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Abstract 

 

The objective of this research was to examine energy production for high-moisture biomass with 

plasma gasification system. It was found that this system could reduce the limit of biomass in terms 

of moisture content. The high moisture in the biomass caused a decrease in gasifier temperature in 

the reactor chamber. However, the derived H2 in syngas was increased, obtaining high calorific 

value (> 5 MJ/Nm3), which is high enough for use in consecutive applications. The efficiency of 

plasma gasification system operated with high moisture biomass was found to be more or less the 

same with that of conventional gasification operated with low moisture biomass. When the drying 

energy required to achieved 16% w.b. is taken into account for conventional gasification system, the 

efficiency of the plasma gasification system is 15% higher than convent gasification, indicating that 

the plasma gasification system can be operated with high-moisture biomass efficiently and reduces 

the process steps and energy for biomass preparation.  
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)"EAO< =!\% *7?&;'%;=7'+< $4 5TThermo-Chemical 

Process) F7'7+G93#?$$6&0P 453 933>(-6N5;L$5
6+:3=467+&R7B>'< )"E +?5TDirect Combustion) 

6+:3=467+E#$EF(7E"< =E;=7'+< $45TPyrolysis) 

9(:6+:3=467+96YFI!H! &;O-D45TGasification) ICD?A4
F#=4X$?6+:3=467+96YFI!H! &;O-D4GL$&0P4=!\%67+R(! 
.(-??74176O%='=(*%D &>'7:F'*%DF2"$%6=!\%>4CD ?5

86
FEAT JOURNAL

July - December 2017; 3(2) : 85-98



 

 

 !"#$%&'()*++,-.-/01'-23.%2'(45*67+68 $!9:;2 

4(< =6>?>  0@7#! AB ! C0:!:52/C/#$'D72()*+1!(')
 A 5/# 2! 4A 5%C '%$3E F  0 -/ (Thermo-Chemical 

Conversion Process) :;201+03- G'AH>()EI 9JF8
 (>;(') K',F-8 4++&L'(7;A)>-'E$'('D9MPartial 

Oxidation) C/#$3EFNO->A)*-'E91,0009PC  01'-)8$!
&* A5/#2! @" Q$ R5>%4SB%JF8 AB!4(<= @" Q$ R5>%9MSyngas) 

C/# ='-')T!L ',A  K',F-8 ,;8 9A )*($+;8 12 94(< =
0')I+$!-$!$(,6;I9MCO) 4(<=,U:;) &!9MHVW945*
4(<=-/ C!9MCH4W9[1]94(<= @" Q$ R5>%!/ Q='-')T!L'-'J@8
K5>GR57%%'!,;8:;2G)%9:;2=.% S8' 0)"#$%2!GI=7!;'A
N '2 J! 9M Internal Combustion Engine)  R"# $ K 5> G
,??8'9F)"$A8$!4(<= S8',A K',F-8 J!F-8$,$!L Q'9 R"#$
K5>G,$!L Q'4581!L',AF-3!(7%F7!,$!L Q'K5>G,??8'9F)"$
!L'01'-)8$!S$%,$!L Q',AJ@8A)*:2@!I$"#! 

$2.'%,)(B;/ C0:!:52/4(<=6>?>  0@7#!27%-/S8 $&L'(7;9
0"$9,-.='-')T ;>!)*++,;8$2.'%-/ =T/2)N'RF'(
17GT3;>+-/01'-4A)A)1!S$%03E=-+7G>=O%9$/(C7 Q%4(<=
@/ 1-15C/# ,;8 27%0%-/A)> -'E C')I =O%96X# %=.%K5G.$
A)*=>CY>N'R(')K5>GR57%%'!:;2G)%9 !"#$%&'(4(<=
C/#-/A)>-'EC')I=O%CL'JF80.'01'-)8 $!5;5%945*27%
(.$JF8  (>;(')$3;G7!J!C.$=.%4(< =F)"$ 0)"# $%2!GI 
,;8 9Z2[9!$(&'(!/ Q27%-/%'!1>&729:;29Z\[9C/#=!7+=!3!1.'9 
(')K5>GR57%%'!G8!4++:)%,??8' C0:!:52/4(< = 

6>?>  0@7#!4++9Fixed Bed Downdraft Gasification 

S!';9100 kW 27%-/S8 $&L'(7;F5'2A)*(')9:;2 
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8>)++!'H! 7<9 *;78>E+I.=  "41E'@) %6 5)AJ?;'J,:.,
(/!.<9 *'5K+-L>15%-w.b.) D$:+ !"7>9;  "41E'@) %6&'
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 !"3>K JMBJ'B>4&<= 73N'7<9 *;78>E+7<E+8!QE<@6IM= -
OM@ !"3"47.E'5.""1'4R;+"4AA8>!5.!B C 5 

DEFE 7(<):'-D$:+3"4 ;AM=/@-(2QP!8R;+B C57<9 *;78>E+-
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8>)++!'H! <,/./>&';'!(0IM= 

 

2.  !"#$%& !'() 

 

2.1 *( +),%-./0 1+.23!- 
----  +!'/EH)@', *-H4&<= I.= "41E'@) %673N'7<9 *;78>E+-OM@
G?!' "4A/' !">MR'!M-OM@&<= 7("9:;+7>9:;@I.= J,:
8)V'!R$ *'5U!T")A70",@.I.=J?;'OM@7W8!4-B>4JU! !"
>M(/!.<9 *'M=/@/ES, !"0! >!'-789:;&T=IM=(/!.<9 *'&'
"4M)A0?!+X-J,: &<= &' !"JM5;A-&' !"5)AJ?;'I.=
 "41E'@) %6D$:+.,R'!M>U!0='B0 0?!+ )'-D$:+H47>9; 
7;!J?;'I.= "41E'@) %6J,:.,R'!M75='G?!'#K'@6 >!+;@K?
&'<?/+3"4.!Q-25-YZ-mm B>47>9:;@73N'J?;'R'!M
(/!.@!/;@K?&'<?/+3"4.!Q-50-[Z-mm J) *+', *789:;&T=
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&456#7 8-7<9 *;78>E+I.= "41E'@) %65)AJ?;' 

5U!T")A !"3")A"4M)A(/!.<9 *'R;+7<9 *;78>E+-H4&<=
/ES, !"0! >!'T>)+H! 5)A73N'J?;'B>=/-OM@7<9 *;78>E+
(/!.<9 *'0U:!-L16%  w.b.) IM= H!  !"0! >!'73N '
"4@47/>!3"4.!Q-\-5)3M!T6-5?/'J,:"4M)A(/!.<9 *'
3!' >!+-IM=H!  !"70",@.I.=5MB>40! H'7T>9;
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73N'J?;'-B0?7'9:;+H!  "4A/' !"70",@.7<9 *;78>E+&'
3"E.!Q.! -HU!73N '0= ;+&<= 7/>!-JU!&T= (/!.<9 *'
A!+5?/'T!@I3-H$+JU!&T= !"70",@.7<9 *;78>E+J,:"4M)A
(/!.<9 *'5K+52M-.,(/!.<9 *'7W>,:@3"4.!Q-34% w.b. 

 !"T!;+(6 3 "4 ;A3"4.!Q -LProximate 

Analysis) IM= B ? -(/!.<9 *' 71= !-LAsh) 3"E.!Q5!"
"47T@-LVolatile mater) B>43"E.!Q(!"6A;'(+0)/-
LFixed carbon) OM@&<= /ES,  !"0!..!0"`!'R;+-
ASTM D1762-84-B>4- !"T!(? !(/!."= ;'R;+ 

 !"7G!IT.=0)/;@?!+OM@&<= 7("9:;+-Bomb Calorimeter 

0!..!0"`!'R;+-ASTM D 2015-77 

5? /' !"/E 7( "!4T6 BAAB@ S!02 -LUltimate 

Analysis) 789:;T!3"E.!QS!02-(!"6A;'-IaOM"7H'-
I'O0"7H'-D)>7F;"6-OM@&<= 7("9:;+/E7("!4T63"E.!QS!02-
LCHNS Elemental Analyzer) "2? ' -Analyzer CHNS-

bcd-EDXRF (7("9: ; +.9 ;/E 7("!4T6 ', *., (? ! -Limit of 

Detection e-ppm) Q-T=;+3fEA)0E !"R;+;!(!"#K'@6
7("9:;+.9;-1-LF1g-.T!/EJ@!>)@7J(O'O>@,52"'!", -D$:+
73N '7("9: ;+.9;/E 7("!4T6BAA;)0O'.)0E5U!T")AT!
3"E.!QR;+S!02J,:73N';+(63"4 ;AR;+5!";E'J",@6-
5?/'S!02;; DE 7H'&<= /ES,  !"(U!'/QOM@T!H! 
G>0?!+R;+S!02 
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2.2  !"#$%&'(#)$*+, - 

 !"#!$%&'(!) *+,#-'(.'$/0#12#3445673186"+
(DC Plasma Torch) 9#( 8: 5#6/';!#<=(+46%>'?+
High Temperature Technologies Corp. (HTTC) 

@67A?-3B!#=#+A/CD, E: A@F!3.0G"B$#26: ,!A16%2 !
5674$!5#6H0%835I 1&#5E) $2$0+EJ=,J@56KL
@ 675,4=: $( +.' $/0#12#M!#= +50+kW, High 

Voltage Oscillator, High Power Supply 3076744
!N *#.0G,A(F!+<=(,#6LBOPP:#&7A5%=MQ *!67.$G#"M' *$
,%A0FB<?6=RQD"?N#&#5?'"1A8!307M' *$,#<!=RQD"?N#&#5
?,"3="+5#6A=%!6744/0#12#&7 E:B$#28G#"-'5(L+

300+V 30756731OPP:#+120+A 35I 18'$50#"&7 E:
,#5#-?)D36"='!+700+kPa O.0HG#!O@('"67.$G#"M' *$?' *"
1,"RQD"A5%=,#6LBOPP:#,(SG+?N# .:,#5#-A5%=5#63858'$
50#(A@F!/0#12#,JK.9S2%1S"+B$#26: ,!?)DA5%=MQ *!
46%A$KEJ=.'$/0#12#&7 E:!N *#A(F!?)D,JK.9S2%+10+ºC 

 !5#6.0G,A(F!+307B$4BJ2,JK.9S2%!N *#.0G,A(F!M#
,,5O2G .: A5%!+50+ºC A/CD,@:,"5'!B$#2A1)(.#(?)D&7
A5%=MQ *!5'4E% *!1G$!,J@56KL.'$/0#12#+3H!H'"M,".'$
/0#12#307BJK0'5>K7AT/#7M,".'$/0#12#
31="='"6S@?)D+2+3078#6#"?)D+1+8#20N#='4 

+ 

 
 

$."*/0 2+3H!H'"M,".'$/0#12# 

 

1)$)-*/0 21+0'5>K7AT/#7M,".'$/0#12#+UModel: 

Gas Plasma Arc Torch AK-1-50DC) 

Parameter Value 

Power 50 kW 

Voltage (max) 300 V 

Current (max) 250 A 

Air 2.8 g s-1 

Water (max) 500 g s-1 

Life time of electrodes 200 h 

Efficiency 65 % 

Diameter of nozzle 25 mm 

Sizes 30 × 60 mm 

Weight 10 kg 

  

       !5#6/';!#A8#@V%56KL/0#12#35I1R%P% ABE'D!
1N #.6'4  E: ?=1,4 !"#!$%&'(!) *+&7 E: 8: !344 

<6"OPP:#E)$2$0A?B<!<0()35I 1R%P% ABE'D!+?)D/';!# 

MQ *! <= (2. #$% ? ( #0' ( A? B <! <0() 1J 6! # 6) +3 0 7+ 
Satake corporation Co., Ltd., @67A?-W)D@JG !+RQD"A@F! 

A8#@V% 56KL E!% = O.00"+UFixed-bed+Downdraft 

Gasifier) 8'$A8#2)M!#=B$#21S"+3.11 m 307A1: !
HG#!-S!(L50#"9#( !+0.75 m ?N#&#5A.0F550:#307
9#( !8%=8' *"T!$!B$#26: ,!RQD"?N#&#5AR6#2%B?!
B$#26:,!1S"+.'$/0#12#XS58%=8' *"46%A$K<R!AH#O.2:
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(Combustion Zone)  !"#$%&'()* +,-.!/0)122.28 m 

3)456)+7+895:#-';<=')256)+>,)-895:#-';<=')0%?95
84!@28() !;7>()=>%A-B,)+##42!#7';<=')7!C=<1DE+
4)!=F)G 060%$,##)4)H:+)5210 cm 3()+<+29 $,#2

!/77$()I<)08/#)5*4J 8*>/>5#91 K@0C*4J 82
.!/4#756 <A2Cyclone, Water Scrubber, Chilled 

Water Scrubber, *>/2Bag Filter D5A!@.$%& 23 *85-
F;-4!/7<+4)!:#-!/77L>)80)*4J8ECMC =I?;&+ 

 

 
 

 !"#$% 32F;-4!/7<+4)!:#-!/77L>)80)*4J8ECMC =I?;&+ 

 

2.3 &'($)* #+,-. 

=?" N#=L>C-G064!/BC+A;4OP8;7$,#+3/B@4.6#+$)-
56 )+7+:#-=')3+BQ-!/5;7$%&4() +5G<6 2<)>P<$%&$,#
#)4)H3/B@4=.C5$; N- 05=L"&#R 6#)4)HG >=:6)G.R+
=')2=.C 5!/778I!;7 =7#!P =L"& # =!C& 0'6 + =5C+!/772
=?" N#=L>C-3/B@4395'C556<A ;<L>)80)$%&'C5'; N-7!C=<1
DE+=F)G 06 2=0"&#4!/7<+4)!*4J 8ECMC =I?;&+=4C5:Q N+
#A,)-807@!1P*>6<23/$()R 6 =4C5*4J88;-=I!)/ P##40)
3)4=')*>/G >F,)+G.A;-!/77$()I<)08/#)5*>/
>5I<)0!6 #+2D5AS9, +*>/$)!P2!<0BQ-G#+( N)$%&.+=." N#+
#A@,R+*4J 88;-=I!)/ P3/B@44()3;5##4D5AGEDI>+2
')056 <A?952Water Scrubber *>/2Chilled Water 

Scrubber 3)4+; N+*4J88;-=I!)/ P3/G >F,)+B9-4!#-2
=L"&#5;4#+9K)I',)-T2EQ&-0%:+)5.!/0)120.12mm 

=.U +:; N+'#+895$6 )A4,#+$%&3/G >G.A;-?95$58#7 

4)!>94G 06 2#;'!)4)!G >:#-*4J88;-=I!)/ P8() !;7
4)!HQ4O)+% NAQ5')0I<)08)0)!B8@-895:#-2Blower 

EQ&-0%I,).!/0)122202m3/hr D5AR?6 =I!"& #-<;5#;'!) 

4)!G >:#-*4J8*77#C=>U4$!#+C48P2(Model : DIG-

SIDO-O, Nippon Flow Cell Co., Ltd, Tokyo, 

Japan) EQ&-3/'C5'; N-!/ <,)-?95B@-4!#-*>/?95$58#7
4)!>94G 0624)!$58#7=5C+!/77*',>/I!; N-3/R?6=<>)2
42?;&<D0-2#;'!)4)!R?6 =?" N#=L>C-8)0)!B<;5G56 3)4
.!C0)1=?" N#=L>C-$%&='C0=:6 )R+=')=$%A74;7=<>)2*>/
$()4)!I<7I904)!5Q-=B6 )##4#A@,$%&.!/0)125V2R+
$94T 4)!$5>#- 

8() !;74)!<;5#91 K@0CK)AR+=').WC4!1P23/R?6
=$#!P D0I;. =.C >?+C5 2K (Typ K) EQ& -'C5'; N-$%& !/5;7 
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 !"#$%&'0.66'm, 1.06'm, 1.46'm, 1.86'm, 2.28'm, 

()*'2.70'm +",-."/0/$1-23&45"' 6"23&31789%#:
9";</45"+*=%,0>/?@,?1,A'10'/"?B '4CDE 3$>&4,5 

,"F4G)BE;/(G)&23&HI/GJ:,F:;"56"&A' D3'Drying, 

Pyrolysis, Combustion, and Reduction 

(,K$$>&4 F"*8L?BEM-.+*=%,!:4 F"*8L3& LGF*,30
-. !;4 FDE 3&'Online Infrared Gas Analyzer (Model 

Gasboard-3100, Wuhan Cubic Optoelectronics 

Co., Ltd., Wuhan, China) I@E & + * !> - ?BE 5N " ( 8 /6 &
8)>&+",(,K $33,+",O1-=1&,F3&?1,A'PQ'/"?B'
$N"8F>0GF:#"7?"FL()*R16 /'+*?N","F5F!+!>-?1,A' 
SQ'/"?B'H-;,"F$16#5>!3;6"&(,K $GF*#"7'300 L 

-.!;,"F-%-(,K$T6"/,F*-"U,F3&'VGF/B) ()*/N"MG
!:4 F"*8L [7] 

 $#FF=/*23&F*00(,K$I:W: 4 O>E/+*=%,GF*4#:/
H-;<O.$#,"F23&'[8] 

 

 cg=(Vg x LHVg)/(mfuelxLHVfuel)+Ptorch  '''(1) 

 

 cg = the cold-gas efficiency (%) 

mfuel 
= 

the waste reject consumption rate 

(kg/h) 

LHVg 
= 

the calorific value of the gas        

produced (MJ/Nm3) 

LHVfuel 
= 

the low heating value of the 

rejected waste (MJ/kg) 

Vg 
= 

the volume flow rate of the gas 

produced (Nm3/ h) 

Ptorch 
= 

the power input for the plasma 

torch 

3.  !"#$%&'()*!+,-&.$#) ! 

 

3.1 /01234(5&6,7839"$+:&;)("<= 

 T),"F!:4 F"*8L 6" !"#F. 3/-. !;4 FDE3&03#CL
( )3FBE#:453FL23&4OD X34C):&M#. ,F*=:/;>,UL?BEF*->0
 !"#OD X/'16%w.b., 28%w.b. ()*'34%w.b. C0!6" 

#B 6" !"#F. 3/$%&'VHigher Heating Value) 4?6",>0'
16.02, 13.73'()*'12.59 MJ/kg 5"#)N"->0'$N"8F>0
 6 " !"#F. 3/5NE " 'VLower Heating Value) 4?6 ",>0'
14.54, 12.12'()*'10.92 MJ/kg I@E& 6" !"#F.3/5NE"/B X
$"#"F= N "/!7 M-. +", 6" !"#F. 3/$%&H-;<O.
 !"#$>#C>/YL 'LHV = HHV – 0.02395(9H + MCt) 

[9] +",T),"F!:4 F"*8L 6" !"#F. 3/23&4OD X34C):&M#.
,F*=:/;>,UL ->&,)6"!=D 3!6"#B  6 " 4?B ;0 4 B;&()*
$3- ).3&,>0F";&"/23&'[10],[11] I@E&M-.F";&"/ 6"
 !"#F. 3/23&4OD X3 4C): &M#. ,F*=:/;>,UL !6"#B  6 " 

 !"#F. 3/$%&'VHigher Heating Value) 3;%6 </O6!&'
17.92-19.67 MJ/kg (/N X"8 /> ,# !)(8. & Z'+ ", 6 " 

 !"#F. 3/23&4OD X34C):&->&,)6"!'+*48[/M-. !6" 6" 

 !"#F. 3/23&4OD X34C):&+*#B 6")-)&'4#DE34OD X34C):&#B
 !"#OD X/4C:E#2@ X/'I@E&$3- ).3&,>0 N"3Y:0";23&'[12]'
!6 " </ 4OD X3 4C ): &?BE #B  !"# OD X/ $% & '+ *#B /N X" 3 ;%6 </
$6!/GF*,3023&4OD X34C):&</$>-$6!/?BE$%&2@ X/'+@&?N"<8.
3& LGF*,30?BE4T"M8#. M-. 'VCombustible Matter) </
4OD X3 4C):&#B$>-$6!/)-)&'$6&T)<8.  6" !"#F. 3/ 

)-)&5"#MG-.!;' 
+",,"F!:4 F"*8L 6"3& LGF*,30(00GF*#"7'

VProximate Analysis) 23&4OD X34C):&M#. ,F*=:/;>,UL'
I@E & 4G[ /  6 " $> - $6 ! / F. 3 ; ) * H- ; /N X" 8 /> , ( 8. &'
GF*,30-. !;GF:#"7$"FF*48;'VVolatile Matter), 
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 !"#$%&$!'()*&+,-./0Fixed Carbon) 123 !"#$%
456 $/0Ash7/489$:-(/80.94% , 17.53;/123/1.53;/
,$#2<$=-(/>?@+A2B$::$!."4&!$3C'=-+:29$.D$#$!5
4 !EF(48EF(G=6:-(H6)#I2H)+/[13] 

D9.*:$!."4&!$3C'&9$)+&' !3:)(1((1F:
 !" # $% J$,K /0Ultimate Analysis) H)+4LM N) 4O 2" + 
G#6:!35"*F-:P' />?@+4 Q*&9$D-=D9.*!6 )F23R=F*< N$C*-:
1C6+/0G#9&"=!.# !"#$%456$7/ !3:)(=6.F/&$!'()*/
0C) 49.2%, GSR=!4B*/0H) 6.05%,/G*R,!4B*/0N) 

0.47%, >-2 4T)!' /0S) 0.03% 123/)):>" 4B* /0O) 

42.74% >?@+B$:A2:$!."4&!$3C'=-+:29$.O(.9$#E&9$
D)=&26)+:-(/[12]  

 

3.2  !" "#$!%&'()*+*,-./012/!%345&! 

B$::$!4="*!3((R=FUL6 4LM N)4O2"+G#6:!35"*F-:P'
D-(89)*8E@&.$#LM N*/16% w.b., 28% w.b. 123/34% 

w.b. O(.9$!3((D$#$!54="*G=6  :,"123,9)4*M@)+/
R=F2-:P%3:$!:!3B$F,-.H)+)K%CVI#"V$FU*4,$
 W":!%' /1D=+=-+!I 8E@/4 >?@+F-+&+!I 1((4C#M)*:-(
: ! 3 ( . * : $ ! 1 :X D >" T" 4& L-@ * B $ : 4LM N) 4O 2" + 

LE .#.2R=F8-@ . G /123D$#$!5)J"($FL- N*H)+ 

:$!4:"= W":"!"F$U*4,$,$#,<$1C*9+H)+:$!.-=
)K%CVI#"G=6=-+*E N/&M)/,<$1C*9+/0.66 - 1.46/m L9.+*E N#E
)K%CVI#"*6)F:.9$/200 °C >?@+1D=+5?+L9.+:$!)(1C6+/
&.$#LM N*8E@#E)FI9U*4LM N)4O2"+B35I:&.$#!6 )*O$123
!34CF)):G U*R>**E N//C2-+B$:*- N*)K%CVI#"H)+ 

4,$ W" :!%' 4O"@ #H? N*)F9$+!.=4!Q .B$:,< $1C*9 +/ 
1.46/-/YZY[/m B34 Q*:$!:2-@*D2$FH)+4LM N)4O2"+1HQ+/
C!M):!3(.*:$!GTR!G2>"DU*L9.+*E N/123#E:$! =
 29)FD$!!34CF/>?@+D9.*UC\9B34 Q*/:2K9#1:X DGSR=! 
&$!'()*/&$!'()*G=)):G>='/1238$!'/4C2M)G.6 4]O$3

D9 .*8E@ 4 Q *59 $*1HQ + /C !M ) /0Char) G.6 /[14]/D9 .*8E@
,<$1C*9+/1.86/-/YZY[/m >?@+4 Q*,<$1C*9+8E@#E:$! 6)*
)$:$^123&.$#!6 )*B$:O2$D#$)$!'&4O"@#4H6 $G /
B34 Q * R>*:$!4A$GC#6 /C!M ) /Combustion/Zone 

B$:*- N*L9.+DK=86 $FH)+4,$4 Q*L9.+8E@)K%CVI#"2=2+
4*M@)+B$: W":"!"F$=I=&.$#!6 )*/>?@+4 Q*L9.+8E@#E:$!8<$
 W":"!"F$!3C.9$+1:XD8E@A2",B$:R>*=6$*(*:-(59$*8E@
4C 2M ) /C !M ) 8E@ 4!E F : .9 $ /Reduction/Zone/8< $ UC6 #E 
:$!A2" ,&$!' ( )*#)*):G>=' /0CO)/123 /0H2) 

R=F8-@.G )K%CVI#"U*L9.+*E N&.!8E@B3DI+:.9$/500 °C 

[15] 

A2:$!:!3B$F,-.H)+)K%CVI#"U*4,$ W":!%'/
0Temperature Profile) O( .9 $ /& .$# LM N* #E A 2,9 )
:!3(.*:$!1:XD>"T" 4&L-@*/R=F&.$#LM N*8E@4O"@#H? N*8<$UC6
!3=-(H)+)K%CVI#"V$FU*4,$2=2+/1,9F-+&+)FI9U*
!3=-(8E@!3((D$#$!5=<$4*"*,9)G G=6 />?@+U*&.$#4 Q*
B!"+/:$! 6)*.-,5K="(8E@#E&.$#LM N*DI+18(B34 Q*G 
G#9G=6 D<$C!-(:!3(.*:$!1:XD>"T" 4&L-@*/4*M@)+B$:#E 
:$!DI\4DEF&.$#!6 )*G :-(:$!!34CF*< N$#$:4:"*G 
B*8< $UC6 )K% CVI#" G#9DI+4OE F+O)D<$C!-(:$!8< $
 W":!"F$1:XD>"T" 4&L-@*/=-+:29$.1D=+UC6 4CQ*.9$/:$!UL6
1C29+&.$#!6 )*V$F*):B$:O2$D#$8<$UC6H6)B<$:-=
=6$*&.$#LM N*H)+.-,5K="(2=2+G=6  

 

 

 

"06789 4 A2:$!:!3B$F,-.H)+)K%CVI#" 
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3.3  !"#$%&'()*+,-.##&+/ 01234 

 !"#$"!%&'()*+,*-.!+/-!012 345)6712 3)7,$86
19-0-$&9:7,8:05; 34+09#$<.)"!%7=$9:>4?=$)6/@=%A")*
5)6?"B(712 3)7,$86 /2)+CO, HC+?$A+CHD++E'>=%80!F+
CO  A09/.!$'$6+)>G.H41.-6=%A0!F+3.83I+?$A+
5.5I+702:)712 3)7,$8609/-!012 34(G65; 347=J4+28%  w.b. 

?$A+34% w.b. <!0$K!'L*++ 
(K!M%L*=%80!F+HC+,*-.!+ A09/.!7,8:05; 34<!0/.!

/-!012 345)6712 3) 7,$8 6+N;: 6 7=J 4 O=<!0&9: /!'O-P
742:)6 !"094K 3!0!",)(K!M%L*"%A*-4"!%#$8<+HC+
E'>,*-.!=%80!F5)6+HC+7,8:05; 34+)>G.H41.-6=%A0!F+
2.41I+?$A+3.53I+702:)712 3)7,$8619-0-$09/-!012 34
(G65; 347=J4+28%w.b. ?$A+34%w.b. <!0$K!'L*   N;:6
E'>="<8)6/@=%A")*5)6 H2 &9:O'P !""%A*-4"!%
?"B(N8Q8 7/1L:45)6712 3)7,$8619-0-$/-!012 34+15% w.b.

 A09/.!O0.7"84+20% [3] "!%7,8:05; 34?$A$'$65)6+HC+
?$A+CO ()'/$P)6"L*#$"!%&'$)65)6+[16]+?$A+
[17]+'L 6"$. !- + A 7MJ 4-.!)6/@ = %A")*5)6?"B (
712 3)7,$86&9: O'P  A09/-!0?=%=%-4<!0/-!012 34+
H45FA&9: 702:),8 !%F!R;6/.!/-!0%P )4+SCalorific 

Value: LHV) 5)6?"B(712 3)7,$86+,*-.! A09/.!$'$6
702:)/-!012 34712 3)7,$867,8:05; 34+?<."J>L6(G67,9>6,)
(K!M%L*4K!O=H1P "L*7/%2: )6>4<@?"B (+N;:6<P )6"!%/.!
/-!0%P )4)>.!64P)>=%A0!F+4.2+MJ/Nm3+[12]+N;:6
/TFU!,5)6?"B(712 3)7,$86&9:O'P  !""!%H1P 712 3)7,$86
/-!012 34(G6+>L6/6)>G.H4%A'L*&9:'9O'P4L 34+4.! A7=J4#$
0! !")TFMUG08U!>H47<!=V8"%F@7=J4M$L"+742:)6 !"
"!%H1P,$!(0!&K!HMP (!0!%R%L"W!%A'L*)TFMUG08
U!>H47<!O0.HMP <K:!7"84O=+)9"&L 36"!%H1P ,$!(0!
)TFMUG08(G6(!0!%R&K !$!>,L4XA&!67/095)6

712 3)7,$86&K!HMP 7"8'=%80!F)87$J"<%)4+O)))4+?$A
E07$"T$&9:RG""%A<TP 47=J4 K!4-40!"+(.6#$<.))L<%!
"!%7"8'=V8"8%8>!&9:(G65; 34?$A#$8<?"B (712 3)7,$86&9:09
/TFU!,+[8] 
 

3.4 50($1"6104,728!9 : 

=%80!F5)6&!%@?$AYT. 4H4?"B (712 3)7,$86&9: O'P  
 !""!%&'()* 712 3) 7,$8 619 -0-$/-!012 34 (G 6+ 
,*-.!=%8 0 !F&!%@ 09 /. !H"$P 7/9 >6"L4)>G. H41. -6+ 
2.97-3.32 mg/Nm3 H4&T"%A'L*/-!012 34712 3)7,$8 6+
(.-4=%80!FYT. 4,*-.!09/.!/.)45P !6(G6702:)7&9>*"L*
%!>6!45)6+[3] ?<.M!",8 !%F!=%80!F&!%@?$AYT. 4
%-0+H4&T"%A'L*/-!012 34712 3)7,$86+,*-.!>L6/609/.!)>G.
H47"FZ@0!<%[!4(K!M%L*"!%4K!?"B(712 3)7,$86O=H1P
=%AE>14@+N;:6E'>&L:-O==%80!F&!%@?$AYT. 4&9:O'P  !"
%A**?"B(N8Q8 7/1L:4?**OM$$6 A09/.!7&.!"L*+50-500+
mg/Nm3+[18]+&L 3649 35; 34)>G."L*$L"WFA5)6-L<RT'8*+"!%
))"?**(U!-A"!%&K!6!4+?$A-8X9"!%7"J*<L-)>.!6
?$A-87/%!AM@+[19]+)9"&L 36=%A(8&X8U!,"!%"K! L'&!%@
?$AYT. 4 +5; 34)>G."L*)T="%F@ &K !/-!0(A)!'?"B (
712 3)7,$86&9: 7$2)"H1P 6!4+[20]+E'>#$"!%-87/%!AM@
=%80!F&!%@?$AYT. 4?('6'L6<!%!6&9:+2 

 

'101+6;<=2+=%80!F&!%@?$AYT. 4H4?"B(712 3)7,$86 
MC Impurity (mg/Nm3) 

(%w.b.) Tar Dust Total 

16 3.11 85.27 88.38 

28 2.97 62.56 65.53 

34 3.32 68.88 72.20 
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3.5  !"#"$%&'()&""*($+,-"$.. 

 !""!#$%&'("!#)*+,-*.//!0 !"123 4'1-*+/ 
567"#89+0:.";<&.($='0>$?@AB!623 401C*?@:>16% w.b., 

28%  w.b. D*8>34% w.b. %7 B:#8((-*!&6!D"E & 

F+G+ 1A2.@0 >D*85%7 $H !"!#B+ 1A#!8I<J#8&+$K+L!- 

"!#)*+,D"E &123 4'1-*+/>MCold-Gas Efficiency:  cg) 

D&%/%./,!#!/$?@>3>-(B=!>163@'AB!623 40N'/123 4'1-*+/
2?B6B*1-+@6NO 401JP0>28% w.b. J#8&+$K+L!-"!#)*+,
D"E& 86?A=!*%*/>9.03Q>D,=163@'1-+@6#8%.(AB!623 40

123 4'1-*+/2?B6B*1JP0>34% w.b. -(B=!>J#8&+$K+L!-
"!#)*+,D"E&123 4'1-*+/6?A=!':R=S0#8%.(S"*7 1A?:/".($?@>

16% w.b.>A3'6?A=!J#86!T>71.34%>FO@/0=! 81JP0)*
6! !"A=!AB!6#7 '0N'/123 4'1-*+/,='0H 4!I0."1J?:">$?@

S&=1N7 !5JS0#8((07':"B=!>103@'/ !"6?&=B0J#8"'(
N'/AB!623 40I#3'0H 4!1JP 0 H!0B06!">'?"$. 4/0H 4!S0

123 4'1-*+/:./6?&=B0S0"!#1-+@6'/A<J#8"'(N'/D"E&>HU>
S0D"E &123 4'1-*+/ > O/$H!SI7 A=!AB!6#7 '0N'/D"E &

123 4'1-*+/$?@5%7 :./A/':R=S0#8%.($?@A='0N7 !/&R/':R=>M>V>
MJ/NmWX>$H!SI7 #8(()*+,-*.//!0 !"123 4'1-*+/

AB!623 40&R /%7 B:#8((-*!&6!D"E &F+G+ 1A2.@0 

:./A/J#8&+$K+L!-':R=S0#8%.(1%?:B".0".($?@AB!623 40>

16% w.b. 5%7 

 

/!"!-01233>)*"!#$%&'(1%+0#8((-*!&6!D"E&F+G+ 1A2.@0>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
Parameter 

  

Unit 

  

%MC of Fuel (% w.b.) 

16 28 34 

Syngas flow rate Nm3/h 216.40 215.50 218.00 

LHV of Fuel MJ/kg 14.54 12.12 10.92 

Consumption rate kg/h 109.90 132.35 129.60 

Ash discharge rate kg/h 5.52 5.53 5.51 

  % 5.02 4.17 4.25 

CO % 19.34 14.51 13.84 

H2 % 20.30 22.71 23.83 

CH4 % 3.30 2.37 2.08 

O2 % 0.61 0.48 0.63 

CO2 % 13.03 15.10 14.80 

LHV MJ/Nm3 5.80 5.12 5.05 

Plasma Power Input MJ/h 129.60 129.60 129.60 

Cold-gas efficiency ( cg) % 72.66 63.63 71.34 

 

 !"#$" % & '($")*$"$+,-./+$0(123++4 05!6
+07789-:;9%66$ .<-6.=+> ?7.)>?7'+0(,@$6+077'

;9$23$A"B2C-D- ./<%E )>EF<G .<H &!.;9-6<>,3,9/,$3<H & '
34%  w.b. "%7+077A"B 2C-D- ./<%E A77.I-3CJE 6F<G  

 

.<H &! .; 9- 6 <> , 3 , 9 / , $3 <H & '16% 'w.b.'A :@ )* $ 

"$+,-./+$0(1+,3;9%66$ F "$+!7A(G6IG,?'KI?/@$

;9%66$ )>EF<GF "$+!7A(G6<>,3,9)>E#0 *$3$,-./+$0(1'
#0F<G 5G !3L9#$"+$?6$ "$+,-#%?5!6'[21]')>E MIG 3>
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 !"#$ %!&"'()* !")+,-. *&/' 0)&123*45.  "67389: %;  
<:+=>)8?@A9B/. &C"'( )*)+,-. *,++@"D!"E( ?F$( *=G ! 

 !"=A<)+)+,-. *45.  "67389: %;<:+=>)8=E("6A:+
CH!5/' 08&"3(5D.8?42% w.b. B-. &-2')CH!5/' 08<IA=.!9?
15%  w.b. @A9B/.12:**!8JG!&1!6B8 !""6&-98G 0!?
(Specific Energy Consumption, SEC) &=>! :+ 13.89 

MJ/kgevaporated water 

J! K2 !"H3&C"!6-;<5""786L)*=: 0*?2?"6++?
J6&-M8 4A. H>! ?-! 5E  !"C3A"H512:**!8=E( B/. B8 

 ! ") + , -. * &/' 0) &1 23 * /E H 5 H 2 A. H 9 ?J 6 =G ! B-.
N"6<3=O3P!1L)*"6++12!<5!, Q <F3R3 &C/:(8
4A. &N"E9+"6++, Q<F3R3 &C/:(8,++A: 0*&A35)9>!*&-M84A.
/:A?C')?71.34S?T<G!-":+"6++12!<5!, Q<F3R3 &C/:(8) 

,26?55.62S?T<G!-":+"6++, Q<F3R3 &C/:(8,++&A35) 

A:*8: 08? !"B/."6++12!<5!, Q<F3R3 &C/:(8B8 !"K23D
12:**!8J! &/' 0)&123*/EH5H2?J6/>H92AL: 08D)8,26
12:**!8B8 "6+H8 !"&D"E95&/' 0)&123*/EH5H24A. 

 

 !"#$%& 

 

      !"#$ %!8E 0B/. 45. "67389: %;<:+=>)8CH!5/' 08<U*
&NM 8 &/' 0) &123 *B8 !"=A<)+K23D12:**!8A. H9
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