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In this work, various wood biomasses were used to determine the combustion characteristics for the fuel of cogeneration plant.
Combustion characteristics of four types, i.e., (i) forest products, (ii) recycled wood, (iii) empty fruit bunch, and (iv) palm
kernel shell, were examined via thermal gravimetric analyzer (TGA) in air atmosphere and coal was used as a comparison
group. From the TGA results, the combustion of the wood biomass was occurred in the range of 280 to 420 C, which was
lower than that of coal. Forest product showed the lowest activation energy (0.4 kJ/mol) compared to that of other wood
biomasses (about 6 to 14 kJ/mol) and coal (64 kJ/mol). In addition, the reaction rate constant of the wood biomass was lower
than that of coal. These results indicate the higher combustion initiation rate of wood biomass due to the high content of
volatile matter, which had a low boiling point.
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Table 1. Element Analysis of Wood Biomass
Unit WCF1 WCF2 EFB PKS Coal
Moisture 12.16 13.83 4.74 137 3.36
Proximate analysis Volatile matter s 27.77 15.08 20.28 21.29 35.62
(as air dry basis) Fixed carbon 8.29 60.32 64.23 60.61 54.98
Ash 51.78 10.77 10.75 19.73 -

Calorific value (Dry basis) keal/kg 1645 4587 4659 4822 6970
Carbon 20.35 44.574 43.92 44.00 71.3
Hydrogen 3.54 6.46 5.38 5.01 4.48
Ultimate analysis Nitrogen " 0.01 0.43 0.01 0.01 0.94
(as dry basis) Total sulfur 0.01 0.01 0.01 0.01 0.17
Oxygen 24.30 37.79 39.93 34.24 10.96
Ash 51.78 10.77 10.75 16.73 6.04

SiO, 61.18 39.41 12.31 46.01

ALO; 20.55 4.77 1.70 3.67

Fe,03 5.96 12.45 2.01 12.60

Ca0 3.49 22.06 28.09 1532

: MgO 1.82 3.38 9.56 1.90

(/:sShdré;nﬁZssilss) N‘clgzo e 1.59 5.46 125 2.73 ’

K0 4.25 6.22 13.42 5.41

SO; 0.22 4.04 28.13 8.98

P20s 0.39 1.39 3.35 2.83

TiO, 0.54 0.82 0.18 0.54

2

YA gkels A3l dar) AT AAAF o R e BaS vk 9)
= FAeltH7].

AAAA SR {7} ATt 9 7| $wg)
o= Qlate] o] oAl MY Fedo] Fulls
EAA vlo] Qs gAFH Ao, AxA] olitslekis) SO, U
Zo] 314 dge} vlwsle] u]g- AL Yy Ag2A HT W2 AT
7} o]FoiA| 3 it o] st B A wlo| e AER Q) 23
B UFel 2RAES ou|shy o|ERFE JAEE EA4, #EA,
ZFol TE EFHE FTHRIL HAA wle]lemiid] FoARoRE
AZ2 oA uaEges Tua H1d o) SRy 3%
o2 4= gtk ol et HHA ulo] i FE Foly e
Heo] I3t 75 zh= AR AxEo] d87 Algo] Ha 9
t} ol2fdt A ulo]u o] g @A T JFS w|x
QARE SR, wws g AR o Ak |, ud
o

i

=2 o s =

ool rfr

S
s
o
B
M
to
ok
Mo
i
m

o~ SES Z
e BeET As A 9B 0

il L

[10-12].
A7 vlo) QuiAE o] 83t o3} W F 7}
2 AMAre Aa Al vlo]eml2d] o]&24 Ak T o)t
S ARALRR B 37] ZAstlA E3lelE elsto] olalsle
FS712 Agstar oju] WSk AagS o83ty oAl st
otk oA AAtE AouR|= Aty A Fhibde o]
go] 7hsstth weha] A vlo] omjx] At AHdskE H7]EL]
AR sk} o] F o] &t CO, ARt BFEA AAA, &% VEd
ok ofyz), A ddlel] whE A wjEe] gt ui-s 2k )
ol Y 7)eRA a84Q A4V o] Aas] oF

1 e Aelrh

b 71EAR1 Y

o
oE

ol liO
o
B ofp

fr o M jo

AT @A) o] mjol Qul s ALTEe AN o] Hlg v
Aolm E8) A njo] oul ol tie g she} A271%, Qs
Azl ofg 7 F3] w)e Agolth meh 2 Qe
chober Bl wlolouls, 5 QB FARE, R, ot LY B

2, 783 oA AR Aol 059 dAaNgs alste] o

2HlAUZT} 729 dm el Aete] oi A4S nlmsle] =4

Al vlol Quj20] oozl FFsAS Stelataat STk
2.4

2.1. M=

Ho] @2 0] 1l 9E 18k YEFARZ(WCFD), FEAH(WCF2),
Empty Fruit Bunch (EFB), “12]3. Palm Kernel Shell (PKS)¥} H] i
TOE FANETH AFEhS AFSIGIth # AddelA ARE-E Hlo]
LA 450 TP W A4 A3 Table 19 YeERASITH

2.2, AEHHH 3 BAER|

2 Ao M= 5% 49 7](Thermal Gravimetric Analyzer : TGA,
Linseis STA-1000)5 o]g-3lo] Metsleuldio] dggoz HEs)
7] $18) vlo]@uiao] A4 EEue] W dagt B4 AES 7Y
FlTE A AL 371 20X 52455 5 Tming ¥l A9
eIt oW AR AE-L ASTM D2015 71502 ek 7]
O2 10 £ 0.9 mgC® 3k

ol

My e

Appl. Chem. Eng., Vol. 22, No. 3, 2011



SR PE IR

298

(a) WCF1 (b) WCEF2 (c) EFB

(d) PKS
Figure 1. Images of wood biomass and coal; (a) WCFI, (b) WCF2,
(c) EFB, (d)PKS, and (e) coal.

(e) Coal
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Figure 2. Combustion profiles of wood biomass using TGA analysis;
(a) TGA and (b) DTG thermograms.
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Figure 3. (a) Combustion conversion rate and (b) DTA thermograms
of wood biomass using TGA analysis.
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Table 2. Characteristics of Combustion Factor for Wood Biomass

Items EFB Coal
T (C) 220 280
T (T) 303 406
T: () 444 441
DTGmax (%/min) 8.93 3.11
Ty () 224 161
ty (T) 2688 1932

Ti : Onset temperature for ignition and weight loss

T : Temperature of maximum weight loss rate

Tr : Final combustion temperature detected as weight stabilization
DTGmax : Maximum weight loss rate

Ty : Temperature interval between T; and T

ty : Burn out time

k, 7 Volatiles
Cellulose L) Active cellulose

h Char + Gases

<300C >300C

Figure 4. Scheme of combustion mechanism of wood biomass.
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Table 3. Characteristic of Activation Energy and Combustion Constant
for Wood Biomass

Kinetic parameters

Fuel type E (ki/mol) A (ST R’
EFB 13.863 36,242,031 0.926
PKS 11714 48,700,507 0.997

WCF1 0.433 78,431,282 0.051
WCF2 12519 39,002,687 0.974
Coal 63.843 41,146 0.984
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