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ABSTRACT

The treatment of Municipal Solid Waste (MSW) is worldwide one of the most 

important environmental issues, especially at the economically developed societies 

which continuously tend to produce much larger quantities of wastes. The processes 

and the methods that are being used must be acceptable by technical, economical and 

environmental point of view and they must also have public assent. 

Over the last decades, due to the changes of the consuming habits of people and the 

larger use of plastic in package materials, the energy content of MSW is continuously 

increasing. Thus, there is an imperative need for energy recovery from MSW. 

In this thesis, it is being studied whether the energy recovery of MSW of Prefecture of 

Crete using methods of thermal treatment or methods of mechanical – biological 

treatment, is practicable and environmentally safe. 

At first there is a description of all the available methods of thermal treatment of 

MSW (incineration, pyrolysis, gasification, plasma technique etc) as well as 

mechanical – biological treatment with special reference to composting and anaerobic 

digestion. The air pollution control systems are being presented and there is an 

extensive reference to the environmental impacts that erase from every one of the 

above mentioned treatment techniques as well as the legislated limits of the air 

emissions and the liquid and solid residues. Next the mass, emission and energy 

balances are being presented as well as the qualitative and quantitative characteristics 

of the MSW of the Prefecture of Crete. Three potential treatment scenarios for the 

MSW of the Prefecture of Crete are being chosen. The energy and the emissions that 

come from every one of those scenarios are being estimated and there is a comparison 

between them. Additionally there are presented cost concerning data and the final 

conclusions are being introduced. 
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 16  2010, 
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2.

2.1. 

 ( . .)
, ,

.

. . :
o .
o  ( ).
o

( , , ).
o

 ( )
:

o  (  90%). 
o  70%. 
o

.
o .
o  ( , , )

.

:
o .
o .
o .
o .
o  (

).
o

.
o .

:
 –  (incineration - combustion),  (gasification), 

(pyrolysis)  (plasma technology) 
.

2.2  – 

/
,

 (850  1500 C), ,
,
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[ ., 2006]. ,
/ ,

( , ), 
 [ ., ., 2005].  

 ( . . CO2,
, , ),

 ( ),
 15 – 40% 

, .
 ( ),

,
CO. , ,

 [ ., 2006]: 
o  (O2)

,
o ,
o  (  - ),
o , ,
o .

,
.

, , :
o  (

 mass-fired), 
o  RDF (Refuse-Derived Fuel) 

.

 (mass-fired) 
.

,
. ,

 ( . .
),

,
.

 RDF, 
, ,
, , , . [ ., 1997]. 

. ,
 RDF,  114218/1997 

:
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o  = 4.000kcal/g (16.744MJ/kg) 
o  < 20% 
o  > 95% ( ). 

,
 8  25Mg/h [Vehlow J., 2006]. 

, ,
.

:
o ,
o ,
o .

-

 2.1. ,
 :  

o :
.

.
o :

.
o :

.
o :

, . ,

.
o :

 ( ) .
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 2.1: 
 [ ., 2006]. 

 [ ., 2001] :

 VKW : 
,  Dusseldorf ,  Edmonton .
.

 30° 
.

.
 0.5-5 .

 Martin : 
.

 30° 
.

 Volund : 
.

.

 Von Roll : 
.

 15°. 
.

 De Bartolomeis : 
.

 Widmer & Ernst : 
.
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-

 (  2.2) 
,

. ,
.

,
.  (

) ,  (2-
4%). 

, . ,
,

 [ ., ., 2002]. 

:
o ,

,
o ,

,
o  ( ) ,

.

,
 CO 

.

:
o .
o .
o .
o .

:
o

.
o  (100-150%). 
o .
o  [ ., 

., 2002]. 
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( ) ( )
 2.2 : ( )  [LaGrega M. et al., 2001], ( )

 [Freeman H., 1998]. 

-

 (  2.3) 
 ( ), .

,

. ,

.

 2.3 :  [LaGrega M. et al., 2001]. 
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, ,
.

 750 – 880°C, ,
.

,

.

 (  3-5 
), .

.

. ,

,
. ,

 (2-3 ).

 [Smith 1992, WEF 1992].

:
o

, ,
,

o ,
,

o
,

(  55%  100%). 

,
 (boilers), 

. ,
,

.
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 (  2.4) 
 : 

 2.3 : 
[www.bsu.hr]. 

I.

.

II. 
 (

)
 – .

, :
o ,
o ,
o

o .

,
. :

o
.

o
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:
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VII.
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o : 20 - 35%  
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o : 1 - 2%  

.

VIII. 
, ,

, , ,
.

.
.

 800 - 1400°C 
.

,
.

, .
,

.

IX. 
,

 850 °C [ ., 2006]. 

2.2.1 

,

.
.

, / ,

.

.

.
.

 ( ,
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), 
.

 : 
o
o
o   Hg  PCDD/Fs 
o

, .

-

. ,
.  1 m

.  10 m
.

 100 m .

.
 50% ,

99% .
,

,
, .

.
o
o  (ESP) 
o

i)

 (
 g). 

(  2.5).

.
.
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.

2.5 :  [Vehlow J., 2006]. 

ii)  (ESP) 
,

 (ElectroStatic Precipitator) 

.  (
2.6) 

 >99%  0,01  >100 m.
ESP

 1 mg/m3.

2.6 :  [Vehlow J., 2006]. 
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2.7.  (30.000 
 60.000V) 

. ,
, , ,

.

 2.7 : .

iii) 
 ESP, 

, . ,
,

.

. ,
 (  2.8). 

 < 1 mg/m3.

,  18-36 .
 Teflon, 

.
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 2.8 :  [Vehlow J., 2006]. 

-

,
:

o
o .

.

.

 ( )  – 
’ .

.
 « » (sink) 

.

:
o  (

).
o .
o , .

 ( ) :
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o . ,
.

o . ,
.

o .
o . ,

.
o .
o .

:
o  venturi, 
o ,
o ,
o .

i)  Venturi 
 venturi (  2.9) .

,  (
, ) –  (  Bernoulli) 

–
.

. ,
.

 2.9 :  Venturi [ ., 2005]. 

ii) 
 (

)  ( ).
 ( ).

 ( ). 

iii) 

 – .
.
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.
.

iv) 

.
. ,

,  ( )
[ ., 2005]. 

. ,

.
 venturi  180-

200 oC  63-65 oC. 
.  (

)  (  2.10).   

 2.10 :  ( )  ( ) [Vehlow J., 
2006]. 

HF,HCl  HBr,  SO2

.

,

.

 Hg  Cd. 

.
,

 (  2.10 
).
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.
.     

-

.

  ( )  ( - ).

. ,
.

.

, CaCO3, , CaO, ,  Ca(OH)2.
 CaCO3 CaO

.
 2.11 [Vehlow J., 2006]. 

 2.11 :  [Vehlow J., 2006]. 

:
o  ( ). 
o , .
o .
o  ( ).
o .
o .
o .

:
o  ( ) .
o .
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o . [ ., 2005]. 

- x

x :
o  (NSCR) 

 950 oC
o  (SCR)  250 - 300 oC,

.

. .
 200 mg/m3.

 SCR 
 [Vehlow J., 2006]. 

2.2.2 

,
 (  2.12). 

                         
 2.12 : 

 [ ., 2006]. 

,
, ,

:
o ,
o  (  – ),
o ,
o , .
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2.3 

 (  2.1) ,
 19 ,  20 – 30 

. ,
, ,

. ,
, , ,

,
 ( . .

),
 [Alibardi L., Cossu R., 2006]. 

 2.1 :  [ ., 2006]. 

,  (
) ,  CO2, , .

[Bilitewski B., 2006b]. 
, ,

. ,

, ,
 [Alibardi L. and Cossu R., 2006].  

,

:
nmdcyx HCHCHC
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, ,
,

 (char - ):
2HHCHC qpyx

, .

. ,
,

( ):

OHyCOnxnCOOynxHC yx 222 2
)(

42

,
, :

22 )
2

( HyxxCOOxHHC yx

222 HCOOHCO

,  ( )
,

:
22 HCOOHC

COCOC 22

22 COOC

, .
, ,

, , ,
.

,
:

 CO2 + CO + H2O + CH4 + CxHy + NH3
                                              +  +  + 

,
 100  900 C,

.
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 [Bilitewski B., 2006b].  2.1 
.

 2.1:  [Bilitewski B. et al., 1997]. 

 (°C) 
100  120 ,

250 , ,  H2O  CO2,
,  H2S

340 ,

380 ,
400 - -

400  600 

600 
 ( ,

), 
( )

>600 

 ( ) ,
,

,
.

:
o : , , ,

, ., ,
o : ,

 ( . . ),  ( . . ),  ( . .
), ,

o :  ( )  ( , , .), 
.

 2.2 .

 2.2 :  [ . 2001]. 

[°C] [kg] [kg] [kg] [kg] [kg] 
480 100 12.33 61.08 24.71 98.12 
650 100 18.64 59.18 21.80 99.62 
800 100 23.69 59.67 17.24 100.59 
900 100 24.36 58.70 17.67 100.73 

,  1,6 
MJ/kg. ,
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,  12.500  46.000kJ/Nm3 [Bilitewski B., 2006b]. ,
.

 (~500˚C), 
. ,

.

:
o ,
o ,
o ,
o .

,
.  2.3 

[ . , 2001].

 2.3 :  [ . , 2001]. 
A

%
500°C 650°C 800°C 900°C 

 5.56 16.58 28.55 32.48 
CH4 12.43 15.91 13.73 10.45 
CO 33.50 30.49 34.12 35.25 
CO2 44.77 31.78 20.59 18.31 
C2H4 0.45 2.18 2.24 2.43 
C2H6 3.03 3.06 0.77 1.07 

 99.74 100.0 100.00 99.99 

 (
2.13)  ( , , .),

.
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 2.13 :  [ ., 2006]. 

,
,
 « »

( ).  (  2.14) 
.

 2.14 :  [ ., 2006]. 
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2.4 

 (  2.2) 
, , . ,

,  (400 
1500 oC) [Alibardi L.  Cossu R., 2006].  

 2.2 :  [ ., 2006]. 

. ,
, ,

,  [ ., 
2007]: 

o
,

.
o  (

) ,
, , ,

.

.

 CO, H2 ,
.
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, , ,
 >800°C, 

 ( ) . ,
, ,  (

), .

[ ., 2006]: 
-  ( )

22 COOC

OHyxCOOyxHC yx 222 2
)

4
(

-  Boudouard ( )
COCOC 22       

-  ( )
22 HCOOHC

22 )
2

( HyxxCOOxHHC yx

222 HCOOHCO                    

-  ( )
422 CHHC

OHCHHCO 2423

:
o ,

 ( ),
,

o , ,
o ,

, .

,
, :

o , ,
o ,
o – ,
o ,
o

.
,

,
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 0,35 MJ/m3. : 10% CO2, 20% CO, 15% H2, 2% 
CH4, 53% N2.

,
 0,7 MJ/m3.

 :14% CO2, 50% CO, 30% H2, 4% CH4, 1% CxHy, 1% N2.

, :
o ,
o , ,
o ,
o ,
o , , ’

.

, .

, .
, ,

.
.

 2.15 
.

 2.15 :  [ ., 2006]. 

: (1) ,                    
(2) , (3) , (4) ,      
(5) .
[ , 2001]. 
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2.5 

 (  2.3) 
,

.

 2.3 :  [ ., 2006]. 

 (plasma) 
.

.
,

 (  2.16). 
( ) ,

. , ,
.

. ,
 6.000 C.

 2.16 :  ( ).
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,

.

,
.

,
.

,  / 
. ,

,
 (

) .

. ,
, ,

, .

:
o ,

 ( )
.

,
.

.
o ,

.

 ( . . ,
,

, . . .). 
o ,

.
,

.
o ,

.
,

.
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, ,

.

.

.

,  – 
 : 

o

o
,

.
o .

 « »
.

,
, :

o
, .

o
, .

o
.

o
,

,
.

2.6 

. . ,

.
, ,  (

),
 ( )  (
) . ,  Noell 

Thermoselect ( . ),
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,
.

2.6.1 

 (  2.17) 
 «carbor».  (cracking) 

.
.

.
:

( ) – – .
( )  (

).
( )  (  5000 C). 
( )  ( ).
( ) .

:
o  (

).
o .
o  Carbor. 
o .
o .

 CARBOR 
,

. ,
 ( , ),
.

 2.17 :  [ ., ., 2002]. 
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2.6.2  Siemens 

 Siemens 90 
 (Thermal Waste Recycling Process). 

,
 7 

 150  450 .

.
 450 oC .

 1300 oC.
 400  oC

 (  2.18, 2.19). 

 2.18 :  Siemens. 

.
 405 kWh ,

 17%.. 
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 2.19 :  Siemens.

2.6.3  Thermoselect 

 Thermoselect (  2.20)  1989 
 ( )  (

) .

 2.20 :  Thermoselect. 
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.
. ,

.
 300 oC

.
,

.
 1200 oC

 2000 oC .
 1200 oC

 70 oC .

. (  2.21). 

 2.21 :  Thermoselect [ ., ., 2002]. 

.  [Malkow, 2004] ,
 11 – 40 % 

.
 200-500 kWh  12 

MJ/kg.   

2.6.4  Noell 

ELL 

 550 oC , 
 1400-2000 oC  2-50 

(  2.22). 
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.
.

.
 13% 

.
.

 2.22 :  Noell. 

2.6.5  EDDITh 

 EDDITh (  2.23) 
. ,

 450 - 550  oC .
 1100 oC

.
:

( ) .
( ) .
( ) .



38

 2.23 :  EDDITh. 

 carbor ,
.

, .

.    

2.6.6  Von Roll 

 Von Roll 
 (  2.24). .

 2.24 :  Von Roll. 
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2.6.6.1  RCP 

 RCP (Recycled Clean Product)
,

.

 500 oC, 

.

.

 <1000 oC. 

.

.

.

2.6.7 PS

 TPS ( erminska Processor) (  2.25) 

 850 oC, ,
. ,

 RDF. / .

.
.

-
.

.

.

.

,
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 2.25 :  TPS [ ., ., 2002]. 

2.6.8 

.
 (  2.26), 

.
 >1000  oC .

.

 1  / .

 2.26 : .
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2.6.9  PKA 

 PKA (Pyrolyse Kraft Anlagen) ,
,  (  2.27). 

, .
 500 oC

.
.

 1200 -1300  oC

.
.   

:
o .
o .
o .
o .
o .
o .

 Gibros PEC 
 :  ( , , )

.

 PKA 
 30.000  / .

 2.27 :  PKA. 
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2.6.10  P.I.T. Pyroflam 

H  P.I.T. (   2.28) 
 ( )

(450-7500C). 

. H 

.

.

 2.28 : .

2.6.11  Nexus 

, . ,
.

 650 oC  700 mbar. 

. , . T

, .

 5.500 
/  33.000  / .

2.6.12  Andco Torrax 

 Andco Torrax (  2.29)  1968 
Torrax Systems 
( , , ).  
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 2.29 : ndco Torrax. [ ., ., 
2002]. 

.
: 1) , 2) 

, 3) , 4)  5) 
.

 12  15 
 1.8  2.7 . ,

 1100  oC .
 400-

500 oC
.

.
.

.

.
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 5 
 80-85% 

 62-68%. 

2.6.13  WGT  

 WGT (Waste Gas Technology) (  2.30) 

.
,

.
 700 - 900 oC .

.
.

, , .

   [Evaluation of Conversion Technology Processes and Products. 
University of California, 2004]. 

 2.30 :  WGT (Waste Gas Technology). 

2.6 

 2.4 

,
. .
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 PKA, PIT  Thermoselect  
. .

.  Thide-Eddith  NOx, SO2,
HCl  TPS  NOx. 

 250-700 kWh/Mg 
 450 kWh/Mg.

Thermoselect  TPS. 

.
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3.  –  ( )

3.1. 

-  ( )
,

.
 « » ,

, ,
.

.  «
»

 [DEFRA, 2005b, Archer et al. 2005a]. 

,
.

 (RDF – refuse derived 
fuel  SRF – solid refuse fuel) 

 ( ), 
 ( ) / .

:
 ( ) .

:
o  ( , , ,

, ).
o  ( , ,

, ).
o  ( , ,

)
o

, .
o .
o .
o .

. ,
:

o ,

 [99/31/EE]. 
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o
.

 ( . .
, .).

o ,
, ,

 (RDF  SRF), 
 ( . .

).

,  3.1. 
,

 [ . . ., 2007]. 

 3.1 : 
[DEFRA, 2005b]. 
*IVC :  (In Vessel Composting)   
AD :  (Anaerobic Digestion)  

,
,

 (  3.1).

3.2 

, ,
,

.
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 ( ,
, , ),

,
 ( ). 

,
(99/31/ ) ,
2010  2020 .

.
,

,  ( ,
 - POPs), ,

,
. ,

. ,
:

- ,
 « »

,
,

- ,
,
,

.
’

 (  - 
),

,

. ,

,
.

,

.

:
 ( , - ) .

, ,
 ( )

,
.
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,
, ,

 –  – 

. ,
 2-3 ,

,
.

,

.

,
.

, ,
,

,
 [ . . , 2007]. 

 (Lasaridi et al., 2006, 
. ., 2002). 

,
 (PCBs, PAH, , ),

,
( , ), . . ,

, ,
,

 [Lasaridi et al., 2006, . ., 2002]. 

,
.

,
, -

,
. ,

,
.

,
,

, . ,
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,

 ( . . UK), 
 [Last, 2006]. 

3.2.1 

,
.

,
. ,

, ,
.

,

, .

,
, ,

,
.

 ( . .
),

.

3.3 

3.3.1 

, , ,

.
, ,

.

. . -
 [Zucconi & de Bertoldi, 1987a, b]: 

o .



52

o

,
o ,

.

,  ( ,
)

,
 [Haug, 1993]: 

o ,
- ,

o
, ,

o , , , ,
,

.

 (3- 
4%),  (2-4%),  (8-10%),  (44-50%) 

 (12-15%). ,
:

o  ( , , , ).
o

 ( , ).
o  ( ).

,
 [Lasaridi, 1998]: 

i) ,
50 C .
ii)  65 C

.
. ,

 ( . .
),

, .

 " "
 (sanitised).  " "

,
 ( . . ,

). 

- .
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iii) ,
.

,
,

, ,
.
,

,

(  -  - 
). 

iv) .
" "

.
,

, ' .

 (2-8 
),

 (  3 - 6 ).

, , , ,
, ,

,  pH 
-

. ,
 [ . . ., 2007]: 

i)
,

 75 C,
. ,

 55 C  65 C
.

.

,
 ( . . ),

. . . ,

,

.
.
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ii) 
,

.

.  C/N 
.

 C/N  20:1  60:1 
( . .  C, 

).
 C/N  25:1  35:1. 

 C/N  35 ,
.

,
 C/N 

.
 C/N 

, ,
 p .

 C/N 
 C/N  10, 

C/N  C, , .

 ( )  C/N 
 30:1 

,
,

 –  - 
. ,

,
 ( ,

. .).  C/N 
, ’

.

iii) 
,

.
,

, .

 40  60 %.  40% 
,

.  70% 
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.

,
, .

iv) 

, ,

.
,

 CO2 2,
.

, ,
 (

) . 2
 45 – 55 C

.

, :
,

,
 ( . .  55–60 C).

v) pH
 p  7 (  5.5 

 8.0).  p .
 p ,

,
( . . ). , ’

’ ,
,  (  p

 8). ,  p
 (7,5  8,5)  p

5,5  8,0. 

3.3.2 

. ,

,
,

.
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 (  3.1) [ . . ., 2007].  

 3.1 : .

( ) ( )
-  (windrows) 

-  (aerated static piles – ASP) 
o
o
o

( )
o /

-
-

-
-

.
,

,
,

.

3.3.2.1 

,
: i)  (windrows)  ii) 

 (aerated static pile – ASP) 
.

3.3.2.2 

.
,  (

- ).  1,5 – 3,0m, 

,
.

 (  3-5 m, ),

.  100m 
 5m .

 (
)/  2 (  3.2). 
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, (1-2 
) .

.
.

 (
)  [ ., 2005]. 

 3.2:  [ ., 2005]. 

3.3.2.3 

 (  3.3) 
.

.

.  ( )
 ( ).

,
.

 (550 0C) .
 compost, 

.
,

.
 (6-12)  [ ., 2005]. 

 (

- ) .



58

,
, ,

.

 3.3:  [ ., 2005]. 

3.3.2.4 

,
.
 ( . . ),

.
 batch. 

.
.

,

. .
[ ., 2005]. 

3.4 

3.4.1 

« » ( )
 (

)  (  CH4  CO2

)  (digestate = ).
’

 (
) [ . . ., 2007].  
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 ( )
,

,
 /  [ . . 2003, DEFRA 

2005a]. 

(biogasification). 
 ( ), .

 (waste to energy). H ,
,

, , ,
,

 ( . . , ). 

 [ , 2002b, , 2002]: 

-  ( , , )

 ( , , ).

-
, , ,

, .

- , ,

.
.

- ,
.

, .
,

, .

, .
, ,
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.
,

.

 60  95%.  (>80% ),
.

 (60-80% ), ,
, .

.

,
:

o  (  35 °C)  30 °C  40 °C, 
o  (  55 °C)  50 °C  65 °C. 

,
,

. , ,
,

,
 ( /

). 

,  (C/N) 
.

 [ . ., 2003]: 

-

.  ( . .
) .

,  ( . . ),

 pH  « »
.

-  C/N
 ( . . ,

),  25  30 
 ( . . ),

 40, 
.  C/N 
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,
.

 C/N ,
,

.

-

 ( ,
.).  ( . .  Cu  Zn) 

, .
 3.5 

 [ . ., 2003]. 

,
( )  1980. 

,

 ( ) .

 ( ).
,

 25% (
 40%), 

 5-10%, 
(slurry).  

 5.5: 
.

(mg/l) 
   1500 – 3000 mg/l ( )  pH > 7.4 

 3000 mg/l ( )
 (S-2) 50 – 100 mg/l  

  < 10 
a 3500 

 100 –200 mg/l 
K  2500 

 200 –400 mg/l 
Ca 2500 

 100 -200 mg/l  
Mg 1000 

 75 –150 mg/l 
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3.4.2 

, : )
, ) , ) )

 /  (  3.6).
,

 [EA, 
2002b]. 

 3.6:  [ ,2002b]. 
A

 (~35 °C) 
(<10% . .) 

 (
)

 (~55 °C)   (10-
25% . .)

(>25% . .) 

)
, ,

,  35 C ,  55 C. 

, ,
 / 

. ,
,

,
.

,
.

 ( ,
,

, ).

)

,  5%, 
.
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, :

.

.

 50-60%. ,

,  30-35% 
( . .  DRANCO). 

.

.

)

. ,

, .

:
,

. ,
,

. ,

.
, .

,
.

)

.
, ’

, . ,
,  / 

. ,
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.
,

,
.

,
 [ . ., 2003]:  

o  ( 1) 
o  ( 2).

1: ,
, ,

.

. ,
 –  3.4,

.

2: 

 (  3.5). 
.

 ( )
. ,

 2, .

 ( ), 
.

,
 [ . . ., 2007]. 



65

 3.4:  ( 1) [ . . ., 2007]. 

 3.5:  ( 2) [ . . ., 2007]. 
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 3.6. .

3.4.3 

 15 ,

.

 [ ., ., 2002]. 

3.4.3.1  Waasa 

 2000  3 
Waasa, .

 3.000-85.000 ,
.  Waasa 

,  10 
 20 .

 3.7.  

,
,

 10-15% . .

.
.

 100-150 m3 ,
 60%,  50-60% 

 20-30%. 
, .
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 3.7:   Waasa (www.citec.fi). 

3.4.3.2  Valorga 

 Valorga .
 25-35% . .  18-25 .

,
 (  3.8). , ,

 2/3 .
.

.

.
.

. H 
 210-290 m3

 (TVS)  80 - 160 m3

, .
 55-60%, ,

97%. ,
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.

.
 - 

.

 4 . .
,

.

 3.8 :   Valorga [www.biomaster.nl]. 

3.4.3.3  Dranco 

 Dranco (Dry Anaerobic Composting)  Gent 
. ,

 15  40% . .

.
.

 3.9. 

 Dranco ,
.
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,  Dranco 

.
.

50 – 55 0C, .

 3.9:   Dranco [Nue et al., 1992]. 

,
. ,

.
 20 .

, .
 10  14 ,

, .
 100-200 m3 .

30% ,
.

3.4.3.4  Kompogas 

 Kompogas 
.  55-60 C

.  3.10 .
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, .
,

,  15 - 20 
.

,
 (0,1 m3  kg 

) .

. ,  98% . .
.

 3.10 :  Kompogas [www.kompogas.ch]. 

3.4.3.5 

.
. , ,

.
,

.
,

 ( , )
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, .
 3.11.  

 3.11:  BTA [www.canadacomposting.com]. 

,
, .

.

, .
 ( . .

)
.  50.000 

.
’  2 
. , ,

.
4

.
 ( , )

.

.
, .

/ .
,

.  60-65% . .
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.
 1-3 .

,
,

.

3.4.4 

:
o

,
 30-40% 

.
o

.
o  ( ).
o

,  100 
.

o .
o .

:
o

.
o .
o .

3.4.5 

,  ( )
.

 3.12. [ ., 2002]. 
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 3.12:  [USEPA, 1996]. 

3.5 

.

3.5.1 

,
 [Bardos 2004, DEFRA 2005b, EA 

2002b],  3.7. 
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 3.7: .
-

(Hammer mill) 
 - 
,

 / ,

(Shredder) .
,

(Rotating drum) 

, ,

.

( , )
,

,
.

 – 
.

.

(Ball mill) 
.

 – 
,

 / .

(wet rotating 
drum with 
knives) 

,

.

.

.

(Bag splitter) 

(
,

),
.

.

.

3.5.2 

,
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.  3.8
[Archer et al. 2005c, Bardos 2004, DEFRA 2005b, EA 2002b]. 

 3.8 :  .
-

 (tr mmels 
and screens) 

: ,

: ,
,
 (fines) 

,
,
, ,

:
,

: ,

:
,

:
,

:
,

:
,

3.6. 

 3.9 
.
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4.

4.1 

 4.1 
.

 4.1: .

: ,  , .

4.1.1 

 4-5 · 103 m3

.  1000oC [
., 2007].  

 [ .,
2001]. μμ

 (CO, CO2, H2O, NOx, SO2), , ,
,

,  HCl, ,
, , VOC (Volatile Organic Compounds). 

:

 (PICs):
, ,
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.

/ .

.
.

 (PCDD)  (PCDF), 
. ’

,
 (TOC) (VOC). 

 ( )
,

.
. ,

, .

. ,

,
 [ ., 2001]. 

μ .
[ . ., 2006]: 

o , μμ ,
o  500-700 C, 

μ  (coalescence)  μ  μ ,
, PVC  HCl, 

o
500 C μ .

, , ,  PAHs, 
μ

.

x:
, ,

. x .
,

x. 
,

,
 1100 C. x

. ,
.
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:  (SO2)
.
.

.
.

.
,

, ,
 [ ., 2001]. 

:  μ , μ ,
Cd, Cr, Hg  Pb . ,  Cu, Pt  Ni, 

,
, .

. .
,

.
, .

.

(Cl-)  (SO4
-)

 (Cr -6), .

.
.

.
.

,
.

.

,

[ , 2001]. 

,
μ .

μ  ppt  ppb.

, μ  CO2
, ,

μ μμ  25% . . ,
μ  1  CO2

[ . ., 2006]. 
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4.1.1.1 

-

 PCDD/Fs 

.
 : 

o  PCDD/Fs  via de novo synthesis 
.

o
 PCDD/Fs 

o  < 200 oC
o  PCDD/Fs 

o  PCDD/Fs 
o T  PCDD/Fs 

.

 4.2. 

 4.2 : PCDD/Fs  [Vehlow J., 2006]. 

 PCDD/Fs 
,  5 ng(TE)/m3

 0,1 ng(TE)/m3 [Vehlow J., 2006].

 1990.  66 
. . ,

. ,  400 gr  0,5 
gr.  1990 

,
2000  < 1% (  4.1). 
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 4.1:  -  [Federal Environmental Agency, 
2005]. 

 g TU ( )
 1990 1994 2000 

740 220 40 

 400 32 0,5 
5 3 3 

20 15 <10 

20 15 <10 

 10 4 <1 
 4 2 <2 

 1.200 330 <<10 

 1000%. 
 1987  2004 (  4.3). 

 4.3 :  -  [P. Deriziotis, MS Thesi , 2003].

-

 20 .
 (National Renewable Energy Laboratory)  

 1989, 
 81,8 .

 ‘90, . . .
 26,9 

. . .  4.4.   
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 4.4 :  1989, 1995  2000 .

.  1990 
 57.900 kg  347  kg ,

 130,5 kg (  0,2% 
)  4,5 kg (1,3% )  2001 (  4.2).  

 4.2 :  [FBU, 2005]. 
1990 2001

57.900 kg 130.5 kg (= 0.2% 
)

347 kg 4.5 kg (= 1.3% 
)

 ( ) 25.000  (=  30 
mg/m3 )

< 3000 

.  2007, 
 Federal Environmental Agency 

,  – 
 –  624.000 kg 

 31.000 kg . ,

.

 1985 - 1999  99%. (  4.5) 
 54.000 

kg  90 kg ,  25.000 kg  35 kg 
 PCDD/PCDFs  90 g  3 g .

[Swedish report “Förbränning av avfall – en kunskapssammanställning om dioxiner, 
2005]. 
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 4.5 : ,  [RVF, 2005].

,  1990  25.000 
 (  30 mg/m3 ).  2001 

3.000 .
  10 mg/m3 .

 1 mg/m3

.
 171.000 

. [FBU., 2005]. 

- ,

 4.3 
[kg/MWh] 
( )  CO2

. ,
 SO2

. ,
 NOx 

.

 4.3 :  CO2, SO2, NOx 
[EPAClean Energy, 2003].

CO2 [kg / MWh] SO2 [kg / MWh] NOx [kg / MWh] 
. .  379,66 0,36 2,45 

 1.020,14 5,90 2.72 
 758,41 5,44 1.81 

 514,83 0,05 0,77 

 EPA 
 ‘’

’’.
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 NOx  SO2

.   CO2

( ), 
. ,

 CO2 ,
.

.
 CO2

 ( )
. [O’Brien. J, 2001].

.  4.4 
.

.

.

.
 100.000m3/h

 65m.  

 4.4 : .
¨¨ ¨¨ 

HCl 5 mg/m3 30 mg/m3 0.15 mg/m3  0.15 mg/m3

SO2 20 mg/m3 20 mg/m3 0.6 mg/m3 20.6 mg/m3

dust 1 mg/m3 40 mg/m3 0.03 mg/m3 40.03 mg/m3

Cd 5 mg/m3 3 ng/m3 0.15 ng/m3 3.15 ng/m3

Hg 10 mg/m3 5 ng/m3 0.3 ng/m3 5.3 ng/m3

PCDD/Fs (TEQ) 0.05 ng/m3 50 fg/m3 1.5 fg/m3 51.5 fg/m3

.

.
.

PCDD/Fs  Hg  [Vehlow. J., 2006]. 

-

.  CO

.  CO 
  50 mg / m3.
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10 mg/m3.

-

NOx (NO, NO2), :
- ,
-
- .

.
,

 350  400 mg/m3.  200 
mg/m3

 (Non Selective Catalytic Reduction) 
 (Selective Catalytic Reduction). 

 100  150 
mg/m3  SNCR  <70 mg/m3

 SCR. 

-

 NO  NO2  N2O
.  1  12 

mg/m3

 1-2 mg/m3.

-  NH3 

 NH3
 ( )

 (SNCR, SCR). 
 ( )  1 -

10 mg/m3.  4 mg/m3.

-

 ( )
 TOC. 

.
 1 mg/m3

 10 mg/m3.

4.1.2 

, μμ ,
 ( . . )

.
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,  Pb, Cd, Cu, Hg, Zn, As, . .,
.

μ .

4.1.3 

 μ ,
. μμ ,
 45-60% SiO2, 5-10%  Ca  Al2 3, 3-15% 

Fe2 3  Mg, Na  K [ ., ., 2006]. 

, μμ
, ,

.
 μ .

4.1.3.1 

-

,
.  4.6 

.

 15 – 
25% . . .

 scrap  ( . . Fe, Al).

.
 2-5 kg / Mg 

 35. 

, .

 7-15  kg 
/ Mg. 

,  10 - 60  kg / Mg 
.
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 4.6 :  [Vehlow J., 2006]. 

-

. ,

,
.  4.7 
, ,

.  As  Hg 
,  Cd 

.
. . .

.

 4.7 : ,
[IAWG 1997]. 

 800  200 oC,
 200 oC.
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 Cl, Zn, As  Pb 
,  4.6.  

.

.
,  TOC (Total Organic Carbon) 

.  TORW (Technical 
Ordinance Residential Waste)  TOC  1% . .

,
, , .

 TOC .

,
, . [Vehlow J.,2006]. 

4.1.4 

:
o
o  (  - )
o
o

,
.

,
.

, .

:
i. : NOx, CO, , TOC, HCl, HF, SO2.
ii. ,

. ,
.

iii. ,  HCl, HF  SO2,
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.
iv.

:
 273 ,  101,3 kPa,  11%, 

.

,
,

.
v. ,

:

 4.5  

 4.6 ( ),
,  97% 

 4.6 ( )

,
 4.7  

 4.8
vi.

 (
, )

,
.

.

 4.5 :  [
2000/76/ ].

  10 mg/m3

,
 (TOC)  

10 mg/m3

 (HCl) 10 mg/m3

 (HF) 1 mg/m3

 (SO2) 50 mg/m3

 (NO)  (NO2), 
,

   

200 mg/m3

 (NO)  (NO2),
,

400 mg/m3
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 4.6:  [  2000/76/ ].
 (100 %) (97 %) 

  30 mg/m3 10 mg/m3

,
 (TOC)  

20 mg/m3 10 mg/m3

 (HCl)  60 mg/m3 10 mg/m3

 (HF)  4 mg/m3 2 mg/m3

 (SO2)  200 mg/m3 50 mg/m3

 (NO)  (NO2),
,

400 mg/m3 200 mg/m3

 4.7 : 
30  8  [  2000/76/ ].

,  (Cd)  
,  (Tl) 0,05 mg/m3

,  (Hg) 0,05 mg/m3

,  (Sb)  
,  (As)
,  (Pb)  

,  (Cr)
,  (Co)

,  (Cu)
,  (Mn)

,  (Ni)
,  (V)

0,5 mg/m3

 * 0,1 ng/m3

*  6 
 8 .

 4.8 :  [  2000/76/ ].
50 mg/m3

 95% , 150 mg/m3

,
,

 24

100 mg/m3

,

.

.
:
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o
.

o ,
,

,
 CEN.  CEN, 

 ISO, 
.

o  95% 
,

,
:

: 10%
: 20%
: 20%

: 30%
: 30%

: 40%
: 40%.

i. :
• : pH, ,
•

• ,
,

 4.9.  
• .

,
.

ii. , :
,  95%  100% 

 4.9. 
,

 4.9 
 20 ,

 5%, 
 4.9.  
,

 4.9.
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 4.9 : 
 [  2000/76/ ].

,
 91/271/

95% / 30mg/l 100% / 45 mg/l 

,
(Hg)

0,03 mg/l  

,  (Cd)  0,05 mg/l  
,  (Tl)  0,05 mg/l  

,  (As)  0,15 mg/l  
,  (Pb)  0,2 mg/l  

,  (Cr)  0,5 mg/l  
,  (Cu)  0,5 mg/l  
,  (Ni)  0,5 mg/l  

,
 (Zn)

1,5 mg/l  

  0,3 ng/l  

,
,

.
.

-
 NOx

:
o  6 ,

 500 mg/m3  1
 2008.

o  6 ,
 16 ,

 400 mg/m3  1  2010.
o  16 ,

 25 ,
 300 mg/m3  1

 2008.

 1  2008, 
,

 16 ,
 20 mg/m3.

 1  2010, 
x,
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 6  16 ,
 600 mg/m3  400 mg/m3 .

 (CO)  (
) .

,

(CO) 100 mg/m3 ’ , .

-
,

.
, :

o  2% ( ).
o  1% ( ).
o .
o .
o  – .

 4.10 

.

 4.10 : 
 [  114218/1997]. 

 (mg/l)
 250 

 600 
 3 

 0,1 
 0,004 
 0,04 
 0,5 
 0,04 

 0,5 
 0,001 

.
:

o

o

o  (
)
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o

o
o  (

 - ,
).

, :
o  70% ,
o

120°C ,   10.000 
kJ/kg – 16.000 kJ/kg  150-180°C 

,  4.000 kJ/kg – 10.000 kJ/kg [ ., 2006]. 

4.2  – 

,
:

o : , ,
, . ( ),

,
o : , ,

,
,

o :
, , , .,

.

,  ( , )

.

,
 - ,

[www.foe.co.uk]. ,
 ( . . , , .) 

,
. ,

,
 [www.wasteresearch.co.uk]. 

,
, ,

.  Greenpeace, 

 (  4.11), 

.
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, ,
,  (

, ),
.

 4.11 :  (
) [ ., 2005]. 

%

 /  0,027 0,050 +85% 
 92,6 92,6 0% 

 50 46,8 -6,4% 
 57.335 53.524 -6,7% 

 40.930 52.364 +28% 
 7.673 4.955 -35,4% 

4.3 

, ,
,

, , ,
 [EA, 2002a,b, 

Lasaridi et al., 2006, Imppola et al., 2004, McDougall et al., 2001]. 

 ( . . ,
). ,

,
,

. -
 (bioaerosols),  (VOCs), 

.

- ,
- ,

. -

, . -

.

,
,

.
,

 (
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). ,

, ,
 ( . . ). ,

, ,

.

,
. ,

. ,  – 
 – 

,

.  (
)

, ,
.

,
 (

).

,
-

 [ , 2006]. 

,
,

, .
,

« » .
,

,
. ,

,
,

 [Brinton, 2000; Hogg et al., 2002; Lasaridi et al., 2006; 
. ., 2002]. ,

,
.
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. ,
,

. ,  « »

.
,

.

 « »  ( ),
 4.12 [Brinton, 2000]. 

 4.12 : 
 ( ) ( . . 4 )  [Brinton, 2000]. 

(mg/kg)  (mg/kg) 
Pb 420 83 
Cu 222 41 
Zn 919 224 
Cr 107 61 
Ni 84 26 
Cd 2,8 0,4 
Hg 1,9 <0,2 

 [EC, 2001] 

(  114218,  1016/ /17-11-1997)  4.13. 
,

.
 1 ,

 2 
 3 

.
,

.

,  [Brinton, 2000],  4.14. 
,

,
,

,
. ,

- ,
,

,
,

.
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,
. ,

,
.

:
.

 90 dB, 
,

.

,
.

 4.13: 
 [ . . ., 

2007]. 
 114218 

 / Digestate 
1  2 

Cd (mg/kg dm) 0,7 1,5 5 10 
Cr (mg/kg dm) 100 150 600 510 
Cu (mg/kg dm) 100 150 600 500 
Hg (mg/kg dm) 0,5 1 5 5 
Ni (mg/kg dm) 50 75 150 200 
Pb (mg/kg dm) 100 150 500 500 
Zn (mg/kg dm) 200 400 1500 2000 
As (mg/kg dm) - - - 15 

PCBs (mg/kg dm) -* -* 0,4 - 
PAHs (mg/kg dm) -* -* 3 - 

 >2mm <0,5% <0,5% <3% <0.8** 
 >5mm <5% <5% - - 

*
**

 4.14 : ,  [Brinton, 
2000]. 

(mg/kg) 
.

( )
mg/kg 

,

(mg/kg)  & 
 0,7-10 39 3 20 
 70-200 1200 210 1060 
 70-600 1500 100 757 

 0,7-10 17 0,8 5 
 20-200 420 62 180 

 70-1000 300 150 500 
 210-4000 2800 500 1850 
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’
,

, . ,

,
 ( ,

, ).

,
, .

,

, ,
.

.
,

,

55 C ,  60 C
 (Hogg et al., 2002; Lasaridi et al., 2006). 

,
, .

,
,

.
 [Deportes et al., 1995; 1998] 

.

4.4 

,
,

,
,

,  [EA 2002a,b, 
McDougall et al. 2001]. 

,
.

.
,  SOx 

.
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, .

,

.

.

,
, .

.

,
. ,

,
. ,

,
 10 .

,
.

 100-300 m3

,
, .

,
.

(Amiens, Vargon), .

. ’
 ( .

) .

,

.
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. , ,

. ,
,

 100 bB  1 ,
.

,
.

,
,  ( .

)  (

) .

. ,

. ,
,

,
.

.
,

.

4.5. 

,
, , ,

.
,

. ,

 RDF 
.

 ( . . )
 ( ,

, ),  RDF ( ,
NOx, ).

,
 [EA 2002b, McDougall et al. 2001].  
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.

,
.

,
.

 ( ),
. ,

.

,
. ,

.
, .

,

.

 10-15% . .
 / .

,
,

. ,
,  20-50% . .

.  « »,
 50% . .

 ( )
. ,  RDF 

 20% . .
.  70% 

 RDF, .
 RDF, 

.

,
. ,

, .
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.

. ,
,

 ( . . ,
), ,

.

, .

, , ,
.  (

, , , )
,

.

. ,
 (

) .
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5.

,
.

.

.
:   
o .
o

.
o .
o

.

5.1 

5.1.1 

 5.1 .

 5.1 :  [Reimann, 2006]. 
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 25% , 20% 
 55% .

 15-28 % 
20%, 

 3 – 8 %.  

 [Reimann, 2006]. 

5.1.2 

,
,

.

:
1. , , , ,

, ,
.

2. ,
, , .

,
.

3. ,
 (  5.2). 

 5.2 : .
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 5.1 
  [ ., 2001].

 5.1 : 

[°C] [kg] [kg] [kg] [kg] [kg] 
480 1000 120.33 610.08 240.71 980.12 
650 1000 180.64 590.18 210.80 990.62 
800 1000 230.69 590.67 170.24 1000.59 
900 1000 240.36 580.70 170.67 1000.73 

5.1.3 

17 -30%, 
2%

 CO2  NOx (  5.3). 

 5.3 : .

5.1.4.  – 

 5.4 
,

 5 .
 ( , RDF) 
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 26,8% 
 55,2% ,

 18%. 

 5.4 : -  [Organic Resource Agency, 
2005]. 

5.1.5. 

 5.5 
 25% 

75 % .
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 5.5 : .

5.2 

5.2.1 

 5.6 
.  1 Mg 

 11,5 kg  Cl, S, F, . , 65 g
 2,65 kg  .

 5.6 :  [Reimann, 2006]. 
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 41% 
,  4,72 kg. 

 1% ,  PCDD’s  PCDF’s 
.

,
 77%,  2,04 kg [Reimann, 2006]. 

 (0.5%) 
.  (Zn, Cu, 

Pb, Cr, Ni, Cd) 
,  60-100%, 

.
,

.

,
,

,

.
, ,

, .
, , , , ,

 1% 
,

.
 : 

o
(Fe   Al) .

 Cd, Cr, Ni  Pb 
.

o
.

 (

).

’

. ,

.
.
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,

 [ ., 2001]. 

, ,
 0,15, 0,07  0,007%, .

 59% ,
 45%  23% . ,

 54% 
 [Reimann, 2006]. 

5.2.2  -

 SO2 = 20 mg/Nm³, HCl = 23 mg/Nm³  HF = 1.3 mg/Nm³. 
,

.

[Bilitewski, 2006b]. 

 ( . . ,
, .) ,

. ,
,

.

, ,
,  (

, ),
.

 5.2 
 ( )  [ .,

2005]. 

 5.2 :  (
).

%

 /  0,027 0,050 +85% 
 92,6 92,6 0% 

 50 46,8 -6,4% 
 57.335 53.524 -6,7% 

 40.930 52.364 +28% 
 7.673 4.955 -35,4% 
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5.2.3  -

-  RDF (MBT/RDF) 
 130 m3

.
 RDF 

,
, . ,

MBT/RDF  130 m3 / .

. ,
 120 m3  80 m3 .

. ,
 60 m3  80 m3

.  21 
CO2,  1300 m3  CO2

 MBT/RDF. 

5.2.4 

,
 NMOC (Non-Methane Organic Compounds)  

 39%  VOC 
.

, :
C6H10O4 + 1,5H2O = 3,25CH4 + 2,75CO2

 60% .
54%  46% .  25% 

 ( , , , )

 130  Nm3 / .
 62 m3  [Franklin]. 

 21  CO2
 CO2  1.3 

.

 5.3 
 NMOC, 

, , . .
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,

 5.3 : .
% NMOC ppmv 

 45 - 60  35 
 40 - 55  25 

 2 - 5  7 
 0,1 – 1,0  7 

 0,01 – 1,0  6 
 0,1 – 1,0  5 

 0 – 0,2  4 
 0 – 0,2  3,1 

NMOC 0,01 – 1,0  2,6 
 2,8 
 2,1 

 2,1 

.
.

,
.

 0,37 gr/km 

. ,
 4,9 ng TEQ/ km [Lauber, Morris, Ulloa, 

Hasselriis, 2006]. 

5.3 

5.3.1 

 5.7 .
 3 MWh/Mg 

10,8 GJ/Mg 
3%.  82%,  18 %  

.
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 5.7 :  [Reimann, 2006]. 

 5.8 
,

.  2,852 MWh 
abs / Mg,  2,774 MWh abs /  Mg, 

 0,078 MWh abs / Mg. 
 30.8% ,

 10,6 %  30% [Reimann, 
2006]. 
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 5.8 : M  [Reimann, 2006]. 

 5.9. 
 (600.000t/yr) 

 807 KWh /Mg  28,7 % 
(100.000t/yr)  588 KWh /Mg  20,9%.
   

 5.9 :  [Consonni, Giugliano, Grosso  Rigamonti, 2006]. 
*LHV :  (Low Heating Value) 
**WTE :  (Waste To Energy) 
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,

 30%. 

5.3.2 

,
.

,
.  20,3 

MJ/ kg,  –  –  25,7 MJ / Nm3      

[ . 2006].  

 5.4  % 
 [ ., 2001]. 

 5.4 : % .

A 500°C 650°C 800°C 900°C
5.56 16.58 28.55 32.48

CH4 12.43 15.91 13.73 10.45
CO 33.50 30.49 34.12 35.25
CO2 44.77 31.78 20.59 18.31
C2H4 0.45 2.18 2.24 2.43
C2H6 3.03 3.06 0.77 1.07

 99.74 100.0 100.00 99.99

 5.10. 

 5.10 :  [Bilitewski 2006b]. 
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5.3.3 

.
, ,

 4-6 MJ / Nm3.
: 10% CO2, 20% CO, 15% H2, 2% CH4  53% N2 . 

,
 9 - 10 MJ / Nm3. :  14% CO2, 50% CO, 

30% H2, 4% CH4, 1% CxHy  1% N2 [ ., 2006]. 

5.3.4 

 5.11 
 78,2% 

 23 KWh 
/Mg .

 5.11 :  [Consonni, Giugliano, Grosso 
Rigamonti, 2006]. 

,
 160-240 m3/ton ,  10-

15 . ,
 (  55-60 %)  (  40-45%). 

.
 5.000Kcal/m3 ( )  9.300Kcal/m3 ( ).

 2-3 .

5.3.5  – 

 5.12 
 RDF 

.
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 5.12 :  –  [Consonni, 
Giugliano, Grosso  Rigamonti, 2006]. 

, ,
 30%. 

 RDF  52% 
 88% .

5.3.6 

,  (50-60%) 
.

 20-40% 
.

 16-20 MJ / Nm3

 [Alibarti, Cossu, 2006]. 

5.4 

 5.5 
.

.

.
.

,
,

.
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.
 (P, N, K) 

.
 20-30% 

.
, RDF 

25% .

 5.5 :  [European Environment Agency, 2002]. 

 -  
3.200MJ/Mg 

 - 2.700 
MJ/Mg 

 - 
70% 
+

 –

 (kg 
 / Mg 

)

 – 
 2.5 -10 kg N 
0.5-1 kg P 
1-2 kg K 

 – 
 4 – 4.5 kg N 
0.5-1 kg P 
2.5-3 kg K 

  50- 60% 
25-30% RDF-

25% 15-28% 

3-8 % 

20-30% ,
, ,

2%

17-30% 

,

2% 
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6.

6.1 

.
,

, ,

.

,
. ,

.
,

.

,
,

 [ , , .,
2004]  [ ., ., 2006]. 

,

.

 6.1 
.

 280.000  / .

 6.1  [ ., ., 
., 2004], [ ., ., 2006]. 

.
[kg/ ]

.
[tn/ ] .

[kg/ ]

.

[tn/ ]

.
[kg/ ]

.
[tn/ ]

 81.976 71.378 26.053 24.113 5.064 10.504 34.228 
  292.489 289.522 105.676 52.936 11.117 376.704 128.471 

  76.319 66.301 24.200 16.670 3.501 75.499 30.471 
 150.387      85.590 

  601.171 427.201 155.929 93.719 19.682 557.243 278.760 

 6.2 
 6.1. 

.
.
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 6.2 :  [ ., ., ., 
2004, ., ., 2006]. 

 (%) 

(  2004-2005) (  2006)
2,67 0,94 

 3,51 5,40 
 1,44 2,10 

 5,33 6,89 
 5,24 11,98 
 19,94 16,39 

 39,15 40,27 
 16,85 15,26 
 5,87 0,78 

 6.1  [ ., ., ., 
2004, ., ., 2006]. 

 6.3. 

 ( ),
 40%. ,   RDF 

(Refuse Derived Fuel) .

 6.3:  [ ., ., 2006]. 

% % kJ/kg 
 12,11 20,71 80,29 -15,23 12.096 
 8,57 8,41 88,87 -0,43 17.849 

 1,19 3,05 96,17 -0,24 34.118 
 68,86% 17,24 79,48 -48,93 2.403 
 36.86 14.08 84,01 -26,57 12.271 

RDF 7.32 11.16 88,20 -5,92 21.378 
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6.2. 

 6.2.  

 6.2: .

 0 
- ,

. .

 1 -
 RDF, 

.

 2 
, .
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6.2.1 

6.2.1.1  0 

 6.3  0. 

 36,86%. - ,
,  14,7% 

 30%. ,
.

 6.3 :  0 ( ).
*LHV (Low Heating Value) : 

6.2.1.2  1 

 6.4  
RDF - . -
72,4% ,  267 /  42 /

.
 69,1% .

 7,5%.  

 6.4:  RDF [Consonni, Giugliano, 2006].  
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 65%  140 
kg/ .  RDF  50% 

.

-  2,7% 
 9,8%. 

RDF  21,38 MJ/kg  
,  1.057 

kWh/ .
,

965,5 kWh/ .

 6.5  1.

 6.5 :  1 (  RDF). 

6.2.1.3  2 

 6.6  2. 

.
,

 17%.  (  18-20%) 
.

.
,  4% 

, .

,
,  12,27 MJ/kg 

 25%, 852 kWh/ .
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 6.6 :  2 ( ).
*WTE :  (Waste To Energy) 

 6.4. 
 – 

RDF ,  90 kWh/
, .

.

 6.4 : .

 1  2 
[kWh/  ] [kWh/ ]

 965,5 852 

6.2.2 

6.2.2.1  0 

 130 m3

.  60% ,  78 m3,  CH4.
,  0,7167 kg/m3

 55,9 kg CH4/ .
:

 CH4 = 270.000 Mg  * 55,9 kg CH4/ Mg
=15.093 Mg/ .

 1 Mg CH4  21 Mg CO2
 :

 CO2  CH4 = 15.093 Mg CH4 /  * 21 Mg CO2/
Mg CH4 = 316.953 Mg CO2/ .
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 50%, 
,

CH4/  55,9 / 2 = 27,95  kg CH4/ .

:
 CH4 = 270.000 Mg  * 27,95 kg CH4/ Mg 

=7.546,5 Mg/ .

 1 Mg CH4  21 Mg CO2  :
 CO2  CH4 = 7.546,5 Mg CH4 /  * 21 Mg CO2/

Mg CH4 = 158.476,5 Mg CO2/ .

6.2.2.2  1 

 CH4

 [Riitta Pipatti,2006] :  

  CH4 = ( I  EFI   10-3) - R

 : I :
EFI :  (  6.5)
R : 

 6.5 :  CH4  N2O
 [Beck-Friis, 2001]. 

 CH4
(g CH4/kg )

 N2O
(g N2O /kg )

 10 
(0,08-20)

4
(0,03-8)

0.6
(0.2 - 1.6) 

0.3
(0.06 - 0.6) 

2
(0 - 20) 

1
(0 - 8) 

, ,
,

, :
 CH4 = 270.000 Mg  * 4 *10-3 

= 1.080 Mg CH4 /

,  1 Mg CH4  21 Mg CO2,
 :

 CO2  CH4 = 1.080 Mg CH4 /  * 21 Mg CO2/ Mg 
CH4 = 22.680 Mg CO2/

 RDF 
,

 CO2.
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 N2O

 [Riitta Pipatti,2006]:  

  N2O = ( I  EFI   10-3)

 : I :
EFI :  (  6.5)

,  N2O
 : 

 N2O =270.000 Mg  * 0.3 *10-3= 81 Mg N2O /

 1 Mg N2O  310 Mg CO2
 : 

 CO2  N2O = 81 Mg N2O /  * 310 Mg CO2/ Mg 
N2O = 25.110 Mg CO2/

.

 6.6 .

 6.6:  CO2 .

 [Mg CO2/ ]
CH4 22.680 
N2O 25.110 

 47.790 

6.2.2.3  2 

,
270.000 Mg / .

12,27 * 106 kJ/Mg.
,  :  

270.000 Mg / year * 12,27 * 106 kJ/Mg = 3,31 * 109 J/ .

 1 J = 2,7778 * 10-4 Wh 
 : 

3,31 * 109 J * 2,77 * 10-4 = 920.285,14 Wh. 

,
,  25% 

 : 
 920.285,14 Wh * 0,25 = 230.071,29 Wh/  ( ).
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 CO2

 0,415 Mg CO2 /Mg .
,

 : 
0,415 Mg CO2 /Mg * 270.000 Mg /  = 112.050 Mg CO2/ .

 CO2  690.000
mg CO2 /kWh. ,  CO2

,  : 
  CO2 = 112.050 Mg CO2/  – 230.071,29 *103 kWh/  * 

690.000 mg CO2 /kWh = 112.050 Mg CO2/  -158.749,19 Mg CO2 /
= -46.699,19 Mg CO2/ .

x
 200 mg  m3

 5.500 m3  / Mg 
, x

 :
x = 200 mg/m3  * 5.500 m3/Mg * 270.000 Mg 

/ = 297 Mg/ .

x  660 mg 
x/kWh. ,

 : 
x =297 Mg/  - 230.071,29 *103 kWh/  * 660 mg x

/kWh =297 Mg/  – 151,85 Mg/  = 145,15 Mg/ .

,  GWP x  8 
 1 Mg x  8 Mg CO2.  : 

 CO2 x = 145,15 Mg x /  * 8 Mg CO2/
Mg x = 1161,2 Mg CO2/ .

 N2O

 2 mg N2O/ m3 . , :
 N2O = 2 mg/m3  * 5.500 m3/Mg * 270.000 Mg 

/ = 2,97 Mg/ .

 N2O   32 mg
N2O /kWh. ,  N2O

 : 
  N2O =2,97 Mg/  - 230.071,29 *103 kWh/  * 32 mg N2O

/kWh =2,97 Mg/  – 7,36 Mg/  = -4,39 Mg/ .

,  GWP   N2O  310 
 1 Mg N2O  310 Mg CO2.  : 

 CO2 x = -4,39 Mg N2O /  * 310 Mg CO2/
Mg N2O = -1.360,9 Mg CO2/ .
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 CO 

 50 mg/m3 . :
 CO = 50 mg/m3  * 5.500 m3/Mg * 270.000 Mg 

/ =74,25 Mg/ .

 CO  235 mg 
CO /kWh. ,

 : 
  CO = 74,25 Mg/  - 230.071,29 *103 kWh/  * 235 mg CO 

/kWh =74,25 Mg/  – 54,07 Mg/  = 20,18 Mg/ .

,  GWP   CO  3 
 1 Mg CO  3 Mg CO2.  : 

 CO2  CO = 20,18 Mg CO /  * 3 Mg CO2/ Mg 
CO = 60,54 Mg CO2/ .

 NH3

 4 mg/m3 . :
 NH3 = 4 mg/m3  * 5.500 m3/Mg * 270.000 Mg 

/  = 5,94 Mg/ .

 NH3  7 mg NH3 /kWh. 
,

 : 
  NH3 = 5,94 Mg/  - 230.071,29 *103 kWh/  * 7 mg CO 

/kWh =5,94 Mg/  – 1,61 Mg/ = 4,33 Mg/ .

 GWP, 

 CO2. 

 CH4
.

 CH4  13 mg 
CH4 /kWh. ,

 : 
  CH4 = 0 Mg/  - 230.071,29 *103 kWh/  * 13 mg CO 

/kWh =0 Mg/  – 2,99 Mg/ = -2,99 Mg/ .

,  GWP  CH4  21. 
 1 Mg CH4  21 Mg CO2.  : 

 CO2  CH4 = -2,99 Mg CH4 /  * 21 Mg CO2/ Mg 
CH4 = -62,79 Mg CO2/ .

 (TOC)
 TOC 

 5 mg/m3 . :



132

 TOC = 5 mg/m3  * 5.500 m3/Mg * 270.000 Mg 
/ = 7,43 Mg/ .

 TOC  13 mg TOC /kWh. 
,  TOC 

 : 
  TOC = 7,43 Mg/  - 230.071,29 *103 kWh/  * 13 mg CO 

/kWh =7,43 Mg/  – 2,99 Mg/  = 4,44 Mg/ .

,  GWP  TOC  11 
 1 Mg TOC  11 Mg CO2.  : 

 CO2  TOC = 4,44 Mg TOC /  * 11 Mg CO2/ Mg 
TOC 4 = 48,84 Mg CO2/ .

 6.7 .

 6.7:  CO2 .

( )
[Mg CO2/ ]

CO2 -46.699,19* 
NOx 1161,2 
N2O -1.360,9* 
CO 60,54 
NH3 . .**
CH4 -62,79* 
TOC 48,84 

 -46.852,3* 

*
, ,

** .  : 

 1 Mg  1.919 Mg CO2
 24.415 Mg 

.

 6.8 
.

,
, .

 – 
,

,
. ,

,
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.

 6.8  CO2 .

 0  1  2 

 [Mg CO2/ ]  [Mg CO2/ ]

 [Mg CO2/ ] [Mg CO2/ ]

CO2    -46.699,19 
NOx    1161,2 
N2O   25.110 -1.360,9 
CO    60,54 
NH3    . .*
CH4 316.953 158.476,5 22.680 -62,79 
TOC    48,84 

 316.953 158.476,5 47.790 -46.852,3 

* .  : 

,
.

   35.000 Mg  : 

 CH4

 [Riitta Pipatti,2006] :  

  CH4 = ( I  EFI   10-3) - R

  : I :
EFI :  (  6.5)
R : 

, ,
,

, :
 CH4 = 35.000 Mg  * 4 *10-3 

= 140 Mg CH4 / .

 1 Mg CH4  21 Mg CO2
 :

 CO2  CH4 = 140 Mg CH4 /  * 21 Mg CO2/ Mg 
CH4 = 2.940 Mg CO2/ .

 RDF 
,

 CO2.
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 N2O

 [Riitta Pipatti,2006]:  

  N2O = ( I  EFI   10-3)

,  N2O
 : 

 N2O =35.000 Mg  * 0,3 *10-3= 10,5 Mg N2O /

 1 Mg N2O  310 Mg CO2
 : 

 CO2  N2O = 10,5 Mg N2O /  * 310 Mg CO2/ Mg 
N2O = 3.255 Mg CO2/ .

.

2.940 Mg CO2/  + 3.255 Mg 
CO2/  = 6.195 Mg CO2/ .

6.2.3 

-

 99/31 
, .

,
,

.
:

o .
o ,

.
o -

.

 [ , 2004], 
 3 

. ,  99/31, 
 ( )

,

,
.

, .
6.9, .
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 6.9 : - .

 (€/ )
 50-150 

 ( ) 116 
 110 

 30-121 
 123 

 8-35 
 120-240 

 90-110 
 50 

 58 
 26 

 12 
 70-90 

 21 

,
 54 . €, 

 29 . €. 
 5–20 €/tn 

 [ . , 2002]. 

 0 

.
 « » (~ 100 €/t 

),

.

-  – 

 ( ), 
 ( ,

)
. ,

:

)  « »  ( . .
), 

,
)  ( . . ),

,
.
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,
,

 (  + ) 20-35€ 
[ , 2002b, Eunomia, 2002]. 

,
 ( , ,

).
, , . ,

,
 100-120 €/ . ,

,  10-15 €/ .
,

.

.
.

 « »
,

 35-60€/  20.000 
 ( ),

, .  [Eunomia, 2002]. 
 150€ 

.

,  17.200  Ipswich 
 1,85 . € ( . 108 € 

)  ( )
25€/  [ , 2002b]. ,

, .

.

,

,
.

,
 « »

( , ). 

,

,

,
.

,
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.

,
.

,
.

 (
), . ,

:

.
, .

,
.  158 – 396 € 

/
 46-78€ / .

, .

,
 [Archer et al., 2005 ]. 

-

, ,
,

,
.

, :
o  ( . .

),
o ,
o ,
o ,
o  ( ,

, , ),
o ,
o ,
o , .

 €. , ,
 2.000ton  (

 ’90)  500 . .
.
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 1999  658 .  (  200 
)  808 . ,  (  400 

) [ , 2005]. 

.
,  21  332 €  (

),
,

 8  363€  [ , 2005]. 
 6.10

.

 6.10 : 
 [ , 2005]. 

( )
 €/tn 

97-332  63 €/ ,
 363 €/

 62-83 - 
 65-86  100 €/

 67-129  13-18 €/
65-250  28,1 €/ ,

 255,6 €/
43

 34 
€/

 21-53 - 
 46 - 
 34-56 - 

41,3-93  75 €/ ,

129 €/
97  16 €/ ,

 8 €/
 71-110 - 

,  6.11  6.12 ,

.
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 6.11 : 
 [Ecoprog & Fraunhofer UMISICHT, 2006]. 

( / )
( . €) 

Kempten,  1996 78.000 82 
Pirmasens,  1998 155.500 189 

Hamburg R. Damm,  1999 225.000 140 
Niklasdorf,  2003 100.000 55 
Freiburg,  2005 150.000 77 
Zorbau,  2005 300.000 100 

Antwerpen,  2005 400.000 180 
Ringaskiddy,  2007 100.000 75 
Garranstown,  2007 150.000 85 

Halle,  2007 80.000 47 
Amsterdam,  2006 500.000 340 

Posieux,  2006 45.000 20 
Roosendaal,  2007 180.000 90 

Urvier,  2007 60.000 30 

 6.12 : 
 [Ecoprog & Fraunhofer UMISICHT, 2006]. 

 3%  
 ( , , , ,

)
 19%  

 (  38% 

 18% 

 13% 

 ( , )  3% 
 1% 

 (project management) 

, ,

 3,5% 

 0,5%  
 3%  

 27%  73% 
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 6.13 .

 6.13: .

 0  1  2 

 (
)

50 €/  - 

(>800.000 t ),
158 €/ t 

(  130-
180.000 t )

220 €/ t - 

 (
 400.000 t 

)

500 - 700 €/ t - 

 (
 450 - 

600.000 t )

13 €/ t 54 €/ t 8.8% 

-  0,50 €/ kWh 

RDF
- 20 €/ t -

 270.000 / , –

 67  €. 
 15  €.  RDF 

 2.7  €. 

135-190  €  12-16  €. 

 €. 

,

.
.

6.3 

,
 25% 

-
 RDF,  28% (

6.6). 
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 6.6. .

 17% .
 22-25%  

,
,  (BAT), 

 30%. 

 6.14 

.

 6.14: .
 Afval Energie 

Bedrijf 
Planta

Energètica de 
Sant Adrià del 

Besòs 

Vestforbranding 
Unit 5 

( )

Reno-Nord 
Unit 4 

( )

1993 1975 1998 2005 

[ / ]
850.000  330.000 228.000 175.000 

23-24% 20% 19,6% 26,9% 

.

, .

 – 

.



142

 2 

.

-
.

 36,86 
 40-60%.  C/N  30,85 

 (20-30). ,
.

,  270.000 /
 740 / .

,
 <200 /

.

. ,

. ,

.

 (  6.1). 

 6.1 :  [  2006,  2006]. 

,

.

.
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7.  - 

. ,

, , .

.

.

, :
(1) ,
(2)
(3) .

,
,

,
2.2-3%  20 ,

.  2020 ,
,

 45%. 

.

,
, , .

.

.

. ,
,

, ,
.

, ,
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,
, .

,
.

 (social engineering) 
, ,

,
,

.

, .
,

.

,
.

. ,

.

.
. , ,

. , ,

. , ,
, ,

.

 « ». . .
.

.

. , -15

,
. /
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.

,

.

 - 
( , , RDF) .

.

/ ,
,

,

.

 (  2007) 
, ,

.

.

 20% 
,

,  : 
o ,
o

o  21 
 CO2.

,  RDF. 

,

 2007, 
,

 [ . . ., 2007]. 
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,

,
 (RDF 

), ,
 ( ).

. ,

.

.

 30%. ,

.

.

,

.

,
,

. ,
,

, :
o ,

.
o

,
,

, , .
o
o , ,

o
o ,

o
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o
 ( )

o ,
, . .

o

o
o ,

, , /
.

, . . ,
, ,

,
,

, .

 (
) .

,

.

.

,
, , -

.

, ,
, ,

.
,

.
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