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ABSTRACT

Domestic companies supplying electricity must increase obligatory duty to use renewable energy
annually. If not met with obligatory allotment, the electricity-supply companies must pay RPS
(Renewable Portfolio Standards) penalty. Although the power plants using a pulverizing coal firing boil-
er could co-fire up to around 3 per cent with wood pellets mixed in with coal feedstock without any major
equipment revamps, they recorded only about 60 per cent fulfillment of RPS. Consequently, USD 46 mil-
lion of RPS penalty was imposed on the six power supplying subsidiaries of GENCOs in 2014. One of
the solutions to reduce the RPS penalty is that the power supply companies adopt the co-firing of torrefied
lignocellulosic biomass in coal plants, which may contribute to the use of over 30 per cent of torrefied
biomass mixed with bituminous coals. Extra binder was required to form pellets using torrefied biomass
such as wood chips, PKS (Palm Kernel Shell) and EFB (Empty Fruit Bunch). Instead of corn starch, 30,
50 and 70 per cent of Larix saw dusts were respectively added to the torrefied feedstocks such as Pinus
densiflora chips, PKS and EFB. The addition of saw dusts led to the decrease of the calorific values of
the pellets but the forming ability of the pelletizer was exceedingly improved. Another advantage from
the addition of saw dusts stemmed from the reduction of ash contents of the pellets. Finally, it was con-
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firmed that torrefied oil palm biomass such as PKS and EFB could be valuable feedstocks in making pel-

lets through improved binding ability.

Keywords: RPS, oil Palm biomass, EFB, PKS, torrefaction, pellet, co-firing
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Fig. 1. Torrefaction equipment.
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Fig. 2. Pelletizer used for making pellets.
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under different temperature.
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Table 1. Elemental analysis of softwood chip and oil palm wastes before and after torrefaction for 30

minutes under different temperature

Raw Materials Addmg‘;‘:gﬂ;’ts(%) of " cony  H®%) N S O%) ?/S';

0 50.0 6.3 0.1 0 433 0.3

Softwood chip 30 61.7 5.2 0 0 32.5 0.6

torrefied at 250C 50 58.6 5.3 0 0 35.6 0.5

70 51.1 6.3 0 0 42.3 0.3

0 42.7 5.6 0.9 0 44.2 6.6

EFB torrefied at 30 52.8 5.1 0.3 0 35.5 6.3

200C 50 51.6 5.5 0.4 0 37.1 5.4

70 494 5.4 0.3 0 41.3 3.5

0 457 5.9 0.4 0 44.7 33

PKS torrefied at 30 532 53 0.6 0 37.5 34

250°C 50 50.5 5.8 0.4 0 40.8 2.5

70 46.6 6.2 0.2 0 455 1.5

Sub-bituminous coal 79.0 53 1.5 0.2 10.0 4.0
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Table 2. Density of pellets made of torrefied biomass mixed with Larix saw dusts

Saw dusts (%) Softwood chips PKS EFB
30 596+5 6117 605+6
50 656+4 64147 626+4
70 679+8 66545 671+5
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P BAS FusY) YA W, AR 5T o A7bE W e) ojzko] Felo] Uy] AFselet. B
glsto] yhetsle o J g vpo] e ufj 2o E3HE = FH slof Fefo] drhe AL a7t A FAAE 5

3.3 Qs HWalo| MA H|w
Fig. 60 A drekst A, 223 vyl
EFB, 12| 1 PKSZ A 2H H2l o] 442 vl
o} uhehslE 2 A SR 0 A Hpo] QU AL
48 5 o] uj & Eksly) uj o] iy o oL 5
S UES AN BR O A d S BUS 30:70,
50:50, 12 11 70:30 H| & & Tdtato] AP EAS
35t
AroA oAFat upel o] HlEksiAl 7] 2] $e &
,PKS, 12 3 EFBY] 7% 2| 2 A &o] a2
Aejol 7] W&o Hal F o] glojA 2 £A|
A 54 4 9kTh(Fig. 6 ¢ %)."Y BE PKS9] ¢
BF0 OF 540, EFBLE OF 25%, S42 9F 26%S
Qo> s Ak vhek s}t A w2 2k
RO A vro| Quj A7} A4 07 s, AE
2ergade FulEzo ARt dH o 9
Aal7 s A gk A i A3L7h A E o] Welo] P Ao
23 ol 7] A& =, AP A

s
T rir

oot [ o 9 opr
ol
El
%9,

Wt do rC rlo

=]
7181 7] 71 of & 9171 w20l 30% o] A &-ghsho] =l
& A 234l Fig. 60l A H=vpet Zo] 4 oaF 51
0] 30% J &= T35 E 7] Al&tet A "l g o] A
o7 Y| AlZergl, Ea] wekstE PKSe}

J

o
ShEA oo nustEchs AL ojugich 2 24
A5l 47|20 157 B39 WE L 640 kg/m’ o]
ol Hojof sh=dl F5 30% M 7F <=0l A= Table
2004 B ho} o] B 25 529 WEE e
U gich. shAIRE 5ol 50% 3 7HE ¥ EFBE Al 9] 5t
L BE 153 420 WErtd F7bshech A

2927 vpo] o2 0] 5o WA Yle] B

H

=l

Z9 UEg Uehygit A8H 02 wEshd g1
ug

Thet A W B A S 2A A o A Aol of

oSk
o
i d
59
o

— =2 A o
Hhetsl e S A, EFB, 1211 PKSE Al 2 ¢ W3l
o W gkS Fig. 70l Yy olet. 4 3, PKS, 12
T EFBE WHestA]7]7] A & v we] 2 &5
7L 19.4 Ml/kg, PKSE 17.8 MJ/kg, 12 i EFB=
17.0 MJ/kgo] Qi th. whgtsbA] 7] 7] Mol = BRI 2 Al =
gt 5o dgsFo] 7 A Ui, o 0 2 PKS

® Softwood PKS = EFB

Heating value (M.kg)

Addition ratio of saw dusts (%)

Fig. 7. Effect of saw dust on heating values of
pellets made of torrefied biomass.



32

ox
o
ol
o
i
=
5
5
of

S EFBY] A 2 gttt ey BHestE A 71| 7}
o] @ ufj A o] Wbk Q4 2 26.9 MI/kg, PKS 26
MJ/kg, 18] 1 EFB 24.2 MJ/kg& A7 Ar4538t91, &
3] PKSE= &40 W wko] Lkt &, jhekst A
27} g 1 E R QA vho] @ uf Ao W g A A
off - 2 AT 3h= AR e

S} A gk BHebSEA 7] 2] 1A 2 2 9 A ulo] )
A HE Y T 1 Aol dA =A o7 i
A717h B a5tk 2 A

E.l:ﬂ— 0 al 7].0]_

u L3k 9.

O!
oy Mo O\‘
g
~
WUJ
[
S

e
Py
tlo
=L

N
ol

i)
wy o
T
2 d
N
R
o 2
[
I
ez
it
fu
o

H =
ks 6‘3*01 70% %2;—; Z7lstd
A vlo] Qu A0 2B o B
=9 HdFs L}E}LH%} 311l
30%2t 50% 4>% < wjo] =
o] 9 AN 21-22 MI/kg 520 2 225191, 94

© 2425 MI/kgO 2 9 Q3 vpo] Quj AR T} =
tﬂ—oﬂa}:o OZ]O}OE‘E]— E‘ﬂ' uﬂ'i o] &} ut
Lol = 25ha wheket A g o] w3}
5%, W7 = 46%71 2] kol 2k gFAF o}
= B ofy A AFA Mol 75t

3.5 BIELS} Hjo|Quj A0 Hal0| HEsH S

Mol H7bE A oh2 wherst A5l ¥} A fo] X7
ks 1 519 TGA 3414 Fig. 8¢ UrEHH"*E} g
EAZe A v e As AR H 7] A 2] Al
A H L, 3 o] ol = H‘ﬂe“é =29 A A fé.”]ﬂ AE
oA FudlgR s, O2|A 2 &0l &3
et 2ol H7HH Zl %2> HHEkSE S A4 = oF 38079
A 27] G2 7F A2 A G A Eo] FYE Hhetat &
A= o 250C LA NA A&7 A 2 E A 254
A HES 2= A Afo] e A b uhes}
A= 450-500C G Aol A Lofkar, Aol A7
HHErs} S 2= oF 350 ol A Aottt drtA o= of
T2 A ER A Hho] Quf Ao A A E
L vk 9} 0] 200-500°C G A fRE] HER

‘

R

=i

i

futr

cHAM "= - Fo]7]E 47(1) 2015

H01

oAU MER O A a7} Yojit
o s BaEch E o 7R w2 A}
o] M7k Al oF& whers} A= 800Ce =
A % HlEol oF 60% = S &4 o] M
Wi, Afo] Hrhd wtest ZA9 F
30-40% Tl R T S0 wEA o
ojtt. Z2H o2 Aol H7tEd & §hS
OFA A Kt} w2 A AF a7 Lot A &
ol wr=7 dofual, Mgo] Frhe A oFe vt
ZHh Hhg-/gol WOl A M A S &40 =e|A o
© Aoz FAHA o= ‘*E}@rEl A 7F Wk st

Al717] A E ot 117 g4 O] vl &o] wopx| 1L Ht'e”é‘ %3
9] Hlgo] Ao A 7] ufjZof =2 A A
7%t Tel o] 9lth. T3 Van Krevelen diagramoﬂ A
u 2 upe} Zho) whekstet ob A a7 wha o W&ol &
ot A A E]aL o] = Qlel] O/CY Hl&o] ZadtA HH &
wofofl ot Aol AXA Heh 224 o= vhet

"%

i o m Af ol

L S i [ )
o mo B = M

oy Sorle
Ot o HE o o @ N o W

01
ox
°

I‘S.‘l o

2

Y
i)
e HE o g2 o

¢

Fig. 8. TGA curves of torrefied woods with and
without adding com starch.

Fig. 9. TGA curves of torrefied woods with and
without adding sawdusts.
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