




iii





v





vii





ix

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xi

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xiii

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 



xv



𝑛𝑁2,𝑖𝑛

𝑁2,𝑙𝑖𝑑𝑜[%](𝑡)

ε







ρ



xvii

ϕ 







 





 

 

 

 

 





 

 













 



 

 

 

 













 



 

𝐂 + 𝐎𝟐 ↔ 𝐂𝐎𝟐  ;  ∆𝑯𝟎 =  −𝟑𝟗𝟑, 𝟖 𝐤𝐉/𝐦𝐨𝐥𝐂 

2C +  O2 ↔ 2CO  ;  ∆𝐻0 =  −111 kJ/molC 

 

CO2 +  C ↔ 2CO  ;  ∆𝐻0 = 172,58  kJ/molC 

C +  H2O ↔ CO +  H2  ;  ∆𝐻0 = 131,38  kJ/molC 

C +  2H2 ↔ CH4  ;  ∆𝐻0 = −74,9  kJ/molC 

CO +  H2O ↔ CO2 +  H2  ;  ∆𝐻0 = −41,98  kJ/molC 

CH4 +  H2O ↔ CO +  3H2  ;  ∆𝐻0 = 206  kJ/molC 

CH4 + 2H2O ↔ 4H2 + CO2  ;  ∆𝐻0 = 165  kJ/molC 

CH4 + CO2 ↔ 2H2 + 2CO  ;  ∆𝐻0 = 247  kJ/molC
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𝜇 =  𝜇0 (
𝑇

𝑇0

)

3
2 𝑇0 + 𝑆

𝑇 + 𝑆







𝑈𝑚𝑓 =  
𝑑2

𝑝(𝜌𝑝 − 𝜌)𝑔

150𝜇

𝜀3
𝑚𝑓 𝜙2

1 − 𝜀𝑚𝑓

 



𝜌 =  
𝑝

𝑅𝑇

𝑑∗
𝑝 = 𝑑𝑝 [

𝜌(𝜌𝑝 − 𝜌)𝑔

𝜇2
] = 𝐴𝑟1/3 

𝑈∗ = 𝑈 [
𝜌2

𝜇(𝜌𝑝 − 𝜌)𝑔
]

1/3

=  
𝑅𝑒𝑝

𝐴𝑟1/3



𝑈∗
𝑡 = [

18

(𝑑∗
𝑝)

2 +
2,335 − 1,744𝜙

(𝑑∗
𝑝)

1
2

]

−1

, 0,5 < 𝜙 < 1.

𝑈𝑡 = 𝑈∗
𝑡 [

𝜌2

𝜇(𝜌𝑝 − 𝜌)𝑔
]

1/3

.





∙

∙



𝑛𝑁2,𝑖𝑛
=  

𝑚𝑎𝑟 ∙ (1 −
(1 −

𝑁2[%]

100
) ∙ 𝑀𝑂2

𝑀𝑎𝑟
)

𝑀𝑁2

=

(0,126 ∙ 1000
3600⁄ ) ∙ (1 −

(1 −
79

100
) ∙ 2 ∙ 15,999

28,958
)

28,15

= 9,57 × 10−4 𝑚𝑜𝑙

𝑛𝑔𝑎𝑠(𝑡) =  
𝑛𝑁2,𝑖𝑛

(𝑁2,𝑙𝑖𝑑𝑜[%](𝑡)/100)



𝑛𝐶𝑂2 (𝑡) =  
𝑛𝑔𝑎𝑠(𝑡) ∙ ∫ %𝐶𝑂2

𝑡

𝑡−1

100
 

𝑉𝐶𝑂2
(𝑡) = 𝑛𝐶𝑂2 (𝑡) ∙ 22,4. 

𝑉𝑔𝑎𝑠 =  𝑉𝐶𝑂2
+ 𝑉𝐶𝑂 + 𝑉𝐶𝐻4

+ 𝑉𝐻2
+ 𝑉𝑂2

+ 𝑉𝑁2

𝑚𝐶(𝑡) = 𝑛𝐶𝑂2 (𝑡) ∙ 𝑀𝐶

%𝑐𝑜𝑛𝑣(𝐶) =
𝑚𝑃(𝐶)

𝑚𝑅(𝐶)
,

𝑚𝑅(𝐶) =  
%𝐶 (𝑏. 𝑠)

100
∙ 𝑚𝑎𝑚𝑜𝑠𝑡𝑟𝑎,𝑠𝑒𝑐𝑎



𝑌 =
𝑉𝑔𝑎𝑠

𝑚𝑎𝑚𝑜𝑠𝑡𝑟𝑎,𝑠𝑒𝑐𝑎

𝑃𝐶𝐼𝑔𝑎𝑠 =
𝐸𝑛𝑒𝑟𝑔𝑖𝑎𝑔𝑎𝑠  (𝑃𝐶𝐼)

𝑉𝑔𝑎𝑠

 ,



𝑃𝐶𝑆𝑔𝑎𝑠 =
𝐸𝑛𝑒𝑟𝑔𝑖𝑎𝑔𝑎𝑠  (𝑃𝐶𝑆)

𝑉𝑔𝑎𝑠

 ,



𝜂𝑔𝑎𝑠 =
𝐸𝑛𝑒𝑟𝑔𝑖𝑎𝑔𝑎𝑠

𝐸𝑛𝑒𝑟𝑔𝑖𝑎𝑏𝑖𝑜𝑚𝑎𝑠𝑠𝑎

∙ 100 =  
𝐸𝑛𝑒𝑟𝑔𝑖𝑎𝑔𝑎𝑠

𝑚𝑎𝑚𝑜𝑠𝑡𝑟𝑎,𝑠𝑒𝑐𝑎 ∙ 𝑃𝐶𝐼𝑏𝑖𝑜𝑚𝑎𝑠𝑠𝑎

∙ 100 ,

 

 

 

 

 





 

 

 

 

 

 







 







 



 



 





 



 



 

 















 









https://doi.org/10.1017/CBO9781107415324.004


 

https://www.iea.org/reports/global-energyreview-2020
http://www.task33.ieabionenergy.com/




https://lib.dr.iastate.edu/rtd/15822








0 2 4 6 8 10

0

0,05

0,1

0,15

0,2

0,25






