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 0,011 
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 1,15 /   

  - 1,12 /   

  - 0,004 /   

     
  0,894 0,356 /   

  2,077 1,039 /   

     124,8 1,29 /   

 0,325 0,065 /   

     4,4 0,4 /   
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  0,23 0,45 /   

 4,4 1,22 /   
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      [56].   , 
        (2): 

 𝐵 = ∑ 𝑖𝑀𝑖𝐾𝐼𝑓𝑛𝑖= + 𝑃           (2) 
 

 𝑖 –     ,   
 ,   ,    
 , ./ ;  𝑀𝑖 –  i-       

, ; 𝐾𝐼𝑓 – ,  ,    (3); 𝑃  –          
 , .; 

i –  ; 
n –   ,    

    . 
 𝐾𝐼𝑓 = + 𝐼𝑓𝑦            (3) 

 
 𝑓𝑦 –  ,       

  . 
     ,   𝑃  
  . 

  ,     2020   
4,9%.        (3) 

 1,049.  
  ,    

    -  , 
   6.  
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 6 –      , . /  [56] 

, 
 

 

 

   
SO2 CO NOx 

 
 I 

 
 

 
 

  -
 

 

96,0 96,0 63,0 93,0 92,0 4991,0 62,0 

 
         

  .      CO2  
  50 ,  4451,26 .  

   5  6,   (3),   
         

10480,84        
.  
  -   

      .  
     ,     , 
    .        , 

  ,     
.         , 

    ,       
,    .   -

          7.  
 

 7 –         
    

   464,5 /   

     8,8 /   

    2,3 /   

      ,  
      12,2 /   

      -  
    35 /   

 
      IV-V  ,    

         .    
        

        , 
    .     

  1   IV-V    ,  
  ,    [57].   

     134       
1999 .       1999   869,1%, 

,    8,69. 
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 ,        
   608,78     
.  
  ,   -  

    ,  
     ,  , 
 .  

       
         

( , , ).       11 225,38 
       . 

,        
700 000   ,      7,5 

 .  
       .  

      15     0,5 
 .     ,  

      (  , 
    ). 

 
3.4       

   
 

        
       

       
     -    

 .       
    .  90% 

        
  Valmet      

       : 
 Stora Enso, ; 
 Domtar, ; 
 RISE LignoDemo ; 
 Klabin, ; 
 Huanggang Chenming Pulp Mill, ; 
 Metsä Group Bioproduct Mill, Äänekoski, ; 
 OKI Pulp & Paper Mills, ; 
 GoBiGas demonstration plant, ; 
 Lahti Energia Oy, ; 
 Vaskiluodon Voima Oy, Vaasa, . 

       
        8%  19%.  
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  –    40%.     

    90-98%,       
      . 

        
 .   Valmet   

   2-10      .   
,        

         SO2, HCl  NH3. 
    50%,    80 %.  

     (NOx)    
           20%  

70%. 
        

   .       
      ,    

       ,  CO2 
 .       

     ,    
         

,  ,       CO2   
 ,        35-48%. 
         

    [58],    
    14,5    .   

,    ,   1  
 ,   1,25  .    

   CO2  90%. 
        

 -       .  
  Valmet   250 000 

   ,        325 000  
 .       

.  ,      85%  
100%.  

 ,       
    8. 

      ,   
 –       , 

       
  ,      

 ,    9.  
       ,  

        
     . 
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     Crystall Ball  
Oracle.       100 000 

.  
 

 8 –      

 
 

 
        

 
 

 
  

 

  

 

 
 

350 3/   8-19% 322 283,5 302,75 5,851064 

   

250 3/   30-40% 175 150 162,5 3,799392 

  
 65% /   90-98% 98% 90% 94% 1,22% 

 

0,003 /   40-50% 0,001871 0,001559 0,001715 4,74E-05 

 0,080 /   70-80% 0,024093 0,016062 0,020077 0,00122 

 
 2,016 /   90-95% 0,2016 0,1008 0,1512 0,015319 

 
 1,493 /   20-70% 1,1944 0,4479 0,82115 0,11345 

 
 

2,91 /   2-10  0,000002 0,00001 0,000006 -1,2E-06 
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  8 

 
 

 
 

   
    

 
 

 
  

 

  

 
 

 C
O

2-
. 2200 /   80-90% 440 220 330 33,43465 

  

0,523 /   85-100% 0,07842 0 0,03921 0,011918 

 
     19.   
       

    .  
   19,     

        85%. 
,        

         85%. 
   90%       

    26, 90%      
83%  87%. ,   90%    

      .  
     ,   

   -    
      . 

  ,    
,     .  

     .    
        
 ,      

 (83%;87%)   . 
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