  ●☻ ╩ ™√Ᵽ▬○ⱴ☻ ─  

 ≢│ ↄ⅛╠Ᵽ▬○ⱴ☻─◄Ⱡꜟ◑כ ⌐≈™≡ ⌐ ╡ ╕╣≡⅔╡⁸

╩ ⌐ ╩ →≡⅝√ 25)⁹∕─√╘⁸ ╛ ─√╘─▬fiⱨꜝ⅜

↕╣≡⅔╡⁸╕√ ♅♇ⱪ╛Ɑ꜠♇♩⌂≥ ≤⇔≡ ↕╣√Ᵽ▬○ⱴ☻─ ≤

⅜ ↄ⅛╠ ⇔≡™╢⁹↓─╟℮⌂ ⅛╠⁸ ≢│Ɑ꜠♇♩╛ ♅♇ⱪ╩

≤⇔√●☻ ╩ ™√ ─Ɽ♇◔כ☺ fiꜛ◦כ꜠Ⱡ▼☺כ◖ ◦

☻♥ⱶ⅜ ⌐ ↕╣⁸ ⌂ ╩ →√ 26)⁹ 

FIT ─ ⁸ ⅜ ⌐⅔™≡╙ ─●☻ ─ ⅜ ™∞ 27)30)⁹∕

─ │♄►fi♪ꜝⱨ♩ ●☻◄fi☺fi ⱪ꜡☿☻≢№╢⁹⇔⅛⇔⁸ ⌐╙

═√ ╡♄►fi♪ꜝⱨ♩│ ⌐ ∆╢ ⅜ ⇔ↄ⁸ ≢│ ⌂ↄ ⇔≡™√⌐

╙ ╦╠∏ ≢│ ─ ⅛╠♩ꜝⱩꜟ⅜ ⁹╢№╙☻כ◔℮™≥√∂

≤ ┌╣╢ ─♄►fi♪ꜝⱨ♩ ●☻ ╩ ↕∑√ ─

ṕ0.1Ṍ0.12MPaṖḯ ṕ0.5Ṍ2.5MPaṖ

ṕ700ṹ Ṗḯ ṕ700ṹ Ṗḯ ṕ Ṗ

ḯ ḯ ḯ

ṕ Ṗ

( ) ṕ Ṗ

ḯ ḯ ḯ ḯ ḯ ḯ ḯ

ӓ῁

Ϸ῁

ˏ ῁

˔ ῁

ԍ
ѝ Ȫȷ
Ƚɶɩ

24/ħ
350 7//ħ

800 1000 ħ
1000 01//ħ Ϸ῁

ӓ῁

ˏ ῁

˔ ῁

ԍ

ѝ Ȫȷ
Ƚɶɩ

24/ħ
350 7//ħ

1000 1200 ħ
800 1000 ħ

65 0 900 ħ

ԍ
ѝ Ȫȷ
Ƚɶɩ

Ҳ῁



10 

 

Ɑ꜠♇♩ ●☻ ╙ ↕╣≡™╢⅜⁸╛│╡ ┼─ ⅜ ⇔ↄ⁸ Ɑ꜠♇♩─

⁸ ⁸⅛↕ ⁸ ⌂≥⅜ ─ ⌐ ╩ ⅎ╢≤↕╣≡™╢ 31)⁹

─╟℮⌐ ╩ ╘╠╣√ Ɑ꜠♇♩─ ⅜ ↕╣≡™⌂™ ≢│●☻

≤⇔≡─ ╩ √∆Ɑ꜠♇♩╩ ≢⅝╢ │ ↄ⌂ↄ⁸Ɑ꜠♇♩ ─ ─

√╘─ ╛ ◖☻♩ ─ ≤⌂∫≡™╢⁹╕√⁸ ≢│ ⌐╖╠╣╢╟℮

⌂ ⅜ ↕╣≡™⌂™√╘ ─ ⅜ ⇔ↄ⁸ ⌐╟╢ ╩

╠╣≡™⌂™ ⅜ ™⁹ ◖☻♩─ ╛ ─ ⁸╕√ ⅜ ⅎ∏

⅜ ↄ⌂╢⌂≥─ ⅛╠⁸ ─ Ᵽ▬○ⱴ☻●☻ ⱪꜝfi♩≢│⁸

╩ ∫√ ≡─ⱪꜝfi♩≢ ◖☻♩⅜ FIT⌐╟╢ ─ 40 /kWh╩ ⇔√≤™

℮ ╙⌂↕╣≡™╢ 32)⁹ 

 

 

1- 2- ─ꜟכ♃ 2  

Ᵽ▬○ⱴ☻─●☻ ꜟכ♃╢↑⅔⌐ │⁸ ⅝ↄ₈ ╩ꜟכ♃⌐ ∆╢

─ꜟכ♃₈≥₉ ה ₉⌐ ≢⅝╢ 33)⁹ 

 

1)   

⌐│⁸ ─ ESPElectrostatic Precipitator⁸

RPSRotational Particle Separator⁸ ⱨ▫ꜟ♃╛☿ꜝⱵ♇◒ⱨ▫ꜟ♃⁸☻◒ꜝⱣ⌂≥⅜

™╠╣╢⁹ ─ ≤⇔≡⁸ ╛▪fi⸗♬▪╩│∂╘≤⇔√ ●☻⌂≥⁸

ꜟכ♃ ─ ╙ ≢⅝╢ ⅜ →╠╣╢⁹ ⌐⁸ ⌐ ™╠╣╢ │

⌂≥─ ⱪꜝfi♩╩│∂╘⁸●☻ ─ ─ ⌐ ↄ ↕╣≡™╢⁹⇔⅛⇔

ꜟכ♃⁸╠⅜⌂ ╩ ≤⇔√ ⌐│™ↄ≈⅛─ ⅜ →╠╣╢⁹ESP⌐≈™≡│

≢─ ꜟכ♃│≢ ⅜ ∏⁸∕─√╘ EPS─ ≢●☻╩ ∆╢ ⅜№

╢ 33)⁹ ⱨ▫ꜟ♃⅔╟┘☿ꜝⱵ♇◒ⱨ▫ꜟ♃⌐≈™≡│⁸♃כꜟ⅜ ≢№╢√╘⁸ⱨ

▫ꜟ♃⌐ ─ꜟכ♃√⇔ ⅜ ≢│⌂ↄ⁸ ⌐ ╕╡⇔≡⇔╕℮≤™℮

⅜№╢ 34)⁹ⱬfi♅ꜙꜞ☻◒ꜝⱣ│ESP╛ ⱨ▫ꜟ♃⌐ ═≡ ꜟכ♃™ ESP

60%⁸ⱨ▫ꜟ♃ 50%⁸☻◒ꜝⱣ 50-90%⅜ ↕╣≡™╢ 35)⅜⁸☻◒ꜝⱣ│ ⌐ⱨ

▼ⱡכꜟ╛∕─ ꜟכ♃─ ⅜ ⇔√ ╩ ∆╢ ⅜ ∂╢⁹ ╩ ≢

│⌂ↄ○▬ꜟ⌐ ⇔√╙─╙№╢⅜⁸∕─ │ ─ ⌐≈⌂⅜╢ 34)⁹ 

 

2) ה   

ה │ ⌂≥─◄Ⱡꜟ◑כ♃≡∫╟⌐כꜟ╩ ─●☻⌐ ∆╢ ≢

№╢⁹ ╩ꜟכ♃│≡™⅔⌐ ⌐ ∆╢∞↑≢№╢─⌐ ⇔⁸ ה

│ ∞↑≢⌂ↄ♃כꜟ─ ∆╢◄Ⱡꜟ◑כ╩●☻≤⇔≡ ╠╣╢↓≤⌐∕─ ⅜

№╢⁹ ה ⌐│₈ ₉⁸₈ⱪꜝ☼ⱴ ₉⁸₈ ₉⅜№╢⁹ 
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│⁸∕─ ─ ╡ ╩ꜟכ♃≡⌐ ∆╢ ≢№╢⁹Brandt╠ 36)│▪♇

ⱪ♪ꜝⱨ♩ ●☻ ⅛╠ ⇔√●☻╩ ™≡ ─ ╩ ™⁸●☻─

╩0.5≤⇔√ ⌐│1250ϴ ≢●☻ ꜟכ♃ ╩50mg/m3
N ⌐ ≢⅝╢↓≤

╩ ⇔≡™╢⁹ ≢│⁸ ⌐│O2╛ ╩ ™≡●☻─ ╩ ↕∑⁸∕

─ ꜟכ♃≡∫╟⌐ ⌐ ⌂ ╩ ╢ 18)⁹O2●☻╩ ™√ │ ⌐

⌂ ⱪꜝfi♩≢╙ ⅜№╢ ≢№╢ 33)⁸37)⁹√∞⇔⁸ │●☻─

╩ ↕∑╢√╘⁸●☻⅜ ∆╢◄Ⱡꜟ◑כ─ ╩ ↄ╒⅛⁸ ⌐╟╡ ∆╢

CO2╛ ─ N2 ⌐╟╢ ─√╘⌐●☻─ ⅜ ⇔ↄ ∆╢⁹╕√⁸O2●

☻╩ ™╢ │⁸∕─ ⌐◖☻♩≤◄Ⱡꜟ◑כ╩ ∆╢↓≤⅜ ≤⌂∫≡™╢ 38)⁹ 

ⱪꜝ☼ⱴ ⌐│⁸ ⱪꜝ☼ⱴ╩ ™≡ ─ ™ꜝ☺◌ꜟ╩ ─≥ꜟכ♃∑↕

╩ ∆╢ ≤⁸ ⱪꜝ☼ⱴ⌐╟╡ ╩ ╩ꜟכ♃≡ ∆╢ ⅜№╢ 33)⁸

39)⁸40)⁹ⱪꜝ☼ⱴ⌐╟∫≡ ─ ╩ ╘╢↓≤⅜≢⅝╢√╘⁸№╢™│ ⱪꜝ☼ⱴ

⌐╟∫≡ ╩ ∆╢√╘⁸ ⌐ ═√ ⌐ ═ ⌂ ╩ ╠∆↓

≤⅜≢⅝⁸∆⌂╦∟N2≢─ ⌐╟╢●☻ ─ ╩ ←↓≤⅜≢⅝╢⁹⇔⅛⇔⁸ⱪ

ꜝ☼ⱴ╩ ↕∑╢√╘⌐ ─ ╩ ≤∆╢√╘⁸ ⌂◄Ⱡꜟ◑כ │

⌐ ╢≤↕╣≡™╢ 33)⁹ 

 ●☻ ◄Ⱡꜟ◑כ─ ╛ ─◄Ⱡꜟ◑כ ⌐╟╢◄Ⱡꜟ◑כ ─ ╩

⌐ ⅎ╢≤™℮ ⅛╠⁸ ╩ꜟכ♃≡⌐ ∆╢ ⌐≈™≡ ⅜

╦╣≡™╢⁹ │⁸ ╩ ─ꜟכ♃≢≥↓╢™ ⌐ ⌂ ╟╡ ™

≢ ╩ ∂↕∑╢⁹ ─╟℮⌐●☻─ ◄Ⱡꜟ◑כ╩ ∆╢↓≤⌂ↄ♃כ

ꜟ╩ ─●☻⌐ ≢⅝╢√╘⁸╕√ⱪꜝ☼ⱴ ─╟℮⌐ ─ ◄Ⱡꜟ◑כ

╩ ≤⇔⌂™√╘⁸ │●☻ ╛◄Ⱡꜟ◑כ ─ ⅜ ≢⅝╢ ⌂

≢№╢⁹♦fiⱴכ◐☻─◒כⱬ Skive⌐№╢Ᵽ▬○ⱴ☻─ ⱪꜝfi♩

6MW⁸ 11.5MW≢│⁸♃כꜟ─ ─√╘⌐⸗ⱡꜞ☻ ╩ ⇔≡

™╢ 41)⁸42) 1-8⁹⇔⅛⇔⁸ ↕╣≡™╢Ᵽ▬○ⱴ☻─●☻ ⱪꜝfi♩≢⁸

ꜟכ♃╢╟⌐ ╩ ∫≡™╢╙─│╒≤╪≥⌂™⁹ ꜟכ♃│≡™≈⌐ ⌐

∆╢ ⌐ ⅎ⁸◖☻♩─ ⁸ ╛ ⌂≥⅜ ≤⌂∫≡™╢ 38)⁹ 
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1-8 Skive─Ᵽ▬○ⱴ☻ ⱪꜝfi♩─ ⱨ꜡42כ) 

 

 

1- 3  

↓╣╕≢⌐ ═√ ╡⁸Ᵽ▬○ⱴ☻●☻ ─ ⌐⅔™≡│⁸ŋ ●☻ ⌐ ∆╢

─ ⁸ᵒ●☻ ─ ⁸ᵓ ●☻ ─ꜟכ♃─ ⁸⅜ ⌂ ≤⌂╢⁹∕

↓≢ ≢│⁸ ⌐ ∆╢ ⅜ ↄ ─ ≢╙ ─№╢₈ⱣⱩꜞfi◓

●☻ ₉≤⁸◄Ⱡꜟ◑כ ╩ ↄ ⅎ≈≈⁸●☻ ─ ꜟכ♃≥

─ ⅜ ≢⅝╢₈ ₉⌐ ╩ ≡╢↓≤≤⇔√⁹ ≢│ ●☻

⅔╟┘ ─ ⌐≈™≡ ∆╢⁹ 

 

1- 3- 1 ●☻  

●☻ ≢│⁸ ⌂≥─●☻ ╩ ⅛╠ ⇔≡ ⌂≥─ ╩

↕∑⁸∕─ ≢ ╩●☻ ↕∑╢⁹ ⌐│●☻ ─O2≤ ─ ╩

↕∑⁸∕─ ⌐╟╡ ─ ╩ ∆╢⁹ ─ ⅝™ ╩ ↕

∑╢↓≤≢ ─ ⅜ ⇔⁸╕√ ╙ ≤⌂╢⁹ ─ ─ │

ⱨꜞכⱲכ♪≤ ┌╣╢⁹ ●☻ ⌐⅔™≡⁸●☻ ⌐ ╩ ⅎ╢ ≤⇔≡│

⌐●☻ ─ ╛ EREquivalence Ratio⁸ ╛ⱨꜞכⱲכ♪─ ⁸

╕√ ─ ⌂≥⅜ →╠╣╢⁹Narv§ez╠ 43)│⁸ ─ ●☻ ╩

™≡ⱴ♠─⅔⅜ↄ∏╩ ™√●☻ ╩ ™⁸ER⁸ ≤ⱨꜞכⱲכ♪ ⁸

⁸ⱨꜞכⱲכ♪┼─ ⁸ ┼─ ♪꜡ⱴ▬♩ ≤™℮6≈

─ ⅜ ⅎ╢ ╩ ⇔√⁹∕─ ⁸ER╩ →╢↓≤≢ N2⌐╟╢ ─√╘

●☻─ │ ꜟכ♃──╙╢⅜ ╙ ∆╢↓≤⁸ ⅜ כ♃≥™
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ꜟ⅜ ⇔●☻ ⅜ ∆╢↓≤⌂≥╩ ⇔√⁹ ╠│ ⌐≡⁸ER│0.250.30⁸

│800ϴ ⁸ⱨꜞכⱲכ♪ │600ϴ ≤∆╢↓≤╩ ⇔≡™╢⁹√

∞⇔⁸ ●☻ ⌐≡ ●☻ ꜟכ♃ ╩1 2g/m3N ≤∆╢↓≤│ ⇔ↄ⁸

╛ ꜟכ♃╢╟⌐ ⅜ ≢№╢≤ ═≡™╢⁹Win╠ 44)│⁸ ⱥכ♃⌐╟

╢ ◖fi♩꜡כꜟ╩ ╦⌂™ ─ ●☻ ╩ ™≡ Ɑ꜠♇♩≤ RPF

Refuse Paper and Plastic Fuel─ ●☻ ╩ ™⁸ⱨꜞכⱲכ♪┼─ ─

╩ ⇔√⁹ ⅜⌂™ ⁸ Ɑ꜠♇♩╩●☻ ⇔√ ─ ●☻ ꜟכ♃

│12.1g/m3
N∞∫√─⌐ ⇔⁸ ╩ ⇔√ │ⱨꜞכⱲכ♪ ─ ⅜ ⇔⁸

ꜟכ♃ │2.5g/m3
N╕≢ ∆╢↓≤╩ ⇔√⁹ ꜟכ♃⁸│╠ ≤●☻ ─

╩ ╖⁸ER│0.4 ER0.3⁸ ER0.1⅜ ≢№╢≤⇔≡™╢⁹Robinson

╠ 45)│ Ɑ꜠♇♩⌐PETPolyethylene terephthalate╩ −√ ─●☻ ⌐≈™≡

⇔⁸ -PETⱭ꜠♇♩│ Ɑ꜠♇♩⌐ ═≡ ●☻─ ⅔╟┘●☻ ⅜

∆╢↓≤╩ ⇔≡™╢⁹ 

●☻ │⁸∕─ ─ ↕⅛╠ ⌐╙ ₁⌂Ᵽ▬○ⱴ☻ ┼─

⅜ ↕╣≡™╢⁹☻Ɑ▬fi╛▬♃ꜞ▪⌂≥─ ≢ ↕╣≡™╢◐◒ ─

≢№╢◌ꜟ♪fi─●☻ ≢│⁸ ─ ™ ⱴ◓Ⱡ◘▬♩ ○ꜞⱦfi ⌐╟╢

ꜟכ♃╛☻● ─ ⅜ ↕╣≡™╢ 46)⁹☺ꜗ▬▪fi♩Ⱶ☻◌fi◘☻ ☻☻◐

╩ ≤⇔√ ≢│⁸ ─ ⌐╟╢●☻ ┼─ ⌐≈™≡ ─ ●

☻ ╩ ™≡ ═╠╣≡™╢ 47)⁹∕─╒⅛⁸☻▬♇♅◓ꜝ☻ 48)╛Ɽכⱶ EFB

Empty Fruit Bunch49)⌂≥╩ ≤⇔√ ●☻ ─ ⅜⌂↕╣≡⅔╡⁸ ─

Ᵽ▬○ⱴ☻╩◄Ⱡꜟ◑כ⌐ ∆╢ ≤⇔≡⁸ ●☻ ⌐ ⅜ √╣≡™╢↓≤

⅜ ⅎ╢⁹ ≢─ ╩ ⅎ√ ⁸☻◑╛ⱴ♠⌂≥─ ⌐╟╠∏⁸╕√ ╛

⌂≥╙ ⌐≢⅝╣┌⁸●☻ ●☻◄fi☺fi ─ ⌐≈⌂⅜╢≤ ⅎ╠╣╢⁹ 

─ │∆═≡●☻ ⌐ ╩ ™≡™╢⅜⁸O2 ╩ ™√ 50)╛⁸

╩ ⇔√ 51)⌐≈™≡╙ ⅜↕╣≡™╢⁹Ᵽ▬○ⱴ☻─ ●☻ ─

─ ⌂ ≤ ●☻─ ꜟכ♃┘╟⅔ ╩ 1-4⌐╕≤╘╢⁹ 

╩ ™√Ᵽ▬○ⱴ☻─●☻ ⌐⅔↑╢ ≤⇔≡⁸ ─ ▪◓꜡ⱷ꜠כ

◦ꜛfi ⅜№╢⁹Ᵽ▬○ⱴ☻─ ⌐ ↄ ╕╣╢◌ꜞ►ⱶ K ⌂≥─▪ꜟ◌ꜞ

│⁸ ─◔▬ Si≤ ⇔≡ ╩ ∆╢ 52)⁹∕─ ─

⌐╟∫≡ ╛ ⌂≥⅜ ⇔ ℮↓≤≢ ⅜ ↕╣╢↓≤╩▪◓꜡ⱷ꜠כ◦ꜛfi

≤™℮⁹ ⇔√ │╛⅜≡ ╛ ╩ ⅝ ↓∆ ⅜№╢⁹∕─√╘⁸

│ ─ ≤⌂╠⌂™╟℮ ∆╢ ⅜№╢⁹╕√⁸ ─ ⌐╟

╢▪◓꜡ⱷ꜠כ◦ꜛfi─ ╙ ↕╣≡™╢ 53)⁹ 

  



 

 

1
4
 

1-4 Ᵽ▬○ⱴ☻─ ●☻ ─  

 

 β₈ ₉│ ⌐ ╩ ⇔≡™╢⁹√∞⇔⁸(FB)≤ ⇔≡™╢╙─│ⱨꜞכⱲכ♪ ╩ ⇔≡™╢⁹ 

 β₈●☻ ₉│ ⌐ ╩ ⇔≡™╢⁹√∞⇔⁸(H)≤ ⇔≡™╢╙─│ ╩ ⇔≡™╢⁹  

ER

- kg/h - - - ṹ MJ/m 3
N g/m 3

N

Ian Narvaez

et al. 43) 0.39-0.684 0.2-0.45 750-850 3.5-7.0 2-18

Myo Min

Win et al. 44) RPF
23 0.3-0.5 690-939 (FB) 3.4-4.7 2.5-12.1

T. Robinson

et al. 45) ṧPET 6-13 0.19-0.43 725-875 3.4-5.1 10-30

Daniel

Serrano et

al.
46)

4.5 0.2 700-800
(FB) 6-7 25-40

Marzena

Kwapinska

et al.
47)

0.4-0.66 0.18-0.32 660-850 4.7-6.8 4.7-15.9

Pooya

Lahijani et

al.
48)

6-11 0.17-0.32 650-1050 4.53
(H) -

Steve

Lysenko et

al. 49)

190 0.35 730Ü10 5.2 (H) 11.7 (

Ṗ

M. L.

Mastellone

et al. 50)

+

֣֘֫ԐԚԂԋ+

ṕ5:3:2Ṗ

1.62-3.12 0.25 850 5.15-8.95 13.5-21.8

Manuel

Campoy et

al. 51)

12-21 + 0.19-0.35 730-815 4.8-5.9 15.4-25.8
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1- 3- 2  

─ꜟכ♃ ≢│⁸ ─╟℮⌂ ⅜ ∂╢≤↕╣≡™╢ 54)⁹ 

 

   pCnHm (tar) ќ qCxHy (smaller tar) + rH2 (1-11) 

   CnHm (tar) + nH2O ќ (n + m/2)H2 +nCO (1-12) 

 ♪ꜝ▬ꜞⱨ◊כⱵfi◓  CnHm (tar) + nCO2 ќ (m/2)H2 +2nCO  (1-13) 

   CnHm (tar) ќ nC + (m/2)H2   (1-14) 

 

≢│⁸ ⅜↓╣╠─ ╛ (1-2)(1-10)⌐ ⇔√ ╩ כ♃⁸≢≥↓╢∆

ꜟ─ ╛●☻ ─ ⅜ ╦╣╢⁹ 

─ꜟכ♃  ─√╘─ ≤⇔≡⁸↓╣╕≢⌐ ⌂ ⅜ ↕╣≡™╢⁹El-Rub

╠ ꜟכ♃│(55 ╩ 1-9⌐ ∆ 9 ⌐ ⇔⁸∕╣∙╣─ ─ ╛ ╩╕≤

╘≡™╢ 1-5⁹ 

│ ⁸⅛≈ ⌐ ∆╢↓≤⅛╠ ⅜ ≢№╢≤™℮ ⅜№╢⁹Corella╠

56)⁸57)│♪꜡ⱴ▬♩⁸ⱴ◓Ⱡ◘▬♩⁸◌ꜟ◘▬♩≤™∫√ ─ ╛○ꜞⱦfi╩

●☻ ─ ≤⇔≡ ⇔≡●☻ ╩ ™⁸ ♪꜡ⱴ▬♩⅜

ꜟכ♃⌂ ╩ ∆↓≤╩ ╠⅛⌐⇔√⁹⇔⅛⇔⌂⅜╠⁸ ♪꜡ⱴ▬♩│ ⅜

™√╘ ≤⌂∫≡●☻ ⌐ ⌐ ⇔≡⇔╕℮≤™℮ ╙ ⇔≡™╢⁹ 

 

 

 

ꜟכ♃ 1-9 ─ 55)  

Catalysts

Minerals

Synthetic Catalysts

Calcined Rocks

( )
Olivin e

Clay Minerals

Iron Ores

Calcite

Magnesite

Calcined Dolomite

Char

FCC
FCC Catalyst

Alkali Metal Carbonat e

Activate Alumina

Transition Metals Based

Ni -based

(Pt, Zr, Rh, Ru, Fe) -based



 

 

1
6
 

ꜟכ♃ 1-5 ─ ≤ 55╩╙≤⌐  

 

ṕCaO MgO Ṗ

Ca/Mg

CO2

ṕṌ

95%Ṗ

ṕ(Mg,Fe)2SiO4Ṗ
MgO Fe2O3

ṕ>0.7nmṖ

Al2SiO5 850ṹ

Ni

ṕ800-

850ṹṖ

ṕ Ṗ
>

ṕH2
Ṗ

H2

FCC
Si/Al

ṕSteam N

Ṗ
FCC

Li Na K Rb Cs Fr

ṕK Na

Ṗ K

Al2O(3-x)(OH) 2xṕx=0¤0.8Ṗ

Ni

Ni

ṕMg K Ṗ
ṕ H2SṖ

900ṹ H2

CO

8Ṍ10

ṕ Ṗ
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▪ꜟ◌ꜞ ╩ ╗ │⁸ ⅜ ≢№╢↓≤⌐ ⅎ⁸ ─ ─

⅛╠╙ ≤⇔≡─ ⅜ ↕╣≡™╢⁹El-Rub╠ 58)│♫ⱨ♃꜠fi╩⸗♦ꜟ ≤⇔

≡ ₁⌂ ꜟכ♃─ ╩ ⇔⁸ Ᵽ▬○ⱴ☻ ─ ⌐╟∫≡♫ⱨ♃꜠fi⅜

∆╢↓≤╩ ⇔≡™╢⁹╕√⁸Al-Rahbi╠ 59)│ ⁸RDFRefuse Derived Fuel⁸ ♃

▬ꜘ─ ╩ ≤⇔≡ Ᵽ▬○ⱴ☻ ●☻─ ⌐╟╢ ╩ ™⁸↓

╣╠─ ⅜ ─ ╛◦ⱨ♩ ─ ꜟכ♃√╕⁸ ⌐ ⅜№

╢ ╩ ⇔≡™╢⁹ 

─ ≢⁸ ⌐╙ ↕╣╢꜡☺►ⱶ Rh╛ Pt⁸Ɽꜝ☺►ⱶ Pd

⌂≥│ ⌐ ꜟכ♃™ ╩ ⇔≡™╢↓≤⅜ ↕╣≡™╢ 60)⁸61)⁹Tomishige╠│↓

╣╠ ⅔╟┘♬♇◔ꜟ Ni─ ╩☻◑─ ●☻─ ⌐ ⇔√ ╩ ™⁸

∕─ ─●☻┼─ │ RhPtPdNi─ ⌐ ↄ⁸Rh╩ ⇔√ ╩

™√ ⁸600ϴ ≢ ─┼ꜟכ♃─ ⅜╒╓♀꜡⌐⌂╢↓≤╩

⇔≡™╢ 60)⁹⇔⅛⇔⁸ │◖☻♩⅜ ↄ⁸╕√ ⅜ ≢№╢≤™℮ ⅜№╢⁹↓

─╟℮⌂ ⁸ ╟╡╙ ⌂ ≤⇔≡⁸ Fe╙Ᵽ▬○ⱴ☻●☻ ┼─ ⅜

↕╣≡™╢⁹Fe│ⱨ▫♇◦ꜗהכ♩꜡ⱪ◦ꜙ FT ╛⁸ ⌐⅔↑╢◦ⱨ♩

⌐≡ ≤⇔≡ ™╠╣≡⅔╡ 62)⁸63)⁸●☻ ⌐╟╢ ●☻─ ╩ ∆

╢↓≤⅜ ↕╣╢⁹Ᵽ▬○ⱴ☻⅔╟┘ⱳꜞⱪ꜡Ⱨ꜠fi PPPolypropylene─ ●☻

⌐╟╢ ●☻⌐Fe ╩ ⇔√ ≢│⁸ ⌐╟∫≡ ─●☻┼─

⅜╒╓100%⌐ ⇔√≤ ↕╣≡™╢ 64)⁹╕√⁸▪♇ⱪ♪ꜝⱨ♩ ●☻ ⌐

╟╢ ─●☻ ●☻⌐ Ɑ꜠♇♩╩ ≤⇔≡ ⇔√ ≢│⁸Fe─ ꜟכ♃≈

│ ™╙── │ ⌐ ∆╢↓≤⁸ ⌐╟∫≡ ∂╢ √╢

│ ●☻◦ⱨ♩ ≤ ●☻ ≢№╢↓≤⅜ ↕╣≡™╢ 65)⁹ ≢⁸Fe│Ni

⌐ ═≡ ↕╣⌐ↄↄ⁸∕─√╘Ni⌐ ═Fe│ ⅜ ™↓≤╙ ↕╣≡™╢⁹ 

Ni│⁸♫ⱨ◘╛ ●☻⌂≥─ ⌐╟╢H2 ─ ≢ ≤⇔≡ ™╠╣≡

⅔╡⁸ ─ ╙ ↄ ∆╢ 66)⁹Coll╠ 67)│⁸ ─ ╩⸗♦ꜟ

≤⇔≡ ─Ni ⌐╟╢ ╩ ꜟכ♃─⧵⁸™ ╩ ⇔√⁹

╠│⁸ ─♫ⱨ♃꜠fi⅜ ─▪fi♩ꜝ☿fi╛ ─Ⱨ꜠fi╟╡╙ ↕╣⌐ↄ™

↓≤╩ ⇔≡™╢⁹ ─●☻ ⌐╟╡ ⇔√●☻╩ ₁⌂ ≢ ⇔√

≢│⁸ ─ꜟכ♃│≢⇔⌂ ⅜24g/m3
N≢№∫√╙─⅜⁸ ⌐╟∫≡3.8g/m3

N╕

≢ ↕╣√↓≤⁸╕√H2─ ⌐ ⅜№╢↓≤⅜ ↕╣≡™╢ 68)⁹√∞⇔⁸ ●

☻⌐ ╕╣╢ H2S ⌐╟╢ ─√╘⁸ ⅜ ₁⌐ ∆╢↓≤╙ ↕╣

≡™╢ 69)⁹ 

∕─ ⁸ ₁⌂ ╩Ni ─ ≤∆╢ ╙ ⌐ ╦╣≡™╢⁹○ꜞⱦfi⌐Ni

╩ ⇔√ ╩ ™√ ꜟכ♃⁸│≢ ⅜75% ⇔⁸H2 ⅜8% ⇔

√⌂≥─ ⅜⌂↕╣≡™╢ 70)⁹Ᵽ▬○ⱴ☻♅ꜗכ⌐Ni╩ ꜟכ♃⁸⇔ ╩

⇔√ 71)╙№╢⁹Lu⅔╟┘Kawamoto╠│⁸ⱷ♁ⱳכꜝ☻◦ꜞ◌─ ≢№╢SBA-15
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⌐ ♬♇◔ꜟ NiO╩ ⇔√ NiO/SBA-15╩Ᵽ▬○ⱴ☻⅔╟┘ ─●☻

ⱪ꜡☿☻┼ ∆╢√╘─ ╩ ∫≡™╢ 72)75)⁹ⱷ♁ⱳ⁸│≥◌ꜞ◦☻ꜝכⱷ♁ ≤

┌╣╢ 2 50nm─ ╩ ∆╢ ≢№╡⁸ ⅛≈ ╩ ≈ 76)⁹

Ᵽ▬○ⱴ☻⅔╟┘ RPF─●☻ ●☻⌐ NiO/SBA-15╩ ⇔√ ─ ⁸NiO

20wt-%─ ╩ ⇔√ ⌐ ╣√ ⅜╖╠╣√↓≤⁸NiO 40wt-%─

╩ ⇔√ ꜟכ♃│⌐ ⅜99.3%⌐ ⇔√↓≤⅜ ↕╣≡™╢ 74)⁹ 

≢Ni │⁸Ᵽ▬○ⱴ☻─●☻ ⌐╟╡ ─ꜟכ♃╢∆ ⌐⅔™≡⁸

≢─ ◓fi◐כ◖ ⅜ ╩ ⅝ ↓∆√╘⇔┌⇔┌ ≤⌂╢⁹Ni ⌐

─ꜟכ♃╢╟ ╩ꜟכ♃∏╕⁸│≢ ╗ ⅜ ─Ni ♪▬Ᵽכ◌≢ CHx

╩ Ᵽ▬♪≤H2O╛CO2כ◌─↓⁸⇔ ─O⅜ ∆╢↓≤≢ H2╛CO⌂≥⅜

⅜♪▬Ᵽכ◌⁸⇔⅛⇔⁹╢∆ ∆╢≤ ⅜ ∆╢≤↕╣≡™╢ 77)⁹ ─ⱷ◌

♬☼ⱶ╩ 1-10⌐ ∆⁹ │Ɽꜝⱨ▫fi ≤ ═ ≢ ╩

∂╛∆ↄ⁸ ─ ≢╙ ⅜ ™╒≥ ╩ ⅝ ↓∆ ⅜ ™≤ ╦╣

≡™╢ 67)⁸77)⁹╕√⁸ ╙ ─⇔╛∆↕⌐ ∆╢⁹ MgO⌂≥ ╩

™√ ⌐ ═⁸ Al2O3╛SiO2 ╩ ™√ ─ ⅜⁸ ⅜ ⌐ ↄ ∆

╢↓≤⅜ ╠╣≡™╢ 78)⁹∕─ ⁸ ╠│Ni ⌐ ☿ꜞ►ⱶ CeO2 ╩ ∆╢↓

≤≢⁸∕─ ™ ה 2CeO2 ź Ce2O3 + 1/2O2 ─√╘ ◓fi◐כ◖ ⅜ ∆

╢↓≤╩ ⇔≡™╢ 38)⁸79)⁹ 

 

 

1-10 Ni ꜟכ♃─ ⅔╟┘ ─ⱷ◌♬☼ⱶ 77) 

 

 

 

 

Ni particle

Carrier

CHx

CnHm
H2

Ni particle

Carrier

CHx

coke

H2

Ni particle

Carrier

CHx

H2OH2

O Ni particle

Carrier

H2, CO
O

Coking
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1- 4 ─ ≤  

│⁸ ●☻ ⌐╟╢●☻ ≤ ╩ ™⁸ Ᵽ▬○ⱴ☻╩

≤⇔√●☻◄fi☺fi ─ⱪ꜡☿☻╩ ∆╢↓≤╩ ≤∆╢⁹ 

1-3 ≢ ⇔√ ╡⁸ ⌐╟╢Ᵽ▬○ⱴ☻─●☻ │ ₁⌂ ⅜ ╦╣≡⅔╡⁸∕

─ ╛ ⁸ ─ │ ⌐╦√╢⁹∕─√╘⁸ ─ ─╖≢│ ●

☻ ─ ╩ ⌐ ∆╢↓≤│ ≢№╢⁹ ●☻ ⱪ꜡☿☻─ ╩ ╢

℮ⅎ≢│⁸ ╘≡ ●☻ ─ ╩ ∆╢√╘─ ─♃כ♦√∫∞ ⅜ ≤

⌂╢⁹ 

╕√ ⌐≈™≡│⁸Ni ╩│∂╘ ₁⌂ ⅜ ↕╣≡™╢⅜⁸∕─

⌂ ╩ ∆╢↓≤╛⁸ ⌐ ●☻ ⌐╟∫≡ ╠╣√●☻≢ ╩♃כ♦─

∆╢↓≤│⁸ⱪ꜡☿☻╩ ∆╢℮ⅎ≢ ⌐ ≤⌂╢⁹ 

∕↓≢⁸ ≢│ ₁─ ⌐╟∫≡ Ᵽ▬○ⱴ☻─ ●☻ ⅔╟┘

╩♃כ♦─ ╩♃כ♦─⧵⁸√╕⁸⇔ ™≡ Ᵽ▬○ⱴ☻─ ●☻ ●☻◄fi☺

fi ⱪ꜡☿☻─ ╩ ∫√⁹ ─ ╩ 1-11⌐ ∆⁹ │⁸ ⌐ ∆

6 ⅛╠ ↕╣≡™╢⁹ 

1 ≢│⁸ ─ ⁸ ─ ⁸ ─ ╩ ⇔√⁹ 

2 ≢│⁸ ⌐╟╢ Ᵽ▬○ⱴ☻ ●☻ ─ ╩ ∆╢↓≤⁸⅔╟┘

Ᵽ▬○ⱴ☻─ ●☻ ●☻◄fi☺fi ⱪ꜡☿☻─ ╩ ∆╢↓≤

╩ ≤⇔⁸ kg/h◒ꜝ☻─Ɽ▬꜡♇♩ ⅔╟┘ 200t/day─ ⱪꜝfi♩⌐≡

Ᵽ▬○ⱴ☻─●☻ ⌐╟╢ ╩ ⇔√⁹ 

3 ≢│⁸ ⌐≡●☻ ⱪ꜡☿☻┼─ ⅜ ↕╣≡™╢NiO/SBA-15 ─

●☻ ꜟכ♃┘╟⅔ ╩ ∆╢↓≤╩ ≤⇔⁸Ᵽ♇♅ ─ ⌐≡

Ᵽ▬○ⱴ☻─●☻ ה ╩ ™⁸●☻ ─ ™⌐╟╢ ╩ ⇔√⁹ 

4 ≢│⁸ ⌐ ⇔√ER╛ ⌂≥─ ⌐⅔↑╢Ᵽ▬○ⱴ☻─ ●☻

╩♃כ♦ ∆╢↓≤⁸⅔╟┘ ─ ╩ ╠⅛⌐∆╢↓≤╩ ≤⇔⁸

─ ●☻ ≤ ╩ ∆╢ ╩ ⇔≡ Ᵽ▬○ⱴ☻─

●☻ ─ⱪ꜡☿☻♦כ♃╩ ⇔√⁹ │NiO/SBA-15─ ⁸╟╡ ⌂

◌ꜟ◦►ⱶ⁸ ─ ⅛╠ ╙ ≤⇔√⁹ 

5 ≢│⁸ ─ Ᵽ▬○ⱴ☻─●☻ ●☻◄fi☺fiⱪ꜡☿☻╩ ⇔⁸∕─

╩ ⇔√⁹ 

6 ≢│⁸ 1 ⅛╠ 5 ─ ╩ ⇔√⁹ 
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1-11 ─  
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2) 30  1⁸https://www.meti.go.jp/shingikai/santeii/pdf/030_0

1_00.pdf 
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Ȫȷӓǵ ר
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ǵ ǯ
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Ǯǵ ǲȏȒȪȷӓ ר

ɎɁȿ╛ǵ ș ǋǦ
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ὕ ɅɶȽǲḨǬǖ

http://www-gio.nies.go.jp/aboutghg/nir/2019/NIR-JPN-2019-v3.0_J_GIOweb.pdf
http://www-gio.nies.go.jp/aboutghg/nir/2019/NIR-JPN-2019-v3.0_J_GIOweb.pdf
https://www.meti.go.jp/shingikai/santeii/pdf/030_01_00.pdf
https://www.meti.go.jp/shingikai/santeii/pdf/030_01_00.pdf
https://www.maff.go.jp/j/shokusan/biomass/b_suisin/attach/pdf/160908-9.pdf
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2  ⌐╟╢ Ᵽ▬○ⱴ☻ ●☻ ─  

2- 1 │∂╘⌐ 

Ᵽ▬○ⱴ☻─ ●☻ ●☻◄fi☺fi ⱪ꜡☿☻─ ╩ ╢℮ⅎ≢│⁸╕

∏ ╩ ™√●☻ ─ ╩ ∆╢↓≤⅜ ≤⌂╢⁹1-3-1 ⌐≡ ═√ ╡Ᵽ

▬○ⱴ☻─ ●☻ ⌐ ∆╢ │ ↄ ∆╢⅜⁸●☻ ╛ ─ ⁸

╕√ ⌂≥⅜ ⌐╦√∫≡™╢√╘⁸ ─ ─╖≢│ ●☻ ─

╩ ⌐ ∆╢↓≤│ ≢№╢⁹╕√⁸ │ ⅜ g/h⅛╠10kg/h

─ ─ ╩ ™√ ⅜ ↄ⁸↓─╟℮⌂ ─ ⁸ ⌐│ 15% ─

⅜ ™╠╣╢ 1)9)⁹⇔⅛⇔⌂⅜╠⁸ ♅♇ⱪ╛Ɑ꜠♇♩⌂≥⌐ ∆╢ ─ │

⅜ 4060%≤ ™ 10)⁹ ●☻ ─ ─└≤≈⌐⁸♄►fi♪ꜝⱨ♩ ●☻

≢│ ≤↕╣╢ ─ ╩ ™√ ≢╙ ⇔√ ⅜ ≢№╢≤™

℮ ⅜№╢↓≤╩ ╖╣┌⁸ ─ ╩╙≈ ≢─ ●☻ ─ ⅜

╕╣╢⁹ 

╩ ⇔√◄Ⱡꜟ◑כ ⌐⅔™≡ ≤⌂∫≡™╢Ⱳ▬ꜝ כ♃

ⱦfi ≢│⁸ ≤⇔≡ ⅜ ↕╣≡™╢ ⅜№╢ 11)13)⁹↓↓≢⁸

 =  /  ╩ 1 ≤⇔⁸ ⌐╟╡ ↕∑╢

ⱪ꜡☿☻≤⇔√ ⌐│⁸ ⅛╠ ╕≢─ │●☻ ─ ≤⌂╢⁹Ⱳ▬

ꜝ ⱦfiכ♃ ⱪ꜡☿☻≢ ↕╣≡™╢╟℮⌂ ⌂ ≢─●☻ כ♦

♃│↓╣╕≢╒≤╪≥ ↕╣≡™⌂™⁹ ꜠ⱬꜟ─ ─ ≤⁸↓─

╟℮⌂ ⱪꜝfi♩꜠ⱬꜟ─ ⌂ ≢─●☻ ╩♃כ♦ ∆╢↓≤│⁸

●☻ ─ ⌐⅔™≡ ⌐ ≢№╢≤ ⅎ╠╣╢⁹ 

∕↓≢ ≢│⁸ ⌐╟╢ Ᵽ▬○ⱴ☻─●☻ ─ ╩♃כ♦√∫∞

⇔≡∕─ ╩ ∆╢↓≤╩ ≤⇔⁸ kg/h─Ɽ▬꜡♇♩ ⁸⅔╟┘

≢№╢200t/day8,500kg/h─ ╩ ⅎ√Ᵽ▬○ⱴ☻ ⌐≡ ╩

∫√⁹Ɽ▬꜡♇♩ ⌐╟╢ ≢│⁸╙∫≤╙ ⌂●☻ ╩ ∆╢√╘⁸

⅛≈ ⱪꜝfi♩≤≢⅝╢ ╡ ╩ ╦∑╢√╘⁸●☻ ⌐│ ─ Ᵽ▬○ⱴ

☻╩ ⇔⁸●☻ │ ≤⇔√⁹ ≢│ ⌐ ╩╙≈ ╩ ⇔

√ ╙ ↄ№╢⅜ 7)9)⁸14)16)⁸ ≢│ ≢№╢ ╩ ⇔√⁹ 

╕√ ─ ≢│⁸ ≢ ╠╣√ ╩╙≤⌐⁸ Ᵽ▬○ⱴ☻─ ⌂

●☻ ●☻◄fi☺fi ⱪ꜡☿☻─ ⌐≈™≡╙ ∑≡ ⇔√⁹  

 

2- 2 Ɽ▬꜡♇♩☻◔כꜟ ●☻ ╩ ™√  

╙∫≤╙ ⌂ ●☻ ᵑ ⌐╟╢●☻ ⁸o ≤⇔≡ ╩ ⁸

ᵓ ─ ≢─ ∞∫√●☻ ╩♃כ♦ ∆╢√╘⌐⁸Ɽ▬꜡♇♩

╩ ™≡ ╩ ∫√⁹ 
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2- 2- 1  

 ≢ ⇔√ ●☻ Ɽ▬꜡♇♩ ─ ⱨ꜡כ╩ 2-1⌐ ∆⁹

╕√⁸Ɽ▬꜡♇♩ ─ ╩ 2-1⌐ ∆⁹●☻ │ 200mm⁸ ↕ 3m─

─ ≢№╢⁹ ⌐│ 4 ╩ ⇔√⁹ ─ │⁸

↕≤ ─ ⅜ ≤⌂╢11kg≤⇔√⁹ ≢│ ⁸ │ ↕

╣╢ ─ ≤ ⌐╟∫≡ ⌐ ╕∫≡⇔╕℮⁹∕↓≢ ─ ≢

│⁸ⱥכ♃⌐╟╢ ─ №╢™│ ┼─ ─ ⌐╟∫≡⁸ ∂

⁸ ≢╙ ╩№╢ ≢⅝╢╟℮⌐⇔√⁹╕√⁸ ─

│ ─ ⌐ ⇔≡™⌂™⁹∕─√╘⁸ ≢│ ≤│ ⌐ ┼ ╩

∆╢↓≤≢⁸ ⅜ ↄ ⅜ ™ ╩ ⇔√⁹ 

 ●☻ ≢ ⇔√●☻│ ─ ⌐≡ ↕╣⁸Ᵽ◓ⱨ▫ꜟ♃⌐≡♄☻♩╩

⇔√─∟⁸ ⌐ ↕╣╢⁹ │●☻ ≤ ╩≈⌂←♄◒♩⅛╠⁸●☻⅔╟

╩◓fiⱪꜞfi◘─כꜗ♅הꜟכ♃┘ ∫√⁹ 

 

 

 

2-1 Ɽ▬꜡♇♩ ─ ⱨ꜡כ 

 

Hopper

Screw feeder

Heater

Fluidized bed

Cooling tube

Incinerator

Cooling tower

Bag filter

Flue gas

Gasifier

Air Induced draft fan 

Water

Sampling

module

Water

Sampling bag GC-TCD

TC1

TC

TC2

2-propanol

P

P

Thimble
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2-1 Ɽ▬꜡♇♩  

 

 

2- 2- 2  

≢│⁸ ╩ ╡ ™√ⱴ♠╛☻◑⌂≥⅛╠ ↕╣√ⱱ꞉▬♩Ɑ꜠♇♩╩

≤⇔≡ ⇔√⁹ⱱ꞉▬♩Ɑ꜠♇♩─ ה ╩ 2-1⌐⁸ ╩ 2-2

⌐ ∆⁹ⱱ꞉▬♩Ɑ꜠♇♩│☻◒ꜞꜙכ ⌐╟∫≡ ⌐ ↕╣╢⁹

─ ─√╘⌐ ∆╢ ╙⁸ ∂ↄ ⌐ ↕╣╢⁹ ─ │⁸Ɑ꜠♇♩

≤ ╩ ╦∑√╖⅛↑─ ⅔╟┘ ⅜ ♅♇ⱪ≤ ≤⌂╢╟℮⁸Ɑ꜠♇♩

⌐№╦∑≡ ⇔√⁹ ╩ 2-2⌐╕≤╘╢⁹∆═≡─ ⌐⅔™≡⁸

⇔√ ╩ ╘√╖⅛↑─ │ 45%⁸╖⅛↑─ │

9.3MJ/kg-wet≢№╢⁹EREquivalence Ratio│↓↓≢│ ≤ ≢№╡⁸ 

 

ER = 
 [m3N hϳ]

 m3N kgϳ  Ĭ  [kghϳ]
                                (2-1) 

 

≢ ↕╣╢⁹ ≢│⁸ER│0.28⁸0.38⁸0.44─3 ≤⇔⁸ ─ №╢

™│ ┼─ ⌐╟∫≡ ╩ ↕∑√⁹Run 8│Run 1─

≤⇔≡ ∫√⁹ 
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2-1 ⱱ꞉▬♩Ɑ꜠♇♩─  

 

 

 

  

2-2 ⱱ꞉▬♩Ɑ꜠♇♩ 

 

 

2-2  

 

 

 

 

 

 

 

Higher heating value MJ/kg-dry 20.57 C %-dry 51.40

Lower heating value MJ/kg-dry 19.14 H %-dry 6.31

Moisture % 7.7 N %-dry 0.06

Volatile %-dry 84.9 O %-dry 41.93

Fixed carbon %-dry 14.8 S %-dry < 0.01

Ash %-dry 0.3 Cl %-dry < 0.01

Proximate analysis Ultimate analysis

Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 Run 7 Run 8

ER - 0.38 0.28 0.38 0.28 0.44 0.44 0.38 0.38

Feeding rate

   Biomass kg/h 17.6 26.4 17.6 26.4 17.6 17.6 17.6 17.6

   Water kg/h 12.1 18.2 12.1 18.2 12.1 12.1 12.1 12.1

   Fluidizing air m
3
N/h 30 33 30 33 35 35 30 30

-
Cooling

tube

Cooling

tube
Option - - -

Pre-

heating

Pre-

heating
-



 

30 

⅔╟┘ ─ ╩ ╘≡⅛╠ ⌡30 ⁸ ─ ⅜ ⇔≡™╢↓≤╩

⇔≡⅛╠●☻◘fiⱪꜞfi◓╩ ⇔√⁹●☻◘fiⱪꜞfi◓│●☻ ─♄◒♩⌐≡

30 ↔≤⌐⁸1 ⌐≈⅝ 8 ∫√⁹●☻│ ⇔√▬fiⱧfi☺ꜗכ ─ 2-ⱪ꜡Ɽⱡ

ꜟכ 50mL×3 ⌐ ┘╟⅔♩☻♄⁸ꜟכ♃≡∑↕ ╩ ⇔√ ⁸●☻Ᵽ♇◓⌐

⇔√⁹1 ─◘fiⱪꜞfi◓⌐≈⅝⁸1L─●☻Ᵽ♇◓2 ⌐●☻╩ ⇔√⁹∆⌂╦∟⁸●

☻ 1 ⌐≈⅝⁸8 ×2  = 16─●☻◘fiⱪꜟ╩ √⁹ ⇔√●☻│ ╛⅛⌐

GC-TCDAgilent 490 Micro GC╩ ™⁸Molsieve5AAr◐ꜗꜞ▪ ◌ꜝⱶ≢H2⁸O2⁸

N2⁸CH4⁸CO╩⁸PoraPLOT QHe◐ꜗꜞ▪ ≢CO2⁸C2H4⁸C2H6⁸C3H8⁸i-C4H10⁸n-C4H10

╩∕╣∙╣ ⇔√⁹ 

fiⱪꜞfi◓│⁸◘─כꜗ♅┘╟⅔ꜟכ♃ 2-1⌐ ∆╟℮⌐●☻◘fiⱪꜞfi◓ ─

⌐≡ fiⱪꜞfi◓│●▬♪ꜝ▬fi◘─כꜗ♅┘╟⅔ꜟכ♃⁹√∫ 17)⌐ ─ ⌐ ∫√⁹

◘fiⱪꜞfi◓⸗☺ꜙכꜟ│ⱥ350≡⌐♃כϴ⌐ ⇔√ ╤ ≤⁸2-ⱪ꜡Ɽⱡכꜟ╩ ╣

√▬fiⱧfi☺ꜗ6כ ≢ ↕╣╢⁹▬fiⱧfi☺ꜗכ─ ─4 │♪ꜝ▬▪▬☻╩ ╣√

≢ 0ϴ ⌐ ⇔⁸ ╡─ 2 │♪ꜝ▬▪▬☻╩ ╣√ 2-ⱪ꜡Ɽⱡ20-≡⌐ꜟכϴ

⌐ כꜗ♅⁸ꜟכ♃⁹√⇔ ─√╘─●☻ │ ─ ≤♄◒♩

─ ⅜ ⇔ↄ⌂╢╟℮ ⇔⁸●☻ ─ ⅜100L≤⌂╢╕≢●☻─ ╩ ∫

⌐350ϴ│כꜗ♅⁹√ ⇔√ ╤ ≢ ↕╣√╙─╩ ⇔⁸ ⅔╟┘

╩ ⇔√⁹Run 7⁸8─╖⁸ ╤ ≢ ─כꜗ♅√╣↕ ╙ ⇔⁸●☻ ♅ꜗ

כ ╩ ⌐Ⱪכꜙ♅┘╟⅔כꜗ♅⁸│ꜟכ♃⁹√╘ ⇔√╙─╩▪☿♩fi≢ ⇔⁸▬

fiⱧfi☺ꜗכ ─ 2-ⱪ꜡Ɽⱡכꜟ≤ ∑≡ ⇔√ ⁸ ╩ ↕∑≡ ∫√╙──

╩ ⇔√⁹╕√⁸ ╙≡™≈⌐ꜟכ♃─ ⅔╟┘ ╩ ⇔√⁹♃

☻●fiⱪꜞfi◓│⁸◘─כꜗ♅┘╟⅔ꜟכ 1 ⌐≈⅝2 ∫√⁹ 

●☻ ≥כꜗ♅⁸ꜟכ♃⁸│ ∂ כꜗ♅⁸ꜟכ♃⁸≡⌐ ─ ⌐

⇔√⁹ כꜗ♅⁸ꜟכ♃⁸╙ ≤ ∂ↄ1 ⌐≈⅝2 ⇔√⁹ │

JIS Z 8808⌐ ∂√⁹ 

 

2- 2- 3 ≤  

1)   

⌐⅔↑╢ 2-1 TC1⁸ 2-1 TC2─♩꜠fi♪

◓ꜝⱨ≤ ◘fiⱪꜞfi◓─♃▬Ⱶfi◓╩ 2-2⌐╕≤╘╢⁹ ↔≤⌐ ╛ER│

≤⇔≡™╢⅜⁸ ≤≤╙⌐ ⁸ ⅜ ∆╢ ⅜╖╠╣

√⁹↓╣│⁸ ─ ⌐╟╢ ≤ ╦╣╢⁹ │ ≤ ═200

300ϴ ™ ≤⌂∫√⁹↓╣│ ╛♄◒♩ ⅛╠─ ─√╘≢№╢⁹ ⅛╠

─ ≢ ↕╣╢ │⁸ ─ │ ◒כꜞ─╠⅛≤⌂

1m3N/h─╖≢№╡⁸ⱨꜞכⱲכ♪≢─ ●☻─ │ ∂≡™⌂™≤ ⅎ╠╣╢⁹●☻

≢─●☻ │ ⌡1.11.4 ≤ ↕╣╢⁹ 
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2-2(1) ⁸ ♩꜠fi♪ 
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