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Availability of Biomass, 2006
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2 Biomass Availability

Availability

- (ton) (ktoe)

w Rice Straw 11,468,784.21 3,350.95
Cane Left 6,854,574.70 2,514.43
Cassava Rizhome 3,613,504.37 470.10
Palm Left 7,039,569.22 293.59
EFB 957,764.30 164.32
Para rubber root 969,554.00 150.95
Corn straw 2,394,527.90 113.48
Rice Husk 245,481.02 76.01
Corn cop 332,627.51 /5.75
Para Rubber Stem 204,908.40 31.90
Palm fiber 113,734.51 31.80

Para Rubber residue

Source : E4E (2006)

102,454.20

15.95
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saw dust cubes -~

Wood Chips

Transportation

low calorific value
High Moisture content
Size distribution

Low density
Ash melting




BIOMASS

DRYING

Moisture to Vapor

__300~100°%
Pyrolisis

CH,Tar, H20

500~360°C

E»l Partial Oxidation lm-

CO,"H,0 - CO -H,
CH4, 1200°C over

Gasification
- Reactor
]

— Reduction
CO-H,-CH,
— 900~400°C
= e
 E— ] e —

Down Draft Gasifier
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Drying Zonz (LUU=2400 ¢) -
d e[ SOBIEL LR Aoyt ation Zone (1000-1500 C)
C+0, > GO+ 408 LM/l
RYING D, 0, — DELO 4 482 [/ dsidl|
Mpisure to Vagor (Heat sourcs)
Pyrolysis e 01y STSEisNDIStilIation Zone (300-900 C)
SN Rounvagg Dry BWSS—H gat-> Charceal+CO0+CO,+ H,0 +CH,

S00~300°C

. Partial Oxidation 'm 3 C2H6+ Pyroligneous Acid +Tar
CO,* H,0+ CO - . ‘
H, REduction Zone(400-900 C)
CH,, 1200°C over ' 2

Reduction 1+C@' a0~ 172% | M3/ kmbol] (Boundouard Reduction)
CO- H, - CH, Tar free

900~400°C = SERIBOESACO+H, 18474 [MJ/Kkmol] (Water gas Reduction) 900 C
s | S S 2H,0 > CO,+2H,500-600 C
COEEACOTHE0-44952 M1/ kmol] (Water shift Reduction)
CH2H > CHpFE 75 MI/ kmolj{iMethane Production)

Down Draft Gasifier
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Activated! Carbon (CBamboee
Amorphous Silicar ash ( Rice husk asfi)
Char Coal (Wood , Carbonizer")
Fertilizer Pellet (Ash + P, K")

Fuel for Cocking Stove

Precipitate Silica from Husk Ash
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WastenVatertlreatment (close system)
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Internal Combustion Engine
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Engine-Generator Set
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Corn Cop

Cassava Palm Branch Eucalyptus
Rhizome Bark




Giant Leuceana Eucalyptus






Proximate Value

CI.|1.6400.72

CH1.9600.65

CH2.0900.54

CH1.9500.73

CH2.4000.85

Cassava Bark




Biomass

Gas Properties

Ash Performance
Impurity Production
Outpu | Gas (mg/Nm3) Biomass
t Flow HHV Consump
Power | (m3/h tion Gasificat Engine- ) Specifi
gawy | )| ORI (kg/h) “ion | generator | Electrical | g o
. cti
LEls et kg/h e Efficienc Efficiency Eff'c(:/enc Consumpti
Yy % % y e on (kg/kw)
“sinszAuting | 63.00 | 186 552 | 400 | 400 | 8045 | 450 | 550 | 80.29 22.07 17.72 1.28
“Yigenadda | 60.00 | 178 525 | 080| 1.00 | 8700 | 440 | 5.60 | 69.72 23.10 16.11 1.45
waanigen | 61.59 | 211 491 | 670 | 460 | 106.54 23'1 18.8 | 51.70 21.39 11.06 1.73
“Lignewrsr | 60.00 | 177 5.48 2%3 11.70 | 92.50 | 8.00 | 8.65 | 53.75 22.20 11.93 1.54
doinine | 61.99 | 188 566 | 3.80 | 8.00 | 8480 | 456 | 538 | 80.51 20.98 16.89 1.37
wnaw 60.00 | 180 513 | 1.50 | 0.70 | 119.90 31'6 263 | 62.20 23.37 14.54 2.00
aramzwdy | 61.62 | 168 545 | 3.00 | 220 | 90.75 128'6 13.9 | 63.38 24.19 15.34 1.47
weihan | 63.00 | 195 507 | 010 | 0.10 | 88.00 1::')'5 153 | 76.03 22.94 13.66 1.40
""‘":;ff’”“ 63.00 | 184 5.31 1::’)'5 10.40 | 121.95 12'8 14.6 | 54.89 23.22 12.75 1.94
waanfudnl | 5300 | 226 | 525 | 110 | 150 | 10500 | 2%% | 252 | 8264 16.09 13.29 1.98




Tar&dust
(mg/Nm3)
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Close Loop Waste water treatment




Proximate Value

Ultimate Value

Ash source Note
%MC %WM | %Ash %FC %C %H AN %S %0
“inseAudngg 2.4 639 | 1423 | 76.94 8658 | 48 | 130 | o014 | 7M Kathin-Yak (Wood)
Uiganalda 0.15 7.03 8.55 6497 N/A N/A N/A N/A N/A Eucalyptus (Wood)
ARG 2.62 20.57 8.48 68.34 91.69 | 4.83 1.34 010 | 2.09 Eucalyptus (Bark)
R 5.20 10.43 10.10 | 74.27 74.4 1.6 1.3 3.4 ke Para (Wood)
doding 103 | 1000 | 764 | 8133 83.05 | 434 | 169 | 002 | 19° Corn Cop
wnay 1.07 1.12 61.82 | 35.99 8242 | 3.45 1.55 406 | &3 Rice Husk
1.39
ATRININI 0.84 4.00 4.68 90.48 85.74 11.9 0.75 0.14 Coconut Shell
) 2.48
nvihau 0.99 8.00 18.25 72.76 92.18 4.16 0.93 0.25 Palm Branch
LIRS 3.44 8.07 2249 | 66.00 78] 17 17 225 | 2ed Cassava Rhizome
AT 0.48 3.74 56.67 | 39.11 e W e W W Cassava Bark




cs (Giant Leuceana)

Result (Average)
Sample 1 Sample 2 Sample 3

7.5 y/57 7.5

Temperature(°C) 29 28 28
Color Black light yellow Black
TSS (mg/l) 24.4 3.3 165.9
COD (mg/l) 626.3 554.6 1169.0
BOD (mg/I) 194.3 167.0 170.4
TKN (mg/1) 101.4 101.9 104.0
FOG (mg/I) 19.4 2.4 21.0
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NO,
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0.100
0.148

0.214

117194

NO
(ppm

5.976
16.704

24.352

62.381

NOXx
(ppm)

6.081
16.875

24.573

63.581
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