
6.1 
  [biomass]        

         
 (  6.1).     ,    

       ,  
    CO2   ,      

   . 

 6.1      .

6 
   

- 
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:    ,   -
   ,     , 

      ,    
       

 .

          
        

.     ,     -
       ,  

         ,  
       .      

   :

 + CO2 + H   + A   + 2

:       ,  :

)   (   ):    
 (  - FAME)          

   .

      ,    
     ,        

  . ’ , ,    [  rewood]  
  [charcoal] ,      ,  
 97%      .

  [biofuels]        -
         .   

         [liquid biofuels]  
   .

  
(   2003/30/ 1)

1   2003/30/            
   .
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223 6:     - 

)  :         -
 ,    .

)  :          
    ,     -
       ,    

,   .

)  :    ,    .

)  :    ,    -
.

) - :  - -  ( )  -
 ,    .  ’    -   

    47%    .

)  - :  - -  ( )  -
 ,    .  ’    -   

    36%    .

)   :       
   .

)  :        
   ,    .

)    :       , 
   ,      -

 ,        -
         
 ,     .

6.2    
   ,    1/7    
           

 (  . .).

         ,   
 ,     ( , ),   

 ,  ,        
   (  ,    -
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224   

,  . .).        -
    , ,  -

   ,  ,   , 
 ,   . .

’  ,          -
 ,    ,     

    . ,      
 ,  ,       

   .

         ,  
     (  , , 

    )    
      400-500 MWe    

( , 20122).          -
  ,       

   ( ,    , 
   . .).

    ,       
      (  -

,   ,   . .)   
 ,     ,   -

         -
 .         

.

,         -
,          

  [energy crops].       
,         -

   ,     .

          .  
       ,  

   [lignocellulosic biomass]     
 .

2  http://www.opengov.gr/minenv/?p=4201 11/2012.

06_ANANEOSIMES PHGES ENERGEIAS.indd   22406_ANANEOSIMES PHGES ENERGEIAS.indd   224 29/4/2013   3:32:55 29/4/2013   3:32:55 



225 6:     - 

6.3      
 

6.3.1   
          ( -

 , ,  . .),       
   ,  /       -

  (  6.2).

 6.2       .
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[district heating],     . .    -

           -
          , ,   
,     .    

          . 
       ,  -

  ,       
,          

   ,    -
    (Vallios et al, 20093).

          
 ,         -

  ( , , ),      
        . ,   

   . 

6.3.2      ( )
            -

        
.         :

 [cellulose]

 [semicellulose]

 [lignin]

 [extracts]

 [ash]

3  Vallios, ., Tsoutsos, ., Papadakis, G., 2009, Design of biomass district heating systems, Biomass and 
Bioenergy, 33/4,  659–678.
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227 6:     - 

 6.1   ,       -

   (Sun and Cheng, 20024).

 
(%) (%) (%)

 40-55 24-40 18-25

 45-50 25-35 25-35

 25-30 35-30 30-40

 45 35 15

25-40 35-50 10-30

85-99 0 0-15

 30 50 15

15-20 80-85 0

 40-55 25-40 18-30

60-70 10-20 5-10

          
   .         
   ,     -
  ,         

      ,     
    ( , 19905).

         
     .     -

,         , 
        -

  .    6.1    -
   (Sun and Cheng, 20026).

4 Sun Y., Cheng J., 2002, Hydrolysis of lignocellulosic materials for ethanol production: a review. Biore-
source Technology 83, 1–11.
5  ., 1990,        -

    .       , 
 , , .

6 Sun Y., Cheng J., 2002, Hydrolysis of lignocellulosic materials for ethanol production: a review. Biore-
source Technology 83, 1–11.
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)  
         , -

  1/3          50%  
   .       -

  ( )      -1,4 
 .           

        10.000   ,  
     500  2.100.

        -
            -

.        180     
.           

 .  -      -
           -
    .         

3           
     ( , 19757).

 

 6.3    .

           
  ,       , 

        .   
      ,    

  [crystallinity],      
    .     

         
Van der Waals      . 

7  ., 1975,             
 ,  , , .
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229 6:     - 

          
 .         

    .    – -
          -

   .        
     .

            
         -

 .          -
 (  )       
    ,         

     .

) , 
       ,   -

  :

D- , L-  ( ),

D- , D- , D-  ( )

D-   D-   

        , -
  ,        ,  

       4,5%   .

          -
     200   .    

      -1,3,      
-1,4     .       -

  D-     L- .

            
       ,    

           
. 
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230   

 6.4   .

 

     :     -
 ,        

   . 

            
 ,     ,       

.      ,    
         .

         -
  ( , ) -, -    

- ,     .     
    50%    .   

           
,         

  .

          
(   )   .

     ,   -
           

           
. ,         , 

       .    
     ( . ., )     -

    (    HCl).
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231 6:     - 

)  
    ,     , 

          
    (72%  Klason),       

  .        -
             
,         .   

         -
 - .

 6.5      -   .

06_ANANEOSIMES PHGES ENERGEIAS.indd   23106_ANANEOSIMES PHGES ENERGEIAS.indd   231 29/4/2013   3:32:55 29/4/2013   3:32:55 



232   

           
        .    

         .  
          -

   C-C.

    ,     -
             -
    .         

      .    
       ,    -

    ,    
     .

) 
          -
.       , ,    

 –  (2:1).      3 :

 

 

         -
   ,  ,     -

.          ,  
          . 

) 
          

           600 C. T  
         , 

    .

          1% . . -
          -

.        ,   ,  
        -
        . 
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233 6:     - 

6.3.3       
          -

       .    
          

            
   . ,     

           -
,             

     .

)      
           
  Saeman (1945)8.        -
  -      .   

            
     (  6.6). 

 

 k1                                                                       k2 

               
   

 

 6.6    Saeman.

         Arrhenius   
 Saeman   :

 

i

i

E
R Tn

i ik A C e

 

i=1    :    , 2     

C       :     (%w/w) 

T        :   ( )

E1, E2  :        

8 Saeman J.F., 1945, Kinetics of wood sacchari  cation: Hydrolysis of cellulose and decomposition of sugars 
in dilute acid at high temperature, Ind. Eng. Chem., 37: 43-52.
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234   

n1, n2     

A1, A2    (min-1) 

            
     : 

 
1 2

d
k C k G

dt
G

         Saeman  
:

 

1 iE
R T

i i ik A B e
C

       (Bandari . ., 
1984)      . 

           
         

        .   
          -

          -
         . 

  k1/k2   [selectivity]      -
       . ,    -

  m1>m2  E1>E2,       -
.

     ,     
  ,       

        . ’      
  ,    170 C,    ,   

           
 . 

           
   -        

  ,         
.

’           -
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235 6:     - 

         -
 - .          

         ,    
/     (1/5 – 1/10)    -

      . 

       ,  5- - -
 ( ). H         -

        (  6.7).

 6.7  5- - - .

)      
           ,  

  .     Saeman    
Chambers et al (1979)9         

         
.          

         
      (  6.8). 

 k1                                                                       k2 

               
   

 

 6.8      .

9 Chambers R.P., Lee Y.Y., McCaskey T.A., 1979, Liquid fuel and chemical production from cellulosic bio-
mass - Hemicellulose recovery and pentose utilization in a biomass processing complex. 3rd Annual Biomass 
System Conference Proceedings. DE-AS051, Golden, CO: 255-264.
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236   

   Arrhenius     ,    -
  .

         
      ,   -

         .  
 ( )    ,    ( )   

      .    -
           

(  6.9). 

 
 
 
 
                                                      

               
 

 
 

  

 
 

  

 

 

 6.9       .

          
           

      .

’          , 
            

. 

         -
.   ,         

  .       
(  6.10):
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237 6:     - 

 6.10  .

)        
   

   ,     ,    -
 ,    ,    -

      , ’   -
.       ,    

   ,       (Taherzadeh, 
199910/ Liu et al, 200411). 

         
  ,   DNA,   

   RNA.       
          .

  [furfural]   in vitro  -
          
         -
 ( aherzadeh et al, 199912).

        -
    ,     -

.            

10 Taherzadeh M.J., 1999, Ethanol from Lignocellulose: Physiological Effects of Inhibitors and Fermentation 
Strategies, Thesis for the Degree of Doctor of Philosophy, Department of Chemical Reaction Engineering, 
Chalmers University of Technology, Göteborg, Sweden.
11 Liu, Z.L., Slininger, P.J., Dien, B.S., Berhow, M.A., Kurtzman, C.P., Gorsich S.W., 2004, Adaptive response 
of yeasts to furfural and 5-hydroxymethylfurfurel and new chemical evidence of HMF conversion to 2,5-bis-
hydroxymethylfuran, J Ind Microbiol Biotechnology 31: 345-352. 
12 Taherzadeh M.J., Gustafsson L., Niklasson C., Lidén G., 1999, Conversion of furfural in aerobic and 
anaerobic batch fermentation of glucose by Saccharomyces cerevisiae; J. Biosci. Bioeng. 87(2): 169-174.
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         -
. 

          -
 .    1 g/L   Sacccharomyces 

cerevisae (SC)         CO2   
       .  -

      Pichia sripiris     
  47%   71%    .

         .  
       SC (Azhar et al, 198113), 

   3,5 g/L        
         3,0 

g/L .     4,0 g/L   
   65%   CO2, 57%     

89%   .      , 
   9,0 g/L,       -
. 

          -
  .       

,      ,    
   .     -

  ,        . 
  ,  ,     

   . 

H 5- - -  [5-hydroxy-methyl-furfural]  -
          -

.        ,    
        .

  1 g/L        . 
   2 g/L        

         23%.   
   SC  2 g/L     -
  .  4 g/L     32%  
 CO2, 40%     70%     

13 Azhar A.F., Bery M.K., Colcord A.R., Roberts R.S., Corbitt G.V., 1981, Factors affecting alcohol fermenta-
tion of wood acid hydrolyzate, Biotechnol. Bioeng. Symp. 11: 293-300.
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239 6:     - 

.         -
     .

)    
       Saeman    -
     -     

     : 

                                                     k1                        
 k2

      

            
   :

                                                                        k1                     
 k2

     

                                                             k1                 
 k2

     

           -
:

[   i] + [   i] + [    i] = 
[   i  ]  (6.1)

       ,  
   (batch reactor)     

    (cstr reactor).     -
   ,       . 

 cstr      ,     
,     ( )     

.         
         -

 (Tsoutsos and Koukios, 199114/Tsoutsos et al, 201115). 

14 Tsoutsos, T.D. and Koukios, E.G., 1991, Selection of a reaction system for cellulose sacchari  cation: A 
global approach, Chem. & Biochem. Eng. Quart, No 3, 151-156.
15 Tsoutsos,T., Bethanis, D., Gekas V., 2011, Optimization of a dilute acid hydrolyzator for cellulose sac-
chari  cation-to-bioethanol, Energies, 4(10), 1601-1623.
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240   

)       

 6.11   .

       1    2    
 (6.1)  . ,    : 

 
i i

dNi
V n r

dt
 

  Ni :   moles  i

     ni :     i

 Ni = V Ci :

 
i i

i i i

d V C dC dV
V C V n r C

dt dt dt
  (   )

 i
i i

dC
n r C

dt

,       ( 1in ),  : 

 1 2k kA B C

 : 

 
1

A
A i A

dC
n r C k C

dt
  1

A

A

dC
k dt

C
 (  t = 0, CA=C0)  

             
1

0
k t

AC t C e    (6.2)

06_ANANEOSIMES PHGES ENERGEIAS.indd   24006_ANANEOSIMES PHGES ENERGEIAS.indd   240 29/4/2013   3:32:56 29/4/2013   3:32:56 



241 6:     - 

      : 

 
1 2 1 2

B
A B

dC
r r k C k C

dt
  (6.3)

 
2 2

C
B

dC
r k C

dt
  (6.4)

 (3), (2)  1
1 0 2

k tB
B

dC
k C e k C

dt

   ,     : 

 

dy
p x y q x

dx
 

 ' '

0

x

x

P x p x dx  : 

 

( ' )
0

0

' '
x

P x P x P x

x

y x y e q x e dx

   t = 0, CA = C0, CB = 0, CC = 0 

   : 

 

1 21
0

2 1

k t k t
B

k
C t C e e

k k
  (6.5) 

: 

 0A A B CC C C C   (5), (3) 

 

1 22 1
0

2 1 2 1

1 k t k t
C

k k
C t C e e

k k k k
  (6.6) 

)        
 -   

    -     (6.1) : 

 

dNi
dt

= Fi0 – Fi + V ni r  (6.7) 

 

Ni  :   moles 

ni  :     i

Fi  :      i
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242   

 6.12     .

   (steady state) : 

 
0

dNi
dt

:

Fi0 = u0 Ci0     u0     

    Ci0     i

Fi = u Ci    u       t 

    Ci    i   t

  : 

 u0 = u

  (7)   :

 0
0i i iu C C V n r  

:

 

V
u

τ  

 τ :        

 
0i i iC C n rτ   (6.8)

      ( 1in ),  : 

 1 2k kA B C
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243 6:     - 

    r1= k1 CA 

  r2 = k2 CB

  (8)   :

0 1A A AC C k Cτ

0 1 2B B A BC C k C k Cτ

0 2C C BC C k Cτ  

   ,      -
  , t =   CB0 = CC0 = 0 :

0
1

1
1A AC t C

k t

0

1

1 21 1B A

k t
C t C

k t k t

0

2
1 2

1 21 1C A

k k t
C t C

k t k t

 6.2        (Tsoutsos et al, 201116).

  
(%    

  )

 
(%    

  )

 40,9 21,5

 41,0 19,0

 41,0 24,0

         6.3.

16 Tsoutsos, T.,  Bethanis, D., 2011, Optimization of a dilute acid hydrolyzator for cellulose sacchari  ca-
tion-to-bioethanol, Energies, 4(10), 1601-1623.
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245 6:     - 

6.3.4        
 –  

       , , 
   (  [ethanol])   , 

,         -
 ( ,   . .). H     

    ,       
    .      

  ,       ,   .

   , ,       -
  ,           -
,    ,     .   , 

         
      .    

          -
    .

)   
    ,    , 
          .

          -
 .            

 1897  Nikolas Otto (Rothman et al, 198323). ’       
       , ’ 

            -
  1930 .     1973    -
  (OPEC)         

  .      -
          

        .  
   1980      ,   

 ,   ,     .  
        .    

  ,       ,  

23 Rothman H., Greenshields R., Calle F.R., 1983, The alcohol economy: fuel ethanol and the Brazilian ex-
perience, Energy Policy 11 (3): 279-279.
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246   

           
.   6.13      -

   2011.

 6.13        2011 (  ktoe) (Systemes 
Solaires, 201224).

        ,  
   ,     

CO2  ,        
 .          -

           

24 Systemes Solaires, 2012, Biofuel Barometer, Eurobserv’ER.
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247 6:     - 

 .  , , ,     -
 ,          

 .       ,     
            
 . 

)    
       .   

          
  3-22%      .  

    (86-95%)    . 
         -

     10% (  10).     
             

 . 

   [octanes]    113,  -
    .     , 

   ,          
 .        , 

       (Taherzadeh, 1999). 

        .  -
 CO   E10  20%       -

  .       -
   (VOC),       50%.    

CO2          7%   
       .   

    NxOy.

   ,       
    .     10%  -

        60 kPa  68 kPa (Cox, 197925).  
             

   .   6.4    -
          .

25 Cox F.W., 1979, Physical properties of gasoline/alcohol blends, Bartlesville Energy Research Center, U.S. 
Department of Energy. 
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248   

 6.4          ( , 
199026).

   -
 

      
 

    
 

   -
    , 

    

  CO      -
    

  NxOy   
Pb

   -
     

  < 1/10   
 

    -

    
  

      
     -

    

   1/5   
    

     
 ,   

 

   -
   

    
   

26  ., 1990,        -
    .       , 

 , , .
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249 6:     - 

)     
         :

       

      

   /  95% 

             
  ,        

   .       
          -

.         ,    -
        , 

           
. ,          
     .

      ,     -
   ,   .    

,    ,     3 
:

  [enzymatic hydrolysis]

  [acid hydrolysis]     

      

)   
             

      .    -
  .         

            
    .     -
           

   ,          
           . 

          (   
)          -

/ ,            
    .       
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250   

 ,        ,  
         

         ,   
         

         
     .

      ,   . 
           

  .       -
    .

 6.5   . (Fan et al, 198227, , 199028)

  

 :
 

 

 

  

 :
 

 
 

   

 :
  
  
  

 
  :
H2O2

    
 

     :
-
-

-

 

 

  

27 Fan L.T., Lee Y.H., Gharpuray M.M., 1982, The nature of lignocellulosics and their pretreatments for 
enzymatic hydrolysis, Adv. Biochem. Eng. Biotechnol., 23: 158-183 
28  ., 1990,        -

    .       , 
 , , .
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251 6:     - 

        -
,        , -
   ,       -
      . ,  -

  ,    ,    
   .

)  
           -

      ,   
      .  

    .     
 ,        -

           . 
         . 

           -
,         .    

,      
 (Ingram & Doran, 199529). 

  « »       -
     ,    

           
 .  -       -

  .

        
     .   -    

        -
  . 

          
      « » .   

         
  .         

         (Nguygen & 
Saddler, 199130). 

29 Ingram L.O., Doran J.B., 1995, Conversion of cellulosic materials to ethanol, FEMS Microbiol. Rev., 16: 235-241.
30 Katzen R., Monceaux D.A., 1995, Development of Bioconversion of cellulosic wastes, Appl. Biochem. 
Biotechnol., 51/52: 585-592. 
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252   

)     
           72% 

H2SO4   42% HCl    (Grethlein, 197831).    
     ,      

   . ,      
     .     -

 ,        .  -
            -

         100-120oC 
 1  3 h.          -

          .

   (       -
         -
      )      

 ,      .  -
       ,    , 

 ,     -     -
.          

       .      
>40%,    >60%    -  100%.

           
   .  Braconnot  1819     -
         .   

         
    . ’         

         . 
’            

 -  ,  ,      -
  .        
       .   

         
  (Katzen & Monceaux, 199532). 

31 Grethlein H., 1978, Comparison of the economics of acid and enzymatic hydrolysis of newsprint. Biotech-
nol. Bioeng. 20:503-525.
32 Katzen R., Monceaux D.A., 1995, Development of Bioconversion of cellulosic wastes, Appl. Biochem. 
Biotechnol., 51/52: 585-592. 
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253 6:     - 

)     
           -

      ’ ,    
  .        -
 (   3  4%)     100-240 C.   -

  ,   ,  ,     
.        .    -

   .       
        110-140 C    -

 ,         
     170oC      240oC. 

          
    .        

           
 ( , 199033)        

   (120-150oC)        
    240oC.

   ,      , -
   - ,       -

    ,      -
.          

    ,      
   .        -

        . 

      >170 C  -
    ,        

.

       , :

     ,  -
  

         -
      

33  ., 1990,        -
    .       , 

 , , .
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254   

          -
  

        
   

          -
 .

           
        

      .     
           pH   
       .

6.3.5   
         

     .   -
         
.        

          -
    .      
      ,      

 ,          -
    . 

)    
           

:

 C6H12O6  2 C2H5OH + 2 CO2

 , ,   : 

 C6H12O6 = 180

 C2H5OH = 46 x 2 = 92

 CO2 = 44 x 2 = 88
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255 6:     - 

     :

  (C2H5OH / C6H12O6) = 92/ 180 = 51%

      :

  (CO2 / C6H12O6) = 88 / 180 =  49%

         -
   Sacccharomyces cerevisae (SC),     

    ,     
  .          

     : ,  
,   .  SC    pH 3,0-7,5, 

         .   
     20  40 C.     

      30-32oC     
   .

   SC   ,     
.           

         .  -
           140 g/L.  

  K, NH4, Mg, Ca  S       
 ,         

       .   -
          .

    2       -
      .    

  2         
 ,          -

 .          
 ,     ,      
      70 g/L      
 CO2.   2      -
  .

   SC        .  
  ,        , 
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256   

   1/3     .  
           

         (Wright, 198834, Lynd, 
199035).

)    
       ,     
         -

    :

 C5H10O5  C2H5OH + 2 CO2 + 2

         -
          30 
 60%.    :

3 C5H10O5  5 C2H5OH + 5 CO2

3 C5H10O5  4 C2H5OH + 7 CO2

C5H10O5  2 C2H5OH + CO2 + 2

           
          , 
      50%.

         -
,    (    ).  -

 20           
     .   6.6   

         -
        

  .        -
  .        

34 Wright I.D., 1988, Ethanol from biomass by enzymatic hydrolysis, Chem. Eng. Proc., 84, 62-74.
35 Lynd L.R., 1990, Large-scale fuel ethanol from lignocellulose: Potential, economics, and research priori-
ties. Appl. Biochem. Biotechnology, 24/25, . 695.
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257 6:     - 

  g/Lh          
  .

          
   Clostridium thermohydrosulfuricum 39E   0,39 g/g.  

        . 
           

-  (Wiegel  Ljungdahl, 198536).  Zymomonas mobilis  -
       ,      -

   ,      (Swings  
DeLey, 197737).      (    -

)      ,   
     .    

     0,57 g/Lh   0,44 g/g.  
           
,         
 (0,44-0,52 g/g)   (0,18-0,96 g/Lh).

     6.6    -
           

  .

36 Wiegel J. and Ljungdahl L.G., 1985, The importance of thermophilic bacteria in biotechnology, Crit. Rev. 
Biotechnology. 3/1, . 39-108.
37 Swings J. and De Ley J., 1977, The biology of Zymomonas. Bacterial. Rev. 1977, 41, 146.
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258   

 6.6     . 
(Olsson  Hahn-Hilgerdal, 199638)

(g/L) (g/L) (g/g) (g/L/h)

: 
  

Clostridium 
saccharolyticum ATCC 
35040

25 5,2 0,21 0,05

Thermoanaerobacter 
ethanolicus ATCC 31938

4 1,5 0,36

: 

Erwinia chrysanthemi 
B374 (pdc)

5 0,44

E. coli B KO11 (pdc, 
adhB, frd)

80 41,6 0,52 0,87

Zymomonas mobilis CP4 
(pZB5)

25 11 0,44 0,57

: 
  

Candida blankii ATCC 
18735

50 5,1 0,10 0,07

C. tropicalis KY 5014 (2) 20 2,8 0,14 0,06

: 

Sacharomycae Cerevisae 
(XYL 1, XYL 2)

21,7 1,6 0,07 0,07

Sacharomycae Cerevisae 
TJ1 (XYL, 1, XYL 2)

50,0 2,7 0,05 0,02

Fusarium avenaceum 
VTT-D-80146 (5)

50,0 12,0 0,24 0,07

Fusarium oxysporum 
VTT-D-80134 (3)

50,0 25,0 0,50 0.17

38 Olsson L. and Hahn-Hiigerdal B., 1996, Fermentation of lignocellulosic hydrolysates for ethanol produc-
tion, Enzyme and Microbial Technology 18:312-331.
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259 6:     - 

            
 : 

¨

 6.14       .

         
        .   

    .

6.3.6        

  [thermochemical]       -
   ( )    ,    

    .     -
 [  ash pyrolyis]          
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260   

    (Vamvuka & Tsoutsos, 200239/Tsoutsos et al. 
2007/Vallios et al., 200940). ’ ,      -

,     , ,    -
 ,      ,    

[biooil].

         (  
        )   

 ( , ),      ( -
  ). H       

  ,      
 (<5 MWe).

   (  6.15),   ,     
       .   -

          
         

            
.

 6.15       .

39 Vamvuka, D., Tsoutsos, T., 2002, Energy exploitation of biomass residues in the island of Crete, Energy 
Exploration and Exploitation, 20(1), 113-120.
40 Vallios, I., Tsoutsos T. and Papadakis, G., 2009, Design of Biomass District Heating Systems, Biomass and 
Bioenergy, 33(4), . 659-678.
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261 6:     - 

6.4 

6.4.1  
      [biodiesel] : 

     , 

  , 

    

   (Knothe et al., 200541). 

        ( ) 
  (      )   

        .    , 
        , -

 ,    .   -
             

  .     ,   -
       . ,  

           
 (Sarantopoulos et al, 200942, Che et al, 201243). 

                              

 

                                                                     

 

   

 

 

                                                          

 

 

 

 
 

 

 
 

 

 
 
 

 
 

 

 
 

 

 6.16    .

41 Knothe, G, Gerpen, J.V., Krahl, J., 2005, The Biodiesel Handbook, AOCS.
42 Sarantopoulos, I. Che, F., Tsoutsos, T,. Bakirtzoglou, V., Willy, A., Bienvenue, D. Mulluh, N.F., 2009, Evalu-
ation of rural biodiesel production. Case study: Mango’o Village, Center Province, Cameroon, Physics and 
Chemistry of the Earth, 34, 55–58.
43 Che, F., Sarantopoulos, I., Tsoutsos, T., Gekas, V., 2012, Exploring a promising feedstock for biodiesel 
production in Mediterranean countries: A study on free fatty acid esteri  cation of olive pomace oil, sub-
mitted, Biomass and Bioenergy, 36, 427-431.
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262   

    [esteri  cation]     
        -

       .     
     ( )    :

   (     )    
.           
    ,       .

 6.17   (Knothe et al, 200544).

     , 1 mole    3 
mole      ,   -

    .       
   ,      -

     (  6.16).

         -
       .  -

,     (   ),  -
    - ,  ,   

  (     )    
   ,   ,      

  .

44 Knothe, G., Gerpen, J.V., Krahl, J., 2005, The Biodiesel Handbook, AOCS.
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263 6:     - 

6.4.2  - 

)  
           
   . ,   CO2  , -
  60%,        (Tsoutsos et al., 

201045),  ,     ,     
      ,   CO2  -
             -

            
  ,       

.             
 SO2   ,        

     ,    -
 .      -

            

45 Tsoutsos, T. Kouloumpis, V. Za  ris, T., Foteinis, S., 2010, Life Cycle Assessment for biodiesel production 
under Greek climate conditions, Journal of Cleaner Production, Volume 18, Issue 4, . 328-335.

     
 

          
  :

      (  ).

      ,  
 .

,         -
,       ,   -
      .

    ’80        
 (biore  nery),       -

      . 
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264   

  ,     X  48%, CO  
47%     67% (Knothe et al., 200646).

          -
.     ,     ,  

           -
  (    120 C,    77 C) 

      (Knothe . ., 200547).  
        , 

          -
       .

       ,    -
      ,      

         
     .

)  
         NOx -

        .    
        -

           
.      ,     

       .

       ,   
         -
       .

           -
     ( –15 C). ,    -
        .   

            
,          

  .

          
.        -

46 Knothe, G., Sharp, S.A., Ryan, T.W., 2006, Energy & Fuels, ACS publications.
47 Knothe, G., Gerpen, J.V., Krahl, J., 2005, The Biodiesel Handbook, AOCS.

06_ANANEOSIMES PHGES ENERGEIAS.indd   26406_ANANEOSIMES PHGES ENERGEIAS.indd   264 29/4/2013   3:32:59 29/4/2013   3:32:59 



265 6:     - 

  37,2 MJ/kg ,     42,6 MJ/kg  
(Knothe et al, 200548). 

          -
           

  ,     ,     
  .      -

   .

6.5 
           

 [biogas]      ,    
  ,     6.15.   -

  CH4  CO2        
 ,      , , 

,     [industrial]   [urban] -
  [wastes].

    ,     
   ,   ,    

  . ’ ,    ,     
  ,         -

      .

    ,     -
    ( ).      -

               
 .    ,       
         -

 ,          . 
         ,     

 , , ,     
.

48 Knothe, G., Gerpen, J.V., Krahl, J., 2005, The Biodiesel Handbook, AOCS.
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266   

 6.18          -
 .
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267 6:     - 

6.6  

6.6.1 
   [energy crops]     , 

  ,          
 ,      , 

   . .      
          

   .

          -
    ,     .   

       . -
          

    6.7.

 6.7       .

    
 

  :
 
 
 

:
 
 
 
 

      ,    
      :

1.          -
,       .

2.         -
    .

3.           
     ,   .
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268   

            -
  ,    ,  -

         
.        -

      .     
         , 
 ,      . 

         -
        ,   
 ,    ,    ,   

     ,       
   ,       

  .

  ,         
        ,  -

,  ,  ,      
 ,      .   

   ,   ,    -
   ,       

    . 

     
 

 ,        
         

         /  
 (Tsoutsos & Stamboulis, 200549), 

        -
 ,        ( , 

,  . .),       
(      ,  -

,  . .).       -

49 Tsoutsos, T.D., Stamboulis, Y., 2005, The sustainable diffusion of Renewable Energy technologies as an 
example of an Innovation-Focused Policy, Technovation, 25/7, . 753-761.
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269 6:     - 

   ,      , -
         

       ( )  -
        funds ( )  

      ( )      
  ,    .    -

  ,  -   ,    
     : ( )   -

, ( )         
   .

 :        .  
        
    . 

  , ,       
    ,      

 ,   ,   .   -
           , 

      .     -
   ( )       ( )   

        ( , 
  )     .

        
        
        ,   

     ,     
         -

.

6.6.2  
  [Brassica spp.]        
  [Crusiferae or Brassicacae].     -

      .    
      .    
            

     (   ,   ). 
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270   

        (   ) -
  ,       . 

        
,      .       
       (30-50%)     
    (10-45%) (FAO, 200650). 

           
      .        

 .      , 
          -

   ( , , ).

 6.1  (www.wikipedia.org).

50 FAO Regional of  ce for Europe, 2006, Renewable Energy, Potential energy crops for Europe and the 
Mediterranean region, FAO/FAL. 
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271 6:     - 

6.6.3 
  [Helianthus annus L],     Compositae,  

  67    Helianthus,    -
,         , 
        .    

     ,     
   .         

     ,    
       ,     

   .

       ,   
       .

 6.2  (www.wikipedia.org).
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272   

           
            

     , , , , 
   .     ,     -

      20-30%    
. H         40-50%  

  50-60% (FAO, 200651). 

6.6.4 
    [soya]     .    
  20-200 cm.         (38-

43%),           (18-25%). 
         (  24%) 

(FAO, 200652). 

       ,       
          

.         -
,         -

     .     
  ,        
      .     
            

  ,     .

51 FAO Regional of  ce for Europe, 2006, Renewable Energy, Potential energy crops for Europe and the 
Mediterranean region, FAO/FAL. 
52 FAO Regional of  ce for Europe, 2006, Renewable Energy, Potential energy crops for Europe and the 
Mediterranean region, FAO/FAL. 
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 6.3  (www.wikipedia.org).
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