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ɄŮɟɑɚɖɣɖ 

 

 Ɇəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ ɛŮɚɏŰɖɠ, ŮɑɜŬɘ ɜŬ ɛŮɚŮŰɐůŮɘ Űɖɜ ŮɜŮɟɔŮɘŬəɐ 

Ŭɝɘɞˊɞɑɖůɖ ɓɘɞůŰŮɟŮɩɜ, ɛŮ Űɖ ɛɏɗɞŭɞ Űɖɠ ŬŮɟɘɞˊɞɑɖůɖɠ. ȼ ɛŮɗɞŭɞɚɞɔɑŬ Űɖɠ 

ŮɟɔŬůɑŬɠ, ůŰɖɟɑɕŮŰŬɘ ůŰɖ ůɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ,  Ŭˊɧ Űɖɜ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ, 

ŮɝŮɘŭɘəŮɡɛɏɜŮɠ  ɛŮɚɏŰŮɠ, əŬɗɩɠ əŬɘ Ŭˊɧ Ůˊɑůɖɛɞɡɠ ŭɘŬŭɘəŰɡŬəɞɨɠ Űɧˊɞɡɠ.  

ȼ ŮɟɔŬůɑŬ ɞɚɞəɚɖɟɩɜŮŰŬɘ ɛɏůŬ Ŭˊɧ ˊɏɜŰŮ əŮűɎɚŬɘŬ.  

ɇɞ ˊɟɩŰɞ əŮűɎɚŬɘɞ, ɛŮɚŮŰɎ Űɖɜ ɘɚɨ ŮɔəŬŰŬůŰɎůŮɤɜ ŮˊŮɝŮɟɔŬůɑŬɠ ɚɡɛɎŰɤɜ. 

ȷɜŬűɏɟŮɘ, ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɘɚɨɞɠ əŬɘ Űɘɠ ɛŮɗɧŭɞɡɠ ŭɘŬɢŮɑɟɘůɐɠ Űɖɠ. 

ɇɞ ŭŮɨŰŮɟɞ əŮűɎɚŬɘɞ, ŮůŰɘɎɕŮɘ ůŰɖ ɗŮɟɛɘəɐ ŮˊŮɝŮɟɔŬůɑŬ ůŰŮɟŮɩɜ 

ŬˊɞɟɟɘɛɛɎŰɤɜ. ɆɡɔəŮəɟɘɛɏɜŬ, ŬɜŬɚɨŮɘ Űɖɜ ŬˊɞŰɏűɟɤůɖ, Űɖɜ ˊɡɟɧɚɡůɖ, Űɖɜ 

ŬŮɟɘɞˊɞɑɖůɖ, Űɘɠ ŰŮɢɜɞɚɞɔɑŮɠ ˊɚɎůɛŬŰɞɠ, əŬɘ ɛŮɚŮŰɎ Ůˊɑůɖɠ ŰŬ ŭɘɎűɞɟŬ 

ˊŬɟŬˊɟɞɥɧɜŰŬ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ. 

ɇɞ ŰɟɑŰɞ əŮűɎɚŬɘɞ, ŮůŰɘɎɕŮɘ ůŰɖɜ ŬŮɟɘɞˊɞɑɖůɖ. ɂŮəɘɜɎ ɛŮ ɛɘŬ ůɨɜŰɞɛɖ 

ɘůŰɞɟɘəɐ ŬɜŬŭɟɞɛɐ, ˊŮɟɘɔɟɎűŮɘ Űɖ ŭɘŮɟɔŬůɑŬ əŬɘ ŰŬ ˊɟɞɥɧɜŰŬ ŬŮɟɘɞˊɞɑɖůɖɠ, 

ˊŬɟŬɗɏŰŮɘ Űɞɡɠ Űɨˊɞɡɠ ŬŮɟɘɞˊɞɑɖůɖɠ, əŬɘ Űɏɚɞɠ Űɖ ŭɡɜŬŰɧŰɖŰŬ ˊŬɟŬɔɤɔɐɠ Űɖɠ 

ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ ŰŮɢɜɞɚɞɔɑŮɠ ŬŮɟɘɞˊɞɑɖůɖɠ.  

ɇɞ ŰɏŰŬɟŰɞ əŮűɎɚŬɘɞ, ɛŮɚŮŰɎ ŮűŬɟɛɞɔɏɠ ŬŮɟɘɞˊɞɑɖůɖɠ ɘɚɨɞɠ Ŭˊɧ 

ŮɔəŬŰŬůŰɎůŮɘɠ Ů́ ŮɝŮɟɔŬůɑŬɠ ɚɡɛɎŰɤɜ. 

ɇɞ ˊɏɛˊŰɞ əŬɘ ŰŮɚŮɡŰŬɑɞ əŮűɎɚŬɘɞ, ˊɟɞɓŬɑɜŮɘ ůŮ ŰŮɢɜɞɞɘəɞɜɞɛɘəɐ ŬɜɎɚɡůɖ. ȼ 

ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ, ɛŮɚŮŰɎ, ŬɜŬɚɨŮɘ, əŬɘ ˊŬɟɞɡůɘɎɕŮɘ  ɝŮɢɤɟɘůŰɎ Űɘɠ 

ŰŮɢɜɞɚɞɔɑŮɠ ŬŮɟɘɞˊɞɑɖůɖɠ Űɤɜ ɓɘɞůŰŮɟŮɩɜ,  Űɞ əɧůŰɞɠ əŮűŬɚŬɑɞɡ,  əŬɘ Űɖɜ 

ŭɡɜŬŰɧŰɖŰŬ ˊŬɟŬɔɤɔɐɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ŬɜɎ Űɧɜɞ ɓɘɞůŰŮɟŮɩɜ (ɝɖɟɐɠ 

ɓɎůɖɠ). ɇɞ əɧůŰɞɠ əŮűŬɚŬɑɞɡ ɔɘŬ Űɖɜ ˊɟɩŰɖ ɛŮɚɏŰɖ, ŬɜɏɟɢŮŰŬɘ ůŮ 5,575.000 ú , 

ɛŮ ŭɡɜŬŰɧŰɖŰŬ  ˊŬɟŬɔɤɔɐɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ  1440  kWh/ton. ũɘŬ Űɖɜ 

ŭŮɨŰŮɟɖ ɛŮɚɏŰɖ, Űɞ əɧůŰɞɠ əŮűŬɚŬɑɞɡ ŬɜɏɟɢŮŰŬɘ ůŮ  2,900.000 ú, ɛŮ ŭɡɜŬŰɧŰɖŰŬ  

ˊŬɟŬɔɤɔɐɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ  925,7 kWh / ton,  ɛŮ ɢŬɛɖɚɧ əɧůŰɞɠ 

ˊŬɟŬɔɤɔɐɠ ï ɚŮɘŰɞɡɟɔɑŬɠ, ˊŮɟɑˊɞɡ  0,04 ú / kWh ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ. ȷˊɧ Űɖɜ 

ŰɟɑŰɖ ɛŮɚɏŰɖ  ˊɟɞəɨˊŰŮɘ ɧŰɘ Űɞ əɧůŰɞɠ əŮűŬɚŬɑɞɡ, ŬɜɏɟɢŮŰŬɘ ˊŮɟɑˊɞɡ ůŮ 

55,751.000 ú, ɛŮ ŭɡɜŬŰɧŰɖŰŬ ˊŬɟŬɔɤɔɐɠ ɖɚŮəŰɟɘəɐɠ ɘůɢɨɞɠ  15000 kW. 

ɆŰɞ Űɏɚɞɠ Űɖɠ ŮɟɔŬůɑŬɠ, ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ ŰŮɚɘəɎ ůɡɛˊŮɟɎůɛŬŰŬ, Űɖɠ 

ɛŮɚɏŰɖɠ.  
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Summary 

 

The purpose of this thesis, is to study the potential for energy production 

from biosolids, using the gasification process. The study,  is based on data 

collected from the international literature, specialized studies, and on material 

collected from official websites. 

 

The study completed through five chapters. 

The first chapter, deals with sewage  sludge, produced by  wastewater 

treatment plants (WWTPs). It explores the characteristics of Sewage sludge, and 

the various methods of management. 

The second chapter, focuses on thermal treatment of solid waste: 

incineration, pyrolysis, gasification, plasma technology, and deals with the 

various subproducts. 

The third chapter focuses on gasification. It starts with a brief historical 

background, describes the process and the gasification products, lists the types of 

gasification, and the potential for energy production, using the gasification 

process. 

The fourth chapter, focuses  on the application of gasification of sewage 

sludge, produced by wastewater treatment plants.  

The fifth and final chapter provides techno-economic analysis.In this 

thesis, we study, analyze, and separately present the gasification of biosolids 

technologies, capital costs, and the power potential per ton of dry biosolids. The 

capital cost of the first study is 5,575.000 ú, with power potential of 1440 kWh / 

ton. For the second study, the capital cost is 2900.000 ú producing electricity up 

to 925,7 kWh / ton,  with low production and operating cost, approximately ú 0.04 

per kWh. On the third study we present  that the capital cost is approximately 

55,751.000 ú, with potential electrical power 15000 kW.  

At the end, we present the final conclusions of this study. 
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 ȾȺūȷȿȷȽɃ 1
ɞ
 
 
ȽȿɈɆ ȺũȾȷɇȷɆɇȷɆȺɋɁ 

ȺɄȺɂȺɅũȷɆȽȷɆ ȿɈɀȷɇɋɁ 

1.1 ȺɘůŬɔɤɔɐ 

 

ȼ ɘɚɨɠ ŮɑɜŬɘ Űɞ ůŰŮɟŮɧ ɡˊɧɚŮɘɛɛŬ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ ɚɡɛɎŰɤɜ, ɧˊɞɡ 

ŭɘŬɢɤɟɑɕŮŰŬɘ Űɞ ɡɔɟɧ əŬɘ ůŰŮɟŮɧ əɚɎůɛŬ. ɇɞ ŮˊŮɝŮɟɔŬůɛɏɜɞ ɡɔɟɧ ŮəɟɏŮɘ ůŮ 

ɡŭɎŰɘɜɞɡɠ ŬˊɞŭɏəŰŮɠ, Ůɜɩ Űɞ ůŰŮɟŮɧ ůɡɚɚɏɔŮŰŬɘ ɔɘŬ ˊŮɟŮŰŬɑɟɤ ŮˊŮɝŮɟɔŬůɑŬ.  

(Fytili  & Zabaniotou, 2008).  

ɃɟɘůɛɏɜŬ ůɡůŰŬŰɘəɎ ˊɞɡ ˊŮɟɘɏɢɞɜŰŬɘ ůŰɖɜ ɘɚɨ, ɧˊɤɠ ɞɟɔŬɜɘəɧ űɞɟŰɑɞ, 

ɎɕɤŰɞ, űɩůűɞɟɞɠ, əɎɚɘɞ əŬɘ ŬůɓɏůŰɘɞ, ɛˊɞɟɞɨɜ ɜŬ ŮˊŬɜŬɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ, ɛŮŰɎ 

Ŭˊɧ əŬŰɎɚɚɖɚŮɠ ŭɘŮɟɔŬůɑŮɠ. ȯɚɚŬ ůɡůŰŬŰɘəɎ, ɧˊɤɠ ŰŬ ɓŬɟɏŬ ɛɏŰŬɚɚŬ əŬɘ ɞɘ 

ˊŬɗɞɔɧɜɞɘ ɛɘəɟɞɞɟɔŬɜɘůɛɞɑ ŮɑɜŬɘ ɟɡˊŬɜŰɏɠ, ˊɞɡ ŬˊŬɘŰɞɨɜ ˊɟɞůŮəŰɘəɐ ŭɘŬɢŮɑɟɘůɖ 

ɔɘŬ ɜŬ ŮɝŬůűŬɚɑɕŮŰŬɘ ɖ ŬůűŬɚɐɠ əŬɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɎ ŬˊɞŭŮəŰɐ ŭɘɎɗŮůɖ ůŰɞ 

ˊŮɟɘɓɎɚɚɞɜ. 

ȷɜɎɚɞɔŬ ɛŮ Űɞ ůŰɎŭɘɞ ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ɚɡɛɎŰɤɜ, ŭɘŬəɟɑɜɞɜŰŬɘ ɞɘ 

ŬəɧɚɞɡɗŮɠ əŬŰɖɔɞɟɑŮɠ ɘɚɨɞɠ: 

1. ɄɟɤŰɞɓɎɗɛɘŬ ɘɚɨɠ: Ƚɚɨɠ ˊɞɡ ůɡɚɚɏɔŮŰŬɘ Ŭˊɧ Űɞɜ ˊɡɗɛɏɜŬ Űɖɠ 

ˊɟɤŰɞɓɎɗɛɘŬɠ ŭŮɝŬɛŮɜɐɠ əŬɗɑɕɖůɖɠ, ůŮ ŮɔəŬŰŬůŰɎůŮɘɠ ŮˊŮɝŮɟɔŬůɑŬɠ 

ɚɡɛɎŰɤɜ. 

2. ȸɘɞɚɞɔɘəɐ ɐ ŭŮɡŰŮɟɞɓɎɗɛɘŬ ɘɚɨɠ: Ƚɚɨɠ ˊɞɡ ůɡɚɚɏɔŮŰŬɘ Ŭˊɧ Űɞɜ ˊɡɗɛɏɜŬ 

Űɖɠ ŭŮɡŰŮɟɞɓɎɗɛɘŬɠ ŭŮɝŬɛŮɜɐɠ əŬɗɑɕɖůɖɠ, ůŮ ŮɔəŬŰŬůŰɎůŮɘɠ 

ŮˊŮɝŮɟɔŬůɑŬɠ ɚɡɛɎŰɤɜ. 

3. ɀɘəŰɐ ɘɚɨɠ: ŮɑɜŬɘ ɛɑɔɛŬ ˊɟɤŰɞɓɎɗɛɘŬɠ əŬɘ ɓɘɞɚɞɔɘəɐɠ ɘɚɨɞɠ 

 

4. Ƚɚɨɠ ŬɜŬŮɟɧɓɘŬɠ ɢɩɜŮɡůɖɠ: Ƚɚɨɠ ˊɞɡ ˊŬɟɎɔŮŰŬɘ, əŬŰɎ Űɖɜ ŬɜŬŮɟɧɓɘŬ 

ɢɩɜŮɡůɖ Űɤɜ ˊɘɞ ˊɎɜɤ ɘɚɨɤɜ. 

5. ɄŬɢɡɛɏɜɖ ɘɚɨɠ: AűɞɟɎ Űɖɜ ˊɎɢɡɜůɖ ˊɞɡ ɔɑɜŮŰŬɘ, ˊɟɘɜ Űɞ ůŰɎŭɘɞ Űɖɠ 

ŬűɡŭɎŰɤůɖɠ. ȼ ůɡɔəɏɜŰɟɤůɖ ůŮ ůŰŮɟŮɎ Űɖɠ ˊŬɢɡɛɏɜɖɠ ɘɚɨɞɠ əɡɛŬɑɜŮŰŬɘ 

ůɡɜɐɗɤɠ ɛŮŰŬɝɨ 5-9%. 

6. ȷűɡŭŬŰɤɛɏɜɖ ɘɚɨɠ: ȹɘŮɟɔŬůɑŬ ŭɟŬůŰɘəɐɠ ɛŮɑɤůɖɠ  Űɞɡ ɧɔəɞɡ Űɖɠ ɘɚɨɞɠ. 

ȼ ůɡɔəɏɜŰɟɤůɖ ůŮ ůŰŮɟŮɎ Űɖɠ ŬűɡŭŬŰɤɛɏɜɖɠ ɘɚɨɞɠ, əɡɛŬɑɜŮŰŬɘ ůɡɜɐɗɤɠ 

ɛŮŰŬɝɨ 18-23% . 
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7. ȷůɓŮůŰɞˊɞɘɖɛɏɜɖ ɘɚɨɠ. 

 

1.1.1ɉŬɟŬəŰɖɟɘůŰɘəɎ ɘɚɨɞɠ   

 

ȼ ɘɚɨɠ ˊɞɡ ˊŬɟɎɔŮŰŬɘ Ŭˊɧ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ɚɡɛɎŰɤɜ, ŮɑɜŬɘ ůɡɜɐɗɤɠ 

ɡɔɟɐ ɐ ɖɛɘ-ůŰŮɟŮɐ, ɛŮ ůɡɔəɏɜŰɟɤůɖ ůŰŮɟŮɩɜ Ŭˊɧ 1,5% ɏɤɠ 12% əŬŰɎ ɓɎɟɞɠ 

(Metacalf & Eddy, 1991). ȼ ˊɞůɧŰɖŰŬ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ɘɚɨɞɠ, ŮˊɖɟŮɎɕŮŰŬɘ 

əɡɟɑɤɠ Ŭˊɧ Űɞ ůɢŮŭɘŬůɛɧ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ɚɡɛɎŰɤɜ, əŬɘ Űɞ ŮɘůŮɟɢɧɛŮɜɞ 

ɞɟɔŬɜɘəɧ űɞɟŰɑɞ Űɞɡ ɚɨɛŬŰɞɠ (Fytili  & Zabaniotou, 2008).  

 

ȼ ɘɚɨɠ, ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɢŬɟŬəŰɖɟɘůŰŮɑ ˊɞɚɨ ɟŮɡůŰɐ Ŭɜ ɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ 

Űɖɠ ůŮ ɜŮɟɧ ɝŮˊŮɟɜɎŮɘ Űɞ ˊɞůɞůŰɧ Űɞɡ 85%, əŬɘ ɝɖɟɐ Ůűɧůɞɜ ɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ 

Űɖɠ ůŮ ɜŮɟɧ ŭŮɜ ɝŮˊŮɟɜɎŮɘ Űɞ 15%.ɆŮ ˊɞůɞůŰɧ ɜŮɟɞɨ 40%, ɢŬɟŬəŰɖɟɑɕŮŰŬɘ  ɤɠ 

əɞəəɩŭɖɠ ɐ ŬɜɗŮəŰɘəɎ ůŰŮɟŮɐ. ɆŮ ˊɞůɞůŰɧ 65%, ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ůɢŮŰɘəɎ 

ůŰŮɟŮɐ, əŬɘ ůŮ ˊɞůɞůŰɧ 75% ɢɡɚɩŭɖɠ ɐ ˊɚŬůŰɘəɐ. 

ȼ ˊɞůɧŰɖŰŬ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ɘɚɨɞɠ, ŮɝŬɟŰɎŰŬɘ  Ŭˊɧ ŰŬ ˊŮɟɘŮɢɧɛŮɜŬ 

ůŰŮɟŮɎ ůŰŬ ŬˊɧɓɚɖŰŬ, əŬɘ Ŭˊɧ Űɞɜ ɓŬɗɛɧ Ŭˊɧŭɞůɖɠ Űɤɜ ŭɘŬűɧɟɤɜ ůŰŬŭɑɤɜ Űɖɠ 

ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ŬˊɞɓɚɐŰɤɜ (ɇůɩɜɖɠ,2004).  

ɇŬ ůŰŮɟŮɎ Űɖɠ ɘɚɨɞɠ ŰŬ ɞɜɞɛɎɕɞɡɛŮ əŬɘ ɓɘɞůŰŮɟŮɎ, ŬɜŬɔɜɤɟɑɕɞɜŰŬɠ Űɞ 

ɔŮɔɞɜɧɠ ɧŰɘ ɛˊɞɟŮɑ ɜŬ Ŭɝɘɞˊɞɘɖɗɞɨɜ ŮˊɤűŮɚɩɠ (ɇůɩɜɖɠ,2004).  ɇŬ ůŰŮɟŮɎ ˊɞɡ 

ůɡɜɐɗɤɠ ɓɟɑůəɞɡɛŮ ůŰɖɜ ɘɚɨ, ɢɤɟɑɕɞɜŰŬɘ ůŮ ŭɨɞ ɓŬůɘəɏɠ əŬŰɖɔɞɟɑŮɠ: Ŭ)ɇŬ 

ŬɘɤɟɞɨɛŮɜŬ ůŰŮɟŮɎ (SS), əŬɘ ɓ) ŰŬ ŭɘŬɚɡɛɏɜŬ ůŰŮɟŮɎ (DS). ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ 

Űɤɜ ůŰŮɟŮɩɜ Űɖɠ ɘɚɨɞɠ, ůɡɜɐɗɤɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ űɘɚŰɟɎɟɘůɛŬ, ɛŮ Űɞ ɞˊɞɑɞ 

əŬŰŬəɟŬŰɞɨɜŰŬɘ ŰŬ ŬɘɤɟɞɨɛŮɜŬ ůŰŮɟŮɎ, əŬɘ ŮɝɎŰɛɘůɖ ɔɘŬ ɜŬ ŬˊɞɛŬəɟɡɜɗɞɨɜ ŰŬ 

ŭɘŬɚɡɛɏɜŬ ůŰŮɟŮɎ. ũɘŬ ˊŮɟɘůůɧŰŮɟɖ ŬəɟɑɓŮɘŬ ůɡůŰɐɜŮŰŬɘ ɖ ɢɟɐůɖ 

űɡɔɞəɏɜŰɟɖůɖɠ, ɔɘŬ Űɖɜ ɛɏŰɟɖůɖ Űɖɠ ůɡɔəɏɜŰɟɤůɐɠ Űɞɡɠ. ȼ ɘɚɨ Ŭˊɧ Űɘɠ 

ȹŮɝŬɛŮɜɏɠ ɄɟɤŰɞɓɎɗɛɘŬɠ ȾŬɗɑɕɖůɖɠ (ȹɄȾ) ˊŮɟɘɏɢŮɘ 6-8% ůŰŮɟŮɎ ,Ŭˊɧ ŰŬ ɞˊɞɑŬ 

Űɞ 60-80% ŮɑɜŬɘ ˊŰɖŰɘəɎ ȼ ɘɚɨɠ Ŭˊɧ Űɘɠ ȹŮɝŬɛŮɜɏɠ ȹŮɡŰŮɟɞɓɎɗɛɘŬɠ ȾŬɗɑɕɖůɖɠ 

(ȹɇȾ) ˊŮɟɘɏɢŮɘ 0.5 ɏɤɠ 2.0 % ůŰŮɟŮɎ, Ŭˊɧ ŰŬ ɞˊɞɑŬ 70 ɏɤɠ 80%  ˊŰɖŰɘəɎ 

(ɀŬɟəŬɜŰɤɜɎŰɞɠ,1990). 

 

. 

. 
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  ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɜŬɚɨůŮɤɜ ŬűɡŭŬŰɤɛɏɜɖɠ ɘɚɨɞɠ, Ŭˊɧ ȺȺȿ ŭɘŬűɧɟɤɜ 

Ůɚɚɖɜɘəɩɜ ˊɧɚŮɤɜ, ɔɘŬ Űɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɞɡɠ  ůŮ ůŰŮɟŮɎ, ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ŭɨɞ 

ŬɜŮɝɎɟŰɖŰŮɠ ŮɟŮɡɜɖŰɘəɏɠ ɞɛɎŭŮɠ Űɞɡ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ, əŬɘ ŮɑɜŬɘ 

ŰŬ  Ůɝɐɠ: 

ɄŬɟɎɛŮŰɟɞɠ 

Andreadakis et al., 2002 

(18EEȿ) 

Kouloumbis et al., 2000 

(13EEȿ) 

ɆɡɜɞɚɘəɎ ůŰŮɟŮɎ % 23.21 - 

ɄŰɖŰɘəɎ ůŰŮɟŮɎ %  (Ůɜ   

ɝɖɟɩ) 55,33 57,45 

ɄɑɜŬəŬɠ 1.1.1 ȷˊɞŰŮɚɏůɛŬŰŬ ŬűɡŭŬŰɤɛɏɜɖɠ ɘɚɨɞɠ(Ʉɖɔɐ: Andreadakis et al., 

2002,  Kouloumbis et al., 2000 )  

  

 ɇɏɚɞɠ,  ɖ ɘɚɨɠ  ˊŮɟɘɏɢŮɘ, ůɡůŰŬŰɘəɎ ɛŮ ɔŮɤɟɔɘəɐ ŬɝɑŬ ŬɚɚɎ əŬɘ ɟɡˊŬɜŰɏɠ. ɇŬ 

ůɡůŰŬŰɘəɎ ɛŮ ɔŮɤɟɔɘəɐ ŬɝɑŬ ŮɑɜŬɘ ɞɟɔŬɜɘəɐ ɨɚɖ, ɎɕɤŰɞ, űɩůűɞɟɞɠ, əɎɚɘɞ əŬɘ ůŮ 

ɛɘəɟɧŰŮɟɖ əɚɑɛŬəŬ ŬůɓɏůŰɘɞ, ɗŮɑɞ əŬɘ ɛŬɔɜɐůɘɞ. Ƀɘ ɟɡˊŬɜŰɏɠ ŮɑɜŬɘ ŰŬ ɓŬɟɏŬ 

ɛɏŰŬɚɚŬ, ɞɘ ɞɟɔŬɜɘəɞɑ ɟɡˊŬɜŰɏɠ əŬɘ ŰŬ ˊŬɗɞɔɧɜŬ (Metcalf & Eddy, 1991).  
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ȾŬŰɖɔɞɟɑŬ ɘɚɨɞɠ ȷ ȸ1 B2 C D 

      

ɂɖɟɎ ɃɡůɑŬ DS [kg/m
3
] 12 7 9 10 30 

ɄŰɖŰɘəɐ ɃɡůɑŬ (VS) [% DS] 65 67 77 72 50 

 PH     [%VS] 6 7 7 6.5 7 

C       [%VS] 51.5 52.5 53 51 49 

H       [%VS] 7 6 6.7 7.4 7.7 

Ƀ       [%VS] 35.5 33 33 33 35 

N       [%VS] 4.5 7.5 6.3 7.1 6.2 

C/N 11.4 7.0 8.7 7.2 7.9 

P         [%DS] 2 2 2 2 2 

Cl        [%DS] 0.8 0.8 0.8 0.8 0.8 

K         [%DS] 0.3 0.3 0.3 0.3 0.3 

Al        [%DS] 0.2 0.2 0.2 0.2 0.2 

Ca       [%DS]  10 10 10 10 10 

Fe        [%DS] 2 2 2 2 2 

Mg      [%DS] 0.6 0'6 0.6 0.6 0.6 

      

ȿɑˊɖ     [%DS] 18 8 10 14 10 

ɄɟɤŰŮȶɜŮɠ [%DS] 24 36 34 30 18 

ŪŮɟɛɘəɐ ɘůɢɨɠ [kWh/t DS] 4.200 4.100 4.800 4.600 3.000 

ɄɑɜŬəŬɠ 1.1.2 ɇɡˊɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɘɚɨɞɠ ŬɜɎɚɞɔŬ ɛŮ Űɞɜ ɓŬɗɛɧ 

ŮˊŮɝŮɟɔŬůɑŬɠ(Ʉɖɔɐ: European Commission, DG Environment 2010)           

 

 

A: ɄɟɤŰɞɓɎɗɛɘŬ ɘɚɨɠ. 

B1: ȸɘɞɚɞɔɘəɐ ɘɚɨɠ (ɢŬɛɖɚɐ űɧɟŰɘůɖ >0,20 kg BOD5/kg MLSS. 

B2: ȸɘɞɚɞɔɘəɐ ɘɚɨɠ (ɡɣɖɚɐ əŬɘ ɛɏůɖ űɧɟŰɘůɖ <0,20 kg BOD5/kg MLSS). 

C: ɀɘəŰɐ ɘɚɨɠ (ˊɟɤŰɞɓɎɗɛɘŬ əŬɘ ɓɘɞɚɞɔɘəɐ). 

D: ɉɤɜŮɛɏɜɖ ɘɚɨɠ. 
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1.2 ɀɏɗɞŭɞɘ ŭɘŬɢŮɑɟɘůɖɠ  ɘɚɨɞɠ      

     

Ƀɘ ůɨɜɖɗŮɠ ŮˊŮɝŮɟɔŬůɑŮɠ  ɘɚɨɞɠ, ůŮ ɛɘŬ ŮɔəŬŰɎůŰŬůɖ  ŮˊŮɝŮɟɔŬůɑŬɠ ɚɡɛɎŰɤɜ   

ŮɑɜŬɘ: ȼ ˊɎɢɡɜůɖ, ɖ ŬɜŬŮɟɧɓɘŬ ɢɩɜŮɡůɖ ˊɞɡ ŬɜɐəŮɘ ůŰɖɜ ŭɘŮɟɔŬůɑŬ  

ůŰŬɗŮɟɞˊɞɑɖůɖɠ Űɖɠ ɘɚɨɞɠ, əŬɘ ɖ ŬűɡŭɎŰɤůɖ (ɀŬɟəŬɜŰɤɜɎŰɞɠ,1990). Ƀɘ 

ůɡɔəŮəɟɘɛɏɜŮɠ ŭɘŮɟɔŬůɑŮɠ ŮˊŮɝŮɟɔŬůɑŬɠ, ŬɜŬɚɨɞɜŰŬɘ ůŰɖɜ Ŭɟɢɐ Űɞɡ 

ůɡɔəŮəɟɘɛɏɜɞɡ əŮűŬɚŬɑɞɡ. ɀŮ Űɞɜ ɧɟɞ ŭɘŬɢŮɑɟɘůɖ Ůˊɘˊɚɏɞɜ Űɞɜ ˊɘɞ 

ˊɎɜɤ,  ůɡɛˊŮɟɘɚŬɛɓɎɜɞɡɛŮ əŬɘ ɎɚɚŮɠ ɛŮɗɧŭɞɡɠ ŭɘŮɟɔŬůɘɩɜ, ɞɘ ɞˊɞɑŮɠ ŭŮɜ ŮɑɜŬɘ 

Űɧůɞ ůɡɜɖɗɘůɛɏɜŮɠ. ȷɡŰɏɠ ɞɘ ŭɘŮɟɔŬůɑŮɠ ŬɜŬűɏɟɞɜŰŬɘ, əŬɘ ŬɜŬɚɨɞɜŰŬɘ ůŰɖ 

ůɡɜɏɢŮɘŬ. 

  

Á ɄɟɞɥɧɜŰŬ : (ȺůɢɎɟɤůɖɠ - ȺɝɎɛɛɤůɖɠ - ȿɘˊɞůɡɚɚɞɔɐɠ). 

Á ɆŰŬɗŮɟɞˊɞɑɖůɖ ɘɚɨɞɠ: (ȷŮɟɧɓɘŬ ɢɩɜŮɡůɖ - ȷůɓŮůŰɞˊɞɑɖůɖ - 

ȾɞɛˊɞůŰɞˊɞɑɖůɖ). 

Á ɂɐɟŬɜůɖ: (ŪŮɟɛɘəɏɠ ŭɘŮɟɔŬůɑŮɠ ï ȼɚɘŬəɐ - ȾɚɑɜŮɠ ɝɐɟŬɜůɖɠ). 

Á ŪŮɟɛɘəɏɠ ɛɏɗɞŭɞɘ : ( ȾŬɨůɖ-Ɉɔɟɐ ɞɝŮɑŭɤůɖ - ȷŮɟɘɞˊɞɑɖůɖ - Ʉɡɟɧɚɡůɖ). 

Á ɄɎɢɡɜůɖ: ȼ ˊɎɢɡɜůɖ ŮɑɜŬɘ ɛɘŬ ŭɘŬŭɘəŬůɑŬ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖ 

ɛŮɑɤůɖ Űɖɠ ɞɔəɞɛŮŰɟɘəɐɠ űɧɟŰɘůɖɠ, əŬɘ Űɖɜ Ŭɨɝɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ 

əŬŰɎɜŰɖ ŭɘŮɟɔŬůɘɩɜ, ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ůŰŮɟŮɩɜ ɚɡɛɎŰɤɜ. ȼ ɛŮɑɤůɖ Űɞɡ 

ɧɔəɞɡ ŬˊɞŰŮɚŮɑ, ɛɘŬ ůɖɛŬɜŰɘəɐ ˊŬɟɎɛŮŰɟɞ ɔɘŬ Űɖɜ ɛŮŰŬűɞɟɎ Űɖɠ ɘɚɨɞɠ 

(ɀŬɟəŬɜŰɤɜɎŰɞɠ, 1990). Ƀɘ əɨɟɘŮɠ ŭɘŮɟɔŬůɑŮɠ ɔɘŬ Űɖɜ ˊɎɢɡɜůɖ Űɖɠ ɘɚɨɞɠ, 

ŮɑɜŬɘ:1) ɓŬɟɡŰɘəɐ ŭɘŮɟɔŬůɑŬ,  2) ŭɘŮɟɔŬůɑŬ ŮˊɑˊɚŮɡůɖɠ,3) ɛɖɢŬɜɘəɐ 

ŭɘŮɟɔŬůɑŬ (ȺɘəɧɜŬ 1.2), ɖ ɞˊɞɑŬ  ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɖɜ űɡɔɞəɏɜŰɟɖůɖ. 

                                              

 ȺɘəɧɜŬ 1.2 ɀɖɢŬɜɘəɐ ůɡɛˊɨəɜɤůɖ ɓŬɟɨŰɖŰŬɠ(Ʉɖɔɐ:http ://web.deu.edu.tr ) 
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1) ȼ ˊɎɢɡɜůɖ ɛŮ Űɖɜ ŭɘŮɟɔŬůɑŬ Űɖɠ ɓŬɟɨŰɖŰŬɠ, ŮˊɘŰɡɔɢɎɜŮɘ Űɖɜ 

ŬˊɞɛɎəɟɡɜůɖ ˊŮɟɑůůŮɘŬɠ ˊɞůɧŰɖŰŬɠ Űɞɡ ɡɔɟɞɨ Ŭˊɧ Űɖɜ ɘɚɨ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ Űɖɜ ɛŮɑɤůɖ Űɞɡ ɧɔəɞɡ Űɖɠ. (Metcalf & Eddy, 2003).                                        

2) ȼ  ŭɘŮɟɔŬůɑŬ Űɖɠ  ŮˊɑˊɚŮɡůɖɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ, ɔɘŬ Űɖɜ ˊɎɢɡɜůɖ Űɤɜ 

ŮɚŬűɟɧŰŮɟɤɜ ɘɚɨɤɜ, ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ  Ŭˊɧ Űɖɜ ŰɟɘŰɞɓɎɗɛɘŬ ŮˊŮɝŮɟɔŬůɑŬ 

(ȺɘəɧɜŬ1.2.1). ɇɞ ŰŮɚɘəɧ ˊɟɞɥɧɜ ˊɞɡ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ ŬɡŰɐ Űɖɜ ŭɘŮɟɔŬůɑŬ, 

ɏɢŮɘ ɡɣɖɚɧŰŮɟɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŰŮɟŮɩɜ Ŭˊɧ ŬɡŰɐ Űɞɡ ˊŬɢɡɜŰɐ ɓŬɟɨŰɖŰŬɠ 

(Turovskyi & Mathai, 2006). 

 

ȺɘəɧɜŬ 1.2.1 ɀɞɜɎŭŬ ůɡɛˊɨəɜɤůɖɠ ɛŮ ŮˊɑˊɚŮɡůɖ  

(Ʉɖɔɐ:http ://web.deu.edu.tr ) 

 

 3) ȼ űɡɔɞəɏɜŰɟɖůɖ ŮɑɜŬɘ ɛɘŬ ɛɖɢŬɜɘəɐ ŭɘŮɟɔŬůɑŬ Űɖɠ ˊɎɢɡɜůɖɠ, ɖ ɞˊɞɑŬ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŬűɡŭɎŰɤůɖ Űɖɠ ɘɚɨɞɠ ɛŮ ́Ůɟɘɞɟɘůɛɏɜɖ ɢɟɐůɖ (ɆɢɐɛŬ 

1.2) ȷɡŰɧ ůɡɛɓŬɑɜŮɘ, ŭɘɧŰɘ Űɞ əɧůŰɞɠ Űɖɠ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ɡɣɖɚɧ  (ɆŰɎɛɞɡ əŬɘ 

ȸɞɔɘŬŰɕɐɠ, 1994). 
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ɆɢɐɛŬ 1.2.2 ȹɘɎɔɟŬɛɛŬ ɚŮɘŰɞɡɟɔɑŬɠ əɡɚɘɜŭɟɘəɞɨ ˊŬɢɡɜŰɐ űɡɔɞəɏɜŰɟɖůɖɠ 

(Ʉɖɔɐ: ɀŬɟəŬɜŰɤɜɎŰɞɠ, 1990) 

 

Á ȷɜŬŮɟɧɓɘŬ ɢɩɜŮɡůɖ: ȼ ŬɜŬŮɟɧɓɘŬ ɢɩɜŮɡůɖ (ȺɘəɧɜŬ 1.2.3) ŬˊɞůəɞˊŮɑ 

ůŰɞɜ ˊŮɟɘɞɟɘůɛɧ, ůŰŬɗŮɟɞˊɞɑɖůɖ, əŬɘ ůŰɖ ɛŮɟɘəɐ ŬˊɞɚɨɛŬɜůɖ Űɞɡ ɧɔəɞɡ 

Űɖɠ ɘɚɨɞɠ ˊɟɞɠ ŮˊŮɝŮɟɔŬůɑŬ. ɈˊɎɟɢɞɡɜ ŭɨɞ Űɨˊɞɘ ŬɜŬŮɟɧɓɘŬɠ ɢɩɜŮɡůɖɠ: 

ȼ ɢŬɛɖɚɐɠ űɧɟŰɘůɖɠ, əŬɘ ɡɣɖɚɐɠ űɧɟŰɘůɖɠ. Ƀ ɚɧɔɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ 

ɖ  ŬɜŬŮɟɧɓɘŬ ɢɩɜŮɡůɖ, ůŬɜ əɨɟɘŬ ŭɘŮɟɔŬůɑŬ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ŬŮɟɧɓɘŬ,  

ŮɑɜŬɘ  ɖ ˊŬɟŬɔɤɔɐ ɓɘɞŬŮɟɑɞɡ, Űɞ ɞˊɞɑɞ əŬɚɨˊŰŮɘ Űɘɠ ŮɜŮɟɔŮɘŬəɏɠ ŬɜɎɔəŮɠ 

Űɖɠ ŭɘŮɟɔŬůɑŬɠ, ɧˊɤɠ ɖ ɗɏɟɛŬɜůɖ əŬɘ ɖ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ. Ⱥˊɑůɖɠ, 

ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əŬɘ ɔɘŬ ɎɚɚŮɠ ŬɜɎɔəŮɠ Űɖɠ ŮɔəŬŰɎůŰŬůɖɠ, ɧˊɤɠ 

ɖ ɛŮɑɤůɖ Űɤɜ ůŰŮɟŮɩɜ əŬŰɎ 25ɏɤɠ40%. ȷɡŰɧ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ, Űɖɜ 

ɛŮɑɤůɖ Űɞɡ əɧůŰɞɡɠ Űɖɠ ŰŮɚɘəɐɠ ŭɘɎɗŮůɖɠ  (ɀŬɟəŬɜŰɤɜɎŰɞɠ, 1990). 

 

                                              

           

                                                                                                        

 

 

                                                          

 

 

              ȺɘəɧɜŬ1.2.3ȷɜŬŮɟɧɓɘɞɠɢɤɜŮɡŰɐɠ (Ʉɖɔɐ: ɀŬɟəŬɜŰɤɜɎŰɞɠ, 1990) 
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Á ȷűɡŭɎŰɤůɖ: ȾŬŰɎ Űɖɜ ŭɘŮɟɔŬůɑŬ Űɖɠ ŬűɡŭɎŰɤůɖɠ ɧˊɤɠ əŬɘ Űɖɠ 

ˊɎɢɡɜůɖɠ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ŬűŬɑɟŮůɖ ɜŮɟɞɨ Ŭˊɧ Űɖɜ ɘɚɨ, ɧ́ ɞɡ ŬɡŰɧ 

űɏɟŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ɛŮɑɤůɖ Űɞɡ ɧɔəɞɡ Űɖɠ, əŬɘ Űɖɜ Ŭɨɝɖůɖ Űɖɠ 

ůɡɔəɏɜŰɟɤůɖɠ Űɤɜ ůŰŮɟŮɩɜ. ȼ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ ˊɎɢɡɜůɖɠ əŬɘ 

ŬűɡŭɎŰɤůɖɠ, ɓɟɑůəŮŰŬɘ ůŰɞ ɧŰɘ ɖ ˊŬɢɡɛɏɜɖ ɘɚɨɠ ŭɘŬŰɖɟŮɑ Űɖɜ ɡɔɟɐ Űɖɠ 

əŬŰɎůŰŬůɖ, Ůɜɩ ɖ ŬűɡŭŬŰɤɛɏɜɖ Űɖɜ ůŰŮɟŮɎ. (Degremont,2002). Ƀɘ 

ŭɘŮɟɔŬůɑŮɠ ˊɞɡ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ŮɑɜŬɘ:1) ūɡůɘəɐ ŬűɡŭɎŰɤůɖ, 2) 

ȷűɡŭɎŰɤůɖ ɛŮ ɛɖɢŬɜɘəɎ ɛɏůŬ. 

1) ūɡůɘəɐ ŬűɡŭɎŰɤůɖ: ȼ ŭɘŮɟɔŬůɑŬ Űɖɠ űɡůɘəɐɠ ŬűɡŭɎŰɤůɖɠ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ  ɛɏůŬ Ŭˊɧ əɚɑɜŮɠ ɝɐɟŬɜůɖɠ, ŭɖɚŬŭɐ ɡˊŬɑɗɟɘɞɡɠ ɢɩɟɞɡɠ, 

ɧˊɞɡ ˊɎɜɤ ůŮ ŭɘŬɓŬɗɛɘůɛɏɜɞ ɗɟŬɡůŰɧ ɡɚɘəɧ (ŬɛɛɞɢɎɚɘəɞ) ůŰɟŬɔɔɑɕŮɘ 

ɖ ɘɚɨɠ, əŬɘ ɝɖɟŬɑɜŮŰŬɘ ɛɏɢɟɘ, ɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɤɜ ůŰŮɟŮɩɜ ɜŬ ɛŮɘɤɗŮɑ 

ůŮ ˊɞůɞůŰɧ Ŭˊɧ  40 ɏɤɠ 45%. 

2) ȷűɡŭɎŰɤůɖ ɛŮ ɛɖɢŬɜɘəɎ ɛɏůŬ: ɇŬ ɛɖɢŬɜɘəɎ ɛɏůŬ ŬűɡŭɎŰɤůɖɠ 

ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ: Ŭ) ɄŮɟɘůŰɟŮűɧɛŮɜŬ ŰɨɛˊŬɜŬ, ɐ Ůɘŭɘəɞɨɠ ůɎəɞɡɠ 

(ůɡɛˊɑŮůɖɠ/ůŰɟɎɔɔɘůɖɠ), ɓ) ɇŬɘɜɘɞűɘɚŰɟɧˊɟŮůŮɠ, ūɘɚŰɟɧˊɟŮůŮɠ ɛŮ 

ˊɚɎəŮɠ, əŬɘ Ůɘŭɘəɏɠ ŭɘŬŰɎɝŮɘɠ ɝɐɟŬɜůɖɠ ɐ ˊɟɏůŮɠ ɛŮɔɎɚɤɜ ˊɘɏůŮɤɜ. ȼ 

ɛɖɢŬɜɘəɐ ɡˊŮɟŰŮɟŮɑ Ŭˊɧ Űɖ űɡůɘəɐ ŬűɡŭɎŰɤůɖ, ɓŬůɘəɧ ůɖɛŮɑɞ 

ůɨɔəɟɘůɖɠ ɛŮŰŬɝɨ űɡůɘəɐɠ əŬɘ ɛɖɢŬɜɘəɐɠ ŬűɡŭɎŰɤůɖɠ ŮɑɜŬɘ ɖ 

ˊɟɧəɚɖůɖ ɞůɛɩɜ ůŰɘɠ əɚɑɜŮɠ ɝɐɟŬɜůɖɠ, Ůɜɩ ɖ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ 

ŮˊɖɟŮɎɕŮŰŬɘ əŬɘ Ŭˊɧ Űɘɠ əŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ.. (ɀŬɟəŬɜŰɤɜɎŰɞɠ, 1990). 

        

Á ɄɟɞɥɧɜŰŬ : (ŮůɢɎɟɤůɖɠ - ŮɝɎɛɛɤůɖɠ ï ɚɘˊɞůɡɚɚɞɔɐɠ ) 

 Ʉɟɘɜ Űɖɜ əɡɟɑɤɠ ŮˊŮɝŮɟɔŬůɑŬ Űɖɠ ɘɚɨɞɠ, ŬˊŬɘŰŮɑŰŬɘ ɛɑŬ ˊɟɞəŬŰŬɟəŰɘəɐ 

ˊɟɞŮˊŮɝŮɟɔŬůɑŬ, ɖ ɞˊɞɑŬ ɏɢŮɘ ůŬɜ ůəɞˊɧ Űɖɜ ŮɝŬůűɎɚɘůɖ  ɞɛɞɘɞɔɏɜŮɘŬɠ,  əŬɘ 

ůŰŬɗŮɟɐɠ ˊŬɟɞɢɐɠ ůŰɘɠ ˊŮɟŬɘŰɏɟɤ ŮˊŮɝŮɟɔŬůɑŮɠ. ȼ ŭɘŮɟɔŬůɑŮɠ ˊɞɡ 

ŮˊɘŰɡɔɢɎɜɞɜŰŬɘ ɛŮ Űɖɜ  ˊɟɞŮˊŮɝŮɟɔŬůɑŬ, ŮɑɜŬɘ ɖ ŬˊɞɛɎəɟɡɜůɖ Űɤɜ ŮɡɛŮɔɏɗɤɜ 

ŬɘɤɟɞɨɛŮɜɤɜ ůŰŮɟŮɩɜ ɛŮ ůɢɎɟŮɠ (ŮůɢɎɟɤůɖ), ɖ ŬˊɞɛɎəɟɡɜůɖ Űɤɜ əɞəəɤŭɩɜ 

ůŰŮɟŮɩɜ ɡɚɘəɩɜ (Ɏɛɛɞɠ, əɚˊ) ůŰɞɡɠ ŬɛɛɞůɡɚɚɏəŰŮɠ (ŮɝɎɛɛɤůɖ),əŬɘ ɖ 

ŬˊɞɛɎəɟɡɜůɖ Űɤɜ ŮˊɘˊɚŮɧɜŰɤɜ ɡɚɘəɩɜ ɧˊɤɠ ɚɑˊɖ, əŬɘ ɏɚŬɘŬ (ɆŰɎɛɞɡ, 1995).  
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1)  ȾŬŰɎ  Űɖɜ ŭɘŮɟɔŬůɑŬ Űɖɠ ŮůɢɎɟɤůɖɠ ŰŬ ˊɟɞɥɧɜŰŬ ˊɞɡ ůɡɔəɟŬŰɞɨɜŰŬɘ, ŮɑɜŬɘ  

ɞɔəɩŭɖ ŬɜŰɘəŮɑɛŮɜŬ ɧˊɤɠ (əɞɛɛɎŰɘŬ ɝɨɚɤɜ, ˊɚŬůŰɘəɎ, əɚŬŭɘɎ, əɞɡɟɏɚɘŬ ə.ɚˊ.). 

ɆŰɖ ůɡɜɏɢŮɘŬ  ŬˊɞɗɖəŮɨɞɜŰŬɘ ůŮ əɚŮɘůŰɞɨɠ əɎŭɞɡɠ ŬˊɞɟɟɘɛɛɎŰɤɜ, əŬɘ 

ŬˊɞɟɟɑˊŰɞɜŰŬɘ ůŮ ɢɩɟɞɡɠ ɡɔŮɘɞɜɞɛɘəɐɠ ŰŬűɐɠ. Ⱥˊɑůɖɠ ɛˊɞɟɞɨɜ ɜŬ ŭɘŬɢɤɟɘůŰɞɨɜ, 

əŬɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ ŭɘɎűɞɟŮɠ ɎɚɚŮɠ ŭɘŮɟɔŬůɑŮɠ,  ɧˊɤɠ  ɖ ŬɜŬəɨəɚɤůɖ 

əɚˊ. (ɆŰɎɛɞɡ, 1995). 

2) ɆŬɜ ŰŮɚɘəɧ ˊɟɞɥɧɜ əŬŰɎ Űɖɜ ŭɘŮɟɔŬůɑŬ Űɖɠ ŮɝɎɛɛɤůɖɠ, ůɡɚɚɏɔŮŰŬɘ ɏɜŬ ɛŮɑɔɛŬ  

ɎÕÕɞɡ əŬɘ ɚɞɘˊɩɜ  ůŰŮɟŮɩɜ ůŮ ŭɞɢŮɑŬ. ɇɞ  ŰŮɚɘəɧ ˊɟɞɥɧɜ ÕˊɞɟŮɑ ɜŬ ŭɘŬŰŮɗŮɑ ůŮ 

ɢɩɟɞɡɠ ɡɔŮɘɞɜɞɛɘəɐɠ ŰŬűɐɠ ŬˊɞɟɟɘÕÕɎŰɤɜ, ɐ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŮ ŭɟɧÕɞɡɠ ɤɠ 

ɡɚɘəɧ ŮˊɑůŰɟɤůɖɠ (ȷɔɔŮɚɎəɖɠ ə.Ŭ., 2000). 

3) ȾŬŰɎ Űɖɜ ŭɘŮɟɔŬůɑŬ Űɖɠ ɚɘˊɞůɡɚɚɞɔɐɠ, ŰŬ ˊɟɞɥɧɜŰŬ  ɚɑˊɖ əŬɘ ɏɚŬɘŬ ˊɞɡ 

Ůˊɘˊɚɏɞɡɜ ůŰɘɠ ŮˊɘűɎɜŮɘŮɠ (ɚɤɟɑŭŮɠ) ɚɘˊɞůɡɚɚɞɔɐɠ, ɞŭɖɔɞɨɜŰŬɘ ůŮ ˊŬɟŬəŮɑɛŮɜŬ 

űɟŮɎŰɘŬ ɚɘˊɩɜ ɛŮ əŬŰɎɚɚɖɚɖ ŭɘɎŰŬɝɖ. ɆŰɖ ůɡɜɏɢŮɘŬ ŬˊɞɛŬəɟɨɜɞɜŰŬɘ, əŬɘ 

ŭɘŬŰɑɗŮɜŰŬɘ ɔɘŬ ɡɔŮɘɞɜɞɛɘəɐ ŰŬűɐ, ɐ əŬɑɔɞɜŰŬɘ ůŮ Ůɘŭɘəɞɨɠ əŬɡůŰɐɟŮɠ.(ȷɔɔŮɚɎəɖɠ 

ə.Ŭ., 2000). 

 

Á ɆŰŬɗŮɟɞˊɞɑɖůɖ ɘɚɨɞɠ:(ȷŮɟɧɓɘŬ ɢɩɜŮɡůɖ- ȷůɓŮůŰɞˊɞɑɖůɖ-

ȾɞɛˊɞůŰɞˊɞɑɖůɖ) 

 

Á  ȼ ůŰŬɗŮɟɞˊɞɑɖůɖ Űɖɠ ɘɚɨɞɠ,  ɏɢŮɘ ɤɠ ůŰɧɢɞ Űɖ ɛŮŰŬŰɟɞˊɐ Űɖɠ ɘɚɨɞɠ ůŮ 

ɛɑŬ əŬŰɎůŰŬůɖ, ɧˊɞɡ ɛŮŰɟɘɎɕɞɜŰŬɘ ůɖɛŬɜŰɘəɎ ɞɘ ɓɘɞɚɞɔɘəɏɠ ŭɟɎůŮɘɠ ɐ 

ɎɚɚŮɠ ɛŮŰŬŰɟɞˊɏɠ ˊɞɡ ˊɟɞəŬɚɞɨɜ ɞůɛɏɠ, əŬɗɩɠ əŬɘ Űɖ ɗŬɜɎŰɤůɖ ɐ 

ŬŭɟŬɜɞˊɞɑɖůɖ Űɤɜ ˊŬɗɞɔɧɜɤɜ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ (ɇůɩɜɖɠ , 2004).  

 

1) ɀŮ Űɞɜ ɧɟɞ  ŬŮɟɧɓɘŬ ɢɩɜŮɡůɖ, ŮɜɜɞɞɨɛŮ  ɛɑŬ ŭɘŬŭɘəŬůɑŬ ůŰŬɗŮɟɞˊɞɑɖůɖɠ 

ɘɚɨɞɠ, ůŰɖɜ ɞˊɞɑŬ ɞɘ ŬŮɟɧɓɘŮɠ ɓɘɞɚɞɔɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ, əŬŰŬůŰɟɏűɞɡɜ ŰŬ 

ɞɘəɞŭɞɛɐůɘɛŬ ɓɘɞɚɞɔɘəɎ ɞɟɔŬɜɘəɎ ůɡůŰŬŰɘəɎ Űɖɠ ɘɚɨɞɠ.  ũŮɜɘəɎ, ɖ 

ŬŮɟɧɓɘŬ ɢɩɜŮɡůɖ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ ɘɚɨɞɠ ɢŬɛɖɚɐɠ 

ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ ůŮ ůŰŮɟŮɎ (ɀŬɟəŬɜŰɤɜɎŰɞɠ, 1990). 
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2) ȼ ɛɏɗɞŭɞɠ Űɖɠ ŬůɓŮůŰɞˊɞɑɖůɖɠ, ůɡɛɓɎɚŮɘ ůŰɖɜ ɛŮɑɤůɖ Űɤɜ ˊŬɗɞɔɧɜɤɜ 

ˊŬɟŬɔɧɜŰɤɜ Űɖɠ ɘɚɨɞɠ, ŬɡɝɎɜŮɘ Űɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰɎ Űɖɠ ůŮ ůŰŮɟŮɐ ɨɚɖ, əŬɘ 

ŭɘŮɡəɞɚɨɜŮɘ Űɖ ŭɘŬɢŮɑɟɘůɖ Űɞɡ ŰŮɚɘəɞɨ ˊɟɞɥɧɜŰɞɠ.(ȷɜŭɟŮŬŭɎəɖɠ ə.Ŭ., 

2006). Ƀ ŬůɓɏůŰɖɠ ˊɟɞůŰɑɗŮŰŬɘ ůŰɖɜ ŬɜŮˊŮɝɏɟɔŬůŰɖ ɚɡɛŬŰɞɚɎůˊɖ ůŮ 

ŬɟəŮŰɐ ˊɞůɧŰɖŰŬ, ɩůŰŮ ɜŬ ŬɡɝɖɗŮɑ Űɞ pH. ɇɞ ɡɣɖɚɧ pH, ŭɖɛɘɞɡɟɔŮɑ ɏɜŬ 

ˊŮɟɘɓɎɚɚɞɜ Űɞ ɞˊɞɑɞ, ŭŮɜ ŮɑɜŬɘ ůɡɛɓŬŰɧ ɔɘŬ Űɖɜ Ůˊɘɓɑɤůɖ Űɤɜ 

ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ.  

 

3) ȾŬŰɎ Űɖɜ ŭɘŮɟɔŬůɑŬ Űɖɠ əɞɛˊɞůŰɞˊɞɑɖůɖɠ, ŰŬ ɞɟɔŬɜɘəɎ ůɡůŰŬŰɘəɎ 

ŬəɞɚɞɡɗɩɜŰŬɠ ɛɘŬ ˊɞɚɨˊɚɞəɖ ŭɘŬŭɘəŬůɑŬ, ŬˊɞɘəɞŭɞɛɞɨɜŰŬɘ əɎŰɤ Ŭˊɧ ŬŮɟɧɓɘŮɠ 

ůɡɜɗɐəŮɠ ůŮ ɏɜŬ ůɢŮŰɘəɎ ůŰŬɗŮɟɧ ŰŮɚɘəɧ ˊɟɞɥɧɜ, ɛŮ ŰŬɡŰɧɢɟɞɜɖ ˊŬɟŬɔɤɔɐ 

ɢɞɡɛɘəɩɜ ɞɝɏɤɜ (Degremont,2002). ȼ əɞɛˊɞůŰɞˊɞɑɖůɖ ˊŮɟɘɚŬɛɓɎɜŮɘ ŰɟɑŬ 

ůŰɎŭɘŬ, ůŰŬ ɞˊɞɑŬ ŮˊɘəɟŬŰɞɨɜ ŭɘŬűɞɟŮŰɘəɏɠ ɗŮɟɛɞəɟŬůɑŮɠ. ɇɞ ́ɟɩŰɞ ůŰɎŭɘɞ ŮɑɜŬɘ 

Űɞ ɛŮůɞűɘɚɘəɧ, Űɞ ŭŮɨŰŮɟɞ ůŰɎŭɘɞ ŮɑɜŬɘ Űɞ ɗŮɟɛɞűɘɚɘəɧ, əŬɘ Űɞ ŰɟɑŰɞ Űɞ 

əɟɡɞűɘɚɘəɧ. ɆŰɞ ɗŮɟɛɞűɘɚɘəɧ ůŰɎŭɘɞ, ŰŬ ɓŬəŰɐɟɘŬ űɏɟɞɜŰŬɘ ɤɠ ɡˊŮɨɗɡɜŬ ɔɘŬ Űɖɜ 

Ŭˊɞŭɧɛɖůɖ Űɤɜ ˊɟɤŰŮɥɜɩɜ əŬɘ Űɤɜ ɚɘˊɘŭɑɤɜ əŬɗɩɠ əŬɘ ɔɘŬ Űɞ ɛŮɔŬɚɨŰŮɟɞ ˊɞůɧ 

Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ. ɇɏɚɞɠ ɖ əɞɛˊɞůŰɞˊɞɑɖůɖ ɗŮɤɟŮɑŰŬɘ ɞɚɞəɚɖɟɤɛɏɜɖ, 

ɧŰŬɜ Űɞ ŰŮɚɘəɧ ˊɟɞɥɧɜ ŭŮɜ ɏɢŮɘ ŭɡůɎɟŮůŰɖ ɞůɛɐ, əŬɘ ɞɘ ˊŬɗɞɔɧɜɞɘ 

ɛɘəɟɞɞɟɔŬɜɘůɛɞɑ ɏɢɞɡɜ ɛŮɘɤɗŮɑ ůŮ ŰɏŰɞɘɞ ŮˊɑˊŮŭɞ, ɩůŰŮ ɜŬ ɛˊɞɟŮɑ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɢɤɟɑɠ əɑɜŭɡɜɞ ɛŮŰɎŭɞůɖɠ ˊŬɗɞɔɧɜɤɜ (ɇůɩɜɖɠ, 2004). 

 

 

Á ɂɐɟŬɜůɖ: (ɗŮɟɛɘəɏɠ ŭɘŮɟɔŬůɑŮɠ ) 

 

    Ƀɘ ŭɘŮɟɔŬůɑŮɠ ŬɡŰɏɠ, ɡˊɎɔɞɜŰŬɘ ůŰɖɜ ɛɏɗɞŭɞ Űɖɠ ŬűɡŭɎŰɤůɖɠ Űɖɠ ɘɚɨɞɠ. ȼ 

ŭɘŮɟɔŬůɑŬ Űɖɠ ɗŮɟɛɘəɐɠ ɝɐɟŬɜůɖɠ,  ˊɟɞɦˊɞɗɏŰŮɘ ŮűŬɟɛɞɔɐ ɗŮɟɛɧŰɖŰŬɠ ɔɘŬ Űɖɜ 

ŬűŬɑɟŮůɖ Űɞɡ ɜŮɟɞɨ Ŭˊɧ Űɖɜ ɘɚɨ. ɇɞ ˊɞůɞůŰɧ ɡɔɟŬůɑŬɠ ˊɞɡ ŮˊɘŭɘɩəŮŰŮ ,ˊɟɏˊŮɘ ɜŬ 

ŮɑɜŬɘ  ɛɘəɟɧŰŮɟɞ Űɞɡ 10% ɩůŰŮ ŬɡŰɧ ɜŬ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ,Űɖɜ ɛŮɑɤůɖ Űɞɡ 

ɧɔəɞɡ Űɖɠ ɘɚɨɞɠ  (Hasatani  et al., 2001).ɈˊɎɟɢɞɡɜ ŭɨɞ Űɟɧˊɞɘ ɗŮɟɛɘəɐɠ 

ɝɐɟŬɜůɖɠ Űɖɠ ɘɚɨɞɠ: 1) ɀŮ ɗŮɟɛɘəɞɨɠ ɝɖɟŬɜŰɏɠ ( ȯɛŮůɞɡɠ ïȰɛɛŮůɞɡɠ). 

2)ȺɝɎŰɛɘůɖ ɛŮ ɢɟɐůɖ ɛɖ ɗŮɟɛɘəɐɠ (ɛɖ ɖɚɘŬəɐɠ ) ŮɜɏɟɔŮɘŬɠ. 
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1) ȹɘŮɟɔŬůɑŮɠ ɗŮɟɛɘəɐɠ ɝɐɟŬɜůɖ ɘɚɨɞɠ (ȯɛŮůɖ -ȰɛɛŮůɖ) 

 

1) Ƀɘ ɎɛŮůɞɘ əŬɘ  ɏɛɛŮůɖ  ɗŮɟɛɘəɞɑ ɝɖɟŬɜŰɏɠ, ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɝɖɟŬɜŰɏɠ Űɨˊɞɡ 

ŬˊɧŰɞɛɖɠ ɝɐɟŬɜůɖɠ, əŬɘ ɝɖɟŬɜŰɏɠ ˊŮɟɘůŰɟŮűɧɛŮɜɞɡ ŰɡɛˊɎɜɞɡ. Ƀ ɧɟɞɠ ɎɛŮůɞɘ 

ɞűŮɑɚŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ, ɧŰɘ ɖ ɡɔɟɐ ɘɚɨɠ ɏɟɢŮŰŬɘ ůŮ ɎɛŮůɖ ŮˊŬűɐ ɛŮ Űɞ ɛɏůɞ 

ɛŮŰŬűɞɟɎɠ ɗŮɟɛɧŰɖŰŬɠ, ɧ́ ɞɡ ŮɑɜŬɘ ůɡɜɐɗɤɠ ɗŮɟɛɧɠ ŬɏɟŬɠ. Ƀ ɧɟɞɠ  ɏɛɛŮůɖ 

ɞűŮɑɚŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ, ɧŰɘ ɖ ŮɜɏɟɔŮɘŬ ˊŬɟɏɟɢŮŰŬɘ ɛɏůɤ ůɡůŰɖɛɎŰɤɜ ŬɜŰŬɚɚŬɔɐɠ 

ŮɜɏɟɔŮɘŬɠ. Ƀɘ ɝɖɟŬɜŰɏɠ ŬˊɧŰɞɛɖɠ ɝɐɟŬɜůɖɠ, ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ: Ŭ) əɚɑɓŬɜɞ, 

ɓ)ŬɜŬɛɘəŰɐɟŬ ,ɔ) ŭɞɢŮɑɞ ŬɜɎɛɘɝɖɠ ɘɚɨɞɠ ,ŭ ) ůɨůŰɖɛŬ ŮɝŬŮɟɘůɛɞɨ ŬŰɛɩɜ, əŬɘ  Ů)  

ɏɜŬ ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ ŬŰɛɞůűŬɘɟɘəɐɠ ɟɨˊŬɜůɖɠ. Ƀɘ ɝɖɟŬɜŰɏɠ ˊŮɟɘůŰɟŮűɧɛŮɜɞɡ 

ŰɡɛˊɎɜɞɡ,(ɆɢɐɛŬ 1.2.4) ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ.: Ŭ) ɇɨɛˊŬɜɞ ɛŮ ɎɝɞɜŬ ůŮ ɛɘəɟɐ əɚɑůɖ 

ɔɘŬ Űɖɜ ŭɘŮɡəɧɚɡɜůɖ Űɖɠ əɑɜɖůɖɠ Űɤɜ ůŰŮɟŮɩɜ, ɓ) ŭŮɝŬɛŮɜɐ ŬɜɎɛɘɝɖɠ ɝɖɟɐɠ əŬɘ 

ɡɔɟɐɠ ɘɚɨɞɠ, ɔ) əɚɑɓŬɜɞ ˊɞɡ ɗŮɟɛŬɑɜŮŰŮ ŬɏɟŬɠ Ŭˊɧ 260 ɏɤɠ  480  ÁC.  ,ŭ) əɡəɚɩɜŬ 

,əŬɘ  Ů) ɏɜŬ ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ ŬŰɛɞůűŬɘɟɘəɐɠ ɟɨˊŬɜůɖɠ (ɇůɩɜɖɠ, 2004).  

                             

 

ɆɢɐɛŬ 1.2.1 ȹɘɎɔɟŬɛɛŬ ɟɞɐɠ ɝɖɟŬɜŰɐɟŬ ˊŮɟɘůŰɟŮűɧɛŮɜɞɡ ŰɡɛˊɎɜɞɡ  

(Ʉɖɔɐ: ɇůɩɜɖɠ, 2004) 
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2) ȺɝɎŰɛɘůɖ ɛŮ ɢɟɐůɖ ɛɖ ɗŮɟɛɘəɐɠ (ɛɖ ɖɚɘŬəɐɠ ) ŮɜɏɟɔŮɘŬɠ  

 

ȼ ůɡɔəŮəɟɘɛɏɜɖ ŭɘŮɟɔŬůɑŬ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ Űɖɜ ɢɟɐůɖ Űɖɠ ɗŮɟɛɘəɐɠ 

ŮɜɏɟɔŮɘŬɠ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ əŬɨůɖ Űɞɡ ɓɘɞŬŮɟɑɞɡ (ɇůɩɜɖɠ, 2004). 

 

 

ȼɚɘŬəɐ ŭɘŮɟɔŬůɑŬ ɝɐɟŬɜůɖɠ ɘɚɨɞɠ 

 

1) ȼ ɖɚɘŬəɐ ɝɐɟŬɜůɖ ůŬɜ ŭɘŮɟɔŬůɑŬ ɝɐɟŬɜůɖɠ, ŮɑɜŬɘ ɛɘŬ ɛɏɗɞŭɞɠ ˊɞɡ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ ɗɏɟɛŬɜůɖɠ Űɖɠ ɘɚɨɞɠ  ɛɏɢɟɘ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ ɝɐɟŬɜůɖɠ, ɛɏůɤ 

Űɖɠ ŮɝɎŰɛɘůɖɠ Űɞɡ ɜŮɟɞɨ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ. ȼ ŭɘŮɟɔŬůɑŬ ŬɡŰɐ, ŮˊɘŰɡɔɢɎɜŮŰŬɘ 

ůŮ əŬɚɡɛɛɏɜŮɠ ŮɔəŬŰŬůŰɎůŮɘɠ (ȺɘəɧɜŬ1.2.5). ȼ ɗɏɟɛŬɜůɖ Űɖɠ ɘɚɨɞɠ ɓŬůɑɕŮŰŬɘ 

ůŰɞ űŬɘɜɧɛŮɜɞ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ, Űɞ ɞˊɞɑɞ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ůŰɘɠ ŮɔəŬŰŬůŰɎůŮɘɠ, əŬɘ 

ˊŬɟɏɢŮɘ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ɢɟɐůɖ Űɖɠ ɖɚɘŬəɐɠ ŮɜɏɟɔŮɘŬɠ. ȿɧɔɤ Űɖɠ ŬɜɎˊŰɡɝɖɠ 

ɗŮɟɛɞəɟŬůɘɩɜ Ɏɜɤ Űɤɜ 50ÁC ɔɘŬ ɛŮɔɎɚɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ, ɖ ɘɚɨɠ 

ɡɔɘŮɘɜɞˊɞɘŮɑŰŬɘ əŬɘ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ, ɤɠ ŮŭŬűɞɓŮɚŰɘɤŰɘəɧ. Ⱥˊɑůɖɠ ɖ 

ɝɖɟŬɛɏɜɖ ɘɚɨɠ ˊɞɡ ˊŬɟɎɔŮŰŬɘ Ŭˊɧ Űɖɜ ɖɚɘŬəɐ ɝɐɟŬɜůɖ, ˊŬɟɞɡůɘɎɕŮɘ ɛŮɔɎɚɖ 

ɗŮɟɛɞɔɧɜɞ ŭɨɜŬɛɖ, əŬɘ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɤɠ əŬɨůɘɛɞ ůŮ ŮˊŬəɧɚɞɡɗɖ 

ɗŮɟɛɘəɐ Ŭɝɘɞˊɞɑɖůɖ. ɇŬ ɗŮɟɛɞəɐˊɘŬ, ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŰŬ Ůɝɐɠ ɢŬɟŬəŰɖɟɘůŰɘəɎ: 

Ŭ) ȺɑɜŬɘ ŮɚŬűɟɘɏɠ əŬŰŬůəŮɡɏɠ Ŭˊɧ ɔŬɚɓŬɜɘůɛɏɜɖ ŬŰůɎɚɘɜɖ əŬŰŬůəŮɡɐ 

ɡˊɞůŰɐɟɘɝɖɠ, ůŮ ůŰŮɔŬɜɐ ŰůɘɛŮɜŰɏɜɘŬ ŮˊɘűɎɜŮɘŬ, ɛŮ ŰɞɘɢɑŬ ůŰɘɠ ŰɟŮɘɠ ˊɚŮɡɟɏɠ 

ɨɣɞɡɠ 1m əŬɘ ˊɚɎŰɞɡɠ 0,25m. ɓ) ȾŬɚɨˊŰɞɜŰŬɘ ŮɑŰŮ Ŭˊɧ əɎɚɡɛɛŬ ˊɞɚɡɛŮɟɞɨɠ 

ɡɚɘəɞɨ ŮɑŰŮ Ŭˊɧ ɔɡŬɚɑ. ɔ) ȺɑɜŬɘ ŮɝɞˊɚɘůɛɏɜŬ ɛŮ ŬɘůɗɖŰɐɟŮɠ ɞɘ ɞˊɞɑɞɘ, 

əŬŰŬɔɟɎűɞɡɜ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ ˊŬɟŬəɞɚɞɨɗɖůɖɠ ůŰɞ ŮůɤŰŮɟɘəɧ əŬɘ ŮɝɤŰŮɟɘəɧ 

ŰɛɐɛŬ, əŬɘ ɟɡɗɛɑɕɞɡɜ Űɖɜ ŭɘŮɟɔŬůɑŬ.. ŭ) ȹɘŬɗɏŰɞɡɜ ɟɞɛˊɧŰ, əɘɜɞɨɛŮɜɞ ɧɢɖɛŬ, ɖ 

ɛɖɢŬɜɘůɛɧ ůŰŮɟŮɤɛɏɜɞ ůŮ ŰɞɘɢɑŬ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ, ɔɘŬ Űɖɜ ŬɜɎŭŮɡůɖ Űɖɠ ɘɚɨɞɠ  

(http://mesogeos.gr/). 
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.ȺɘəɧɜŬ 1.2.5 ȺɔəŬŰɎůŰŬůɖɠ ɝɐɟŬɜůɖɠ ɘɚɨɞɠ ɛŮ ɖɚɘŬəɐ ŮɜɏɟɔŮɘŬ 

(Switzerland) (Ʉɖɔɐ: http://mesogeos.gr/) 

 

 

 

ȾɚɑɜŮɠ ɝɐɟŬɜůɖɠ ɘɚɨɞɠ  

 

Ƀɘ əɚɑɜŮɠ ɐ əŬɘ (ŬɛɛɞəɚɑɜŮɠ) ɝɐɟŬɜůɖɠ, ŮɑɜŬɘ ɛɘŬ Ŭˊɧ Űɘɠ ŭɘŮɟɔŬůɑŮɠ, Űɖɠ űɡůɘəɐɠ 

ɛŮɗɧŭɞɡ  ɝɐɟŬɜůɖɠ ɘɚɨɞɠ (ȺɘəɧɜŬ1.2.6). ɆɡɔəŬŰŬɚɏɔŮŰŬɘ,  ɛŮŰŬɝɨ Űɤɜ 

ˊŬɚŬɘɧŰŮɟɤɜ ɛŮɗɧŭɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɞ ˊŬɟŮɚɗɧɜ, ɔɘŬ Űɖɜ ŬűɡŭɎŰɤůɖ 

Űɖɠ ɢɤɜŮɡɛɏɜɖɠ ɘɚɨɞɠ, əŬɘ ɛɏɢɟɘ əŬɘ ůɐɛŮɟŬ ůɡɜŮɢɑɕɞɡɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ 

ɛɘəɟɏɠ əŬɘ ɛŮůŬɑŮɠ Ⱥ.Ⱥ.ȿ (ɀŬɟəŬɜŰɤɜɎŰɞɠ, 1990). Ƀɘ ɓŬůɘəɞɑ ɛɖɢŬɜɘůɛɞɑ 

ŬűɡŭɎŰɤůɖɠ ůŰɘɠ əɚɑɜŮɠ ɝɐɟŬɜůɖɠ, ŮɑɜŬɘ :Ŭ) ȼ ŭɘɐɗɖůɖ Űɞɡ ɡɔɟɞɨ ůŰɞɘɢŮɑɞɡ 

(ɜŮɟɧ) Űɖɠ ɘɚɨɞɠ, ɛɏůŬ ůŰɘɠ əɚɑɜŮɠ Ŭˊɧ ůŰɟɩɛŬŰŬ Ɏɛɛɞɡ. ȷɡŰɐ ɖ ŭɘŬŭɘəŬůɑŬ 

ŭɘŬɟəŮɑ ˊŮɟɑˊɞɡ 1 ɏɤɠ3 ɖɛɏɟŮɠ., əŬɘ  ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ Ŭɨɝɖůɖ Űɤɜ 

ůŰŮɟŮɩɜ, Ŭˊɧ 15 ɏɤɠ 25% ɓ) ȼ ŮɝɎŰɛɘůɖ Űɞɡ ɜŮɟɞɨ, əŬɘ ɖ ɝɐɟŬɜůɖ Űɖɠ ɘɚɨɞɠ ůŮ 

ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ Ŭˊɧ 10 ɏɤɠ 12 ɖɛɏɟŮɠ, ɧˊɞɡ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ, Űɖɜ Ŭɨɝɖůɖ 

Űɤɜ ůŰŮɟŮɩɜ ůŰɖɜ ɘɚɨ ůŮ ˊɞůɞůŰɧ ˊɎɜɤ Ŭˊɧ 40% (ɆŰɎɛɞɡ, 1995). 

http://mesogeos.gr/
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ȺɘəɧɜŬ 1.2.6 ȾɚɑɜŮɠ ɝɐɟŬɜůɖɠ (Ʉɖɔɐ: http://library.tee.gr/)  

 

ɆŰɘɠ  əɚɑɜŮɠ ɝɐɟŬɜůɖɠ, ɖ ɘɚɨɠ əŬŰŬɜɏɛŮŰŬɘ ɞɛɞɘɧɛɞɟűŬ ɔɘŬ Űɖɜ 

ŬˊɞɝɐɟŬɜůɐ Űɖɠ, ůŮ ŮˊɘűɎɜŮɘŮɠ ɞɟɗɞɔɤɜɘəɐɠ əɎŰɞɣɖɠ, ɛŮ ŭɘŬůŰɎůŮɘɠ ˊɚɎŰɞɡɠ 

ɛɏɢɟɘ 8m, əŬɘ ɛɐəɞɡɠ ɛɏɢɟɘ 20m.ɇɞˊɞɗŮŰŮɑŰŬɘ ůŮ ůŰɟɩɛŬ Ɏɛɛɞɡ ůɡɜɐɗɤɠ ˊɎɢɞɡɠ 

10 ɏɤɠ 20 cm, ɛŮ ůɡɜŰŮɚŮůŰɐ ɞɛɞɘɞɛɞɟűɑŬɠ Ɇ.Ƀ.= 4,0 ,ŭɟŬůŰɘəɐ ŭɘɎɛŮŰɟɞ D=0,3-

0,75mm, əŬɘ ɡˊɞəŮɑɛŮɜɞ ůŰɟɩɛŬ ɢŬɚɘəɘɩɜ. Ůˊɑůɖɠ, ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ ůɨůŰɖɛŬ 

ŬˊɞůŰɟɎɔɔɘůɖɠ, Űɞ ɞˊɞɑɞ ɏɢŮɘ ŰɞˊɞɗŮŰɖɛɏɜɞɡɠ ůɤɚɐɜŮɠ əɎŰɤ Ŭˊɧ ŰŬ ɢŬɚɑəɘŬ, 

ɛɏůɤ Űɤɜ ɞˊɞɑɤɜ ŰŬ ůŰɟŬɔɔɑůɛŬŰŬ ŮˊɘůŰɟɏűɞɡɜ ůŰɖɜ ŮɔəŬŰɎůŰŬůɖ ŮˊŮɝŮɟɔŬůɑŬɠ 

ɚɡɛɎŰɤɜ. Ƀɘ ɓŬůɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ ůɢŮŭɘŬůɛɞɨ əɚɘɜɩɜ ɝɐɟŬɜůɖɠ, ŮɑɜŬɘ: Ŭ) ȼ 

űɧɟŰɘůɖ Űɤɜ ůŰŮɟŮɩɜ, əŬɘ ɓ) ɇŬ ɛŮŰŮɤɟɞɚɞɔɘəɎ ŭŮŭɞɛɏɜŬ Űɖɠ  ŮəɎůŰɞŰŮ 

ˊŮɟɘɞɢɐɠ, ɧˊɤɠ ( ůŰɞɘɢŮɑŬ ɓɟɞɢɧˊŰɤůɖɠ, ŮɝɎŰɛɘůɖɠ əɚˊ) (ɆŰɎɛɞɡ & ȸɞɔɘŬŰɕɐɠ, 

1994). 

 

ŪŮɟɛɘəɏɠ ɛɏɗɞŭɞɘ : ( ȾŬɨůɖ-Ɉɔɟɐ ɞɝŮɑŭɤůɖ - ȷŮɟɘɞˊɞɑɖůɖ - Ʉɡɟɧɚɡůɖ) 

ȾŬɨůɖ  

 

ȼ əŬɨůɖ Űɖɠ ɘɚɨɞɠ, ŮɑɜŬɘ ɛɘŬ ɛɏɗɞŭɞɠ ɖ ɞˊɞɑŬ ŬˊɞůəɞˊŮɑ ůŰɖɜ ŮɚɎŰŰɤůɖ Űɞɡ 

ɧɔəɞɡ Űɖɠ, ůŮ ɡɚɘəɎ ɛɖ ŮˊɘɓɚŬɓɐ ɔɘŬ Űɖɜ Ŭɜɗɟɩˊɘɜɖ ɡɔŮɑŬ, əŬɘ Űɖɜ ŮəɛŮŰɎɚɚŮɡůɖ 

Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ ɛɏůɤ ŬɡŰɐɠ ůŮ əŬɨůɘɛŬ ˊɟɞɥɧɜŰŬ (ȺɘəɧɜŬ 1.2.7). 

ȺɜŬɠ Ŭˊɧ Űɞɡɠ ɓŬůɘəɧŰŮɟɞɡɠ ůŰɧɢɞɡɠ Űɖɠ ŭɘŮɟɔŬůɑŬɠ, ŮɑɜŬɘ ɖ ɛŮɑɤůɖ Űɞɡ 

ɟɡˊŬɜŰɘəɞɨ űɞɟŰɑɞɡ Űɖɠ ɘɚɨɞɠ. ȾɎˊɞɘɞɘ Ŭˊɧ Űɞɡɠ əɨɟɘɞɡɠ Űɟɧˊɞɡɠ ŮˊɑŰŮɡɝɖɠ Űɖɠ 

əŬɨůɖɠ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ,  ɛŮ Ŭ) ȾŬɡůŰɐɟŮɠ ˊɞɚɚŬˊɚɩɜ ŮůŰɘɩɜ, əŬɘ ɓ) 



 24 

ȾŬɡůŰɐɟŮɠ ɟŮɡůŰɞˊɞɘɖɛɏɜɖɠ əɚɑɜɖɠ. ȼ əŬɨůɖ ˊɞɚɚŬˊɚɩɜ ŮůŰɘɩɜ, 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ ŬɜŰɑɗŮŰɖ ɟɞɐ ˊɞɚɚɩɜ ůŰŬŭɑɤɜ, ɧˊɞɡ ŰŬ ůŰŮɟŮɎ ɟɏɞɡɜ ˊɟɞɠ 

ŰŬ əɎŰɤ  əŬɘ ŰŬ ŬɏɟɘŬ ɟɏɞɡɜ ˊɟɞɠ ŰŬ ˊɎɜɤ. ɇɞ ůɨůŰɖɛŬ ŬɡŰɧ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛɘŬ 

ɕɩɜɖ ɝɐɟŬɜůɖɠ,  ɛɘŬ ɕɩɜɖ əŬɨůɖɠ, əŬɘ ɛɘŬ ɕɩɜɖ ɣɨɝɖɠ. ȼ ŭɘŮɟɔŬůɑŬ əŬɨůɖɠ ůŮ 

ɟŮɡůŰɞˊɞɘɖɛɏɜɖ əɚɑɜɖ, ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬɜ əŬŰŬəɧɟɡűɞ əɚɑɓŬɜɞ,  ɞ ɞˊɞɑɞɠ 

ɚŮɘŰɞɡɟɔŮɑ ůŮ ɗŮɟɛɞəɟŬůɑŮɠ Ŭˊɧ 700 ɏɤɠ 800 ÁC,   ŭɘŬŰɖɟŮɑŰŬɘ, ůŮ Ŭɘɩɟɖůɖ ɛŮ 

ɟŮɨɛŬ ɗŮɟɛɞɨ ŬɏɟŬ, ɧˊɞɡ əŬɘ ŮɝŬůűŬɚɑɕŮɘ ɞɛɞɘɧɛɞɟűɖ əŬɨůɖ. ȼ ŭɘŬŭɘəŬůɑŬ Űɖɠ 

ŬˊɞɝɐɟŬɜůɖɠ əŬɘ Űɖɠ əŬɨůɖɠ, ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ŰŬɡŰɧɢɟɞɜŬ ůŰɖ ɕɩɜɖ Űɖɠ əɚɑɜɖɠ 

(Werther &, Ogada 1999). 

 

 

 

ȺɘəɧɜŬ1.2.7 ȾŬɡůŰɐɟŬɠ ɘɚɨɞɠ (Ʉɖɔɐ: http://koutsoukos-athanasios.gr/) 

Ɉɔɟɐ ɞɝŮɑŭɤůɖ 

ȾŬŰɎ Űɖɜ ŭɘŮɟɔŬůɑŬ Űɖɠ ɡɔɟɐɠ ɞɝŮɑŭɤůɖɠ, ɖ ɘɚɨɠ ůŮ ɡɔɟɞˊɞɘɖɛɏɜɖ ɛɞɟűɐ  ɏɟɢŮŰŬɘ 

ůŮ ŮˊŬűɐ ɛŮ ɏɜŬ ɞɝŮɘŭɤŰɘəɧ Ŭɏɟɘɞ, ɧˊɤɠ ŮɑɜŬɘ Űɞ ɞɝɡɔɧɜɞ. ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ 

ɚŬɛɓɎɜŮɘ ɢɩɟŬ ůŮ ɡɔɟɧ ˊŮɟɘɓɎɚɚɞɜ, ůŮ ɗŮɟɛɞəɟŬůɑŮɠ Ŭˊɧ 150  ɏɤɠ 250 ÁC,əŬɘ ůŮ 

ˊɘɏůŮɘɠ  Ŭˊɧ 70 ɏɤɠ 150 bar (Debellefontaine & Foussard, 1999). ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ 

ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮɜŮɟɔŮɘŬəɎ ŬɡŰɧɜɞɛɖ, ɧŰŬɜ Űɞ ɞɟɔŬɜɘəɧ əɚɎůɛŬ Űɞɡ 

ŮɘůŮɟɢɧɛŮɜɞɡ ɟŮɨɛŬŰɞɠ, ɏɢŮɘ Űɖɜ ŬˊŬɘŰɞɨɛŮɜɖ ɞɟɔŬɜɘəɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ.( Perez-
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Elvira et al., 2006).ȼ ɛɏɗɞŭɞɠ  Űɖɠ ɡɔɟɐɠ ɞɝŮɑŭɤůɖɠ, ɛˊɞɟŮɑ ɜŬ ŮˊŮɝŮɟɔŬůŰŮɑ ɘɚɨ 

ɛŮ ɡɣɖɚɧ ˊɞůɞůŰɧ ɛŮŰɎɚɚɤɜ, ɛŮ ˊɟɞŬˊŬɘŰɞɨɛŮɜɞ ɧɛɤɠ ŭɘŬɢɤɟɘůɛɧ ɡɔɟɩɜ Ŭˊɧ 

ŬɜɧɟɔŬɜŬ ůɡůŰŬŰɘəɎ. ȼ ŭɘɎɗŮůɖ Űɤɜ əŬŰɎɚɞɘˊɤɜ Ŭˊɧ Űɖɜ ɞɝŮɑŭɤůɖ, ɛˊɞɟŮɑ ɜŬ 

ŬɜŰɘɛŮŰɤˊɘůŰŮɑ ɛŮ Űɞɜ ɑŭɘɞ Űɟɧˊɞ ,ɧˊɤɠ ŰŬ əŬŰɎɚɞɘˊŬ Ŭˊɧ Űɖɜ ŭɘŮɟɔŬůɑŬ  Űɖɠ 

əŬɨůɖɠ (Khan et al., 1999). 

 

ȷŮɟɘɞˊɞɑɖůɖ 

 

ȼ  ŬŮɟɘɞˊɞɑɖůɖ ůŬɜ ŭɘŮɟɔŬůɑŬ, ɏɢŮɘ Űɖɜ ɘəŬɜɧŰɖŰŬ ɜŬ ŮəɛŮŰŬɚɚŮɨŮŰŬɘ Űɖɜ 

Ŭɡɝɖɛɏɜɖ ɡɔɟŬůɑŬ Űɖɠ ɘɚɨɞɠ, ɢɤɟɑɠ ɜŬ ŬˊŬɘŰŮɑ ŭŬˊɎɜɖ ŮɜɏɟɔŮɘŬɠ ɔɘŬ Űɖɜ ɝɐɟŬɜůɖ 

Űɖɠ (ȺɘəɞɜŬ1.2.8). ȼ ŭɘŮɟɔŬůɑŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŮ Ůɨɟɞɠ ɗŮɟɛɞəɟŬůɘɩɜ, Ŭˊɧ 

750  ɏɤɠ 1600 ÁC,ɛŮ ˊŬɟɞɡůɑŬ ɞɝŮɘŭɤŰɘəɞɨ ɛɏůɞɡ (ɡˊɧ ïůŰɞɘɢŮɘɞɛŮŰɟɘəɞɨ 

ɞɝɡɔɧɜɞɡ, ɡŭɟŬŰɛɞɨ ɐ ɛɑɔɛŬŰɞɠ ŬɡŰɩɜ) (Fytili & Zabaniotou, 2008). ɀŮ Űɖɜ 

ŬŮɟɘɞˊɞɑɖůɖ Űɖɠ ɘɚɨɞɠ, ˊŬɟɎɔŮŰŬɘ ɏɜŬ ɡɣɖɚɐɠ ˊɞɘɧŰɖŰŬɠ Ŭɏɟɘɞ əŬɨůɘɛɞ (Ŭɏɟɘɞ 

ůɨɜɗŮůɖɠ/syngas), Űɞ ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ, ɔɘŬ Űɖɜ  ˊŬɟŬɔɤɔɐ 

ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ. (Hamilton, 2000).Ⱥˊɑůɖɠ ,ɔɘŬ Űɖɜ ɢɟɐůɖ Űɖɠ ɘɚɨɞɠ ɤɠ 

əŬɨůɘɛɞ, ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ůŰŬɗŮɟɞˊɞɑɖůɖ Űɖɠ ɘɚɨɞɠ, ŭɘɧŰɘ ɖ ɛɖ 

ůŰŬɗŮɟɞˊɞɘɖɛɏɜɖ ɘɚɨɠ ɏɢŮɘ ɛŮɔŬɚɨŰŮɟɖ ɗŮɟɛɘəɐ ŬɝɑŬ (ȷɔɔŮɚɎəɖɠ ə.Ŭ. 2005). 

 

 

 

 

 

 

 

 

 

 

 

 

 

ȺɘəɧɜŬ 1.2.8 ȷŮɟɘɞˊɞɘɖŰɐɠ Pyromex  (Ʉɖɔɐ: Gikas, 2014) 
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 Ʉɡɟɧɚɡůɖ 

 

ȼ ŭɘŮɟɔŬůɑŬ Űɖɠ  ˊɡɟɧɚɡůɖɠ, ŮɑɜŬɘ ɛɘŬ ɗŮɟɛɘəɐ ŮˊŮɝŮɟɔŬůɑŬ ˊɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ, ɛŮ ŬˊɞɡůɑŬ ɞɝɡɔɧɜɞɡ. ɇŬ ˊŬɟŬˊɟɞɥɧɜŰŬ Ŭˊɧ Űɖɜ ŭɘŮɟɔŬůɑŬ Űɖɠ 

ˊɡɟɧɚɡůɖɠ, ɧˊɤɠ ŰŬ ůŰŮɟŮɎ ɡˊɞɚɚŮɑɛɛŬŰŬ, ˊŮɟɘɏɢɞɡɜ ŬŭɟŬɜɐ ɡɚɘəɎ, ɎɜɗɟŬəŬ, 

əŬɘ ŬˊŬɏɟɘŬ (ȺɘəɧɜŬ 1.2.9). ȹŮŭɞɛɏɜɞɡ ɧŰɘ ŰŬ ˊɟɞɥɧɜŰŬ Űɖɠ ˊɡɟɧɚɡůɖɠ ɏɢɞɡɜ 

ɗŮɟɛŬɜŰɘəɐ ŬɝɑŬ, ɖ ˊɡɟɧɚɡůɖ ɗŮɤɟŮɑŰŬɘ ɤɠ ŮˊŮɝŮɟɔŬůɑŬ, ˊɞɡ ŬˊŬɘŰŮɑ Űɖɜ 

ˊŮɟŬɘŰɏɟɤ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ůŰŮɟŮɩɜ əŬŰŬɚɞɑˊɤɜ əŬɘ Űɤɜ ŬˊŬŮɟɑɤɜ. Ƀɘ əɨɟɘŮɠ 

ŮɜɩůŮɘɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰŬ ŬˊŬɏɟɘŬ ŮɑɜŬɘ ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ, H
2
, CO əŬɘ CO

2
.   

ȼ ůɨɜɗŮůɖ Űɤɜ ŬˊŬŮɟɑɤɜ ŮɝŬɟŰɎŰŬɘ, Ŭˊɧ Űɖɜ ˊɞɘɧŰɖŰŬ  Űɖɠ ɘɚɨɞɠ, əŬɗɩɠ Ůˊɑůɖɠ 

əŬɘ Ŭˊɧ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ Űɖɠ ˊɡɟɧɚɡůɖɠ (Stammbach et al., 1989). 

 

 

ȺɘəɧɜŬ 1.2.9  ɄɡɟɞɚɡŰɐɠ ɘɚɨɞɠ  (Ʉɖɔɐ: http://www.cleansmart.cn/) 
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ȾȺūȷȿȷȽɃ 2
ɞ
 ŪȺɅɀȽȾȼ ȺɄȺɂȺɅũȷɆȽȷ ɆɇȺɅȺɋɁ ȷɄɃɅɅȽɀɀȷɇɋɁ 

 

 ȼ ɗŮɟɛɘəɐ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ůŰŮɟŮɩɜ ŬˊɞɟɟɘɛɛɎŰɤɜ, ˊŮɟɘɚŬɛɓɎɜŮɘ ɧɚŮɠ Űɘɠ 

ŭɘŬŭɘəŬůɑŮɠ ɛŮŰŬŰɟɞˊɐɠ Űɞɡ ˊŮɟɘŮɢɞɛɏɜɞɡ Űɞɡɠ, ůŮ ŬɏɟɘŬ, ɡɔɟɎ əŬɘ ůŰŮɟŮɎ 

ˊɟɞɥɧɜŰŬ, ɛŮ ŰŬɡŰɧɢɟɞɜɖ ɐ ůɡɜŮˊŬəɧɚɞɡɗɖ ŬˊɞŭɏůɛŮɡůɖ ɗŮɟɛɘəɐɠ ŮɜɏɟɔŮɘŬɠ 

(http://energywaste.gr, 2014). ɆŰɖ ůɡɜɏɢŮɘŬ ˊŬɟŬŰɑɗŮɜŰŬɘ, əŬɘ ŬɜŬɚɨɞɜŰŬɘ ɞɘ 

əɨɟɘŮɠ ŰŮɢɜɘəɏɠ ɗŮɟɛɘəɐɠ ŮˊŮɝŮɟɔŬůɑŬɠ, əŬɗɩɠ Ůˊɑůɖɠ əŬɘ ɞɘ ŭɨɞ ˊŬɟŬɔɧɛŮɜɞɘ 

Űɨˊɞɘ  ůŰŮɟŮɩɜ ɡˊɞɚŮɘɛɛɎŰɤɜ,  ɛɏůɤ  Űɤɜ  ɗŮɟɛɘəɩɜ ŭɘŮɟɔŬůɘɩɜ. 

 

2.1 ȷˊɞŰɏűɟɤůɖ 

ȼ ŬˊɞŰɏűɟɤůɖ, ɐ ˊɘɞ əɞɘɜɎ ɖ əŬɨůɖ Űɤɜ ůŰŮɟŮɩɜ ŬˊɞɟɟɘɛɛɎŰɤɜ, 

ɞɡůɘŬůŰɘəɎ ŮəˊɟɞůɤˊŮɑ ɛɘŬ ŬɟəŮŰɎ ˊŬɚŬɘɎ əŬɘ ŭɘŬŭŮŭɞɛɏɜɖ ŭɘŮɟɔŬůɑŬ (ɆɢɐɛŬ 

2.1.1 ). ȳˊɤɠ ŬɜŬűɏɟŮɘ ɞ ũɘŭŬɟɎəɞɠ (2006), ɖ ůɡɔəŮəɟɘɛɏɜɖ ŭɘŮɟɔŬůɑŬ  

ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ŬɜɎˊŰɡɝɖ ɡɣɖɚɩɜ ɗŮɟɛɞəɟŬůɘɩɜ,Ŭˊɧ 500 ɏɤɠ 600
0
C ɛŮ 

ˊŬɟɞɡůɑŬ űɚɧɔŬɠ, ɔɘŬ Űɖɜ ɞɝŮɑŭɤůɖ Űɤɜ Ůˊɘɛɏɟɞɡɠ ůŰɞɘɢŮɑɤɜ. Ƀɘ ˊɟɞɦˊɞɗɏůŮɘɠ 

ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ ˊɚɐɟɞɡɠ əŬɨůɖɠ Űɤɜ ŬˊɞɓɚɐŰɤɜ ŮɑɜŬɘ (ũɘŭŬɟɎəɞɠ,2006):  

Á Ⱥ́ Ŭɟəɐɠ ˊɞůɧŰɖŰŬ əŬɨůɘɛɞɡ ɡɚɘəɞɨ əŬɘ ɞɝŮɘŭɤŰɘəɞɨ ɛɏůɞɡ (O2) ůŰɖɜ 

ŮůŰɑŬ əŬɨůɖɠ.  

Á Ⱥ́ ɑŰŮɡɝɖ Űɖɠ ŮˊɘɗɡɛɖŰɐɠ ɗŮɟɛɞəɟŬůɑŬɠ ŬɜɎűɚŮɝɖɠ.  

Á ɆɤůŰɐ ŬɜŬɚɞɔɑŬ ɛɑɔɛŬŰɞɠ (əŬɨůɘɛɖɠ ɨɚɖɠ - ɞɝɡɔɧɜɞɡ).  

Á ɆɡɜŮɢɐɠ ŬˊɞɛɎəɟɡɜůɖ Űɤɜ ŬŮɟɑɤɜ, ŰŬ ɞˊɞɑŬ ˊŬɟɎɔɞɜŰŬɘ əŬŰɎ Űɖɜ əŬɨůɖ.  

Á ɆɡɜŮɢɐɠ ŬˊɞɛɎəɟɡɜůɖ Űɤɜ ɡˊɞɚŮɘɛɛɎŰɤɜ Űɖɠ əŬɨůɖɠ.  

ȾŬŰɎ Űɖɜ ŭɘŮɟɔŬůɑŬ Űɖɠ əŬɨůɖɠ, ŮəŰɧɠ Űɤɜ Űɡˊɘəɩɜ ˊɟɞɥɧɜŰɤɜ  (ŭɘɞɝŮɑŭɘɞ Űɞɡ 

ɎɜɗɟŬəŬ, ŬŰɛɧɠ, ɛɞɜɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ), ˊŬɟɎɔŮŰŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ˊɞɘɧŰɖŰŬ 

Űɤɜ ŬˊɞɓɚɐŰɤɜ əŬɘ ɛɘŬ ůŮɘɟɎ Ɏɚɚɤɜ ɞɡůɘɩɜ, ɧˊɤɠ ŭɘɞɝŮɑŭɘɞ Űɞɡ ɗŮɑɞɡ, ɞɝŮɑŭɘŬ 

Űɞɡ ŬɕɩŰɞɡ, ɡŭɟɞɢɚɩɟɘɞ, ɡŭɟɞűɗɧɟɘɞ əŬɘ  ɄɞɚɡɢɚɤɟɘɤɛɏɜŮɠ ŭɘ-ɓŮɜɕɞŭɘɞɝɑɜŮɠ. 

ȳůɞɜ ŬűɞɟɎ  Űɘɠ ɄɞɚɡɢɚɤɟɘɞɛɏɜŮɠ ŭɘ-ɓŮɜɕɞŭɘɞɝɑɜŮɠ ,əŬɘ ŭɘ-ɓŮɜɕɞűɞɡɟɎɜɘŬ 

(PCDD/PCDF ), ŬˊɞŰŮɚɞɨɜŰŬɘ əŬɘ ɞɘ ŭɨɞ ŮɜɩůŮɘɠ Ŭˊɧ ŭɨɞ ɢɚɤɟɘɤɛɏɜɞɡɠ 

ŭŬəŰɡɚɑɞɡɠ ɓŮɜɕɞɚɑɞɡ. Ƀɘ ŭɘɞɝɑɜŮɠ əŬɘ ŰŬ űɞɡɟɎɜɘŬ, ŮɑɜŬɘ ˊŬɟɧɜŰŬ ůŰɞ 

ˊŮɟɘɓɎɚɚɞɜ ůŮ ŮɝŬɘɟŮŰɘəɎ ɛɘəɟɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ. ( ɇɕɞɡˊɎɜɞɠ, & ɆŬɛŬɟɎ, 2004). 

 

 

 



 28 

 Ⱥˊɑůɖɠ, əŬŰɎ Űɖɜ əŬɨůɖ Űɤɜ ŬůŰɘəɩɜ ůŰŮɟŮɩɜ ŬˊɞɓɚɐŰɤɜ ˊŬɟŬɛɏɜɞɡɜ ůŰŮɟŮɎ 

ɡˊɞɚŮɑɛɛŬŰŬ, ŰŬ ɞˊɞɑŬ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɞ 25-40% Űɞɡ ɓɎɟɞɡɠ Űɤɜ ŮɘůŮɟɢɞɛɏɜɤɜ 

ŬˊɞɓɚɐŰɤɜ. ȼ ˊɞůɧŰɖŰŬ Űɤɜ ɡˊɞɚŮɘɛɛɎŰɤɜ ŮɝŬɟŰɎŰŬɘ, Ŭˊɧ Űɖ ůɨɜɗŮůɖ Űɤɜ 

ŬˊɞɓɚɐŰɤɜ, əŬɘ ŰŬ ŰŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ŮɔəŬŰɎůŰŬůɖɠ.ȷɡŰɎ ŭɘŬəɟɑɜɞɜŰŬɘ 

ůŮ ŰɏűɟŬ, ˊɞɡ ˊŬɟɎɔŮŰŬɘ ůŰɞ ɢɩɟɞ Űɖɠ əŬɨůɖɠ (ŬˊɞɛŬəɟɨɜɞɜŰŬɘ ɛŮŰɎ Űɖɜ 

ŮůɢɎɟŬ), ŰɏűɟŬ Ŭˊɧ Űɞɡɠ ɚɏɓɖŰŮɠ (ɡˊɞɚŮɑɛɛŬŰŬ ŰŬ ɞˊɞɑŬ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ůŰɘɠ 

ɗŮɟɛŬɜŰɘəɏɠ ŮˊɘűɎɜŮɘŮɠ Űɤɜ ɚŮɓɐŰɤɜ, əŬɘ ůɡɔəŮɜŰɟɩɜɞɜŰŬɘ ůŰɘɠ ɢɞɎɜŮɠ əɎŰɤ Ŭˊɧ 

Űɞ ɚɏɓɖŰŬ), ɘˊŰɎɛŮɜɖ ŰɏűɟŬ, əŬɘ ůəɧɜɖ ˊɞɡ əŬŰŬəɟŬŰŮɑŰŬɘ ůŰŬ űɑɚŰɟŬ 

(ůɡɔəŮɜŰɟɩɜŮŰŬɘ ůŰɘɠ ɢoɎɜŮɠ əɎŰɤ Ŭˊɧ ŰŬ ɖɚŮəŰɟɧűɘɚŰɟŬ ɐ ůŬəəɧűɘɚŰɟŬ), əŬɘ 

ɡˊɞɚŮɑɛɛŬŰŬ ŰŬ ɞˊɞɑŬ ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ ŰŬ ůɡůŰɐɛŬŰŬ əŬɗŬɟɘůɛɞɨ Űɤɜ ŬŮɟɑɤɜ.. 

(ũɘŭŬɟɎəɞɠ, 2006). 

Ƀɘ ɛɞɜɎŭŮɠ ŬˊɞŰɏűɟɤůɖɠ, ůɢŮŭɘɎɕɞɜŰŬɘ ɩůŰŮ ɜŬ ŮˊŮɝŮɟɔɎɕɞɜŰŬɘ ŮɑŰŮ 

ůɨɛɛŮɘəŰŬ ŬˊɧɓɚɖŰŬ (mass-burned incineration), ŮɑŰŮ ŮɜŬɚɚŬəŰɘəɎ əŬɨůɘɛŬ ˊɞɡ 

ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŬˊɞɓɚɐŰɤɜ.  ȹɘŬűɞɟɞˊɞɘɞɨɜŰŬɘ, Űɧůɞ ůŮ 

ůɢɏůɖ ɛŮ Űɞɜ Űɨˊɞ Űɞɡ ůɡůŰɐɛŬŰɞɠ əŬɨůɖɠ (əɘɜɞɨɛŮɜɤɜ ŮůɢŬɟɩɜ, 

ˊŮɟɘůŰɟŮűɧɛŮɜɞɡ əɚɘɓɎɜɞɡ, ɟŮɡůŰɞˊɞɘɖɛɏɜɖɠ əɚɑɜɖɠ), ɧůɞ əŬɘ ůŮ ůɢɏůɖ ɛŮ Űɞ 

ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ Űɖɠ ɟɨˊŬɜůɖɠ. (ɡɔɟɐ /ɝɖɟɐ ŮˊŮɝŮɟɔŬůɑŬ ŬˊŬŮɟɑɤɜ, 

ůŬəəɧűɘɚŰɟŬ, ɖɚŮəŰɟɞůŰŬŰɘəɎ űɑɚŰɟŬ, ˊɚɡɜŰɟɑŭŮɠ ə.Ŭ.). ũɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ 

ůɨɛɛŮɘəŰɤɜ ŬˊɞɓɚɐŰɤɜ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɞ ůɨůŰɖɛŬ əɘɜɞɨɛŮɜɤɜ ŮůɢŬɟɩɜ Ůɜɩ, 

ɞɘ Ɏɚɚɞɘ Űɨˊɞɘ ůɡůŰɖɛɎŰɤɜ əŬɨůɖɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡɜɐɗɤɠ ɔɘŬ Űɖɜ 

ŬˊɞŰɏűɟɤůɖ ŮˊŮɝŮɟɔŬůɛɏɜɤɜ ɟŮɡɛɎŰɤɜ ŬˊɞɓɚɐŰɤɜ. 

 

ɆɢɐɛŬ 2.1.1 ɇɡˊɘəɐ ɛɞɜɎŭŬ ŬˊɞŰɏűɟɤůɖɠ ŬůŰɘəɩɜ ůŰŮɟŮɩɜ ŬˊɞɓɚɐŰɤɜ ɛŮ 

ŰŬɡŰɧɢɟɞɜɖ ˊŬɟŬɔɤɔɐ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ  (Ʉɖɔɐ: ũɘŭŬɟɎəɞɠ, 2006) 
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ȼ ŬˊɞŰɏűɟɤůɖ, ŬˊɞŰŮɚŮɑ ɛɑŬ ɩɟɘɛɖ  ɛɏɗɞŭɞ ŮˊŮɝŮɟɔŬůɑŬɠ ůŰŮɟŮɩɜ 

ŬˊɞɓɚɐŰɤɜ, ɛŮ ˊɚɐɗɞɠ ŮɟɔɞůŰŬůɑɤɜ ɜŬ ɚŮɘŰɞɡɟɔɞɨɜ ůŰŬ əɟɎŰɖ ɛɏɚɖ Űɖɠ Ⱥ.Ⱥ.  

ȿɧɔɤ Űɤɜ ˊŬɟŬɔɧɛŮɜɤɜ Ŭɏɟɘɤɜ Ůəˊɞɛˊɩɜ, ŭɘɏˊŮŰŬɘ Ŭˊɧ ˊɞɚɨ ŬɡůŰɖɟɧ ˊɚŬɑůɘɞ 

Ůɚɏɔɢɞɡ, Űɞ ɞˊɞɑɞ ůŰɞɢŮɨŮɘ ůŰɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɤɜ ŮˊɘˊŰɩůŮɤɜ ůŰɞ 

ˊŮɟɘɓɎɚɚɞɜ. ȺɘŭɘəɎ ŰŬ ůɡůŰɐɛŬŰŬ ŬɜŰɘɟɟɨˊŬɜůɖɠ, ɢɟɖůɘɛɞˊɞɘɞɨɜ ŰŮɢɜɞɚɞɔɑŬ 

Ŭɘɢɛɐɠ, əŬɘ ɏɢɞɡɜ əŬŰŬűɏɟŮɘ ɜŬ ˊŮɟɘɞɟɑůɞɡɜ ůɖɛŬɜŰɘəɎ Űɘɠ ˊŬɟŬɔɧɛŮɜŮɠ ŬɏɟɘŮɠ 

Ůəˊɞɛˊɏɠ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ. ŪŬ ˊɟɏˊŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ɚŮɘŰɞɡɟɔɞɨɜ ˊŮɟɑˊɞɡ 

600 ŮɔəŬŰŬůŰɎůŮɘɠ ŬˊɞŰɏűɟɤůɖɠ ŬˊɞɓɚɐŰɤɜ ˊŬɔəɞůɛɑɤɠ, əŬɘ ˊŮɟɘůůɧŰŮɟŮɠ 

Ŭˊɧ 400 Ŭˊɧ ŬɡŰɏɠ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ Ⱥ.Ⱥ. ȾɎˊɞɘŮɠ Ŭˊɧ ŬɡŰɏɠ ŮɑɜŬɘ ɖ ɀɞɜɎŭŬ 

ŬˊɞŰɏűɟɤůɖɠ ȷɆȷ: ȯɛůŰŮɟɜŰŬɛ ɃɚɚŬɜŭɑŬ (ȺɘəɧɜŬ 2.1.2). ɀɞɜɎŭŮɠ 

ȷɞ́Űɏűɟɤůɖɠ ȷɆȷ (Vienna) ȷɡůŰɟɑŬ, ɧˊɤɠ əŬɘ ɎɚɚŮɠ ɛɞɜɎŭŮɠ ůŰɖ ũŬɚɚɑŬ əŬɘ 

ũŮɟɛŬɜɑŬ əŬɘ ůŰɖɜ Brescia ȽŰŬɚɑŬ. ȺəŰɧɠ Ⱥɡɟɩˊɖɠ,  ɏɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɧ 

ˊŬɟɎŭŮɘɔɛŬ ŮɑɜŬɘ ɖ ɀɞɜɎŭŬ ȷˊɞŰɏűɟɤůɖɠ ůŰɖɜ ȾɑɜŬ 

(http://www.greendot.com.cy). 

 

 

ȺɘəɧɜŬ 2.1.2 ɀɞɜɎŭŬ ŬˊɞŰɏűɟɤůɖɠ ȷɆȷ : ȯɛůŰŮɟɜŰŬɛ ɃɚɚŬɜŭɑŬ (Ʉɖɔɐ: 

ũɘŭŬɟɎəɞɠ, 2006) 
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ȳɚŮɠ ɞɘ əŬŰɖɔɞɟɑŮɠ ɡˊɞɚŮɑɛɛŬŰɞɠ Ŭˊɧ Űɖ ɗŮɟɛɘəɐ ŮˊŮɝŮɟɔŬůɑŬ, ŬˊŬɘŰɞɨɜ 

ˊɟɞůŮəŰɘəɐ ŭɘŬɢŮɑɟɘůɖ. ȼ ŭɘɎɗŮůɖ ůŮ ɢɩɟɞ ŰŬűɐɠ, ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɖɜ 

ŮəˊɚɡůɘɛɧŰɖŰŬ Űɤɜ ŭɘŬűɧɟɤɜ ůɡůŰŬŰɘəɩɜ, ˊɞɡ ˊŮɟɘɏɢɞɡɜ ŰŬ ɡˊɞɚŮɑɛɛŬŰŬ ŬɡŰɎ. 

ȼ ɘˊŰɎɛŮɜɖ ŰɏűɟŬ, ˊŮɟɘɏɢŮɘ ɡɣɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ ɓŬɟɏɤɜ ɛŮŰɎɚɚɤɜ, ŭɘŬɚɡŰɩɜ 

ŬɚɎŰɤɜ, ɞɟɔŬɜɘəɩɜ, əŬɘ Űɖɜ ɡɣɖɚɧŰŮɟɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Ŭˊɧ ɧɚŬ ŰŬ əŬŰɎɚɞɘˊŬ ůŮ 

ɢɚɤɟɘɤɛɏɜŮɠ ɞɟɔŬɜɘəɏɠ ŮɜɩůŮɘɠ. ŪŮɤɟŮɑŰŬɘ Ůˊɘəɑɜŭɡɜɞ ŬˊɧɓɚɖŰɞ, əŬɘ Ŭɜ ŭŮɜ 

ŮűŬɟɛɞůŰŮɑ əɎˊɞɘŬ ɛɏɗɞŭɞɠ ŬŭɟŬɜɞˊɞɑɖůɐɠ Űɖɠ, ɗŬ ˊɟɏˊŮɘ ɜŬ ŭɘŬŰŮɗŮɑ ůŮ ɢɩɟɞ 

ŭɘɎɗŮůɖɠ Ůˊɘəɑɜŭɡɜɤɜ ŬˊɞɓɚɐŰɤɜ. ȼ ŰɏűɟŬ Ůˊɑůɖɠ ,ɛˊɞɟŮɑ ɜŬ ŭɘŬŰŮɗŮɑ ɛŮŰɎ Űɖɜ 

ɣɨɝɖ Űɖɠ ůŮ ɉɈɇȷ ŬɚɚɎ ůɡɜɐɗɤɠ ŬɝɘɞˊɞɘŮɑŰŬɘ ůŰɖɜ ɞŭɞˊɞɘɑŬ, əŬɗɩɠ ůŰŬ əɟɎŰɖ 

ɛɏɚɖ Űɖɠ Ⱥ.Ⱥ, ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ Ůɗɜɘəɏɠ ˊɟɞŭɘŬɔɟŬűɏɠ ɔɘŬ Űɖɜ Ŭɝɘɞˊɞɑɖůɐ Űɖɠ, ůŮ 

ŬɜŰɑɗŮůɖ ɛŮ Űɖɜ Ůɚɚɖɜɘəɐ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ. 

 

2.2   Ʉɡɟɧɚɡůɖ 

 

ȼ Ʉɡɟɧɚɡůɖ ŮɑɜŬɘ ɖ ɛɏɗɞŭɞɠ, əŬŰɎ Űɖɜ ɞˊɞɑŬ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ɖ űɡůɘəɐ 

əŬɘ ɢɖɛɘəɐ ŬˊɞůɨɜɗŮůɖ Űɤɜ ɗŮɟɛɘəɎ ŬůŰŬɗɩɜ ɞɟɔŬɜɘəɩɜ ɞɡůɘɩɜ, ˊɞɡ 

ɓɟɑůəɞɜŰŬɘ ůŰŬ ŬˊɧɓɚɖŰŬ ɡˊɧ Űɖɜ ŮˊɑŭɟŬůɖ ɗŮɟɛɧŰɖŰŬɠ, Ŭˊɧ  400 ɏɤɠ 

800ÁC(ũɘŭŬɟɎəɞɠ, 2006). 

 ɆŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖɜ ŬˊɞŰɏűɟɤůɖ əŬɘ Űɖɜ ŬŮɟɘɞˊɞɑɖůɖ, ˊɟɧəŮɘŰŬɘ ɔɘŬ ɛɘŬ 

ŭɘŮɟɔŬůɑŬ ɘůɢɡɟɎ ŮɜŭɧɗŮɟɛɖ, ɧˊɞɡ  ŬˊŬɘŰŮɑŰŬɘ, ŮɝɤŰŮɟɘəɐ ˊɖɔɐ ŮɜɏɟɔŮɘŬɠ. ɆŰɖɜ 

ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ɓɏɓŬɘŬ, ŭŮɜ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ŮˊɘŰŮɡɢɗɞɨɜ ůɡɜɗɐəŮɠ 

ˊŮɟɘɓɎɚɚɞɜŰɞɠ ˊɚɐɟɞɡɠ ŬˊɞɡůɑŬɠ O2 Ůˊɞɛɏɜɤɠ, ˊɟŬɔɛŬŰɘəɎ ˊɡɟɞɚɡŰɘəɎ 

ůɡůŰɐɛŬŰŬ ɚŮɘŰɞɡɟɔɞɨɜ ɛŮ ˊɞůɧŰɖŰŮɠ O2 ɛɘəɟɧŰŮɟŮɠ Űɤɜ ůŰɞɘɢŮɘɞɛŮŰɟɘəɩɜ. 

Ƀɘ ŬɜŰɘŭɟɎůŮɘɠ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ, ŬɟɢɘəɎ ŮɑɜŬɘ əɡɟɑɤɠ ŬɜŰɘŭɟɎůŮɘɠ 

ŭɘɎůˊŬůɖɠ, ɧˊɞɡ ɞɟɔŬɜɘəɎ ůɡůŰŬŰɘəɎ ɢŬɛɖɚɐɠ ˊŰɖŰɘəɧŰɖŰŬɠ, ɛŮŰŬŰɟɏˊɞɜŰŬɘ ůŮ 

ɎɚɚŬ ˊŮɟɘůůɧŰŮɟɞ ˊŰɖŰɘəɎ: 

CxHy Ÿ CcHd + CmHn 

Ⱥˊɑůɖɠ, ůŰŬ ŬɟɢɘəɎ ůŰɎŭɘŬ Űɘɠ ˊɡɟɧɚɡůɖɠ, ůɡɛɓŬɑɜɞɡɜ ŬɜŰɘŭɟɎůŮɘɠ 

ůɡɛˊɨəɜɤůɖɠ, Ŭűɡŭɟɞɔɧɜɤůɖɠ, əŬɘ ŬɜŰɘŭɟɎůŮɘɠ ůɢɖɛŬŰɘůɛɞɨ ŭŬəŰɡɚɑɤɜ, ˊɞɡ 

ɞŭɖɔɞɨɜ ůŰɞ ůɢɖɛŬŰɘůɛɧ Ůɜɧɠ ůŰŮɟŮɞɨ ŬɜɗɟŬəɞɨɢɞɡ ɡˊɞɚŮɑɛɛŬŰɞɠ, Ŭˊɧ 

ɞɟɔŬɜɘəɏɠ ŮɜɩůŮɘɠ ɢŬɛɖɚɐɠ ˊŰɖŰɘəɧŰɖŰŬɠ: 

CxHy Ÿ CpHq + H2 + əɤə 
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ɆŰɖ ůɡɜɏɢŮɘŬ, ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ əŬɘ ɎɚɚŮɠ ŬɜŰɘŭɟɎůŮɘɠ Űɤɜ ɞɟɔŬɜɘəɩɜ ɟɨˊɤɜ. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɨˊŬɟɝɖɠ O2 ůɢɖɛŬŰɑɕŮŰŬɘ, CO əŬɘ CO2 ɐ ŮɑɜŬɘ ˊɘɗŬɜɐ ɖ 

ŬɚɚɖɚŮˊɑŭɟŬůɖ ɛŮ ȼ2Ƀ. ɇɞ ˊŬɟŬɔɧɛŮɜɞ əɤə, ɛˊɞɟŮɑ ɜŬ ŮɝŬŮɟɤɗŮɑ ůŮ Ƀ2 əŬɘ 

CO2. (ũɘŭŬɟɎəɞɠ, 2006). ȰɜŬ ŮɜŭŮɘəŰɘəɧ ɘůɞɕɨɔɘɞ ɛɎɕŬɠ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɞ ůɢɐɛŬ 

(2.2.1). 

 

ɆɢɐɛŬ 2.2.1 ȺɜŭŮɘəŰɘəɧ ɘůɞɕɨɔɘɞ ɛɎɕŬɠ ˊɡɟɞɚɡŰɘəɐɠ ɛɞɜɎŭŬɠ (Ʉɖɔɐ: 

ũɘŭŬɟɎəɞɠ, 2006) 

 

2.3 ȷŮɟɘɞˊɞɑɖůɖ 

ȼ ŬŮɟɘɞˊɞɑɖůɖ, ŮɑɜŬɘ ɛɑŬ ɛɏɗɞŭɞɠ ɛŮŰŬŰɟɞˊɐɠ Űɞɡ ɞɟɔŬɜɘəɞɨ ɛɏɟɞɡɠ Űɖɠ 

ˊɟɩŰɖɠ ɨɚɖɠ ůŮ Ŭɏɟɘɞ ˊɟɞɥɧɜ, ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŮ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ 

ˊŬɟɞɡůɑŬ ɞɝŮɘŭɤŰɘəɞɨ ɛɏůɞɡ (ɡˊɞïůŰɞɘɢŮɘɞɛŮŰɟɘəɞɨ ɞɝɡɔɧɜɞɡ ɐ ɡŭɟŬŰɛɞɨ ɐ 

ɛɑɔɛŬŰɞɠ ŬɡŰɩɜ) (ɆɢɐɛŬ 2.3.1). ȼ ɗŮɟɛɞəɟŬůɑŬ ŬɜŰɑŭɟŬůɖɠ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 750 ï 

1600 ÁC. ȼ əɨɟɘŬ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɖɠ ŬŮɟɘɞˊɞɑɖůɖɠ Ŭˊɧ Űɖɜ ˊɡɟɧɚɡůɖ, ŮɑɜŬɘ ɖ 

ŬˊŬɑŰɖůɖ Űɖɠ ˊŬɟɞɡůɑŬɠ ˊŮɟɑůůŮɘŬɠ ɡŭɟŬŰɛɞɨ, ˊɞɡ ɞŭɖɔŮɑ ůŰɖɜ ˊɚɐɟɖ 

ɛŮŰŬŰɟɞˊɐ Űɞɡ ˊŮɟɘŮɢɞɛɏɜɞɡ ůŰɖɜ ˊɟɩŰɖ ɨɚɖ ɎɜɗɟŬəŬ ůŮ əŬɨůɘɛɞ Ŭɏɟɘɞ. (Fytili 

& Zabaniotou, 2008). ȼ ˊŬɟɞɡůɑŬ ŬɏɟŬ/ɞɝɡɔɧɜɞɡ ůŰɞɜ ɢɩɟɞ Űɞɡ ɗŬɚɎɛɞɡ 

ŬŮɟɘɞˊɞɑɖůɖɠ, ɞŭɖɔŮɑ ůŰɖɜ ˊŬɟŬɔɤɔɐ ŬŮɟɑɞɡ ˊɟɞɥɧɜŰɞɠ ɛŮ ɢŬɛɖɚɐ (4-6 MJ/nm
3
 

ɗŮɟɛɞɔɧɜɞ ŭɨɜŬɛɖ (ŬɡŰɧɗŮɟɛɖ ŬŮɟɘɞˊɞɑɖůɖ), Ůɜɩ ɖ ˊŬɟɞɡůɑŬ ˊŮɟɑůůŮɘŬɠ 

ɡŭɟŬŰɛɞɨ ɞŭɖɔŮɑ ůŰɖɜ ˊŬɟŬɔɤɔɐ ŬŮɟɑɞɡ ˊɟɞɥɧɜŰɞɠ ɛŮ ɛɏůɖ (10-15 MJ/nm
3
) ɐ 

ɡɣɖɚɐ (15-20 MJ/nm
3
) ɗŮɟɛɞɔɧɜɞ ŭɨɜŬɛɖ (ŬɚɚɧɗŮɟɛɖ ŬŮɟɘɞˊɞɑɖůɖ) 

(Bridgewater & Evans, 1993).  
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ȼ ŬŮɟɘɞˊɞɑɖůɖ ɏɢŮɘ ɛŮɚŮŰɖɗŮɑ ŮəŰŮɜɩɠ, ɛŮ ˊɟɩŰɖ ɨɚɖ ɞɟɡəŰɧ ɎɜɗɟŬəŬ ɐ 

ɝɡɚɩŭɖ ɓɘɞɛɎɕŬ, Ůɜɩ ɖ ɏɟŮɡɜŬ Űɖɠ ŬŮɟɘɞˊɞɑɖůɖɠ ůŰŮɟŮɩɜ ŬˊɞɟɟɘɛɛɎŰɤɜ ɐ ɘɚɨɞɠ 

,ŮɑɜŬɘ ůŮ ůɢŮŰɘəɎ ˊɟɩɘɛɞ ůŰɎŭɘɞ. ɇŬ ŬɟɢɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŮɟŮɡɜɩɜ ŮɑɜŬɘ 

ŮɜɗŬɟɟɡɜŰɘəɎ, əŬɘ ɔɘŬ ŬɡŰɧɜ Űɞɜ ɚɧɔɞ ŮɑɜŬɘ ŬɜŬɔəŬɑŬ ɖ ůɡɜɏɢɘůɖ Űɖɠ ɏɟŮɡɜŬɠ.  

Ƀ ɛŮɔɎɚɞɠ ɓŬɗɛɧɠ Ŭˊɧŭɞůɖɠ ůŮ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ ɖ ˊɞɚɚŬˊɚɐ ɢɟɐůɖ 

Űɞɡ ŬŮɟɑɞɡ ˊɟɞɥɧɜŰɞɠ, ŬɚɚɎ əŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ŰɟɞűɞŭɞůɑŬɠ ˊɞɘəɑɚɤɜ ˊɟɩŰɤɜ 

ɡɚɩɜ, Űɖɜ əŬɗɘůŰɎ ˊɞɚɚɎ ɡˊɞůɢɧɛŮɜɖ ɔɘŬ Űɖɜ Ůɝɞɘəɞɜɧɛɖůɖ űɡůɘəɩɜ ˊɧɟɤɜ  

ȼ ŬŮɟɘɞˊɞɑɖůɖ ɏɢŮɘ ɞɛɞɘɧŰɖŰŮɠ ɛŮ Űɖɜ ˊɡɟɧɚɡůɖ, ɧˊɤɠ Űɖ ɛŮŰŬŰɟɞˊɐ Űɤɜ 

ŬˊɞɟɟɘɛɛɎŰɤɜ ůŮ ŬɏɟɘŬ, ůŰŮɟŮɎ əŬɘ ɡɔɟɎ əŬɨůɘɛŬ,ɛŮ Űɖɜ ŭɘŬűɞɟɎ  ɧŰɘ 

ˊŬɟɎɔɞɜŰŬɘ ůɖɛŬɜŰɘəɎ ɛɘəɟɏɠ ˊɞůɧŰɖŰŮɠ ɡɔɟɩɜ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊɡɟɧɚɡůɖ,əŬɘ 

əɡɟɑɤɠ ɛɘəɟɏɠ ˊɞůɧŰɖŰŮɠ ˊɑůůŬɠ. ȳɛɤɠ,  ˊŬɟɞɡůɘɎɕŮɘ əŬɘ ɛɑŬ ɓŬůɘəɐ ŭɘŬűɞɟɎ 

əŬŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ, Ŭűɞɨ ɖ ɛŮɜ ˊɡɟɧɚɡůɖ, ɢɟɖůɘɛɞˊɞɘŮɑ ŮɝɤŰŮɟɘəɐ ˊɖɔɐ 

ɗŮɟɛɧŰɖŰŬɠ ɔɘŬ ɜŬ ŮɜŮɟɔɞˊɞɘɖɗɞɨɜ ɞɘ ŮɜŭɧɗŮɟɛŮɠ ŬɜŰɘŭɟɎůŮɘɠ ɗŮɟɛɘəɐɠ 

ŭɘɎůˊŬůɖɠ Űɤɜ ŬˊɞɟɟɘɛɛɎŰɤɜ. ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ, ůŮ ůɡɜɗɐəŮɠ ŬˊɞɡůɑŬɠ 

ɞɝɡɔɧɜɞɡ. ȼ ŬŮɟɘɞˊɞɑɖůɖ ŮɑɜŬɘ ŬɡŰɞůɡɜŰɖɟɞɨɛŮɜɖ (ɢɤɟɑɠ ŮɝɤŰŮɟɘəɐ ˊɖɔɐ 

ŮɜɏɟɔŮɘŬɠ ɛŮŰɎ Űɞ ůŰɎŭɘɞ Űɖɠ ŬɜɎűɚŮɝɖɠ), əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑ ˊɟɧůɗŮŰɞ əŬɨůɘɛɞ 

Ŭɏɟɘɞ, ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ŬŰɛɧ, ɛɞɜɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ, ŬɏɟŬ ɐ ɞɝɡɔɧɜɞ, ɔɘŬ 

Űɖɜ Ůˊɘˊɚɏɞɜ ɛŮŰŬŰɟɞˊɐ Űɤɜ ɞɟɔŬɜɘəɩɜ ɡˊɞɚŮɘɛɛɎŰɤɜ ůŮ ŬɏɟɘŬ ˊɟɞɥɧɜŰŬ. ȼ 

ŮɜɏɟɔŮɘŬ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ ŬɜŰɑŭɟŬůɖ ŬŮɟɘɞˊɞɑɖůɖɠ, ˊŬɟɎɔŮŰŬɘ ůɡɜɐɗɤɠ ɛŮ 

əŬɨůɖ ɛɏɟɞɡɠ Űɞɡ ɞɟɔŬɜɘəɞɨ ɡɚɘəɞɨ ůŰɞɜ ŬɜŰɘŭɟŬůŰɐɟŬ ŬŮɟɘɞˊɞɑɖůɖɠ. 

ɇŬ əɨɟɘŬ ˊɟɞɥɧɜŰŬ Űɖɠ ŬŮɟɘɞˊɞɑɖůɖɠ, ŮɑɜŬɘ Űɞ ɡŭɟɞɔɧɜɞ, Űɞ ɛɞɜɞɝŮɑŭɘɞ Űɞɡ 

ɎɜɗɟŬəŬ. ɀŮɗɎɜɘɞ, ŭɘɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ əŬɘ əɎˊɞɘɞɘ ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ, 

ˊŬɟɎɔɞɜŰŬɘ ůŮ ůɢŮŰɘəɎ ɛɘəɟɧŰŮɟɖ ˊɞůɧŰɖŰŬ. Ƀɘ əɨɟɘŮɠ ŬɜŰɘŭɟɎůŮɘɠ ˊɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ, əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŬŮɟɘɞˊɞɑɖůɖɠ ŮɑɜŬɘ (Gikas & 

Stedman,  2011): 

 

1)  C + CO2   ð> 2CO                                  ȹH = +172 MJ/kmol 

2)  C + H2O  ð> CO + H2                              ȹH = +131 MJ/kmol 

3) C + 2H2  ð> CH4                      ȹH = -75 MJ/kmol 

4) CO + H2O  ð> H2+CO2               ȹH = -41 MJ/kmol 

5) CH4 + H2O  ð> CO2 +3H2                                  ȹH = +206 MJ/kmol 
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ɇŬ ŰŮɚɘəɎ ˊɟɞɥɧɜŰŬ Űɖɠ ŬŮɟɘɞˊɞɑɖůɖɠ ŮɑɜŬɘ: 

Á ȷɏɟɘɞ ˊɚɞɨůɘɞ ůŮ ɛɞɜɞɝŮɑŭɘɞ əŬɘ ŭɘɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ əŬɘ ɡŭɟɞɔɧɜɞ ˊɞɡ 

ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɤɠ əŬɨůɘɛɞ.  

Á ɆŰŮɟŮɧ ɡˊɧɚŮɘɛɛŬ ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɎɜɗɟŬəŬ əŬɘ ŬŭɟŬɜɐ.  

Á Ɇɡɛˊɡəɜɤɛɏɜɞ ɡɔɟɧ ɡˊɧɚŮɘɛɛŬ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ ůɨůŰŬůɖ ˊŬɟɧɛɞɘŬ ɛŮ 

ŬɡŰɐ Űɞɡ ɡɔɟɞɨ əɚɎůɛŬŰɞɠ ˊɞɡ ˊŬɟɎɔŮŰŬɘ əŬŰɎ Űɖɜ ˊɡɟɧɚɡůɖ. 

 

       ɆɢɐɛŬ 2.3.1  ȹɘŮɟɔŬůɑŬ ȷŮɟɘɞˊɞɑɖůɖɠ (Ʉɖɔɐ: ũɘŭŬɟɎəɞɠ, 2006) 

 

2.4 ɇŮɢɜɞɚɞɔɑŮɠ ˊɚɎůɛŬŰɞɠ (ɣɡɢɟɧ-ɗŮɟɛɧ) 

 

Ƀ ɧɟɞɠ ˊɚɎůɛŬ, ŬűɞɟɎ əɎɗŮ Ŭɏɟɘɞ Űɞɡ ɞˊɞɑɞɡ ŰɞɡɚɎɢɘůŰɞɜ ɏɜŬ ˊɞůɞůŰɧ 

Űɤɜ ŬŰɧɛɤɜ ɐ ɛɞɟɑɤɜ Űɞɡ, ŮɑɜŬɘ ɛŮɟɘəɎ ɐ ɞɚɘəɎ ɘɞɜɘůɛɏɜɞ. ȯɚɚɞɠ ɞɟɘůɛɧɠ ɔɘŬ Űɞ 

ˊɚɎůɛŬ, ŬɜŬűɏɟŮɘ ɧŰɘ ŮɑɜŬɘ ɏɜŬ ɖɚŮəŰɟɘəɎ Ŭɔɩɔɘɛɞ Ŭɏɟɘɞ, ɛŮ ŮˊŬɟəɐ ɖɚŮəŰɟɘəɎ 

űɞɟŰɘůɛɏɜŬ ůɤɛŬŰɑŭɘŬ (ũɘŭŬɟɎəɞɠ, 2006). 
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ɆɢɐɛŬ 2.4  ȿŮɘŰɞɡɟɔɑŬ Űɞɡ Űɧɝɞɡ ˊɚɎůɛŬŰɞɠ ůɡɜŬɟŰɐůŮɘ Űɖɠ ˊɑŮůɖɠ. (Ʉɖɔɐ: 

ũɘŭŬɟɎəɞɠ,2006) 

 

 

ɆŰɞ ˊŬɟŬˊɎɜɤ ŭɘɎɔɟŬɛɛŬ (ɆɢɐɛŬ 2.4), ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ Űɞ ɗŮɟɛɘəɧ 

ˊɚɎůɛŬ ɓɟɑůəŮŰŬɘ ůŮ ɡɣɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ əŬɘ ˊɘɏůŮɘɠ Ŭˊɧ Űɞ ɛɖ ɗŮɟɛɘəɧ 

ˊɚɎůɛŬ, Űɞ ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ ɡˊɎɟɝŮɘ əŬɘ ůŮ ˊɑŮůɖ 1 atm. (Mohai & Szepvolgyi, 

2005).  

Ƀɘ əɨɟɘŮɠ ŭɘŬűɞɟɏɠ ɛŮŰŬɝɨ ŬɡŰɩɜ Űɤɜ ɛŮɗɧŭɤɜ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɖɜ 

ŬɜŬɚɞɔɑŬ ŬɏɟŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬŰɎ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŬˊɞɓɚɐŰɤɜ, əŬɘ 

ůŰɖ űɨůɖ Űɤɜ ŮɝŮɟɢɧɛŮɜɤɜ ˊɟɞɥɧɜŰɤɜ. (Juniper, 2006). 

 

2.4.1 Ʉɡɟɧɚɡůɖ ɛŮ Űɖɜ ŰŮɢɜɘəɐ Űɞɡ ˊɚɎůɛŬŰɞɠ 

 

ȼ ůɡɔəŮəɟɘɛɏɜɖ ŭɘŮɟɔŬůɑŬ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŮɑŰŮ ůŮ ůɡɜɗɐəŮɠ ŬˊɞɡůɑŬɠ 

ŬɏɟŬ, ŮɑŰŮ ˊŬɟɞɡůɑŬɠ ŬɏɟŬ, ŬɚɚɎ ůŮ ˊɞɚɨ ɛɘəɟɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ ůŰɞɜ 

ŬɜŰɘŭɟŬůŰɐɟŬ. 

ɆŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖɜ əŬɨůɖ əŬɘ Űɖɜ ŬŮɟɘɞˊɞɑɖůɖ, ŭɘŮɟɔŬůɑŬ Űɖɠ ˊɡɟɧɚɡůɖɠ 

ɛŮ Űɖɜ ŰŮɢɜɘəɐ Űɞɡ ˊɚɎůɛŬŰɞɠ ŮɑɜŬɘ ɘůɢɡɟɎ ŮɜŭɧɗŮɟɛɖ, əŬɘ ɔɘŬ Űɖ ŭɘŮɝŬɔɤɔɐ Űɖɠ 

ŬˊŬɘŰŮɑŰŬɘ ŮɝɤŰŮɟɘəɐ ˊɖɔɐ ŮɜɏɟɔŮɘŬɠ. ȾŬŰɎ Űɖɜ ˊɡɟɧɚɡůɖ Űɤɜ ůŰŮɟŮɩɜ 

ŬˊɞɓɚɐŰɤɜ, ŰŬ ˊɟɞɥɧɜŰŬ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ ŮɑɜŬɘ: 
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- ȷɏɟɘŬ: ȷˊɞŰŮɚɞɨɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ ɡŭɟɞɔɧɜɞ, ɛŮɗɎɜɘɞ, ɛɞɜɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ, 

ŭɘɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ əŬɘ ŭɘɎűɞɟŬ ɎɚɚŬ ŬɏɟɘŬ, ŬɜɎɚɞɔŬ ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

Űɤɜ ůŰŮɟŮɩɜ ŬˊɞɓɚɐŰɤɜ.  

- ɈɔɟɎ: ɇɞ ɡɔɟɧ əɚɎůɛŬ, ŮɑɜŬɘ ŮɚŬɘɩŭŮɠ ɛŮ ɡɣɖɚɐ ˊɡəɜɧŰɖŰŬ əŬɘ ɘɝɩŭŮɠ, əŬɘ 

ˊŮɟɘɏɢŮɘ ŬˊɚɎ əŬɟɓɞɝɡɚɘəɎ ɞɝɏŬ (ˊ.ɢ. ɞɝɘəɧ ɞɝɨ), əŮŰɧɜŮɠ (ˊ.ɢ. ŬəŮŰɧɜɖ), 

ŬɚəɞɧɚŮɠ (ˊ.ɢ. ɛŮɗŬɜɧɚɖ), əŬɗɩɠ əŬɘ ůɨɜɗŮŰɞɡɠ ɞɝɡɔɞɜɤɛɏɜɞɡɠ 

ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ. (Nema  & Ganeshprasad, 2002).  

 ȼ Ŭɟɢɐ Űɖɠ ɛŮŰŬŰɟɞˊɐɠ Űɤɜ ŬˊɞɓɚɐŰɤɜ, ŮɑɜŬɘ ɖ ɑŭɘŬ ɛŮ ŬɡŰɐɜ Űɖɠ 

ůɡɛɓŬŰɘəɐɠ ˊɡɟɧɚɡůɖɠ ůŮ ɡɣɖɚɐ ɗŮɟɛɞəɟŬůɑŬ (ůɡɢɜɎ ŬɜŬűŮɟɧɛŮɜɖ ɤɠ ɗŮɟɛɘəɐ 

ŬŮɟɘɞˊɞɑɖůɖ), ɞɘ ůɡɜɗɐəŮɠ ɚŮɘŰɞɡɟɔɑŬɠ ŮɑɜŬɘ ŬɟəŮŰɎ ŭɘŬűɞɟŮŰɘəɏɠ (850
o
C ůŮ 

ůɨɔəɟɘůɖ ɛŮ Ɏɜɤ Űɤɜ 1.600
o
C ɔɘŬ Űɘɠ ŭɘŮɟɔŬůɑŮɠ ˊɚɎůɛŬŰɞɠ), əŬɘ ɔɘŬ ŬɡŰɧ ŰŬ 

ˊɟɞɥɧɜŰŬ Űɖɠ ́ɡɟɧɚɡůɖɠ, ŬɜŬɛɏɜŮŰŬɘ ɜŬ ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɎ. ȷɡŰɧ ŮɑɜŬɘ 

ůɖɛŬɜŰɘəɧ, ŮˊŮɘŭɐ ɡˊɎɟɢŮɘ Űɞ ŮɜŭŮɢɧɛŮɜɞ ɜŬ ůɢɞɚɘɎɕɞɜŰŬɘ ůɡůŰɐɛŬŰŬ 

ŬŮɟɘɞˊɞɑɖůɖɠ ɛŮ Űɖɜ ŰŮɢɜɘəɐ Űɞɡ ˊɚɎůɛŬŰɞɠ, əŬɘ ɜŬ ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŮ ŭŮŭɞɛɏɜŬ 

ɗŮɟɛɘəɐɠ ŬŮɟɘɞˊɞɑɖůɖɠ. ũɘŬ ŬɡŰɧ Űɞɜ ɚɧɔɞ ŭŮɜ ˊɟɏˊŮɘ ůŮ əŬɛɑŬ ˊŮɟɑˊŰɤůɖ ɖ 

ˊɡɟɧɚɡůɖ ˊɚɎůɛŬŰɞɠ (ɆɢɐɛŬ 2.4.1), ɜŬ ůɡɔɢɏŮŰŬɘ ɛŮ Űɖɜ ŬŮɟɘɞˊɞɑɖůɖ 

ˊɚɎůɛŬŰɞɠ, ɐ ɛŮ ŰŮɢɜɞɚɞɔɑŮɠ ɗŮɟɛɘəɐɠ ŬŮɟɘɞˊɞɑɖůɖɠ (Nezu et al., 2003).  

 

ɆɢɐɛŬ 2.4.1: ȹɘɎɔɟŬɛɛŬ ɟɞɐɠ ˊɡɟɧɚɡůɖɠ ˊɚɎůɛŬŰɞɠ (Ʉɖɔɐ: Juniper, 2006) 
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2.4.2 ȷŮɟɘɞˊɞɑɖůɖ ɄɚɎůɛŬŰɞɠ 

 

ɈˊɎɟɢɞɡɜ, ŭɨɞ ɔŮɜɘəɏɠ ŮɔəŬŰŬůŰɎůŮɘɠ ŬŮɟɘɞˊɞɑɖůɖɠ ˊɚɎůɛŬŰɞɠ: 

ȺɔəŬŰŬůŰɎůŮɘɠ ůŰɘɠ ɞˊɞɑŮɠ ɖ ˊɖɔɐ ˊɚɎůɛŬŰɞɠ (ˊ.ɢ. ˊɡɟůɧɠ ˊɚɎůɛŬŰɞɠ ,ŮɘəɧɜŬ 

2.4.2  ɐ ŰŬ ɖɚŮəŰɟɧŭɘŬ), ˊŮɟɘɏɢŮŰŬɘ ɛɏůŬ ůŰɞɜ əɨɟɘɞ ŬɜŰɘŭɟŬůŰɐɟŬ ɛŮŰŬŰɟɞˊɐɠ 

Űɤɜ ŬˊɞɓɚɐŰɤɜ, əŬɘ ɞɘ ŮɔəŬŰŬůŰɎůŮɘɠ ůŰɘɠ ɞˊɞɑŮɠ ɖ ˊɖɔɐ ˊɚɎůɛŬŰɞɠ, ŮɑɜŬɘ 

ŮɝɤŰŮɟɘəɐ Űɞɡ əɨɟɘɞɡ ŬɜŰɘŭɟŬůŰɐɟŬ ɛŮŰŬŰɟɞˊɐɠ Űɤɜ ŬˊɞɓɚɐŰɤɜ, əŬɘ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ˊɖɔɐ ɗŮɟɛɩɜ ŬŮɟɑɤɜ. ɇɞ ŰŮɚŮɡŰŬɑɞ ůɨůŰɖɛŬ ůɡɢɜɎ 

ŬɜŬűɏɟŮŰŬɘ ɤɠ çŬŮɟɘɞˊɞɑɖůɖ ɡˊɞɓɞɖɗɞɨɛŮɜɖ ɛŮ ˊɚɎůɛŬè. 

 

ȺɘəɧɜŬ 2.4.2 Ʉɡɟůɧɠ ˊɚɎůɛŬŰɞɠ ůŮ ɚŮɘŰɞɡɟɔɑŬ  

(Ʉɖɔɐ: http ://www.westinghouse-plasma.com [10.3.2016) 

 

ȼ ŬŮɟɘɞˊɞɑɖůɖ ɛŮ Űɖɜ ŰŮɢɜɘəɐ Űɞɡ ˊɚɎůɛŬŰɞɠ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŮ ůɡɜɗɐəŮɠ 

ɏɚɚŮɘɣɖɠ ŬŰɛɞůűŬɘɟɘəɞɨ O2, Űɞ ɞˊɞɑɞ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ˊŬɟŬɔɤɔɐ ŬŮɟɑɞɡ 

ůɨɜɗŮůɖɠ, ɡŬɚɞˊɞɘɖɛɏɜɞɡ ɡˊɞɚŮɑɛɛŬŰɞɠ, əŬɘ Űɖɔɛɏɜɤɜ ɛŮŰɎɚɚɤɜ.(Mohai  & 

Sz®pvºlgyi, 2005).  
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  ȼ ŭɘŮɟɔŬůɑŬ ˊŮɟɘɚŬɛɓɎɜŮɘ ɚɘɔɧŰŮɟɞ ŬɏɟŬ, ɞˊɧŰŮ ŰŬ əŬɡůŬɏɟɘŬ ɏɢɞɡɜ 

ɛɘəɟɧŰŮɟɞ ɧɔəɞ. ȷɡŰɧ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ, ɜŬ ɗŮɤɟɖɗŮɑ əŬŰɎɚɚɖɚɖ ɔɘŬ 

ŮűŬɟɛɞɔɏɠ ˊɞɡ ŭɘŬɗɏŰɞɡɜ ˊŮɟɘɞɟɘůɛɏɜɞ ɢɩɟɞ (ˊ.ɢ. ˊɎɜɤ ůŮ ˊɚɞɑŬ ɐ ůŮ 

ŬˊɞɛɞɜɤɛɏɜŮɠ ˊŮɟɘɞɢɏɠ, ɧˊɤɠ ɜɖůɘɎ ɧˊɞɡ ɞɘ ŭɘŬɗɏůɘɛŮɠ ŮəŰɎůŮɘɠ, ɔɘŬ 

ŮɔəŬŰɎůŰŬůɖ ůɡůŰɖɛɎŰɤɜ ŮˊŮɝŮɟɔŬůɑŬɠ ŬˊɞɓɚɐŰɤɜ, ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ 

ˊŮɟɘɞɟɘůɛɏɜŮɠ.(Juniper, 2006). 

Ⱥəˊɞɛˊɏɠ ɟɨˊɤɜ, ɧˊɤɠ NOx əŬɘ SO2 ŬˊɞűŮɨɔɞɜŰŬɘ, ŬɚɚɎ ɎɚɚŮɠ ŮɜɩůŮɘɠ, 

ɧˊɤɠ Űɞ H2S, NH3 əŬɘ COs, ŮɜŭɏɢŮŰŬɘ ɜŬ ŬˊŬɘŰŮɑŰŬɘ ɜŬ ŮɝɞɡŭŮŰŮɟɤɗɞɨɜ. ȾɎˊɞɘŮɠ 

ŮɜɩůŮɘɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŮ ˊɞůɧŰɖŰŮɠ ɘɢɜɩɜ, ɛˊɞɟŮɑ ɜŬ ŬˊŬɘŰɞɨɜ ˊɘɞ ŭɟŬůŰɘəɎ 

əŬɘ ŬəɟɘɓɎ ŬɜŰɑɛŮŰɟŬ, ůŮ ůɨɔəɟɘůɖ ɛŮ Űɖɜ əŬɨůɖ ˊɚɎůɛŬŰɞɠ ɐ Űɖ ůɡɛɓŬŰɘəɐ 

ŬˊɞŰɏűɟɤůɖ (Juniper, 2006). 

ȿɑɔŮɠ, əŬɘ ɛɘəɟɐɠ əɚɑɛŬəŬɠ ɛɞɜɎŭŮɠ ŬŮɟɘɞˊɞɑɖůɖɠ ˊɚɎůɛŬŰɞɠ, ɚŮɘŰɞɡɟɔɞɨɜ 

ůɐɛŮɟŬ ůŰɞɜ əɧůɛɞ, əŬɘ ŬɡŰɏɠ ŮɑɜŬɘ  ŭɡɜŬɛɘəɧŰɖŰŬɠ ɛɏɢɟɘ 10 Űɧɜɞɡɠ ŬɜɎ 

ɖɛɏɟŬ(ˊ.ɢ. Pyrogenesis).  ɇŬ ŬˊɧɓɚɖŰŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ ˊɖɔɐ ˊɟɎůɘɜɖɠ 

ŮɜɏɟɔŮɘŬɠ, Ŭűɞɨ Űɞ ɞɟɔŬɜɘəɧ ˊŮɟɘŮɢɧɛŮɜɧ Űɞɡɠ, ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ Ŭɏɟɘɞ ůɨɜɗŮůɖɠ, 

ɛɑɔɛŬ ȼ2 əŬɘ CO, Ůɜɩ ŰŬɡŰɧɢɟɞɜŬ Űɞ ŬɜɧɟɔŬɜɞ ŰɛɐɛŬ Űɤɜ ˊɟɞɠ ŮˊŮɝŮɟɔŬůɑŬ 

ŬˊɞɓɚɐŰɤɜ, ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ŬɝɘɞˊɞɘɐůɘɛŬ ŬɟɢɘŰŮəŰɞɜɘəɎ əŮɟŬɛɑŭɘŬ əŬɘ ŰɞɨɓɚŬ 

əŬŰŬůəŮɡɐɠ. 

ȺɜŭŮɘəŰɘəɎ, ɛɘŬ ŮŰŬɘɟŮɑŬ ŬɜɎˊŰɡɝɖɠ ŭɘŮɟɔŬůɘɩɜ ůŰɘɠ ȼ.Ʉ.ȷ. ɖ Startech, 

ɏɢŮɘ ɞŭɖɔɐůŮɘ Űɞ ůɢŮŭɘŬůɛɧ Űɖɠ ŬŮɟɘɞˊɞɑɖůɖɠ ˊɚɎůɛŬŰɞɠ, ɏɜŬ ɓɐɛŬ ˊɘɞ ˊɏɟŬ əŬɘ 

ɏɢŮɘ ŬɜŬˊŰɨɝŮɘ ŮűŬɟɛɞɔɏɠ, ɔɘŬ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑ Űɞ Ŭɏɟɘɞ ůɨɜɗŮůɖɠ ɤɠ ˊɟɩŰɖ ɨɚɖ 

ɔɘŬ ˊŬɟŬůəŮɡɐ ɢɖɛɘəɩɜ ˊɟɞɥɧɜŰɤɜ, əɡɟɑɤɠ ɔɘŬ ŬɜɎəŰɖůɖ H2.  

ɇɞ ȼ2, ɛˊɞɟŮɑ ɛŮɚɚɞɜŰɘəɎ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɤɠ ɞɘəɞɚɞɔɘəɧ - ˊɟɎůɘɜɞ əŬɨůɘɛɞ 

ůŮ ɛŮŰŬűɞɟɘəɎ ɛɏůŬ, Ůɜɩ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ ɛˊɞɟŮɑ ɜŬ ˊŬɟŬɢɗŮɑ ůŮ ůŰɟɞɓɑɚɞɡɠ 

ˊɞɡ əɘɜɞɨɜŰŬɘ ɛŮ Ŭɏɟɘɞ ůɨɜɗŮůɖɠ.  (Mountouris et al.,2008). 

ɆɡɜɞˊŰɘəɎ, Űɞ əɎɗŮ ůŰɎŭɘɞ Űɖɠ ŭɘŮɟɔŬůɑŬɠ ŬŮɟɘɞˊɞɑɖůɖɠ ˊɚɎůɛŬŰɞɠ         

ˊŮɟɘɚŬɛɓɎɜŮɘ ŰŬ Ůɝɐɠ: 

ɄɟɞŮˊŮɝŮɟɔŬůɑŬ:. ȼ ˊɟɞŮˊŮɝŮɟɔŬůɑŬ, ŬˊŬɘŰŮɑŰŬɘ əɡɟɑɤɠ ůŮ ɡɚɘəɎ ɛŮ ˊɞɚɨ 

ɛŮɔɎɚŮɠ ŭɘŬůŰɎůŮɘɠ, ɐ ůŮ ɡɚɘəɎ ɛŮ ˊɞɚɨ ɡɣɖɚɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ɡɔɟŬůɑŬ. ɆŰɖɜ 

ŰŮɚŮɡŰŬɑŬ ˊŮɟɑˊŰɤůɖ, ŬˊŬɘŰŮɑŰŬɘ ɝɐɟŬɜůɖ ɛɏɢɟɘ əɎˊɞɘɞ ɓŬɗɛɧ, Ŭűɞɨ ɏɜŬ 

ˊɞůɞůŰɧ ɡɔɟŬůɑŬɠ ɢɟŮɘɎɕŮŰŬɘ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Űɤɜ ɓŬůɘəɩɜ ůɡůŰŬŰɘəɩɜ Űɞɡ 

ŬŮɟɑɞɡ ůɨɜɗŮůɖɠ, ŭɖɚŬŭɐ Űɞɡ ȼ2 əŬɘ Űɞɡ CO. 
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ȷŮɟɘɞˊɞɑɖůɖ ˊɚɎůɛŬŰɞɠ: Ɉˊɧ Űɖɜ ŮˊɑŭɟŬůɖ Űɤɜ ˊɞɚɨ ɡɣɖɚɩɜ 

ɗŮɟɛɞəɟŬůɘɩɜ, Űɞ ɞɟɔŬɜɘəɧ əɚɎůɛŬ Űɤɜ ŬˊɞɓɚɐŰɤɜ ŬŮɟɘɞˊɞɘŮɑŰŬɘ, əŬɘ 

ůɢɖɛŬŰɑɕŮɘ Ŭɏɟɘɞ ůɨɜɗŮůɖɠ (ɛɑɔɛŬ CO & H2). Ƀ ɢɟɧɜɞɠ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɚɎɓŮɘ ɢɩɟŬ ɖ əŬŰŬůŰɟɞűɐ Űɤɜ ɞɟɔŬɜɘəɩɜ ŮɜɩůŮɤɜ, ŮɝŬɟŰɎŰŬɘ 

Ŭˊɧ Űɖɜ ŮˊɑŰŮɡɝɖ Űɖɠ ŮˊɘɗɡɛɖŰɐɠ ɗŮɟɛɞəɟŬůɑŬɠ,  əŬɘ Űɖ ůɨɜɗŮůɖ Űɤɜ ŬˊɞɓɚɐŰɤɜ. 

ȾɎˊɞɘŮɠ ŮɜŭŮɘəŰɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ  ˊŬɟɞɡůɘɎɕɞɜŰŬɘ  ůŰɞɡɠ ˊɑɜŬəŮɠ ˊɞɡ 

Ŭəɞɚɞɡɗɞɨɜ. 

 

ɄɑɜŬəŬɠ 2.4.2.1: ȷɜŰɘŭɟɎůŮɘɠ ůŰŮɟŮɐɠ űɎůɖɠ (Mountouris  et al.,2008) 

 

ȷɜŰɑŭɟŬůɖ ɉŬɟŬəŰɖɟɘůɛɧɠ ŬɜŰɑŭɟŬůɖɠ 

CO + H2O ź H2 + CO2         ȷɚɚŬɔɐ ɡɔɟɞɨ ï ŬŮɟɑɞɡ 

CO + 3 H2 ź CH4 + H2O    ɀŮɗŬɜɞˊɞɑɖůɖ 

ɄɑɜŬəŬɠ 2.4.2.2: ȷɜŰɘŭɟɎůŮɘɠ ŬɏɟɘŬɠ űɎůɖɠ (Ʉɖɔɐ:Mountouris  et al.,2008) 

 

 

2.5   ɆŰŮɟŮɧ ɡˊɧɚŮɘɛɛŬ ɗŮɟɛɘəɩɜ ŭɘŮɟɔŬůɘɩɜ 

 

ɈˊɎɟɢɞɡɜ  ŭɨɞ Űɨˊɞɘ   ůŰŮɟŮɩɜ ɡˊɞɚŮɘɛɛɎŰɤɜ, əŬŰɎ Űɖɜ ŭɘŮɟɔŬůɑŬ  Űɖɠ 

ɗŮɟɛɘəɐɠ ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ŬˊɞɓɚɐŰɤɜ (Patrick et al., 2002): 

1) ȼ ɡˊɞɚŮɘɛɛŬŰɘəɐ ŰɏűɟŬ. 

2) ȼ ɘˊŰɎɛŮɜɖ ŰɏűɟŬ. 

 

 ɈˊɞɚŮɘɛɛŬŰɘəɐ ŰɏűɟŬ 

 

          ȺɑɜŬɘ Űɞ ůŰŮɟŮɧ ɡˊɧɚŮɘɛɛŬ Űɖɠ əŬɨůɖɠ, Űɞ ɞˊɞɑɞ  ˊŬɟŬɛɏɜŮɘ ůŰɖɜ əɚɑɜɖ, 

əŬɘ ŬˊɞɛŬəɟɨɜŮŰŬɘ Ŭˊɧ Űɞɜ ˊɡɗɛɏɜŬ. Ůˊɑůɖɠ, ŬˊɞŰŮɚŮɑ Űɖɜ əɡɟɑɤɠ ɛɎɕŬ Űɞɡ 

ŬˊɞɓɚɐŰɞɡ. 

ȷɜŰɑŭɟŬůɖ ɉŬɟŬəŰɖɟɘůɛɧɠ ŬɜŰɑŭɟŬůɖɠ 

C + O2 ź CO2                      ȾŬɨůɖ 

C + 2 H2 ź CH4                   ɈŭɟɞŬŮɟɘɞˊɞɑɖůɖ 

C + H2O ź CO + H2            ȷŰɛɞˊɞɑɖůɖ ɎɜɗɟŬəŬ 

C + CO2 ź 2CO                   Boudouard 
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Ƀɘ ŭɘŮɟɔŬůɑŮɠ, ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ɛŮŰɎ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ ŮɑɜŬɘ: 

1) ɀɖɢŬɜɘəɐ ŭɘŬɚɞɔɐ 

2) ũɐɟŬɜůɖ 

3) Ȱəˊɚɡůɖ 

 

 

ɀɖɢŬɜɘəɐ ŭɘŬɚɞɔɐ  

 

ɆŮ ŬɡŰɐ Űɖɜ ŭɘŮɟɔŬůɑŬ, ɔɑɜŮŰŬɘ ɖ ɛɖɢŬɜɘəɐ əŬŰŮɟɔŬůɑŬ Űɖɠ ŰɏűɟŬɠ, Űɞ 

əɞůəɑɜɘůɛŬ,  əŬɘ ɖ əɞɜɘɞˊɞɑɖůɖ. Ƀ ůəɞˊɧɠ Űɖɠ ɛɖɢŬɜɘəɐɠ ŭɘŬɚɞɔɐɠ, ŮɑɜŬɘ ɖ 

ŭɖɛɘɞɡɟɔɑŬ əŬŰɎɚɚɖɚɞɡ ɡɚɘəɞɨ, Űɞ ɞˊɞɑɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ 

ŭɟɧɛɤɜ. ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ɡɚɘəɧ, ŭɘŬɗɏŰŮɘ ŰŬ əŬŰɎɚɚɖɚŬ ɔŮɤŰŮɢɜɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ, ɧˊɤɠ Ůˊɑůɖɠ Űɖɜ ɡɣɖɚɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ɛŮŰŬɚɚɘəɎ ůŰɞɘɢŮɑŬ, 

ɩůŰŮ ɜŬ ɛɖɜ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ˊɟɞɓɚɐɛŬŰŬ ůŰɘɠ ůɡɔəŮəɟɘɛɏɜŮɠ ŮɟɔŬůɑŮɠ. 

 

ũɐɟŬɜůɖ 

 

ȼ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɔɐɟŬɜůɖɠ, ŬˊɞůəɞˊŮɑ ůŰɖɜ ůŰŬɗŮɟɞˊɞɑɖůɖ Űɤɜ 

ɛŮŰɎɚɚɤɜ ˊɞɡ ˊŮɟɘɏɢɞɜŰŬɘ ůŰɖɜ ŰɏűɟŬ, ɛŮ ŬɜŰɘŭɟɎůŮɘɠ ɧˊɤɠ ɖ ŮɜŬɜɗɟɎəɤůɖ, əŬɘ 

ɖ ɞɝŮɑŭɤůɖ Ŭˊɧ Űɞɜ ŬɏɟŬ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŰɖɟɞɨɜŰŬɘ ŰŬ ɧɟɘŬ ŮəɢɡɚɘůɘɛɧŰɖŰŬɠ  

ˊɟɘɜ Űɖɜ ŰŮɚɘəɐ ŭɘɎɗŮůɖ Űɖɠ. 

 

Ȱəˊɚɡůɖ 

 

ȼ ɏəˊɚɡůɖ Űɖɠ ɡˊɞɚŮɘɛɛŬŰɘəɐɠ ŰɏűɟŬɠ, ɔɑɜŮŰŬɘ ɛŮ ɜŮɟɧ. Ƀ ůəɞˊɧɠ Űɖɠ 

ŮɑɜŬɘ, ɞ ŭɘŬɢɤɟɘůɛɧɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ɛŮ ɛɏɔŮɗɞɠ əɎŰɤ Űɤɜ 2mm, əŬɗɩɠ ůŮ ŬɡŰɎ 

ɓɟɑůəɞɜŰŬɘ ŰŬ ɛŮŰŬɚɚɘəɎ ůŰɞɘɢŮɑŬ, əŬɘ ɞɘ ɞɟɔŬɜɘəɏɠ ŮɜɩůŮɘɠ ɞɘ ɞˊɞɑŮɠ ˊɟɏˊŮɘ ɜŬ 

ŬˊɞɛŬəɟɡɜɗɞɨɜ. 
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ȽˊŰɎɛŮɜɖ ŰɏűɟŬ 

 

ȽˊŰɎɛŮɜɖ ŰɏűɟŬ, ɞɜɞɛɎɕɞɡɛŮ Űɖɜ ŬɘɗɎɚɖ ˊɞɡ ŭɘŬűŮɨɔŮɘ ɛŬɕɑ ɛŮ Űɞ Ŭɏɟɘɞ 

ɟŮɨɛŬ, Űɞ ɞˊɞɑɞ ŭɘŬɢɤɟɑɕŮŰŬɘ ůŰɞ ůɨůŰɖɛŬ əŬɗŬɟɘůɛɞɨ Űɞɡ ŬŮɟɑɞɡ. 

Ƀɘ ŭɘŮɟɔŬůɑŮɠ, ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ɛŮŰɎ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ ŮɑɜŬɘ: 

1) ɆŰŮɟŮɞˊɞɑɖůɖ Űɖɠ ŰɏűɟŬɠ ɛŮ ŰůɘɛɏɜŰɞ 

2) Ȱəˊɚɡůɖ 

 

 

ɆŰŮɟŮɞˊɞɑɖůɖ Űɖɠ ŰɏűɟŬɠ ɛŮ ŰůɘɛɏɜŰɞ 

 

ȼ ɘˊŰɎɛŮɜɖ ŰɏűɟŬ, ŬɜŬɛɘɔɜɨŮŰŬɘ ɛŮ ŰůɘɛɏɜŰɞ, ɜŮɟɧ, əŬɘ ˊɡɟɘŰɘəɎ 

ˊɟɧůɗŮŰŬ, ɩůŰŮ ɜŬ ɛŮɘɤɗŮɑ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ˊŮɟɘůůɧŰŮɟɞ, ɖ ŮəɢɡɚɘůɘɛɧŰɖŰŬ Űɤɜ 

ɓŬɟɏɤɜ ɛŮŰɎɚɚɤɜ. 

ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ˊɟɞɥɧɜ, ŭŮɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ əŬŰŬůəŮɡŬůŰɘəɏɠ  

ŮɟɔŬůɑŮɠ ,ŬɚɚɎ ŮɜŰŬűɘɎɕŮŰŬɘ ɛɧɜɘɛŬ.  

 

 

Ȱəˊɚɡůɖ 

 

ȼ ɏəˊɚɡůɖ, ɔɑɜŮŰŬɘ ɛŮ Űɞ ɧɝɘɜɞ ɡŭŬŰɘəɧ ŭɘɎɚɡɛŬ Űɖɠ ˊɚɡɜŰɟɑŭŬɠ, ɔɘŬ Űɖɜ 

Ůəɢɨɚɘůɖ Űɤɜ ŭɘŬɚɡŰɩɜ ɛŮŰɎɚɚɤɜ, əŬɘ Űɤɜ ŬɚɎŰɤɜ Űɖɠ ɘˊŰɎɛŮɜɖɠ ŰɏűɟŬɠ. ɆŰɖɜ 

ůɡɜɏɢŮɘŬ Űɞ ŭɘɎɚɡɛŬ űɘɚŰɟɎɟŮŰŬɘ, əŬɘ Űɞ ůŰŮɟŮɧ ˊɞɡ əŬŰŬəɟŬŰŮɑŰŬɘ ŬɜŬɛɘɔɜɨŮŰŬɘ 

ɛŮ Űɖɜ ɡˊɞɚŮɘɛɛŬŰɘəɐ ŰɏűɟŬ, əŬɘ ŬˊɞɟɟɑˊŰŮŰŬɘ.  
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ȾȺūȷȿȷȽɃ 3
ɞ
  ȷȺɅȽɃɄɃȽȼɆȼ 

 

ɆŰɞ ˊɟɞɖɔɞɨɛŮɜɞ əŮűɎɚŬɘɞ, ˊŬɟɞɡůɘɎůŰɖəŬɜ ɞɘ ɗŮɟɛɘəɏɠ ɛɏɗɞŭɞɘ   

ŮˊŮɝŮɟɔŬůɑŬɠ, Űɤɜ ůŰŮɟŮɩɜ ŬˊɞɟɟɘɛɛɎŰɤɜ. ɆŰɞ ˊŬɟɧɜ əŮűɎɚŬɘɞ, ɗŬ 

ˊŬɟɞɡůɘŬůŰŮɑ ŮəŰŮɜɩɠ ɖ ɛɏɗɞŭɞɠ Űɖɠ ŬŮɟɘɞˊɞɑɖůɖɠ, ɝŮəɘɜɩɜŰŬɠ ɛŮ Űɞ ɘůŰɞɟɘəɧ 

Űɖɠ. 

 

3.1  ȽůŰɞɟɘəɧ Űɖɠ ŬŮɟɘɞˊɞɑɖůɖɠ  

 

ȼ ŬŮɟɘɞˊɞɑɖůɖ, ɏɢŮɘ ŬɜŬˊŰɡɢɗŮɑ Ŭˊɧ ɛɘŬ ŭɘŮɟɔŬůɑŬ ɛŮŰŬŰɟɞˊɐɠ 

ɚɘɗɎɜɗɟŬəŬ ůŮ űɤŰŬɏɟɘɞ (town gas), ɔɘŬ ɓɘɞɛɖɢŬɜɘəɧ űɤŰɘůɛɧ ůŮ ɛɘŬ ˊɟɞɖɔɛɏɜɖ 

ŰŮɢɜɞɚɞɔɑŬ, ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ɛŮɔɎɚɖɠ ˊɞɘəɘɚɑŬɠ ɞɟɔŬɜɘəɩɜ ˊɟɞɥɧɜŰɤɜ əŬɘ 

əŬɡůɑɛɤɜ. ɇɞ űɤŰŬɏɟɘɞ ɏɢŮɘ ɗŮɟɛɞɔɧɜɞ ŭɨɜŬɛɖ ɛŮŰŬɝɨ 18 ï 21 MJ m
3
. 

ȼ ˊɟɩŰɖ Ůɛˊɞɟɘəɐ ɢɟɐůɖ Űɖɠ ŬŮɟɘɞˊɞɑɖůɖɠ, ɏɚŬɓŮ ɢɩɟŬ Űɞɜ 19ɞ ŬɘɩɜŬ 

əŬɘ ŬűɞɟɞɨůŮ ůŰɖɜ ˊŬɟŬɔɤɔɐ ɗŮɟɛɧŰɖŰŬɠ,ˊɞɡ ŮɝɡˊɖɟŮŰɞɨůŮ Űɖɜ ɓɘɞɛɖɢŬɜɑŬ, Űɖɜ 

ɞɘəɘŬəɐ ɗɏɟɛŬɜůɖ əŬɘ Űɞɜ ŭɖɛɧůɘɞ űɤŰɘůɛɧ. ȾŬɗɩɠ ɖ ɢɟɐůɖ Űɤɜ ɡˊɞŭɞɛɩɜ, əŬɘ 

Űɞɡ ŭɘəŰɨɞɡ ŭɘŬɜɞɛɐɠ ɖɚŮəŰɟɘůɛɞɨ əŬɘ űɡůɘəɞɨ ŬŮɟɑɞɡ ŬɜŬˊŰɨɢɗɖəŮ, ɖ ɢɟɐůɖ 

Űɞɡ űɤŰŬŮɟɑɞɡ ɛŮɘɩɗɖəŮ, əŬɘ ɖ ŬɜɎˊŰɡɝɖ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ Űɖɠ ŬŮɟɘɞˊɞɑɖůɖɠ 

ůŰŬɛɎŰɖůŮ. ɋůŰɧůɞ, ɖ ɘůŰɞɟɑŬ ɏɢŮɘ ŭŮɑɝŮɘ ɧŰɘ ˊɞɚɚɏɠ űɞɟɏɠ ɡˊɎɟɢŮɘ ŮˊɘůŰɟɞűɐ, 

ŬɜɎˊŰɡɝɖ, əŬɘ əŬɘɜɞŰɞɛɑŬ ůŮ ˊŬɚŬɘɧŰŮɟŮɠ əŬɘ ˊŬɟŬɛŮɚɖɛɏɜŮɠ ŰŮɢɜɞɚɞɔɑŮɠ, ɧŰŬɜ ɖ 

ˊɟɧůɓŬůɖ ůŰɞ űɡůɘəɧ Ŭɏɟɘɞ, Űɞ ˊŮŰɟɏɚŬɘɞ, əŬɘ ůŰŬ ˊɟɞɥɧɜŰŬ Űɞɡɠ ˊŮɟɘɞɟɑɕŮŰŬɘ 

ɔɘŬ ŭɘŬűɧɟɞɡɠ ɚɧɔɞɡɠ. 

ɆɐɛŮɟŬ, əɎŰɤ Ŭˊɧ ɞɚɞɏɜŬ əŬɘ ˊɘɞ ŬɡůŰɖɟɞɨɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɞɨɠ 

ˊŮɟɘɞɟɘůɛɞɨɠ, ɖ ŰŮɢɜɞɚɞɔɑŬ Űɖɠ ŬŮɟɘɞˊɞɑɖůɖɠ ŬɜŬɔŮɜɜɎŰŮ, əŬɘ ŬɜŬˊŰɨůůŮŰŬɘ ɤɠ 

ɛɏůɞ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ, ůɡɜɗŮŰɘəɞɨ űɡůɘəɞɨ ŬŮɟɑɞɡ, 

ɡɔɟɩɜ/ŬŮɟɑɤɜ əŬɡůɑɛɤɜ, əŬɘ ɢɖɛɘəɩɜ ˊɟɞɥɧɜŰɤɜ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ 

ɚɘɗɎɜɗɟŬəŬ, ɓɘɞɛɎɕŬ, ɐ ɎɚɚŬ ŬɜɗɟŬəɞɨɢŬ ɡɚɘəɎ ( http://www.netl.doe.gov). 

 

3.1.1 ȷɜŬəɎɚɡɣɖ əŬɘ ˊɟɩŰɞɘ ˊŮɘɟŬɛŬŰɘůɛɞɑ 

 

ɇɞ 1609 ɞ Jan Baptista Van Helmont, ɏɜŬɠ ɓɏɚɔɞɠ ɢɖɛɘəɧɠ əŬɘ űɡůɘəɧɠ, 

ŬɜŬəɎɚɡɣŮ ɧŰɘ ɛˊɞɟŮɑ ɜŬ ˊŬɟŬɢɗŮɑ Ŭɏɟɘɞ Ŭˊɧ Űɖ ɗɏɟɛŬɜůɖ ɝɨɚɞɡ ɐ ɚɘɗɎɜɗɟŬəŬ. 

ɀŮŰɎ Űɖɜ ŬɜŬəɎɚɡɣɖ ŬɡŰɐ, ŬɟəŮŰɞɑ ɓɞɐɗɖůŬɜ ůŰɖɜ ŬɜɎˊŰɡɝɖ əŬɘ Űɖ ɓŮɚŰɑɤůɖ 
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Űɖɠ ŭɘŮɟɔŬůɑŬɠ Űɖɠ ŬŮɟɘɞˊɞɑɖůɖɠ: 

¶ ɇɞ 1669 ɞ Thomas Shirley ŮəŰŮɚŮɑ ŭɘɎűɞɟŬ ˊŮɘɟɎɛŬŰŬ ɛŮ çŬɜɗɟŬəɞɨɢɞ 

ɡŭɟɞɔɧɜɞè. 

¶ ɆŰŬ Űɏɚɖ Űɞɡ 17ɞɡ ŬɘɩɜŬ, ɞ John Clayton ˊŮɘɟŬɛŬŰɑɕŮŰŬɘ ɛŮ ŭɘŬŰɎɝŮɘɠ 

ŭɘŬɢɤɟɘůɛɞɨ Űɞɡ ŬŮɟɑɞɡ ,ˊɞɡ ˊŬɟɎɔŮŰŬɘ Ŭˊɧ ɚɘɗɎɜɗɟŬəŬ. 

¶ ɇɞ 1788 ɞ Robert Gardner, ɔɑɜŮŰŬɘ ɞ ˊɟɩŰɞɠ ˊɞɡ ŬˊɞəŰɎ ŭɑˊɚɤɛŬ 

ŮɡɟŮůɘŰŮɢɜɑŬɠ, ɞ́ɡ ŬűɞɟɎ Űɖ ŭɘŮɟɔŬůɑŬ Űɖɠ ŬŮɟɘɞˊɞɑɖůɖɠ. 

¶ ɇɞ 1791 ɞ John Barber ɚŬɛɓɎɜŮɘ Űɞ ˊɟɩŰɞ ŭɑˊɚɤɛŬ ŮɡɟŮůɘŰŮɢɜɑŬɠ, ůŰɞ 

ɞˊɞɑɞ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Ŭɏɟɘɞ ˊɟɞɥɧɜ, ɔɘŬ ɜŬ əɘɜɐůŮɘ ɛɘŬ ɛɖɢŬɜɐ 

ŮůɤŰŮɟɘəɐɠ əŬɨůɖɠ, ɖ ɞˊɞɑŬ ˊŮɟɘɚɎɛɓŬɜŮ ɧɚŬ ŰŬ ůɖɛŬɜŰɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Ůɜɧɠ ŮˊɘŰɡɢɖɛɏɜɞɡ ŬŮɟɘɞůŰɟɧɓɘɚɞɡ. 

¶ ɇɞ 1798 ɔɘŬ ˊɟɩŰɖ űɞɟɎ, ůɡɚɚŬɛɓɎɜŮŰŬɘ ɖ ɘŭɏŬ ŬŮɟɘɞˊɞɑɖůɖɠ ɓɘɞɛɎɕŬɠ, 

ɧŰŬɜ ɞ Philippe Lebon, ŭɞəɘɛɎɕŮɘ ɜŬ ŬŮɟɘɞˊɞɘɐůŮɘ ɝɨɚɞ 

(http://www.netl.doe.gov
 
). 

 

 

3.1.2 ɆɖɛŬɜŰɘəɎ ɞɟɧůɖɛŬ ɔɘŬ Űɖɜ ŬŮɟɘɞˊɞɑɖůɖ Ŭˊɧ Űɖɜ ˊŮɟɑɞŭɞ Űɖɠ 

ɓɘɞɛɖɢŬɜɘəɐɠ ŮˊŬɜɎůŰŬůɖɠ ɛɏɢɟɘ əŬɘ Űɞɜ 1
ɞ
 ˊŬɔəɧůɛɘɞ ˊɧɚŮɛɞ 

 

ɇŬ ůɖɛŬɜŰɘəɧŰŮɟŬ ɞɟɧůɖɛŬ Űɖɠ ŬŮɟɘɞˊɞɑɖůɖɠ ŬɜŬűɏɟɞɜŰŬɘ ˊŬɟŬəɎŰɤ ɛŮ Űɖɜ 

ŬɨɝɞɡůŬ ɢɟɞɜɞɚɞɔɘəɐ  ůŮɘɟɎ Űɞɡɠ (http://www.netl.doe.gov).  

¶ ɇɞ 1792 ɞ ɆəɤŰůɏɕɞɠ ɛɖɢŬɜɘəɧɠ William Murdoch ˊɟɩŰɞɠ ůɡɜɏɚŬɓŮ Űɖɜ 

Ůɛˊɞɟɘəɐ ŭɡɜŬŰɧŰɖŰŬ, ˊɞɡ ˊɟɞůɏűŮɟŮ ɖ ɗɏɟɛŬɜůɖ ɚɘɗɎɜɗɟŬəŬ ŬˊɞɡůɑŬ 

ŬɏɟŬ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ŬŮɟɑɞɡ. Ƀ Murdoch ɢɟɖůɘɛɞˊɞɑɖůŮ ŬɡŰɧ Űɞ Ŭɏɟɘɞ 

ɔɘŬ ɜŬ ˊŬɟɏɢŮɘ űɤŰɘůɛɧ ůŰɞ ůˊɑŰɘ Űɞɡ, əŬɗɩɠ ɓŮɚŰɑɤɜŮ Űɘɠ ɛŮɗɧŭɞɡɠ ˊɞɡ 

ŮűɎɟɛɞɕŮ. ɆɡɜŮɟɔɎůŰɖəŮ ɛŮ Űɞɡɠ  Matthew Boulton əŬɘ Űɞɜ ɛŮŰɏˊŮɘŰŬ 

ŭɘɎůɖɛɞ əŬŰŬůəŮɡŬůŰɐ ŬŰɛɞɛɖɢŬɜɩɜ James Watt ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ əŬɘ Űɖɜ 

Ůɛˊɞɟɘəɐ ŮəɛŮŰɎɚɚŮɡůɖ ůɡůŰɖɛɎŰɤɜ ɓɘɞɛɖɢŬɜɘəɞɨ űɤŰɘůɛɞɨ, ůŰɖɜ ȷɔɔɚɑŬ 

ůŰɞ Űɏɚɞɠ Űɞɡ 18ɞɡ ŬɘɩɜŬ (http://www.netl.doe.gov). 

¶ ɇɞ 1807, Űɞ űɤŰŬɏɟɘɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ űɤŰɘůɛɧ Űɤɜ ŭɟɧɛɤɜ Űɞɡ 

ȿɞɜŭɑɜɞɡ, əŬɘ ɛɏɢɟɘ Űɞ 1816 Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɖɠ ˊɧɚɖɠ ɐŭɖ 

űɤŰŬɔɤɔŮɑŰŬɘ.  
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¶ ɇɞ 1804 ŭɧɗɖəŮ ɔɘŬ ˊɟɩŰɖ űɞɟɎ ŭɑˊɚɤɛŬ ŮɡɟŮůɘŰŮɢɜɑŬɠ ůŰɞɜ Freidrich 

Winzer ɔɘŬ űɤŰɘůɛɧ Ŭˊɧ Ŭɏɟɘɞ ˊɟɞŮɟɢɧɛŮɜɞ Ŭˊɧ ɚɘɗɎɜɗɟŬəŬ. ȼ ŮŰŬɘɟŮɑŬ 

London and Westminster Gas Light & Coke űɤŰŬɔɩɔɖůŮ Űɖ ɔɏűɡɟŬ Űɞɡ 

Westminster Űɞ ɓɟɎŭɡ Űɖɠ ˊŬɟŬɛɞɜɐɠ ˊɟɤŰɞɢɟɞɜɘɎɠ Űɞɡ 1813 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ űɤŰŬɏɟɘɞ ɛɏůɤ ɝɨɚɘɜɤɜ Ŭɔɤɔɩɜ. 

¶ ȼ ŮŰŬɘɟŮɑŬ Baltimore Gas Company ɏɔɘɜŮ ɖ ˊɟɩŰɖ ŮŰŬɘɟŮɑŬ űɤŰŬŮɟɑɞɡ ůŰɘɠ 

ȼɄȷ Űɞ 1816, ˊŬɟɏɢɞɜŰŬɠ űɤŰŬɏɟɘɞ ɔɘŬ Űɞ űɤŰɘůɛɧ Űɤɜ ŭɟɧɛɤɜ Űɖɠ 

ȸŬɚŰɘɛɧɟɖɠ. 

¶ ɀŮŰɎ Űɖɜ ŮɘůŬɔɤɔɐ Űɞɡ űɤŰŬŮɟɑɞɡ ůŰɖ ȸŬɚŰɘɛɧɟɖ, ɞ űɤŰɘůɛɧɠ Űɤɜ ŭɟɧɛɤɜ 

ɛŮ Űɖ ɢɟɐůɖ Űɞɡ, ŮɝŬˊɚɩɗɖəŮ ůŮ ɧɚŮɠ Űɘɠ ˊɧɚŮɘɠ Űɤɜ ŬɜŬŰɞɚɘəɩɜ ˊɞɚɘŰŮɘɩɜ 

Űɤɜ ȼɄȷ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɖɠ Űɖɠ ȸɞůŰɩɜɖ Űɞ 1821, Űɖɠ ɁɏŬɠ Ɉɧɟəɖɠ 

Űɞ 1823 əŬɘ Űɖɠ ūɘɚŬŭɏɚűŮɘŬɠ Űɞ 1841 

¶ ɇɖɜ Ůˊɞɢɐ Űɖɠ ɓɘɞɛɖɢŬɜɘəɐɠ ŮˊŬɜɎůŰŬůɖɠ əŬɘ ůŰɘɠ ŭɡŰɘəɏɠ ɢɩɟŮɠ, ůɢŮŭɧɜ 

əɎɗŮ ɛŮɔɎɚɖ ŬůŰɘəɐ ˊŮɟɘɞɢɐ, ŮɑɢŮ Űɞ ŭɘəɧ Űɖɠ ŮɟɔɞůŰɎůɘɞ ɛŮŰŬŰɟɞˊɐɠ Űɞɡ 

ɚɘɗɎɜɗɟŬəŬ ůŮ űɤŰŬɏɟɘɞ ɔɘŬ Űɖɜ ˊŬɟɞɢɐ əŬɡůɑɛɞɡ, ɔɘŬ Űɞ űɤŰɘůɛɧ, Űɖ 

ɗɏɟɛŬɜůɖ əŬɘ Űɞ ɛŬɔŮɑɟŮɛŬ. 

 

ȼ ŬŮɟɘɞˊɞɑɖůɖ ůɡɜɏɢɘɕŮ ɜŬ ˊŬɑɕŮɘ ɏɜŬ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ɤɠ ɛɘŬ ŰŮɢɜɞɚɞɔɑŬ 

ŮɜŮɟɔŮɘŬəɞɨ ŮűɞŭɘŬůɛɞɨ, ɛɏɢɟɘ ˊɞɡ ɖ ˊɟɧɞŭɞɠ ůŰɞɜ ŬůűŬɚɏůŰŮɟɞ ɖɚŮəŰɟɘəɧ 

űɤŰɘůɛɧ ˊɞɡ ůɡɜŰŮɚɏůŰɖəŮ əɡɟɑɤɠ Ŭˊɧ Űɞɜ Nicolas Tesla əŬɘ Űɞɜ Thomas Edison 

ůŰɖ ŭŮəŬŮŰɑŬ Űɞɡ 1880 ɩɗɖůŮ Űɞ űɤŰŬɏɟɘɞ ɏɝɤ Ŭˊɧ Űɞɜ ɓŬůɘəɧ ˊɡɟɐɜŬ Űɖɠ 

ŬɔɞɟɎɠ űɤŰɘůɛɞɨ əŬɘ ɗɏɟɛŬɜůɖɠ. 

ȼ Ŭɨɝɖůɖ Űɤɜ ˊɖɔɩɜ űɡůɘəɞɨ ŬŮɟɑɞɡ əŬɘ ɖ ɓŮɚŰɑɤůɖ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ 

ɡˊɞŭɞɛɩɜ ůŰɘɠ Ŭɟɢɏɠ Űɞɡ 20ɞɡ ŬɘɩɜŬ ˊŬɟŮɑɢŮ ɛɘŬ ɢŬɛɖɚɞɨ əɧůŰɞɡɠ ŮɜŬɚɚŬəŰɘəɐ 

Ůˊɘɚɞɔɐ ɔɘŬ ŮűŬɟɛɞɔɏɠ ůɢŮŰɘəɏɠ ɛŮ Űɖ ɗɏɟɛŬɜůɖ əŬɘ Űɞ ɛŬɔŮɑɟŮɛŬ, ˊŮɟɘɞɟɑɕɞɜŰŬɠ 

Űɖ ɢɟɐůɖ Űɖɠ ŬŮɟɘɞˊɞɑɖůɖɠ ůŮ ŰɞɛŮɑɠ ˊɞɡ ŭŮɜ ŮɑɢŬɜ ˊɟɧůɓŬůɖ ůŰɞ űɡůɘəɧ Ŭɏɟɘɞ. 

Ʉɟɘɜ Ŭˊɧ Űɞ ŭŮɨŰŮɟɞ ˊŬɔəɧůɛɘɞ ˊɧɚŮɛɞ ůŰɘɠ ȼɄȷ ɚŮɘŰɞɡɟɔɞɨůŬɜ ˊŮɟɑˊɞɡ 

20,000 ŬŮɟɘɞˊɞɘɖŰɏɠ. 

 



 44 

3.1.3 ȷŮɟɘɞˊɞɑɖůɖ əŬɘ ŬɜɎˊŰɡɝɖ ɡɔɟɩɜ əŬɡůɑɛɤɜ ɔɘŬ Űɘɠ ɛŮŰŬűɞɟɏɠ əŬŰɎ 

Űɖɜ ˊŮɟɑɞŭɞ Űɞɡ ɛŮůɞˊɞɚɏɛɞɡ əŬɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ 2
ɞɡ

 ˊŬɔəɞůɛɑɞɡ 

ˊɞɚɏɛɞɡ 

 

ɇɞ ůɖɛŬɜŰɘəɧŰŮɟɞ ɓɐɛŬ ůŰɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ ŬŮɟɘɞˊɞɑɖůɖɠ ɏɔɘɜŮ ůŰɖ 

ũŮɟɛŬɜɑŬ ɚɑɔɞ ˊɟɘɜ Űɞ ŭŮɨŰŮɟɞ ˊŬɔəɧůɛɘɞ ˊɧɚŮɛɞ, ɧŰŬɜ ŬɜŬˊŰɨɢɗɖəŬɜ ɞɘ 

ŭɘŮɟɔŬůɑŮɠ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ɡɔɟɩɜ əŬɡůɑɛɤɜ Ŭˊɧ Ŭɏɟɘɞ ůɨɜɗŮůɖɠ ˊɞɡ ɏɢŮɘ 

ˊɟɞəɨɣŮɘ Ŭˊɧ ŬŮɟɘɞˊɞɑɖůɖ ( Lesch, 2000). 

ɇɖ ŭŮəŬŮŰɑŬ Űɞɡ 1920, ɖ ũŮɟɛŬɜɑŬ ŮɑɢŮ ůɡɜŮɘŭɖŰɞˊɞɘɐůŮɘ Űɖɜ ŮɝɎɟŰɖůɐ 

Űɖɠ Ŭˊɧ Űɞ ŮɘůŬɔɧɛŮɜɞ ˊŮŰɟɏɚŬɘɞ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɤɜ ŬˊɞəɚŮɘůɛɩɜ ˊɞɡ ŮɑɢŮ 

ɡˊɞůŰŮɑ (ŮɛˊɎɟɔəɞ) ɚɧɔɤ Űɞɡ 1
ɞɡ

  ́ Ŭɔəɞůɛɑɞɡ ˊɞɚɏɛɞɡ. Ⱥˊɘˊɚɏɞɜ, ɞ ˊɧɚŮɛɞɠ ŮɑɢŮ 

ŮɝŬɜŰɚɐůŮɘ əɎɗŮ ɞɘəɞɜɞɛɘəɐ ŭɡɜŬŰɧŰɖŰŬ Űɖɠ ũŮɟɛŬɜɑŬɠ ɜŬ ŬɔɞɟɎɕŮɘ ɝɏɜɞ 

ˊŮŰɟɏɚŬɘɞ. Ⱥɜ ɛɏůɤ űɖɛɩɜ ˊŬɔəɧůɛɘŬɠ ŮɛɓɏɚŮɘŬɠ ɧŰɘ ŰŬ ŬˊɞɗɏɛŬŰŬ ˊŮŰɟŮɚŬɑɞɡ 

ůɨɜŰɞɛŬ ɗŬ ŮɝŬɜŰɚɖɗɞɨɜ, ɖ ũŮɟɛŬɜɑŬ ŬˊɞűɎůɘůŮ ɜŬ ŬɜŬˊŰɨɝŮɘ Űɘɠ ɛŮɗɧŭɞɡɠ 

ŮəŮɑɜŮɠ ˊɞɡ ɗŬ Űɖɠ ŮˊɏŰɟŮˊŬɜ ɜŬ ˊŬɟɎɔŮɘ ɡɔɟɎ əŬɨůɘɛŬ ŮəɛŮŰŬɚɚŮɡɧɛŮɜɖ ŰŬ 

ˊɚɞɨůɘŬ ŬˊɞɗɏɛŬŰŬ ɚɘɗɎɜɗɟŬəŬ ˊɞɡ ŮɑɢŮ. 

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ŮŰɩɜ 1910 ɏɤɠ 1925, ɞ ũŮɟɛŬɜɧɠ ɢɖɛɘəɧɠ Friedrich 

Bergius ŬɜɏˊŰɡɝŮ ɛɘŬ ŭɘŮɟɔŬůɑŬ ɡŭɟɞɔɧɜɤůɖɠ ɐ ɡɔɟɞˊɞɑɖůɖɠ Űɞɡ ɚɘɗɎɜɗɟŬəŬ ůŮ 

ɡɣɖɚɐ ˊɑŮůɖ 200 ï 700 bar əŬɘ ɗŮɟɛɞəɟŬůɑŬ 400
o
C ï 500

ɞ
C, ɔɜɤůŰɐ əŬɘ ɤɠ 

ŭɘŮɟɔŬůɑŬ Űɞɡ Bergius, ɔɘŬ ɜŬ ˊŬɟɎɔŮɘ ɡɔɟɎ əŬɨůɘɛŬ Ŭˊɧ Űɖ ɛŮŰŬŰɟɞˊɐ Űɞɡ 

ɚɘɗɎɜɗɟŬəŬ: 

ɜC + (ɜ+1) H2 Ÿ CɜH2ɜ+2 

Ƀɘ ũŮɟɛŬɜɞɑ ŮˊɘůŰɐɛɞɜŮɠ Franz Fischer əŬɘ Hans Tropsch ŬɜɏˊŰɡɝŬɜ ɛɘŬ 

ŭŮɨŰŮɟɖ ŭɘŮɟɔŬůɑŬ ɡŭɟɞɔɧɜɤůɖɠ ɐ ɡɔɟɞˊɞɑɖůɖɠ Űɞɡ ɚɘɗɎɜɗɟŬəŬ, ɖ ɞˊɞɑŬ 

ɞɜɞɛɎɕŮŰŬɘ əŬɘ ŭɘŮɟɔŬůɑŬ Fischer-Tropsch ɛɏůɤ Űɖɠ ɞˊɞɑŬɠ Űɞ Ŭɏɟɘɞ ůɨɜɗŮůɖɠ 

ˊɞɡ ɏɢŮɘ ˊŬɟŬɢɗŮɑ Ŭˊɧ Űɖɜ ŬŮɟɘɞˊɞɑɖůɖ Űɞɡ ɚɘɗɎɜɗɟŬəŬ ɛŮŰŬŰɟɏˊŮŰŬɘ ŰŮɚɘəɎ ůŮ 

ɡɔɟɎ əŬɨůɘɛŬ. ɀɏɢɟɘ Űɞ Űɏɚɞɠ Űɞɡ ŭŮɡŰɏɟɞɡ ˊŬɔəɞůɛɑɞɡ ˊɞɚɏɛɞɡ Űɞ 1945, ůŰɖ 

ũŮɟɛŬɜɑŬ ɏɢɞɡɜ ɐŭɖ əŬŰŬůəŮɡŬůŰŮɑ 12 ɛɞɜɎŭŮɠ ɡŭɟɞɔɧɜɤůɖɠ ɚɘɗɎɜɗɟŬəŬ əŬɘ 9 

ɛɞɜɎŭŮɠ Fischer ï Tropsch (Lesch, 2000). 

ȯɚɚɖ ɛɑŬ ŰŮɢɜɞɚɞɔɑŬ ˊɟɞɠ ŬɜɎˊŰɡɝɖ ɔɘŬ Űɘɠ ɛŮŰŬűɞɟɏɠ ůŰɖ ŭŮəŬŮŰɑŬ Űɞɡ 

1920 ŭɖɛɘɞɡɟɔɐɗɖəŮ Ŭˊɧ Űɞɜ ũŮɟɛŬɜɧ ɛɖɢŬɜɘəɧ Georges Imbert, ɞ ɞˊɞɑɞɠ  

əŬŰŬůəŮɨŬůŮ ɛɘŬ ɔŮɜɜɐŰɟɘŬ ŬŮɟɘɞˊɞɑɖůɖɠ ɝɨɚɞɡ ɔɘŬ əɘɜɖŰɐ ɢɟɐůɖ. ɇŬ ŬɏɟɘŬ 

ˊɞɡ ŮɑɢŬɜ əŬɗŬɟɘůŰŮɑ əŬɘ ɝɖɟŬɜɗŮɑ, Ůɜ ůɡɜɏɢŮɘŬ ŰɟɞűɞŭɞŰɞɨůŬɜ Űɞɜ 
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əɘɜɖŰɐɟŬ ŮůɤŰŮɟɘəɐɠ əŬɨůɖɠ Űɞɡ ɞɢɐɛŬŰɞɠ (ȺɘəɧɜŬ 3.1.3), ɞ ɞˊɞɑɞɠ ɛɧɚɘɠ 

əŬɘ ɛŮŰɎ ɓɑŬɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ɟɡɗɛɘůŰŮɑ. ȼ ɔŮɜɜɐŰɟɘŬ Imbert ɐŰŬɜ ɛŬɕɘəɐɠ 

ˊŬɟŬɔɤɔɐɠ Ŭˊɧ Űɞ 1931. ɆŰɞ Űɏɚɞɠ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ 1930, ˊŮɟɑˊɞɡ 9.000 

ŬɡŰɞəɑɜɖŰŬ ŬŮɟɘɞˊɞɑɖůɖɠ ɝɨɚɞɡ ɐŰŬɜ ůŮ ɢɟɐůɖ ůɢŮŭɧɜ ŬˊɞəɚŮɘůŰɘəɎ ůŰɖɜ 

Ⱥɡɟɩˊɖ (http://www.teamenergy.gr/). 

 

 

 

ȺɘəɧɜŬ 3.1.3 ȳɢɖɛŬ ɛŮ ɔŮɜɜɐŰɟɘŬ impert  (Ʉɖɔɐ: 

http://www.teamenergy.gr/) 

 

 

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ 2
ɞɡ

 ɄŬɔəɞůɛɑɞɡ Ʉɞɚɏɛɞɡ, ůɢŮŭɧɜ əɎɗŮ ɛɖɢŬɜɞəɑɜɖŰɞ 

ɧɢɖɛŬ ůŰɖɜ ȼˊŮɘɟɤŰɘəɐ Ⱥɡɟɩˊɖ ɛŮŰŬŰɟɎˊɖəŮ ůŰɞ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑ 

əŬɡůɧɝɡɚŬ (http://www.teamenergy.gr/). ȼ ˊŬɟŬɔɤɔɐ ɞɢɖɛɎŰɤɜ   

ˊŬɟŬɔɤɔɐɠ ŬŮɟɑɞɡ Ŭˊɧ əŬɡůɧɝɡɚŬ ɐŰŬɜ ɛɘŬ ɧɢɘ əŬɘ Űɧůɞ əɞɛɣɐ, ŬɚɚɎ 

ŮəˊɚɖəŰɘəɎ ŬˊɞŰŮɚŮůɛŬŰɘəɐ əŬɘ ɞɘəɞɚɞɔɘəɐ ŮɜŬɚɚŬəŰɘəɐ ɚɨůɖ ɏɜŬɜŰɘ Űɤɜ 

ˊŮŰɟŮɚŬɘɞəɑɜɖŰɤɜ əŬɘ ɓŮɜɕɘɜɞəɑɜɖŰɤɜ ɞɢɖɛɎŰɤɜ (ȺɘəɧɜŬ 3.1.3.1). ȼ Ŭɨɝɖůɖ 

Űɤɜ Űɘɛɩɜ Űɤɜ əŬɡůɑɛɤɜ əŬɘ ɖ ɡˊŮɟɗɏɟɛŬɜůɖ Űɞɡ ˊɚŬɜɐŰɖ ɏɢɞɡɜ 

ˊɟɞəŬɚɏůŮɘ ŬɜŬɜŮɤɛɏɜɞ ŮɜŭɘŬűɏɟɞɜ ɔɘŬ ŬɡŰɐ Űɖ ůɢŮŭɧɜ ɝŮɢŬůɛɏɜɖ 

ŰŮɢɜɞɚɞɔɑŬ.  
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ȺɘəɧɜŬ 3.1.3.1 ȳɢɖɛŬ ɝɡɚŬɏɟɘɞɡ (Ʉɖɔɐ: http://www.teamenergy.gr/) 

 

ɇŬ Woodmobiles ŮɛűŬɜɑůŰɖəŬɜ Ůˊɑůɖɠ ůŰɘɠ ȼɄȷ, Űɖɜ ȷůɑŬ əŬɘ ŮɘŭɘəɧŰŮɟŬ 

Űɖɜ ȷɡůŰɟŬɚɑŬ, ɖ ɞˊɞɑŬ ŮɑɢŮ 72,000 ɞɢɐɛŬŰŬ ˊɞɡ ɚŮɘŰɞɡɟɔɞɨůŬɜ ɛŮ 

ɝɡɚŬɏɟɘɞ. ɆɡɜɞɚɘəɎ, ˊŮɟɘůůɧŰŮɟŬ Ŭˊɧ ɏɜŬ ŮəŬŰɞɛɛɨɟɘɞ ŬɡŰɞəɑɜɖŰŬ ɛŮ 

ɝɡɚŬɏɟɘɞ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ 2
ɞɡ

  ɄŬɔəɞůɛɑɞɡ Ʉɞɚɏɛɞɡ 

(ȺɘəɧɜŬ 3.1.3.2). ɀŮŰɎ Űɞɜ ˊɧɚŮɛɞ, ɛŮ Űɖɜ ɓŮɜɕɑɜɖ əŬɘ ˊɎɚɘ ŭɘŬɗɏůɘɛɖ, ɖ 

ŰŮɢɜɞɚɞɔɑŬ ɏˊŮůŮ ůŮ ɚɐɗɖ ůɢŮŭɧɜ ŬəŬɟɘŬɑŬ. ɆŰɘɠ Ŭɟɢɏɠ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ 

1950, ůŰɖɜ ŰɧŰŮ ȹɡŰɘəɐ ũŮɟɛŬɜɑŬ ŮɑɢŬɜ ˊŬɟŬɛŮɑɜŮɘ ˊŮɟɑˊɞɡ 20.000 

woodmobiles. 

 

 

 

                       

                        

                      ȺɘəɧɜŬ 3.1.3.2 Woodmobile (Ʉɖɔɐ:http://www.teamenergy.gr/) 

 

 

 

 

http://www.teamenergy.gr/
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3.1.4  ɄɞɟŮɑŬ Űɖɠ ŬŮɟɘɞˊɞɑɖůɖɠ ɛŮŰɎ Űɞɜ 2
ɞ
 ˊŬɔəɧůɛɘɞ ˊɧɚŮɛɞ ɛɏɢɟɘ əŬɘ 

ůɐɛŮɟŬ 

 

        ȼ ůŰŬŭɘŬəɐ ŬɜɎˊŰɡɝɖ  Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ  Űɖɠ ŬŮɟɘɞˊɞɑɖůɖɠ, Ŭˊɧ Űɞɜ ŭŮɨŰŮɟɞ 

ˊŬɔəɧůɛɘɞ ˊɧɚŮɛɞ ɏɤɠ əŬɘ ůɐɛŮɟŬ ŬɜŬɚɨŮŰŬɘ ˊɘɞ əɎŰɤ 

(http://www.netl.doe.gov).   

ɇŬ ɢɟɧɜɘŬ ˊɞɡ ŬəɞɚɞɨɗɖůŬɜ Űɞ ŭŮɨŰŮɟɞ ˊŬɔəɧůɛɘɞ ˊɧɚŮɛɞ, ˊɞɚɚɏɠ ɢɩɟŮɠ 

ŮɑɢŬɜ ˊɟɧůɓŬůɖ ůŮ ɛŮɔɎɚŮɠ ˊɟɞɛɐɗŮɘŮɠ ɓŮɜɕɑɜɖɠ əŬɘ ɜŰɑɕŮɚ ɢŬɛɖɚɞɨ əɧůŰɞɡɠ, 

ˊɞɡ ŮɑɢŮ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ɡˊɞɓɎɗɛɘůɖ Űɞɡ ɟɧɚɞɡ Űɖɠ ŬŮɟɘɞˊɞɑɖůɖɠ ɤɠ ɛɏůɞɡ 

ˊŬɟŬɔɤɔɐɠ ŮɜɏɟɔŮɘŬɠ. ɋůŰɧůɞ, ɖ ˊɞɚɘŰɘəɐ əŬɘ ɔŮɤɔɟŬűɘəɐ Ŭˊɞɛɧɜɤůɖ Űɖɠ 

ɁɞŰɑɞɡ ȷűɟɘəɐɠ ɞŭɐɔɖůŮ ůŰɖɜ ŬɜɎˊŰɡɝɖ ɛɘŬɠ ɛŮɔɎɚɖɠ ɓɘɞɛɖɢŬɜɑŬɠ ɚɘɗɎɜɗɟŬəŬ 

ůŮ ɡɔɟɎ əŬɨůɘɛŬ (coal-to-liquid fuels). ɇɞ 1950, ɖ əɡɓɏɟɜɖůɖ Űɖɠ ɁɞŰɑɞɡ 

ȷűɟɘəɐɠ ɢɟɖɛŬŰɞŭɧŰɖůŮ Űɖɜ əŬŰŬůəŮɡɐ ɓɘɞɛɖɢŬɜɘəɐɠ ŮɔəŬŰɎůŰŬůɖɠ 

ŬŮɟɘɞˊɞɑɖůɖɠ, Űɖɜ SASOL I, ɖ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘɞɨůŮ ŬɛŮɟɘəŬɜɘəɏɠ əŬɘ 

ɔŮɟɛŬɜɘəɏɠ ŭɘŮɟɔŬůɑŮɠ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ əŬɡůɑɛɞɡ ɜŰɑɕŮɚ, ɓŮɜɕɑɜɖɠ ɛɏůɞɡ 

Ŭɟɘɗɛɞɨ ɞəŰŬɜɑɤɜ, ɡɔɟŬŮɟɑɞɡ əŬɘ ˊɞɘəɘɚɑŬɠ ɢɖɛɘəɩɜ, Űɖɜ ɞˊɞɑŬ ŬɜɏɚŬɓŮ ɖ 

SASOL (South African Coal, Oil and Gas Corporation Limited). ɀŮŰɎ Ŭˊɧ 

ɚŮɘŰɞɡɟɔɘəɏɠ ɓŮɚŰɘɩůŮɘɠ ɔɘŬ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ŬˊɞŭɞŰɘəɧŰɖŰŬɠ əŬɘ Űɖɠ ɞɘəɞɜɞɛɑŬɠ 

Űɖɠ ŮɔəŬŰɎůŰŬůɖɠ ŬɜŬˊŰɨɢɗɖəŬɜ ˊŬɟɎɚɚɖɚŬ əŬɘ ŭɘŮɟɔŬůɑŮɠ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ 

ůɡɜɗŮŰɘəɩɜ ŮɚŬůŰɘəɩɜ, ɚɘˊŬůɛɎŰɤɜ əŬɘ Ɏɚɚɤɜ ŭŮɡŰŮɟŮɡɧɜŰɤɜ ɢɖɛɘəɩɜ. 

ȼ ɁɧŰɘŬ ȷűɟɘəɐ ůɡɜɏɢɘůŮ ɜŬ ŮˊŮəŰŮɑɜŮɘ Űɘɠ ŮɔəŬŰŬůŰɎůŮɘɠ ŬŮɟɘɞˊɞɑɖůɖɠ 

ɛŮ Űɖɜ əŬŰŬůəŮɡɐ Űɖɠ SASOL II Űɞ 1980 əŬɘ Űɖɠ SASOL III Űɞ 1982, ɤɠ 

ŬˊɞŰɏɚŮůɛŬ Űɖɠ ˊŮŰɟŮɚŬɥəɐɠ əɟɑůɖɠ ˊɞɡ ŬˊŮɘɚɞɨůŮ ɜŬ ɛŮɘɩůŮɘ Űɘɠ ˊɟɞɛɐɗŮɘŮɠ Űɖɠ 

ɢɩɟŬɠ ůŮ ˊŮŰɟɏɚŬɘɞ Ŭˊɧ Űɖ ɀɏůɖ ȷɜŬŰɞɚɐ 

ɆŰɘɠ ȼɄȷ, Űɞ ŮɜŭɘŬűɏɟɞɜ ɔɘŬ Űɖɜ ŬŮɟɘɞˊɞɑɖůɖ ŬɜŬɜŮɩɗɖəŮ Űɖ ŭŮəŬŮŰɑŬ 

Űɞɡ 1970 ɚɧɔɤ Űɤɜ ŮɚɚŮɑɣŮɤɜ ůŮ űɡůɘəɧ Ŭɏɟɘɞ əŬɘ Űɖɠ ɛŮɘɤɛɏɜɖɠ ˊɟɧůɓŬůɖɠ ůŮ 

ˊŮŰɟɏɚŬɘɞ ˊɞɡ ˊɟɞəɚɐɗɖəŮ Ŭˊɧ Űɞ ŬɟŬɓɘəɧ ŮɛˊɎɟɔəɞ ˊŮŰɟŮɚŬɑɞɡ Űɞ 1973 əŬɘ Űɞ 

1979. ȷˊɞŰɏɚŮůɛŬ ŬɡŰɩɜ ɐŰŬɜ ɖ əɡɓɏɟɜɖůɖ Űɤɜ ȼɄȷ ɜŬ ɢɟɖɛŬŰɞŭɞŰɐůŮɘ Űɖɜ 

ɏɟŮɡɜŬ ůŰɘɠ ŰŮɢɜɞɚɞɔɑŮɠ ŬŮɟɘɞˊɞɑɖůɖɠ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ əŬɘ ɡɔɟɩɜ 

əŬɡůɑɛɤɜ. ɇɞ 1983, ɖ ŮŰŬɘɟŮɑŬ Eastman Chemicals ŮɔəŬɘɜɑŬůŮ ɛɘŬ ˊɟɩŰɖ ůŰɞ 

Ůɑŭɞɠ Űɖɠ Ůɛˊɞɟɘəɐ ɓɘɞɛɖɢŬɜɘəɐ ŮɔəŬŰɎůŰŬůɖ ŬŮɟɘɞˊɞɑɖůɖɠ ɚɘɗɎɜɗɟŬəŬ ˊɞɡ 

ˊŬɟɐɔŬɔŮ ɢɖɛɘəɎ. ɇɞ 1984, ɝŮəɑɜɖůŮ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ˊɟɩŰɖɠ ɓɘɞɛɖɢŬɜɘəɐɠ 

ŮɔəŬŰɎůŰŬůɖɠ ɞɚɞəɚɖɟɤɛɏɜɖɠ ŬŮɟɘɞˊɞɑɖůɖɠ ůɡɜŭɡŬůɛɏɜɞɡ əɨəɚɞɡ (IGCC), 
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əɞɜŰɎ ůŰɞ Barstow Űɖɠ California, ɖ ɞˊɞɑŬ ˊŬɟɐɔŬɔŮ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ ɛɏůɤ 

Űɖɠ ŬŮɟɘɞˊɞɑɖůɖɠ ɚɘɗɎɜɗɟŬəŬ. ɇɞ 1984 Ůˊɑůɖɠ, ɛɘŬ əɞɘɜɞˊɟŬɝɑŬ ŮŰŬɘɟŮɘɩɜ 

ˊŬɟŬɔɤɔɐɠ ŮɜɏɟɔŮɘŬɠ, əŬŰŬůəŮɨŬůŮ ɛɘŬ ɛŮɔɎɚɖ ɓɘɞɛɖɢŬɜɘəɐ ŮɔəŬŰɎůŰŬůɖ, ɖ 

ɞˊɞɑŬ ˊŬɟɐɔŬɔŮ ůɡɜɗŮŰɘəɧ űɡůɘəɧ Ŭɏɟɘɞ Ŭˊɧ ɚɘɔɜɑŰɖ. ɋůŰɧůɞ, ɖ əŬŰɎɟɟŮɡůɖ Űɤɜ 

Űɘɛɩɜ Űɞɡ ˊŮŰɟŮɚŬɑɞɡ ˊŬɔəɞůɛɑɤɠ ůŰŬ ɛɏůŬ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ 1980 ŬˊɞɛɎəɟɡɜŮ 

Űɖɜ ˊɟɞůɞɢɐ Ŭˊɧ Űɖɜ ŬŮɟɘɞˊɞɑɖůɖ, ɛɘŬɠ əŬɘ űɗɖɜɧŰŮɟŮɠ ˊɟɞɛɐɗŮɘŮɠ ˊŮŰɟŮɚŬɑɞɡ 

ɐŰŬɜ əŬɘ ˊɎɚɘ ŭɘŬɗɏůɘɛŮɠ. 

ɇɖ ŭŮəŬŮŰɑŬ Űɞɡ 1990 ɛŮ Űɘɠ Űɘɛɏɠ Űɞɡ ˊŮŰɟŮɚŬɑɞɡ əŬɘ ˊɎɚɘ ůŮ Ɏɜɞŭɞ, ɖ 

ŬɡɝŬɜɧɛŮɜɖ ŬůŰɎɗŮɘŬ ůŰɖ ɀɏůɖ ȷɜŬŰɞɚɐ, ɖ ŬɡɝŬɜɧɛŮɜɖ ůɡɜŮɘŭɖŰɞˊɞɑɖůɖ əŬɘ Űɞ 

ŮɜŭɘŬűɏɟɞɜ ɔɘŬ Űɘɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ŮˊɘˊŰɩůŮɘɠ Űɖɠ ˊŬɟŬɔɤɔɐɠ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ 

əŬɨůɖ ɞɟɡəŰɩɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ, ɖ Ⱥɡɟɩˊɖ əŬɘ ɞɘ ȼɄȷ ɡˊɞůŰɖɟɑɕɞɡɜ 

çəŬɗŬɟɧŰŮɟŮɠè əŬɘ ŮɜŬɚɚŬəŰɘəɏɠ ŰŮɢɜɞɚɞɔɑŮɠ ˊŬɟŬɔɤɔɐɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ. 

ȰŰůɘ, ŬɜŬɓɘɩɜŮɘ əŬɘ ŬɜŬˊŰɨůůŮŰŬɘ ɖ ŰŮɢɜɞɚɞɔɑŬ Űɖɠ ŬŮɟɘɞˊɞɑɖůɖɠ, ˊɟɞəŮɘɛɏɜɞɡ 

ɜŬ ɘəŬɜɞˊɞɘɐůŮɘ Űɘɠ ůɨɔɢɟɞɜŮɠ ŮˊɘŰŬɔɏɠ ɔɘŬ əŬɗŬɟɧŰŮɟɖ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ əŬɘ 

ɜŬ ůɡɛɓɎɚŮɘ ůŰɖɜ ˊɟɞůˊɎɗŮɘŬ ɔɘŬ ŬˊŮɝɎɟŰɖůɖ Ŭˊɧ ŰŬ ŮɘůŬɔɧɛŮɜŬ ɞɟɡəŰɎ 

əŬɨůɘɛŬ əŬɘ ŮɜŮɟɔŮɘŬəɐ ŬɡŰɞɜɞɛɑŬ. ɇɖɜ ˊŮɟɑɞŭɞ ŬɡŰɐ, ɔɜɤɟɑɕŮɘ ɛŮɔɎɚɖ Ŭˊɞŭɞɢɐ 

əŬɘ ɓɘɞɛɖɢŬɜɘəɐ ŮűŬɟɛɞɔɐ, ɖ ŰŮɢɜɞɚɞɔɑŬ Űɖɠ ɞɚɞəɚɖɟɤɛɏɜɖɠ ŬŮɟɘɞˊɞɑɖůɖɠ 

ůŰŬɗɛɞɨ ɖɚŮəŰɟɞˊŬɟŬɔɤɔɐɠ ůɡɜŭɡŬůɛɏɜɞɡ əɨəɚɞɡ (IGCC). 

  ɆŰɘɠ Ŭɟɢɏɠ Űɞɡ 1990, ɖ ŮŰŬɘɟŮɑŬ Texaco əŬŰŬůəŮɡɎɕŮɘ əɞɜŰɎ ůŰɞ 

Mulberry Űɖɠ Florida ɏɜŬ ůŰŬɗɛɧ ˊŬɟŬɔɤɔɐɠ ŮɜɏɟɔŮɘŬɠ IGCC. ɇɞ 1994 

ɓŬůɘůɛɏɜɖ ůŮ ŰŮɢɜɞɚɞɔɑŬ Űɖɠ Shell əŬŰŬůəŮɡɎɕŮŰŬɘ ɛɘŬ ŮɔəŬŰɎůŰŬůɖ IGCC ůŰɞ 

Buggenum Űɖɠ ɃɚɚŬɜŭɑŬɠ. ɇɞ 1995, ɛŮ ŰŮɢɜɞɚɞɔɑŬ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ Ŭˊɧ Űɖɜ 

ŮŰŬɘɟŮɑŬ Dow Chemical əŬŰŬůəŮɡɎɕŮŰŬɘ ɓɘɞɛɖɢŬɜɘəɐ ŮɔəŬŰɎůŰŬůɖ IGCC əɞɜŰɎ 

ůŰɞ Terre Haute Űɖɠ Indiana Űɤɜ ȼɄȷ. 

ȷəɞɚɞɡɗɩɜŰŬɠ Űɖɜ ŮˊɘŰɡɢɖɛɏɜɖ ˊɞɟŮɑŬ Űɤɜ ɓɘɞɛɖɢŬɜɘɩɜ Űɖɠ ŭŮəŬŮŰɑŬɠ 

Űɞɡ 1990, ɞɚɞɏɜŬ əŬɘ ˊŮɟɘůůɧŰŮɟŮɠ ɓɘɞɛɖɢŬɜɘəɏɠ ŮɔəŬŰŬůŰɎůŮɘɠ 

əŬŰŬůəŮɡɎɕɞɜŰŬɘ ůŮ ˊŬɔəɧůɛɘŬ əɚɑɛŬəŬ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ɢɖɛɘəɩɜ, ůɡɜɗŮŰɘəɞɨ 

űɡůɘəɞɨ ŬŮɟɑɞɡ, ɡŭɟɞɔɧɜɞɡ əŬɘ ɡɔɟɩɜ əŬɡůɑɛɤɜ. ȰɜŬ ŰɏŰɞɘɞ ˊŬɟɎŭŮɘɔɛŬ 

ŬˊɞŰŮɚŮɑ, ɖ ɓɘɞɛɖɢŬɜɘəɐ ŮɔəŬŰɎůŰŬůɖ IGCC ůŰɞ Nakoso Űɖɠ ȽŬˊɤɜɑŬɠ 

ŭɡɜŬɛɘəɧŰɖŰŬɠ 250 MW ɛŮ ŰɟɞűɞŭɞůɑŬ ɚɘɗɎɜɗɟŬəŬ 1,700 t day-1, ˊɞɡ ɝŮəɑɜɖůŮ 

Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ Űɞ 2007 (ȺɘəɧɜŬ 3.1.4). ȼ ŮɔəŬŰɎůŰŬůɖ Ů́ɟɘɚŬɛɓɎɜŮɘ 

ŬŮɟɘɞˊɞɘɖŰɐ ɟɞɐɠ ɛŮ ˊŬɟɎůɡɟůɖ (entrained flow) ŭɨɞ ůŰŬŭɑɤɜ, ɛŮ Ůɛűɨůɖůɖ 
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ŬɏɟŬ əŬɘ ɝɖɟɐɠ ŰɟɞűɞŭɞůɑŬɠ ( http://www.mpshq.com, 2016). 

 

 

 

ȺɘəɧɜŬ 3.1.4 ȺɔəŬŰɎůŰŬůɖ IGCC (ůŰɞ Nakoso Űɖɠ ȽŬˊɤɜɑŬɠ) (Ʉɖɔɐ: 

http://www.mpshq.com, 2016) 

 

 MɑŬ Ŭˊɧ Űɘɠ ˊɘɞ ůɨɔɢɟɞɜŮɠ ŰɎůŮɘɠ ɛŮɗɧŭɞɡ ɗŮɟɛɘəɐɠ ŮˊŮɝŮɟɔŬůɑŬɠ ůŰɖɜ Ⱥɡɟɩˊɖ 

ůɐɛŮɟŬ ŮɑɜŬɘ ɖ ŬŮɟɘɞˊɞɑɖůɖ Űɤɜ ȷɆȷ. ȼ ŭɘŮɟɔŬůɑŬ ŬɡŰɐ  ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ 

ɛŮŰŬŰɟɞˊɐ Űɞɡ ɞɟɔŬɜɘəɞɨ əɚɎůɛŬŰɞɠ Űɤɜ ŬˊɧɓɚɖŰɤɜ, ůŮ ɏɜŬ ɛɑɔɛŬ əŬɨůɘɛɤɜ 

ŬŮɟɑɤɜ, ɛɏůɤ Űɖɠ ɛŮɟɘəɐɠ ɞɝŮɑŭɤůɖɠ. ɆŬɜ ɞɝŮɘŭɤŰɘəɧ ɛɏůɞ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ 

ŬŰɛɞůűŬɘɟɘəɧɠ ŬɏɟŬɠ, ŮɑŰŮ ŮɛˊɚɞɡŰɘůɛɏɜɞɠ ɛŮ ɞɝɡɔɧɜɞ ɖ ɛŮ əŬɗŬɟɧ ɞɝɡɔɧɜɞ. ȼ 

ŭɘŮɟɔŬůɑŬ, ɚŬɛɓɎɜŮɘ ɢɩɟŬ ůŮ ɗŮɟɛɞəɟŬůɑŮɠ Ŭˊɧ 900 ɏɤɠ 1,100 ÁC ɛŮ ŬɏɟŬ, əŬɘ 

Ŭˊɧ 1,000 ɏɤɠ 1,400  ÁC  ɛŮ ɞɝɡɔɧɜɞ. ɀɑŬ ́ŬɟŬɔɤɔɘəɐ ɛɞɜɎŭŬ Űɨˊɞɡ 

ŬŮɟɘɞˊɞɑɖůɖɠ ŬˊɞɟɟɘɛɛŬŰɞɔŮɜɩɜ əŬɡůɑɛɤɜ (Űɨˊɞɡ RDF), ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɐŭɖ ůŮ 

ɚŮɘŰɞɡɟɔɑŬ,  ŮɑɜŬɘ ůŰɞ Greve-in-Chianti (ȽŰŬɚɑŬ).ȰɜŬɠ Ŭˊɧ Űɞɡɠ ɓŬůɘəɧŰŮɟɞɡɠ 

ůŰɧɢɞɡɠ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ɛɞɜɎŭŬɠ ŮɑɜŬɘ ɖ ˊŬɟŬɔɤɔɐ ŬŮɟɑɞɡ (syngas) 

(Granatstein, 2003). 

ũŮɜɘəɎ, əɎˊɞɘŬ Ŭˊɧ ŰŬ ɓŬůɘəɧŰŮɟŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɖɠ ŬŮɟɘɞˊɞɑɖůɖɠ Űɤɜ ȷɆȷ 

ŮɑɜŬɘ: 1) Ƀɘ ŭɡɜŬŰɧŰɖŰŮɠ Ŭɝɘɞˊɞɑɖůɖɠ Űɞɡ ŬŮɟɑɞɡ (syngas), 2) ɇɞ ˊŮɟɘɓŬɚɚɞɜŰɘəɧ 

ɧűŮɚɞɠ Ŭˊɧ ŰŬ əŬŰɎɚɞɘˊŬ Űɞɡ Ŭɏɟɘɞɡ ˊɟɞɥɧɜŰɞɠ ɧˊɤɠ ɞɘ ˊɑůůŮɠ əŬɘ ŰŬ ŬɜɧɟɔŬɜŬ 

http://www.mpshq.com/
http://www.mpshq.com/
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ůɡůŰŬŰɘəɎ ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ ɤɠ ŰɏűɟŬ, ŰŬ ɞˊɞɑŬ ŮˊŮɝŮɟɔɎɕɞɜŰŬɘ əŬɘ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ŭɘɎűɞɟŮɠ ɎɚɚŮɠ ŭɘŮɟɔŬůɑŮɠ. ɇŬ ɓŬůɘəɧŰŮɟŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ, 

ŮɑɜŬɘ: 1) ȼ ŬɜɞɛɞɘɞɔɏɜŮɘŬ Űɖɠ ˊɟɩŰɖɠ ɨɚɖɠ, ɖ ɞˊɞɑŬ ŭɖɛɘɞɡɟɔŮɑ ˊɟɞɓɚɐɛŬŰŬ ůŰɖɜ 

ŭɘŮɟɔŬůɑŬ, 2) H ůɢŮŰɘəɎ ɛɘəɟɐ ŮɛˊŮɘɟɑŬ ŮűŬɟɛɞɔɩɜ Űɖɠ əŬɘ 3) ȼ Ŭɡɝɖɛɏɜɖ 

ŮˊɘəɘɜŭɡɜɧŰɖŰŬ ɚɧɔɤ ŭɘŬəɑɜɖůɖɠ Űɞɡ əŬɨůɘɛɞɡ ŬŮɟɑɞɡ. (McKendry, 2001). 

 

3.2   ȹɘŮɟɔŬůɑŬ əŬɘ ˊɟɞɥɧɜŰŬ  ŬŮɟɘɞˊɞɑɖůɖɠ 

 

ɇɏůůŮɟɘɠ ŭɘŬəɟɘŰɏɠ ŭɘŮɟɔŬůɑŮɠ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ůŰɞɜ ŬŮɟɘɞˊɞɘɖŰɐ, əŬɗɩɠ 

ɖ ɓɘɞɛɎɕŬ ŬŮɟɘɞˊɞɘŮɑŰŬɘ. Ƀɘ ŰɏůůŮɟɘɠ ŬɡŰɏɠ ŭɘŮɟɔŬůɑŮɠ ŭɘŮɝɎɔɞɜŰŬɘ ůŮ ŰɏůůŮɟɘɠ 

ŭɘŬűɞɟŮŰɘəɏɠ ɕɩɜŮɠ ůô ɏɜŬɜ ŬɜŰɘŭɟŬůŰɐɟŬ ŬŮɟɘɞˊɞɑɖůɖɠ. ȷɡŰɏɠ ɞɘ ɕɩɜŮɠ, əŬɗɩɠ 

əŬɘ ɞɘ ůɖɛŬɜŰɘəɧŰŮɟŮɠ ɢɖɛɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ ˊɞɡ ŭɘŮɝɎɔɞɜŰŬɘ ůô ŬɡŰɏɠ, ŮɑɜŬɘ ɞɘ 

Ůɝɐɠ (Malkow, 2004): 

 

1) ɂɐɟŬɜůɖ (Drying)  

ȼ ɝɐɟŬɜůɖ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ ɜŬ ŬˊɞɛŬəɟɡɜɗŮɑ ɡɔɟŬůɑŬ, ɏŰůɘ ɩůŰŮ 

ŰŮɚɘəɎ ɜŬ ˊŬɟŬɛŮɑɜŮɘ ɛɧɜɞ Űɞ ŬˊŬɟŬɑŰɖŰɞ ˊɞůɞůŰɧ, Űɞ ɞˊɞɑɞ əŬŰɎ əŬɜɧɜŬ 

ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞɜ ɡűɘůŰɎɛŮɜɞ ɚɧɔɞ C:O. ɆŮ ɗŮɟɛɞəɟŬůɑŮɠ ˊɎɜɤ Ŭˊɧ Űɞɡɠ 100ęC, 

ɖ ɡɔɟŬůɑŬ Űɖɠ ɓɘɞɛɎɕŬɠ ŬˊɞɛŬəɟɨɜŮŰŬɘ əŬɘ ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ɡŭɟŬŰɛɧ, ɞ ɞˊɞɑɞɠ 

ŬˊɞɛŬəɟɨɜŮŰŬɘ. ȾŬŰɎ Űɞ ůŰɎŭɘɞ Űɖɠ ɝɐɟŬɜůɖɠ, ɖ ɓɘɞɛɎɕŬ ŭŮɜ ɡűɑůŰŬŰŬɘ əŬɛɑŬ 

ŬˊɞůɨɜɗŮůɖ. 

 

2) Ʉɡɟɧɚɡůɖ (Pyrolysis)  

ȼ ˊɡɟɧɚɡůɖ Űɖɠ ɓɘɞɛɎɕŬɠ ŮɑɜŬɘ ɖ ɗŮɟɛɘəɐ Űɖɠ əŬŰŮɟɔŬůɑŬ ŬˊɞɡůɑŬ 

ŬŰɛɞůűŬɘɟɘəɞɨ ɞɝɡɔɧɜɞɡ. ȾŬŰɎ Űɞ ůŰɎŭɘɞ Űɖɠ ˊɡɟɧɚɡůɖɠ, ɖ ɓɘɞɛɎɕŬ 

ŬˊɞůɡɜŰɑɗŮŰŬɘ ɛŮ ŭɘɎůˊŬůɖ Űɤɜ ŬůɗŮɜɏůŰŮɟɤɜ ɢɖɛɘəɩɜ ŭŮůɛɩɜ Űɖɠ ɛŮ ůɡɜɏˊŮɘŬ 

Űɖɜ ŬˊŮɚŮɡɗɏɟɤůɖ ˊŰɖŰɘəɩɜ ŬŮɟɑɤɜ (devolitization) əŬɘ Űɖɜ ˊŬɟŬɔɤɔɐ əɤə 

ɡɣɖɚɞɨ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ. ȼ ˊɡɟɧɚɡůɖ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Űɟɘɩɜ Ůɘŭɩɜ 

ˊɟɞɥɧɜŰɤɜ: ɆŰŮɟŮɩɜ, ɡɔɟɩɜ əŬɘ ŬŮɟɑɤɜ. ȼ ŬɜŬɚɞɔɑŬ ŬɡŰɩɜ Űɤɜ ˊɟɞɥɧɜŰɤɜ 

ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɖ ɢɖɛɘəɐ ůɨɜɗŮůɖ Űɖɠ ɓɘɞɛɎɕŬɠ əŬɘ Ŭˊɧ Űɘɠ ůɡɜɗɐəŮɠ 

ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ŬŮɟɘɞˊɞɑɖůɖɠ. ȼ ɗŮɟɛɞɔɧɜɞɠ ŭɨɜŬɛɖ Űɞɡ ŬŮɟɑɞɡ, ˊɞɡ ˊŬɟɎɔŮŰŬɘ 

əŬŰɎ Űɞ ůŰɎŭɘɞ Űɖɠ ˊɡɟɧɚɡůɖɠ, ŮɑɜŬɘ ɢŬɛɖɚɐ əŬɘ əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ 3.5 əŬɘ 8.9 

MJ m
-3
. ɇɞ ɓŬůɘəɧ ɗŮɟɛɞəɟŬůɘŬəɧ Ůɨɟɞɠ, ůŰɞ ɞˊɞɑɞ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ɖ ˊɡɟɧɚɡůɖ, 
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əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ 280ęC əŬɘ 500ęC. ɀŮŰŬɝɨ 500ęC əŬɘ 700ęC, ɖ Ŭˊɧŭɞůɖ 

ˊŬɟŬɔɤɔɐɠ ˊŰɖŰɘəɩɜ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ əŬɘ Űɞ ɡŭɟɞɔɧɜɞ ŮɑɜŬɘ Űɞ əɨɟɘɞ ůɡůŰŬŰɘəɧ 

Űɞɡɠ. ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ, ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɞɜ Űɨˊɞ Űɞɡ ŬŮɟɘɞˊɞɘɖŰɐ, ɡˊɎɟɢŮɘ ˊɎɜŰŬ 

ɛɘŬ ɕɩɜɖ ɢŬɛɖɚɧŰŮɟɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ɧˊɞɡ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ɖ ˊɡɟɧɚɡůɖ 

ˊŬɟɎɔɞɜŰŬɠ ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ.  

 

3) ȷɜŬɔɤɔɐ (Reduction)  

ɇɛɐɛŬ Űɞɡ ɎɜɗɟŬəŬ ˊɞɡ ˊŮɟɘɏɢŮŰŬɘ ůŰɞ əɤə ŬɜŰɘŭɟɎ ɛŮ Űɞ ŭɘɞɝŮɑŭɘɞ Űɞɡ 

ɎɜɗɟŬəŬ əŬɘ Űɞɜ ɡŭɟŬŰɛɧ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ˊŬɟŬɢɗŮɑ ɛɞɜɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ əŬɘ 

ɡŭɟɞɔɧɜɞ. Ƀɘ əɨɟɘŮɠ ŬɜŰɘŭɟɎůŮɘɠ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ůŮ ŬɡŰɧ Űɞ ůŰɎŭɘɞ ŮɑɜŬɘ:  

C + H2O Ÿ CO + H2  (+131 MJ kmol
-1

), ŬɜŰɑŭɟŬůɖ water-gas  

C + CO2 Ÿ 2CO  (+172 MJ kmol
-1
), ŬɜŰɑŭɟŬůɖ Boudouard  

C + 2 H2 Ÿ CH4  (-75 MJ kmol
-1
), ŬɜŰɑŭɟŬůɖ ɛŮɗŬɜɑɤůɖɠ  

 

 

4) ȾŬɨůɖ ï ɃɝŮɑŭɤůɖ  

 

ɆŰɖ ɕɩɜɖ ŬɡŰɐ, ɚŬɛɓɎɜŮɘ ɢɩɟŬ ɛŮɟɘəɐ əŬɨůɖ ɐ ɞɝŮɑŭɤůɖ. ɇŬ ˊŰɖŰɘəɎ 

ˊɟɞɥɧɜŰŬ Űɤɜ ˊŬɟŬˊɎɜɤ ůŰŬŭɑɤɜ əŬɘ ɛɏɟɞɠ Űɞɡ ɎɜɗɟŬəŬ ˊɞɡ ˊŮɟɘɏɢŮŰŬɘ ůŰɞ əɤə 

ŬɜŰɘŭɟɞɨɜ ɛŮ ɞɝɡɔɧɜɞ əŬɘ ůɢɖɛŬŰɑɕɞɡɜ ŭɘɞɝŮɑŭɘɞ əŬɘ ɛɞɜɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ. ɀŮ 

Űɞɜ Űɟɧˊɞ ŬɡŰɧ ˊŬɟɏɢŮŰŬɘ ɖ ŬˊŬɘŰɞɨɛŮɜɖ ɗŮɟɛɧŰɖŰŬ ɔɘŬ Űɘɠ ŬɜŰɘŭɟɎůŮɘɠ ˊɞɡ 

ŭɘŮɝɎɔɞɜŰŬɘ. Ƀɘ ŮɝɩɗŮɟɛŮɠ ŬɜŰɘŭɟɎůŮɘɠ əŬɨůɖɠ-ɞɝŮɑŭɤůɖɠ ŮɑɜŬɘ:  

C + 1/2 O2 Ÿ CO  (-111 MJ kmol
-1

)  

CO + 1/2 O2 Ÿ CO2  (-283 MJ kmol
-1

)  

H2 + 1/2 O2 Ÿ H2O  (-242 MJ kmol
-1

)  

Ƀ ŬɏɟŬɠ ˊɞɡ ŮɘůɏɟɢŮŰŬɘ ůŰɖ ɕɩɜɖ ɞɝŮɑŭɤůɖɠ ˊŮɟɘɏɢŮɘ, ŮəŰɧɠ Ŭˊɧ ɞɝɡɔɧɜɞ 

əŬɘ ɡŭɟŬŰɛɞɨɠ, ŬŭɟŬɜɐ ŬɏɟɘŬ ɧˊɤɠ ɎɕɤŰɞ əŬɘ Ŭɟɔɧ. ɇŬ ŬŭɟŬɜɐ ŬɏɟɘŬ ŭŮɜ 

ŬɜŰɘŭɟɞɨɜ ɛŮ ŰŬ ůɡůŰŬŰɘəɎ Űɞɡ əŬɡůɑɛɞɡ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ, Ůɜɩ ɞ ɡŭɟŬŰɛɧɠ 

ɛˊɞɟŮɑ ɜŬ ŬɜŰɘŭɟɎůŮɘ. 

ȾŬɗɞɟɘůŰɘəɧ ɟɧɚɞ ůŰɖ ůɨůŰŬůɖ Űɞɡ ŬŮɟɑɞɡ ůɨɜɗŮůɖɠ ˊŬɑɕɞɡɜ  ɞɘ ŭɨɞ 

ɞɛɞɔŮɜŮɑɠ ŬɜŰɘŭɟɎůŮɘɠ ůŰɖɜ ŬɏɟɘŬ űɎůɖ, ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ: ȼ ŬɜŰɑŭɟŬůɖ 

ŬɜŬɛɧɟűɤůɖɠ ɛɞɜɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ ɛŮ ɡŭɟŬŰɛɧ, ɔɜɤůŰɐ ůŬɜ ŬɜŰɑŭɟŬůɖ 
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water gas shift əŬɘ ɖ ŬɜŰɑŭɟŬůɖ ŬɜŬɛɧɟűɤůɖɠ Űɞɡ ɛŮɗŬɜɑɞɡ ɛŮ ɡŭɟŬŰɛɧ. Ƀɘ 

ŬɜŰɘŭɟɎůŮɘɠ ŬɡŰɏɠ űɗɎɜɞɡɜ ůŮ ɢɖɛɘəɐ ɘůɞɟɟɞˊɑŬ əŬɘ ŭɘŬɛɞɟűɩɜɞɡɜ Űɖ ůɨůŰŬůɖ 

Űɞɡ ŬŮɟɑɞɡ ůɨɜɗŮůɖɠ, ŮɘŭɘəɎ Űɞ ɚɧɔɞ ɡŭɟɞɔɧɜɞɡ ˊɟɞɠ ɛɞɜɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ.  

CO + H2O Ÿ CO2 + H2 (-41 MJ kmol
-1
), ŬɜŰɑŭɟŬůɖ water gas shift  

CH4 + H2O Ÿ CO + 3ȼ2 (+206 MJ kmol
-1
), ŬɜŰɑŭɟŬůɖ ŬɜŬɛɧɟűɤůɖɠ ɛŮɗŬɜɑɞɡ 

ȼ ŬɜŰɑŭɟŬůɖ water gas shift (wgs) ŮɑɜŬɘ ŮɝɩɗŮɟɛɖ əŬɘ ŮɡɜɞŮɑŰŬɘ ůŰɖ ɕɩɜɖ 

Űɖɠ ŬɜŬɔɤɔɐɠ (ˊŮɟɘɞɢɐ ɢŬɛɖɚɧŰŮɟɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Ŭˊô ŬɡŰɐɜ Űɖɠ ɕɩɜɖɠ 

ɞɝŮɑŭɤůɖɠ). ȷɜŰɑɗŮŰŬ, ɖ ŬɜŬɛɧɟűɤůɖ Űɞɡ ɛŮɗŬɜɑɞɡ ɛŮ ɡŭɟŬŰɛɧ ůŬɜ ŮɜŭɧɗŮɟɛɖ 

ŬɜŰɑŭɟŬůɖ ŮɡɜɞŮɑŰŬɘ ůŰɖ ɕɩɜɖ Űɖɠ ɞɝŮɑŭɤůɖɠ.  

 

 

3.2.1 ɈˊɧɚŮɘɛɛŬ ˊɘůůɞɨɢɞɡ ˊŬɟŬˊɟɞɥɧɜŰɞɠ 

 

ɇŬ ůɖɛŬɜŰɘəɧŰŮɟŬ ˊŬɟŬˊɟɞɥɧɜŰŬ, ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ əŬŰɎ Űɖɜ ŭɘŮɟɔŬůɑŬ Űɖɠ 

ŬŮɟɘɞˊɞɘɐůŮɘɠ ůŰŮɟŮɩɜ ŬˊɞɟɟɘɛɛɎŰɤɜ əŬɘ ɓɘɞůŰŮɟŮɩɜ, ŮɑɜŬɘ ŰŬ ŬɜɧɟɔŬɜŬ 

ůɡůŰŬŰɘəɎ ŰŬ ɞˊɞɑŬ ɚŬɛɓɎɜɞɜŰŬɘ ɤɠ ŰɏűɟŬ ůɡɜɐɗɤɠ ɛŬɕɑ ɛŮ Űɖɜ ˊŬɟŬɔɧɛŮɜɖ 

ˊɑůůŬ. ɋɠ ŰɏűɟŬ ɞɟɑɕŮŰŬɘ Űɞ ɡˊɧɚŮɘɛɛŬ Ŭˊɧ Űɖɜ əŬɨůɖ Űɞɡ ɎɜɗɟŬəŬ, Űɞ ɞˊɞɑɞ 

ŮɑɜŬɘ ˊɚɞɨůɘɞ ůŮ ŬɜɧɟɔŬɜŬ ůɡůŰŬŰɘəɎ, əŬɘ ŬˊɞŰŮɚŮɑ ŬɜŮˊɘɗɨɛɖŰɞ ˊŬɟŬˊɟɞɥɧɜ. 

ɄŮɟɘɏɢŮɘ əɡɟɑɤɠ ɞɝŮɑŭɘŬ Si, ȷl, Fe, Ca əŬɘ ɎɚɚŬ ŬɜɧɟɔŬɜŬ ůɡůŰŬŰɘəɎ. 

ȹɘŬəɟɑɜŮŰŬɘ ůŮ ɛɧɜɘɛɖ əŬɘ ŮɚŮɨɗŮɟɖ ŰɏűɟŬ. ȼ ŮɚŮɨɗŮɟɖ ŰɏűɟŬ ŬˊɞɛŬəɟɨɜŮŰŬɘ  ɛŮ 

Űɖ ɓɞɐɗŮɘŬ ŭɘɎűɞɟɤɜ ɛŮɗɧŭɤɜ ŮɛˊɚɞɡŰɘůɛɞɨ Űɞɡ ɎɜɗɟŬəŬ. ȽˊŰɎɛŮɜɖ ŰɏűɟŬ ŮɑɜŬɘ 

ɖ ŰɏűɟŬ, ɖ ɞˊɞɑŬ ˊŬɟŬůɨɟŮŰŬɘ Ŭˊɧ ŰŬ ŬˊŬɏɟɘŬ əŬɘ əŬŰŬəɟŬŰŮɑŰŬɘ ůŮ 

ɖɚŮəŰɟɞůŰŬŰɘəɎ űɑɚŰɟŬ ɐ ůɡɔəŮɜŰɟɩɜŮŰŬɘ ůŰɞɜ ˊɡɗɛɏɜŬ Űɞɡ ŬŮɟɘɞˊɞɘɖŰɐ. ȳŰŬɜ 

ɞɘ ˊɞůɧŰɖŰŮɠ Űɖɠ ŰɏűɟŬɠ ŮɑɜŬɘ ɛŮɔɎɚŮɠ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ůɞɓŬɟɧ ˊɟɧɓɚɖɛŬ əŬŰɎ Űɖɜ 

ŭɘŮɟɔŬůɑŬ Űɖɠ ŬŮɟɘɞˊɞɑɖůɖɠ (http://eclass.uth.gr).  

  Ⱥˊɑůɖɠ, ɏɜŬ Ŭˊɧ ŰŬ ɓŬůɘəɧŰŮɟŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ əŬŰɎ Űɖɜ ŭɘŮɟɔŬůɑŬ Űɖɠ 

ŬŮɟɘɞˊɞɑɖůɖɠ ŮɑɜŬɘ ɖ ˊŬɟŬɔɧɛŮɜɖ ˊɑůůŬ, ɖ ɞˊɞɑŬ ˊɞɚɚɏɠ űɞɟɏɠ ŬɜŬűɏɟŮŰŬɘ əŬɘ 

ɤɠ ŮɝŬɜɗɟɎəɤɛŬ. ɋɠ ˊɑůůŬ ɞɟɑɕɞɡɛŮ ŰŬ ˊɟɞɥɧɜŰŬ ŬŮɟɘɞˊɞɑɖůɖɠ ɞɟɔŬɜɘəɩɜ, ˊɞɡ 

ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŬɟɤɛŬŰɘəɞɨɠ ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ əŬɘ ɏɢɞɡɜ Űɖɜ ɘŭɘɧŰɖŰŬ ɜŬ 

ůɡɛˊɡəɜɩɜɞɜŰŬɘ. ȺɑɜŬɘ ɞɡůɑŮɠ ˊɞɡ ˊɞɘəɑɚɞɡɜ əŬɘ ŭɘŬűɞɟɞˊɞɘɞɨɜŰŬɘ ŬɘůɗɖŰɎ, əŬɘ 

ŬɡŰɧ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞɜ Űɟɧˊɞ ŬŮɟɘɞˊɞɑɖůɖɠ Űɖɠ ɓɘɞɛɎɕŬɠ. Ƀɘ əŬŰɖɔɞɟɑŮɠ ˊɑůůŬɠ 

(ɄɑɜŬəŬɠ 3.2.1 ) ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 
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 ȾŬŰɖɔɞɟɑŮɠ ˊɑůůŬɠ 

1)  ɄɑůůŬ ɖ ɞˊɞɑŬ ŭŮɜ ŬɜɘɢɜŮɨŮŰŬɘ Ŭˊɧ Űɞɜ ɢɟɤɛŬŰɞɔɟɎűɞ ɛɎɕŬɠ 

2) ȺŰŮɟɞəɡəɚɘəɎ ůɡɜɗŮŰɘəɎ. 

3) ɆɡůŰŬŰɘəɎ ˊɞɡ ŬɜɘɢɜŮɨɞɜŰŬɘ ůŰɞɜ ɢɟɤɛŬŰɞɔɟɎűɞ ŬɚɚɎ ŭŮɜ ŬɜŬɔɜɤɟɑɕɞɜŰŬɘ. 

4) ȺɚŬűɟɞɑ ˊɞɚɡŬɟɤɛŬŰɘəɞɑ ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ. 

5) 

ȷɟɤɛŬŰɘəɎ ůɡůŰŬŰɘəɎ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ůɖɛŬɜŰɘəɎ ɔɘŬ Űɘɠ ŬɜŰɘŭɟɎůŮɘɠ Űɖɠ 

ˊɑůůŬɠ. 

ɄɑɜŬəŬɠ 3.2.1ȾŬŰɖɔɞɟɑŮɠ ˊɑůůŬɠ (Ʉɖɔɐ: Patrick  et al., 2002) 

 

ȼ ́ɑůůŬ ɏɢŮɘ Űɖɜ ɘəŬɜɧŰɖŰŬ ɜŬ ˊŬɟŮɡɟɑůəŮŰŬɘ ůŰɞ ˊŬɟŬɔɧɛŮɜɞ Ŭɏɟɘɞ ůŮ 

ˊɎɟŬ ˊɞɚɨ ɛɘəɟɏɠ ˊɞůɧŰɖŰŮɠ, ɞɘ ɞˊɞɑŮɠ ɛˊɞɟŮɑ ɜŬ ɛɖɜ űŬɑɜɞɜŰŬɘ ůŰɞɡɠ 

ɡˊɞɚɞɔɘůɛɞɨɠ Űɖɠ ůŰɞɘɢŮɘɞɛŮŰɟɑŬɠ. ȷɡŰɧ ɏɢŮɘ ɤɠ ůɡɜɏˊŮɘŬ Űɖɜ Ŭɨɝɖůɖ Űɖɠ 

ˊɟɞɓɚŮˊɧɛŮɜɖɠ ůɡɜŰɐɟɖůɖɠ ŭɘŬűɧɟɤɜ ŰŮɢɜɘəɩɜ ŮɝŬɟŰɖɛɎŰɤɜ, ŭɘɧŰɘ 

ˊɟɞůəɞɚɚɎŰŮ ůŰŬ ɛɖɢŬɜɘəɎ ɛɏɟɖ Űɞɡ əɘɜɖŰɐɟŬ ɧˊɤɠ ɞ ɢɩɟɞɠ əŬɨůɖɠ, ŰŬ ɏɛɓɞɚŬ 

əŬɘ ɞɘ əɨɚɘɜŭɟɞɘ. ȷɡŰɧ ɏɢŮɘ ɤɠ ůɡɜɏˊŮɘŬ, əɎˊɞɘŬ ɛŬəɟɞˊɟɧɗŮůɛŬ ůɞɓŬɟɎ ŰŮɢɜɘəɎ 

ˊɟɞɓɚɐɛŬŰŬ.  

 

ɇɏɚɞɠ, əɎˊɞɘŮɠ Ŭˊɧ Űɘɠ ɛŮɗɧŭɞɡɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ɛŮɑɤůɖ 

ˊŬɟŬɔɤɔɐɠ Űɖɠ ˊɑůůŬɠ ŮɑɜŬɘ: 

1) Ƀɘ ɢɖɛɘəɏɠ ɛɏɗɞŭɞɘ: ȹɘɎůˊŬůɖ Űɖɠ ˊɑůůŬɠ ůŮ ɗŮɟɛɞəɟŬůɑŬ 1,250
 0 

C   ɛŮ 

ɢɟɧɜɞ ˊŬɟŬɛɞɜɐɠ 0,5 s əŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ 99 %. 

2) ȼ ɢɖɛɘəɐ ŭɘŬŭɘəŬůɑŬ (OLGA): ȷˊɞɛŬəɟɨɜɞɜŰŬɘ ɧɚŬ ŰŬ Ůɑŭɖ ˊɑůůŬɠ, ɤɠ əŬɘ 

(>97%). 

3) ȼ ɢɟɐůɖ əŬŰŬɚɡŰɩɜ.  

4) Ƀɘ ɛɖɢŬɜɘəɏɠ ɛɏɗɞŭɞɘ : ɆɡɛˊŮɟɘɚŬɛɓɎɜɞɡɜ űɑɚŰɟŬ əŬɘ ŭɘŬɢɤɟɘůŰɏɠ.  

            

 3.2.2 ȷɏɟɘɞ ůɨɜɗŮůɖɠ (Synthesis Gas) 

ȾŬŰɎ Űɖɜ ŭɘŮɟɔŬůɑŬ Űɖɠ ŬŮɟɘɞˊɞɑɖůɖɠ, ɖ ɞɟɔŬɜɘəɐ ɨɚɖ ɗŮɟɛŬɑɜŮŰŬɘ ɛŮ 

ˊŬɟɞɡůɑŬ ˊŮɟɘɞɟɘůɛɏɜɖɠ ˊɞůɧŰɖŰŬɠ Ƀ2 ɐ ŬɏɟŬ ɔɘŬ Űɖ ɛɏɔɘůŰɖ ŬˊŮɚŮɡɗɏɟɤůɖ CO 

əŬɘ H2. ɇɞ ɛŮɑɔɛŬ CO əŬɘ H2 ŮɑɜŬɘ ɔɜɤůŰɧ ůŬɜ Ŭɏɟɘɞ ůɨɜɗŮůɖɠ (Syngas). 
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 ɆŰɖ ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ, Űɞ ŰŮɚɘəɧ Ŭɏɟɘɞ ˊŮɟɘɏɢŮɘ ˊŮɟɑˊɞɡ 40% N2, ˊɟɎɔɛŬ ˊɞɡ 

ɛŮɘɩɜŮɘ Űɖ ɗŮɟɛŬɜŰɘəɐ ŬɝɑŬ Űɞɡ ŬŮɟɑɞɡ Ŭˊɧ 13 MJ/m
3
 ůŮ 7 MJ/m

3
. ȺɎɜ 

ŮˊɘŭɘɩəŮŰŬɘ ɛŮŰŬŰɟɞˊɐ Űɞɡ ŬŮɟɑɞɡ ůɨɜɗŮůɖɠ ůŮ əɎˊɞɘɞ ˊɘɞ ɢɟɐůɘɛɞ ˊɟɞɥɧɜ, 

ůɡɔəŮəɟɘɛɏɜŬ ɛŮɗŬɜɧɚɖ ɐ ŬɛɛɤɜɑŬ, əŬɚɧ ŮɑɜŬɘ ɜŬ ŬˊɞűŮɨɔŮŰŬɘ ɖ ˊŬɟɞɡůɑŬ Űɞɡ 

N2, ˊɞɡ ŮɑɜŬɘ ŬŭɟŬɜɏɠ. ũɘŬ Űɖ ɛŮŰŬŰɟɞˊɐ Űɞɡ syngas, ɔɑɜɞɜŰŬɘ ɞɘ Ůɝɐɠ ŬɜŰɘŭɟɎůŮɘɠ 

(Wender, 1996): 

 

CO +H2O (Ŭɏɟɘɞ) Ÿ CO2 + H2 

CO +3H2 Ÿ CH4 + H2O 

ȼ ˊɟɩŰɖ ŬɜŰɑŭɟŬůɖ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɖɜ Ŭɨɝɖůɖ Űɞɡ H2 ůŰɞ ɛŮɑɔɛŬ, 

ůŰɖɜ ŬɜŬɚɞɔɑŬ ˊŮɟɑˊɞɡ 1CO:3H2. ȼ ŭŮɨŰŮɟɖ, ŮɑɜŬɘ ɘůɢɡɟɎ ŮɝɩɗŮɟɛɖ ŬɜŰɑŭɟŬůɖ.  

ȼ ɛŮŰŬŰɟɞˊɐ ůŮ ɛŮɗŬɜɧɚɖ, ɔɑɜŮŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɖɜ ŬɜŰɑŭɟŬůɖ: 

                                                CO2 + 2H2 Ÿ CH3OH 

ȼ ŬɜŰɑŭɟŬůɖ ŬɡŰɐ, ɧˊɤɠ əŬɘ ɞɘ ˊɟɞɖɔɞɨɛŮɜŮɠ ɔɑɜŮŰŬɘ, ˊŬɟɞɡůɑŬ 

əŬŰɎɚɚɖɚɤɜ əŬŰŬɚɡŰɩɜ. ɇɞ ŰŮɚɘəɧ ˊɟɞɥɧɜ ˊŮɟɘɏɢŮɘ ůŬɜ ˊɟɧůɛɘɝɖ ŬɘɗŬɜɧɚɖ, ɜŮɟɧ 

əŬɘ ŬɜɩŰŮɟŮɠ ŬɚəɞɧɚŮɠ, ɤůŰɧůɞ ɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ɛŮɗŬɜɧɚɖ ŮɑɜŬɘ 98% 

ˊŮɟɑˊɞɡ. 

ũɘŬ Űɖ ɛŮŰŬŰɟɞˊɐ ůŮ ŬɛɛɤɜɑŬ ŬˊŬɘŰŮɑŰŬɘ ŬˊɞɛɎəɟɡɜůɖ ɧɚɞɡ Űɞɡ CO, Űɞ 

ɞˊɞɑɞ ɛŮŰŬŰɟɏˊŮŰŬɘ əŬŰɎ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ ůŮ CO2 əŬɘ ŭɑɜŮɘ H2: 

CO +H2OŸ CO2 +H2 

N2 +3H2Ÿ 2NH3 

Ⱥˊɑůɖɠ, ɖ ɢɖɛɘəɐ ůɨůŰŬůɖ Űɞɡ Ŭɏɟɘɞɡ ůɨɜɗŮůɖɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ 

Űɖɠ ɞɟɔŬɜɘəɐɠ ɨɚɖɠ, əŬɘ Ŭˊɧ Űɖ əŬɘ Űɖ ɗŮɟɛɞəɟŬůɑŬ. ɇɞ Ŭɟɢɘəɧ Ŭɏɟɘɞ, ˊɞɡ 

ˊŬɟɎɔŮŰŬɘ ůŮ ɗŮɟɛɞəɟŬůɘŬəɧ Ůɨɟɞɠ 800
o
C ï 1,000

o
C, ˊŮɟɘɏɢŮɘ CO, H2, CH4, 

CxHy, ŬɚŮɘűŬŰɘəɞɨɠ ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ, ɓŮɜɕɧɚɘɞ, Űɞɚɞɡɧɚɘɞ əŬɘ ˊɑůůŮɠ. ɄŮɟɑˊɞɡ 

Űɞ 50% Űɖɠ ŮɜɏɟɔŮɘŬɠ Űɞɡ ŬŮɟɑɞɡ ˊŮɟɘɏɢŮŰŬɘ ůŰŬ CO əŬɘ H2 əŬɘ Űɞ ɡˊɧɚɞɘˊɞ 

ˊŮɟɘɏɢŮŰŬɘ ůŰɞ ɛŮɗɎɜɘɞ əŬɘ Űɞɡɠ ŬɟɤɛŬŰɘəɞɨɠ ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ. ɆŮ 

ɗŮɟɛɞəɟŬůɑŮɠ Ŭˊɧ 1,200
o
C - 1,400

o
C ɖ ɓɘɞɛɎɕŬ ɛŮŰŬŰɟɏˊŮŰŬɘ ˊɚɐɟɤɠ ůŮ H2 əŬɘ 

CO (ŮəŰɧɠ Ŭˊɧ CO2 əŬɘ H2O), Ůɜɩ ɖ ˊɞɘɧŰɖŰŬ Űɞɡ ˊŬɟŬɔɧɛŮɜɞɡ ŬŮɟɑɞɡ ŮɑɜŬɘ 

ˊŬɟɧɛɞɘŬ ɛŮ Űɞ űɡůɘəɧ Ŭɏɟɘɞ ˊɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ ɞɟɡəŰɎ əŬɨůɘɛŬ (Mann & 

Spath, 1997).  
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ȼ ˊŬɟɞɡůɑŬ ůɡɛˊɡəɜɤɛɏɜɤɜ ɞɟɔŬɜɘəɩɜ ŮɜɩůŮɤɜ əŬɘ ˊɘůůɩɜ ůŰɞ 

ˊŬɟŬɔɧɛŮɜɞ Ŭɏɟɘɞ ŮɑɜŬɘ ŬɜŬˊɧűŮɡəŰɖ ŬɚɚɎ əŬɘ ŬɜŮˊɘɗɨɛɖŰɖ, əŬɗɩɠ ɛŮɘɩɜŮɘ Űɖɜ 

Ŭˊɧŭɞůɖ Űɞɡ ŬŮɟɑɞɡ əŬɘ ŭɖɛɘɞɡɟɔŮɑ Ůˊɘˊɚɏɞɜ ˊɟɞɓɚɐɛŬŰŬ ůŰɘɠ ŬɜŰɑůŰɞɘɢŮɠ 

ŭɘŬŰɎɝŮɘɠ ŬŮɟɘɞˊɞɑɖůɖɠ (ŮɛűɟɎɝŮɘɠ ůɤɚɖɜɩůŮɤɜ, ůəɤɟɑŮɠ ə.Ű.ɚ.). ɃˊɧŰŮ, 

ŬˊɞŰŮɚŮɑ ŮˊɘŰŬəŰɘəɐ ŬɜɎɔəɖ ɞ əŬɗŬɟɘůɛɧɠ Űɞɡ ŬŮɟɑɞɡ ˊɟɘɜ Űɖɜ ŰŮɚɘəɐ Űɞɡ ɢɟɐůɖ 

(ɆɢɐɛŬ 3.2.2). ȷɡŰɧ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɛŮ ŭɨɞ Űɟɧˊɞɡɠ:  ɄɟɤŰɞɔŮɜɐ 

əŬɗŬɟɘůɛɧ, ɧˊɞɡ Űɞ Ŭɏɟɘɞ əŬɗŬɟɑɕŮŰŬɘ ŮɜŰɧɠ Űɞɡ ŬŮɟɘɞˊɞɘɖŰɐ ŮɑŰŮ ɛŮ Űɖɜ 

ˊɟɞůɗɐəɖ əŬŰŬɚɡŰɩɜ, ŮɑŰŮ ɛŮ əŬɘɜɞŰɧɛɞɡɠ ï ůɢŮŭɘŬůɛɞɨɠ ŭɘŬŰɎɝŮɤɜ ůŰɞɡɠ 

ŬŮɟɘɞˊɞɘɖŰɏɠ əŬɘ ŭŮɡŰŮɟɞɔŮɜɐ əŬɗŬɟɘůɛɧ, ɞ ɞˊɞɑɞɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŰɞ 

ˊŬɟŬɔɧɛŮɜɞ ɗŮɟɛɧ Ŭɏɟɘɞ ɛŮŰɎ Űɖɜ ɏɝɞŭɧ Űɞɡ Ŭˊɧ Űɞɜ ŬɜŰɘŭɟŬůŰɐɟŬ, Űɞ ɞˊɞɑɞ 

ŮɑɜŬɘ ůɡɔəɟɘŰɘəɎ ɛŮ Űɞɜ ˊɟɩŰɞ Űɟɧˊɞ, ɞɘəɞɜɞɛɘəɎ Ŭůɨɛűɞɟɞ (Bain, 1992 ). 

ɇɞ ˊŬɟŬɔɧɛŮɜɞ Ŭɏɟɘɞ ɛˊɞɟŮɑ ɜŬ ŬɝɘɞˊɞɘɖɗŮɑ əŬŰɎ ŭɘɎűɞɟɞɡɠ Űɟɧˊɞɡɠ, ɞɘ 

ɓŬůɘəɧŰŮɟɞɘ Űɤɜ ɞˊɞɑɤɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ˊŬɟŬəɎŰɤ (Kumabe et al., 2007):  

Á ȾŬɨůɖ ɔɘŬ ˊŬɟŬɔɤɔɐ ŬŰɛɞɨ. ɇɞ ˊɚŮɞɜɏəŰɖɛŬ, ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɏɜŬɜŰɘ 

Űɖɠ əŬɨůɖɠ-ŬˊɞŰɏűɟɤůɖɠ, ŮɑɜŬɘ ɧŰɘ ŰŬ ŬɏɟɘŬ əŬɗŬɟɑɕɞɜŰŬɘ ˊɟɘɜ Űɖɜ əŬɨůɖ 

ŭɑɜɞɜŰŬɠ ɏŰůɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ŬŰɛɞɚɏɓɖŰŬ ůŮ ɡɣɖɚɧŰŮɟŮɠ 

ˊɘɏůŮɘɠ əŬɘ Űɞɡ ɡˊŮɟɗŮɟɛŬɜŰɐɟŬ Űɞɡ ŬŰɛɞɨ ůŮ ɡɣɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ, 

ɞɨŰɤɠ ɩůŰŮ ɜŬ ŮˊɘŰɡɔɢɎɜɞɜŰŬɘ ɓŮɚŰɘɤɛɏɜŮɠ ŬˊɞŭɧůŮɘɠ ůŮ ɖɚŮəŰɟɘəɐ  

ŮɜɏɟɔŮɘŬ, ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ˊɚɖůɘɎůɞɡɜ Űɞ 30%. 

 

ɆɢɐɛŬ 3.2.2 ɆɢɖɛŬŰɘəɧ ŭɘɎɔɟŬɛɛŬ ɢɟɐůŮɤɜ (syngas) 

(Ʉɖɔɐ:http ://www.mpshq.com, 2016) 

http://www.mpshq/
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Á ɇɟɞűɞŭɞůɑŬ ɛɖɢŬɜɐɠ ŮůɤŰŮɟɘəɐɠ əŬɨůɖɠ, ˊɞɡ əɘɜŮɑ ɖɚŮəŰɟɞɔŮɜɜɐŰɟɘŬ. ȼ 

Ŭˊɧŭɞůɖ ůŮ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ ɛˊɞɟŮɑ ɜŬ űŰɎůŮɘ Űɞ 35%, ŬɚɚɎ 

ˊɟɞɦˊɞɗɏŰŮɘ ˊɞɚɨ əŬɚɧ əŬɗŬɟɘůɛɧ Űɤɜ ŬŮɟɑɤɜ ˊɟɘɜ Űɖɜ ŰɟɞűɞŭɞůɑŬ Űɖɠ 

ɛɖɢŬɜɐɠ.  

Á Ⱦɑɜɖůɖ ŬŮɟɘɞůŰɟɧɓɘɚɞɡ əŬɘ ŬŰɛɞˊŬɟŬɔɤɔɐ ůŮ ůɡɜŭɡŬůɛɏɜɞ əɨəɚɞ. ȼ 

ɛɏɗɞŭɞɠ ŬɡŰɐ,  ˊɞɡ ˊɟɞɦˊɞɗɏŰŮɘ Ůˊɑůɖɠ ˊɞɚɨ əŬɚɧ əŬɗŬɟɘůɛɧ Űɤɜ ŬŮɟɑɤɜ 

ˊɟɘɜ Űɖɜ ŰɟɞűɞŭɞůɑŬ, ɏɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ 

ŬˊɞŭɧůŮɘɠ Űɖɠ ŰɎɝɖɠ Űɞɡ 40% ůŮ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ.  

Á ȹɘɞɢɏŰŮɡůɖ ůŰɞ ŭɑəŰɡɞ ŬŮɟɑɞɡ ˊɧɚɖɠ. ȷˊŬɟŬɑŰɖŰɖ ˊɟɞɦˊɧɗŮůɖ ɞ əŬɚɧɠ 

əŬɗŬɟɘůɛɧɠ əŬɘ ɖ ůŰŬɗŮɟɐ ˊɞɘɧŰɖŰŬ.  

Á ɄŬɟɞɢɐ Űɞɡ ŬŮɟɑɞɡ ůŮ ɓɘɞɛɖɢŬɜɑŬ, ɧˊɤɠ ŰůɘɛŮɜŰɞɓɘɞɛɖɢŬɜɑŬ ɔɘŬ Ŭˊô 

ŮɡɗŮɑŬɠ əŬɨůɖ ůŮ ŮůŰɑŬ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ɛŮɘɩɜɞɜŰŬɘ ˊɞɚɨ 

ůɖɛŬɜŰɘəɎ ɞɘ ŬˊŬɘŰɐůŮɘɠ əŬɗŬɟɘůɛɞɨ.  

Á ɄŬɟɞɢɐ Űɞɡ ŬŮɟɑɞɡ ůŮ ɓɘɞɛɖɢŬɜɑŬ, ɧˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ 

ŬŰɛɞˊŬɟŬɔɤɔɐ..  

 

 

3.3 ɇɨˊɞɘ ŬŮɟɘɞˊɞɘɖŰɩɜ 

 

Ƀɘ əɨɟɘɞɘ Űɨˊɞɘ ŬŮɟɘɞˊɞɘɖŰɩɜ ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 

 

Á ɆŰŬɗŮɟɐɠ əɚɑɜɖɠ Ŭɜɞŭɘəɐɠ ɟɞɐɠ(updraft) 

Á ɆŰŬɗŮɟɐɠ əɚɑɜɖɠ əŬɗɞŭɘəɐɠ ɟɞɐɠ (downdraft) 

Á ɅŮɡůŰɞˊɞɘɖɛɏɜɖɠ əɚɑɜɖɠ (fluidized bed) 

Á ɄŮɟɘůŰɟŮűɧɛŮɜɞɡ ŰɡɛˊɎɜɞɡ(rotary drum)  

Á Ʌɞɐɠ ɛŮ ˊŬɟɎůɡɟůɖ (entrained flow) 
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ȺɘəɧɜŬ 3.3.1 ȷŮɟɘɞˊɞɘɖŰɐɠ  (updraft ) (Ʉɖɔɐ:Gikas,2014) 

 

ȷŮɟɘɞˊɞɑɖůɖ ɛŮ ůŰŬɗŮɟɐ əɚɑɜɖ Ŭɜɞŭɘəɐɠ ɟɞɐɠ(Updraft  Gasification) 

 

Ƀɘ ŬŮɟɘɞˊɞɘɖŰɏɠ ůŰŬɗŮɟɐɠ əɚɑɜɖɠ (updraft) ŮɑɜŬɘ ɔɜɤůŰɞɑ  Ůˊɑůɖɠ ɤɠ ŬŮɟɘɞˊɞɘɖŰɏɠ 

ŬɜŰɘɟɟɞɐɠ. ȷˊɞŰŮɚɞɨɜ Űɞɜ ˊŬɚŬɘɧŰŮɟɞ əŬɘ ŬˊɚɞɨůŰŮɟɞ Űɨˊɞ ŬŮɟɘɞˊɞɘɖŰɐ, ɞ 

ɞˊɞɑɞɠ ŮɝŬəɞɚɞɡɗŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖɜ ŬŮɟɘɞˊɞɑɖůɖ ɚɘɗɎɜɗɟŬəŬ (ȺɘəɧɜŬ 

3.3.1). ɇɞ ˊɟɞɥɧɜ ɔɘŬ Űɖɜ ŭɘŮɟɔŬůɑŬ Űɖɠ ŬŮɟɘɞˊɞɑɖůɖɠ ŰɟɞűɞŭɞŰŮɑŰŬɘ ůŰɖɜ əɞɟɡűɐ 

Űɞɡ ŬɜŰɘŭɟŬůŰɐɟŬ, Ůɜɩ ůŰɞ əɎŰɤ ɛɏɟɞɠ Űɞɡ ŬɜŰɘŭɟŬůŰɐɟŬ ɡˊɎɟɢŮɘ ɛɘŬ ůɢɎɟŬ, ɖ 

ɞˊɞɑŬ ɡˊɞůŰɖɟɑɕŮɘ Űɖɜ əɚɑɜɖ. Ƀ ŬɏɟŬɠ ɐ ɞɝɡɔɧɜɞ ɐ ɡŭɟŬŰɛɞɑ ŮɘůɎɔɞɜŰŬɘ əɎŰɤ 

Ŭˊɧ Űɖ ůɢɎɟŬ əŬɘ ɛŮŰŬűɏɟɞɜŰŬɘ ˊɟɞɠ ŰŬ ˊɎɜɤ ŭɘŬɛɏůɞɡ Űɖɠ əɚɑɜɖɠ. Ʉɚɐɟɖɠ 

əŬɨůɖ Űɞɡ əɤə ɚŬɛɓɎɜŮɘ ɢɩɟŬ ůŰɞ əɎŰɤ ɛɏɟɞɠ Űɖɠ əɚɑɜɖɠ ŬˊŮɚŮɡɗŮɟɩɜɞɜŰŬɠ 

ŭɘɞɝŮɑŭɘɞ əŬɘ ɛɞɜɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ, əŬɗɩɠ əŬɘ ɡŭɟŬŰɛɧ. ɇŬ ɗŮɟɛɎ ŬɡŰɎ ŬɏɟɘŬ 

(~1,000ęC) ˊŮɟɜɞɨɜ ŭɘŬɛɏůɞɡ Űɖɠ əɚɑɜɖɠ ˊɞɡ ɓɟɑůəŮŰŬɘ Ŭˊɧ ˊɎɜɤ, ŬɜɎɔɞɜŰŬɘ ůŮ 
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ɡŭɟɞɔɧɜɞ əŬɘ ɛɞɜɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ, əŬɘ ŰŮɚɘəɎ ɣɨɢɞɜŰŬɘ ůŰɞɡɠ 750ęC. 

ɄɟɞɢɤɟɩɜŰŬɠ ˊɟɞɠ ŰŬ ˊɎɜɤ ɛɏůŬ ůŰɞɜ ŬɜŰɘŭɟŬůŰɐɟŬ, Űɞ ɡŭɟɞɔɧɜɞ əŬɘ Űɞ 

ɛɞɜɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ ˊɡɟɞɚɨɞɡɜ Űɞ ˊɟɞɥɧɜ ˊɟɞɠ ŬŮɟɘɞˊɞɑɖůɖ ˊɞɡ əŬŰɏɟɢŮŰŬɘ 

əŬɘ ɧůɞ ˊɟɞɢɤɟɎ ŬəɧɛŬ ˊɘɞ ˊɎɜɤ ɛɏůŬ ůŰɞɜ ŬɜŰɘŭɟŬůŰɐɟŬ ɝɖɟŬɑɜŮŰŬɘ, 

ŮɔəŬŰŬɚŮɑˊɞɜŰŬɠ Űɞɜ ŬɜŰɘŭɟŬůŰɐɟŬ ůŮ ɢŬɛɖɚɧŰŮɟɖ ɗŮɟɛɞəɟŬůɑŬ (~500ęC). 

(Bridgwater & Evans,  1993). 

ɇŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ, Űɖɠ ŬŮɟɘɞˊɞɑɖůɖɠ ɛŮ ɟɞɐ ŬŮɟɑɞɡ ɟŮɨɛŬŰɞɠ ˊɟɞɠ ŰŬ 

ˊɎɜɤ ŮɑɜŬɘ: 

Á ȷˊɚɐ, ɢŬɛɖɚɞɨ əɧůŰɞɡɠ ŭɘŮɟɔŬůɑŬ.  

Á ȹɡɜŬŰɧŰɖŰŬ ɔɘŬ ŭɘŬɢŮɑɟɘůɖ ɓɘɞůŰŮɟŮɩɜ əŬɘ ɓɘɞɛɎɕŬɠ, ɛŮ ɡɣɖɚɐ 

ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ɡɔɟŬůɑŬ əŬɘ ŬɜɧɟɔŬɜŮɠ ɞɡůɑŮɠ, ɧˊɤɠ ˊ.ɢ. ŰŬ ŬůŰɘəɎ 

ůŰŮɟŮɎ ŬˊɧɓɚɖŰŬ. 

Á ȹɞəɘɛŬůɛɏɜɖ ŰŮɢɜɞɚɞɔɑŬ. ɇɞ ɛŮɘɞɜɏəŰɖɛŬ ŬɡŰɞɨ Űɞɡ Űɨˊɞɡ ŬŮɟɘɞˊɞɑɖůɖɠ 

ŮɑɜŬɘ:  

Á ɇɞ ˊŬɟŬɔɧɛŮɜɞ Ŭɏɟɘɞ ˊŮɟɘɏɢŮɘ 10 ï 20% ə.ɓ. ˊɑůůŬ (tar) əŬɘ əŬŰɎ 

ůɡɜɏˊŮɘŬ ŬˊŬɘŰŮɑŰŬɘ ŮəŰŮŰŬɛɏɜɞɠ əŬɗŬɟɘůɛɧɠ, ˊɟɘɜ Űɖɜ ɢɟɐůɖ Űɞɡ ůŬɜ 

əŬɨůɘɛɞ ɐ Ŭɏɟɘɞ ůɨɜɗŮůɖɠ  (Bridgwater & Evans,  1993). 
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        ȺɘəɧɜŬ 3.3.2ȷŮɟɘɞˊɞɘɖŰɐɠ (downdraft ) (Ʉɖɔɐ:Gikas,2014) 

       

 

ȷŮɟɘɞˊɞɑɖůɖ ɛŮ ůŰŬɗŮɟɐ əɚɑɜɖ əŬɗɞŭɘəɐɠ ɟɞɐɠ (Downdraft Gasification) 

ũɜɤůŰɐ əŬɘ ɤɠ ŬŮɟɘɞˊɞɑɖůɖ ɞɛɞɟɟɞɐɠ. ȷɡŰɧɠ ɞ Űɨˊɞɠ ŬŮɟɘɞˊɞɘɖŰɐ ɏɢŮɘ 

Űɖɜ ɑŭɘŬ ɛɖɢŬɜɘəɐ ŭɘɎŰŬɝɖ ɛŮ Űɞɜ ŬŮɟɘɞˊɞɘɖŰɐ ɟɞɐɠ ŬŮɟɑɞɡ ɟŮɨɛŬŰɞɠ ˊɟɞɠ ŰŬ 

ˊɎɜɤ, ɛŮ Űɖ ŭɘŬűɞɟɎ ɧŰɘ Űɞ ɞɝŮɘŭɤŰɘəɧ ɛɏůɞ əŬɘ ŰŬ ˊŬɟŬɔɧɛŮɜŬ ŬɏɟɘŬ ɟɏɞɡɜ ˊɟɞɠ 

ŰŬ əɎŰɤ ɛŮ Űɖɜ ɑŭɘŬ ŭɖɚŬŭɐ əŬŰŮɨɗɡɜůɖ ɟɞɐɠ Űɞɡ ˊɟɞɥɧɜŰɞɠ ˊɟɞɠ ŬŮɟɘɞˊɞɑɖůɖ 

(ɓɘɞůŰŮɟŮɎ,  ɓɘɞɛɎɕŬ, əɚˊ.) (ȺɘəɧɜŬ 3.3.2). ɇɞ ˊɟɞɥɧɜ ɛŮ ɢŬɛɖɚɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ 

ɡɔɟŬůɑŬɠ (< 20%) əŬɘ ŬɏɟŬ ɐ ɞɝɡɔɧɜɞɡ ŬɜŬűɚɏɔɞɜŰŬɘ ůŰɖ ɕɩɜɖ ŬɜŰɘŭɟɎůŮɤɜ ůŰɞ 

ˊɎɜɤ ɛɏɟɞɠ Űɞɡ ŬɜŰɘŭɟŬůŰɐɟŬ. ȼ űɚɧɔŬ ˊɟɞɤɗŮɑ Űɖɜ ɛŮŰŬŰɟɞˊɐ Űɞɡ ˊɟɞɥɧɜŰɞɠ  

ůŰɖ ɕɩɜɖ ŬɡŰɐ Űɞɡ ŬɜŰɘŭɟŬůŰɐɟŬ, ŬűɐɜɞɜŰŬɠ ɏɜŬ ˊɟɞɥɧɜ 5% ɛŮ 15%  əɤə əŬɘ 




























































































































