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Assessment of The Biomass Potential Recovered from Oil Palm Plantation
and Crude Palm Oil Production in Indonesia*
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HAE 71202 silon, Hlol euf 0] 242 0l F Aul Ao WAYE= Hio] Lufj Ao} CPO HAE T4 F WSt
= o] euis Fibmo] OB TAS FEste] A7E STk 1 AR 20119 2 F Al 2ol A EAst
€ Holenias £7], 7H), BelE Ejete] 24 3 Winh tonof A o 16 ¥iTk tono] o] & Zo® FAHoH,
CPO A& FAelAE A% F3F 71 49 Uit tono] WAYsh= Zlom FAEGIh o2 Ax 7| n9eEFor
ke & 73, 593 A TOEClA 3,197 A TOEQ] ofuix7}h Wgste, CPO A= 34 3 BAshs violeujes 2
EFF 71% 48914 A tono] WAYThs A0R FAHY, Hlo|ul A BAREO| o qA|gke MEA V% 22722 A
TOE, #]9Jardef 7]Z02 16,330 A TOE7} ¥Hgsl= Aoz 24w ech wfebd, 201149 SlEyAlote] ©9l 2 )
Hfje} CPO Jito = ite 119 Wdsf 7o 25019 1 TOES| o # o] Qv Fikzo] Wbt 2o A5
Act.
ABSTRACT

In this study, the potential of biomass, which is generated from oil pam cultivation and crude palm oil (CPO) pro-
duction of Indonesia was assessed in the aspect of energy content. The types of oil palm biomass were classified on
the basis of the cultivation stage and the CPO production stage. In the cultivation stage, biomass is considered to be

1 Date Received January 16, 2014 Date Accepted February 11, 2014

2 ZPAY Y QA skshu|AlET). Division of Wood Chemistry & Microbiology, Department of Forest Products,
Korea Forest Research Ingtitute, Seoul 130-712, Korea

3 YA Y JAMEEHE Ajm-gstal. Divison of Wood Engineering, Department of Forest Products, Korea Forest
Research Institute, Seoul 130-712, Korea

4 2Rty sAAEEF s BA£o)|1}sk}t. Department of Wood and Paper Science. College of Agriculture, Life &
Environments Sciences. Chungbuk National University. Cheongju 361-763, Korea

5 AU A AFAIE. Forests and Environment Programme, Center for International Forestry Research, Bogor 16115, Indonesia

T A1 =}(corresponding author) : ©]<4=Rl(e-mail: S.Lee2@cgiar.org)

— 231 —



PRE - B -

bz - ol

2~
Sl

produced from its' root, trunk and frond. Other possible biomass resources such as empty fruit bunch (EFB), pam ker-
nel shell (PKS) and fiber were included in the CPO production stage. As results, total biomass from damaged planta-
tion area of Indonesia was estimated to be annualy from 3 million to 16 million tons in 2011. From CPO mills, ap-
proximately 49 million tons/yr of biomass residues were estimated to be annualy occurred. Their total energy content
from each biomass source in cultivation stage was anadyzed to be from 593,000 to 3,197,000 TOEs in terms of gross
caorific value. In the case of CPO mills, around 22.7 million TOEs was estimated to be potentia energy producible
by biomass based on gross cdorific value of dry basis. If moisture content considered, net calorific value was anayzed
to be decreased to 16.3 million TOEs. Based on the results, the total energy contents of all oil palm biomass were esti-
mated to be up to 25,919,000 TOE in terms of gross cdorific value.

CPO : Crude Pam Qil, EFB : Empty Fruit Bunch, FFB: Fresh Fruit Bunch, PKS : Pam Kernel Shell, OPF : Qil
Palm Frond, PKOC : Pam Kernel Qil Cake, ISPO : Indonesia Sustainable PAm Oil Commission, TOE : Tone of Oil

Equivalent

Keywords: Oil pam, biomass, empty fruit bunch, pam kernel shell, bioenergy, crude pam ail
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Al o9 St sHAI7E Har Qlok AR AR
A& Aol o8 FHE Tl 247 HiE
& Adsle AL =A AR AASHA aRlsar
U= FAlelTh

ol 2AVtA HiE S Bt Aedoew
ERFE AR AL fFHATe= 20009 F9 9
slofA dharE AfgedA o]§ Fxlof gt
(Renewable Energy Directive)oll A 2020 71A] z| A o]
YA Basrs 18 oluAl 3532 20%7h4] S
Sh= & HAISHATHEC 2009). 9-2|uet= 20081
=7 Al - AR A] 7] AYS Tasie, 2030
AR Al - AU A] B HES =7F 1A A] &
ggoll 11%712] gttt Al whaste] 3
Zoll ek ohgt 79 HiolemA AHdS e
2 UE e B8 7Rl o 2549
o]FolAiL Q= 7hed, Hioleyd Fomol B
7hs/d "ol @ ol tiet Balo] Srkskar qick

2<% I(Elaeis guneensis)2 thAA AER 259
Aol A Eol7k 10 mof| &iith e g A
(FFB)= A1 &) @ol 23tEo] glo] A§-F2
T dumE AREY, A AER A oF 30%7t
# edze FEHI QUckCorley 2009). EZH FAF

AR vl - AAE AxE) e YREE AS
=cH(Corley et al. 1971; Prasertsan and Prasertsan
1996). |t Eof Hioleo Ao gt Tilo] Foh
Holl wel, ¢ o o] oot ARBA T§ 7}
Aol Ethe WA A FES ¥ fleH
(Corley 2009; Shuit et al. 2009; Sulaiman et al.
2011; Chiew and Shimada 2013), o|&gt =A% 2l
%ol Tt o o Au) WHe A AAYeR F
7kskal gl FAlelth Fhol e Y AR
et olg Ak st W A 7B FHoR
AR A3 Foll ArkSung et al. 2013). ol A%
gl QlEUlAjotollA 2 Fo] AgdHer Fa
3t Ql4EES sfelou, QlmulAlor HRIt
Aoz AYPskal Sl F8 A=o|th(Dermawan et
al. 2011). Ql=y|Ajobe] =& W22 oF 190 Wyt ha
2 Sejutel(er 99 Wyl ha)el ulmato] oF 20u) 7}
FHL, oY & Auiwde 20119 VEe s Qe
iAol =E o] A7) sl 2. T A
dre ceje} FE W] ¥k sk, Qlwy)
Ao} A= 20206714 29 AR AR S 13 Wiyt
haz gujgiths Al8-S LS B} I (Dermawan et
al. 2011).

<9 g upol o] ofif 4] o4 FyBE Ft
7k AR A BFEet A7k wE A7
of Zlogh= AXA SHA S HIE viges, 2
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Fig. 1. Qil pam plantation area of Indonesia from
2003 to 2011.
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AF 20 33 CPO A4l 302 A 294

upol Qv 2 A B

o FHoR rglon, 2 BANE YA s
slolemag] $5 U E4S Y 42 vgom

H] 25} A T

2.3. 2 & Hio|oiA] o HX| E4 24

R o)A SukEet S qlmylAlop 1o
A SR 09 B Bl Ho] ori A5 U] B
g BN AR oz oo F B ool
WA 8 vtol ol FARRES] ofulx] ol§ 7}
$AS sk Hestn.

wolsy, )%, AA, 1B B 5 495
gom, FAYAYTIAL BB Y72
AAE AgHel Zste] 275t 150 59 shel
W3 47123 vlmshgich HAE Fue B A
=22} v WSFETHKFRI 2009).

1. MA & 2L AE i

20129 AlA @Y F AP qFRe dAXF 4109
E FEE AL vk #F o4 SA7ME 5%
£z 59 Z9o 20114 29 1,250 USD/tono. &2 7}
A =od v, 2008 11¥€ol= 433 USD/ton7kA] &
= = 9l9lom, 20120l i 760 USD/ton
Zog FAESItiMundindex 2012).

vl= FRAY SAAE sk, 20129 &S
2 AA & oY A2 533 Wyl ton RGO,
o] = 525%2]1 28.0 WHl tono] <QlEU|A|o}2EE]
THEAG. Ql=yAlob= 20034 o] % uid Wt
10.6%2] CPO A4lsro] F7pstglon, = AH|F
T A7t oF 7.9% FUetGl o AAIK R T @
2H] AR g 7t QEUAol ] A
Me Aoz HAE9rHFig. 1)(Sete and Wiyono
2012). 2012 Qlmu[Ajofoll A A4kE H oY F
70%2] 19.6 #k ton SQ|R FEEGlem, =
of A} AH|E Y2 28%%] 7.8 iRt tono| it H &
Yo RIS 7|EORE E W, 38 AH[HoEs
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Table 1. Regiona area of oil pam and CPO production efficiency in Indonesia (2010)

Regiona Plantation CPO production Production
Region Percentage Area (ha) Region Percentage ton ton/ha
Riau 22 1,801,210 Riau 31 6,064,391 3.37
North Sumatra 13 1,057,769 North Sumatra 16 3,230,488 3.05
South Sumatra 9 737,191 West Sumatra 11 2,082,196 2.82
Central Kalimantan 14 1,085,158 Central Kalimantan 9 1,717,494 1.58
West Kaimantan 7 545,805 West Kalimantan 4 881,768 1.62
East Kaimantan 6 494,983 West Sumatra 4 852,042 -
Jambi 6 494,078 Jambi 7 1,293,173 2.62
Others 23 1,820,238 Others 18 3,638,459 2.00
S Gormmar s+ e P e A, 259 ol Aol WA F AT
- ) ok 7]ek WS Qlstel o ol B AniE AARSEA|
0 T S A FGofA = Aol ARl EA 2 A2
i, s 5= oA/} WasicHCorley e al. 1971; Sompomn
%mm . Pleanjai 2009; Singh et al. 2011; Aholoukpe et al.
g — 2013). QlwmvAlofollA] AZF WA 7hse oo W W
o ' 4o ofek 65 A haold 8 A ha PR HIE T Q)
o : o, WA 7Hs WAL sk ofg] 7] 29lo® <
Sk e Ded e A Do el e GmA AN e 3 2 @ ). .
:Zlg 2. CPO yidd from oil pam plantatlon in HOLIEH]/\E iilﬂ;_ ;‘;(llnii;zlgenmable oil
ndonesia, 2003~2011. s H
Palm Commission, 1SPO)2] 2}&of up=H, QI |A|
°1%=(8.0 Wt ton), (6.4 Wyl ton), S-HATH5.6 of 2 g AuHA L AEHH 0w FUshe AoR
W5k ton) <202 £4]%|9lthMundindex 2012). EHESIHISPO 2012). IEHAlOk: 20031d0]A]

20114717 ©F 5 ¥k haof x| 9 ¥t hazt %719
30 OIZUHA[O} @O T ZaHE|o|A oI Edl 2011d FEow elmulAlele] ool 3 A

S7t2t CPO %”ﬂm o WAZ of 89 MRk ha= A=A (Fg. 1) 3=

T oY 7HAo] FdjF oz HgstE o] Qo =

o] BA] o AAEE CPO o2 TR ol FotaL, QlEvAlol HR7F A o7 oA I Auf

A= ha @ 35 ton A$Q] Ao wetEn, 4w HAE gfistadt she iAol Hiolet Ay 2

2o Z=ulof| o3 AJAFE= 9o o] CPO AJAF HS 2 oUA] 87} A&F o7 F718 Aolgh= o4t
o] 2000t =4t oF 25 t0n°ﬂ*1 2k S71ste] 2011 I BAZE = Ao

ol 34 ton7hA] 5713 Aoz EAEICHFG. 2). Table 104 LeRd Blel o] QlmuAlore] =8

oA Fe A 5 ATt Uﬂra} TEE o= oY el F EZHHel AL putEete Zevie Ao

o A BT BATY Sl A & i Evl] et e fAska ek 53], putEY] gohke

o] gz 4d mute] @ e md<A, 4dofA] 25 (Riau) Ao} HpupEet 2o lmuAlol A4
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Table 2. Oil pam biomass from plantation area Syahrinudin (In: Vlek PLG 2005) (Unit: ton/ha, wet basis)

Belowground Aboveground
Age Total
Root Trunk base Trunk Frond Rachis Leaflet Others
3 12 1.3 131 1.2 4.6 14 14 35.00
10 16.1 89 49.0 20.5 9.9 4.8 2.16 111.36
20 27.6 125 74.1 23 15.8 4.3 571 142.31
30 357 16.7 94.3 33 24.2 6.4 6.54 187.14
i ol AR Tajsl: Aole) 0 F AMELL AR
- U Hole] Aushs Aljuc Ao B Flo
I 2 B 9ck(Pehnet and Vietze 2012)(Fig. 2). Fig.
3ol ZRIg = QU= Hiel o] Qlmu|AJofoflA] ¢
| 3

€PO producti

. hll hll | II I] Ia IJ | ll
Fig. 3. CPO production of Indonesia from 2003 to
2011.
<ol g A o) 3BWE Ax|skul, CPO ALY
o 41%= st 24 Aotk o] oA
20104 ha o A4l CPOQ| 92 Elobs z o]
3.37 ton, E4nlEgt= 3.05 tono]gith 22 3 =
B Zhejuret 2)eje] 158 tono|uh A el 2|
o] 162 tonz} W] walw oF 20 Hw B A
w2 e ol 2 Aoy Ak Aol B
Aoyt 7%, e & AR =4 A7), A=y
52 Zpolof| 7|Qlsh= Ao = AetEch wEks FFB
AL CPO Ak vl A she Zlo] aka
& HIE oldfist=t TaT o= Helr
ArvlAjofe A o] 2 & Al w4 4 Bl&
& 3A A FHEe] o Aujet 714, 1A A
7 AR EFshks A9z vhdnh 20019 o]+
Ard|Alop AH7E gt @ & AujEA o=
7 glot A Ot Axqfr Ajuje} HIxk
7149 AuiH AL 3] Srkskal Qlek o 71

7t Ak CPOL 20114 25 Wit tonoj] o] 23 &
1, 2012 0]l = 28 Wil tono]] Bk Ao EAE Y]
CHDermawan et al. 2011). o]&3F AYAIEFS QwEU]A]
of 5ol A A o] oA F Al WA F7t
oF tjEo] FF AHHor FIE o oitHch

AAIZE Ol

o =X

Of|LAx]

3

of| A= tH(Schmidt 2007).
& Ao} §o w2t okztel g
o+ ¥7F 20 ton/ha AEQ]l Ao R Z it (Corley
et al. 1971; Schmidt. 2007; Sumathi et al. 2008;
Somporn Pleanjai 2009; 1SPO 2012; Kaewmai et al.
2012; Souza et al. 2012).

A GAA A== FARE T ol8 Tkt
Ao siAe} 7] L pelw FRaje] et
4= Qlt}. Syahrinudin (2005)0) w2, 3094 2
o] 4% el Eslo] ha g oF 187 ton] vpo]
QujA7F WElE Aom HAErk(Table 2). o]
Z7|7} 9F 50.3%¢1 94.3 ton/hac| HAsH= A S
BAEgion], o 5& T FARE oF 164%

2} A8l tH(Syahrinudin In, Viek PLG 2005). 4=
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Table 3. The estimation of oil pam biomass potential from damaged plantation area in Indonesia

Biomass (ton/ha, wet basis)

Area
Year
(ha) 3 years 10 years 20 years 30 years
2003 74,889 2,621,115 8,312,679 10,634,238 14,004,243
2004 65,586 2,295,510 7,280,046 9,313,212 12,264,582
2005 63,751 2,231,285 7,076,361 9,052,642 11,921,437
2006 68,730 2,405,550 7,629,030 9,759,660 12,852,510
2007 83,744 2,931,040 9,295,584 11,891,648 15,660,128
2008 76,603 2,681,105 8,502,933 10,877,626 14,324,761
2009 85,317 2,986,095 9,470,187 12,115,014 15,954,279
2010 76,414 2,674,490 8,481,954 10,850,788 14,289,418
2011 86,330 3,021,550 9,582,630 12,258,860 16,143,710
Table 4. Maor biomass by-products from CPO production
Biomass type Crude_Pam Pam l_(ernel Kernd Empty Fruit Kernel Fibers POME Ref.
Qil Qil Bunches Shell
Cake
20.0 15 35 220 5.0 12.0 50.0 Queiroz et al. 2012
Percentage ]

) 19.9 53 225 7.0 13.0 67.3 Schmidt. 2007

20.3 24 2.7 22.3 6.8 133 66.1 Yusoff. 2006

ol that 2 B AAIAY) Ho] WelE W A
AschA, 2712 ha @ 524 tong] vlo] QujAS &}
B 4 9l Aom HAEgrh uhY, Yusoff
(2006)= TeflolAloke] 2.1 T Al A ATE
3 Az vlo]eujAs RAE 7|2SZ ha - frond
7} 10.4 ton, EFB7} 1.6 ton BFAYslY, o< I 24
A Alell trunk7} 75.5 ton, frond 5©] 14.4 ton AY
e Aom B usHITHYusoff 2006).

olefat AT AWES| Kol AV oz 0 B
dol@uls g W Lol B ofr|dtt E
3], Aol & F EdlEold 9 CPO AAkE7
oA HAYEh= Blolewls & A 9]
ofuAld % A & & FHE =

A ik b Het o

A ol @t uhgE
S0 teto] AR AL WY
1

AREE B2E Ao

o

5
Wy Aae AgFgon 7

stich. A4Sl wAL Amd Aot 27} £
oA AN HEE 4GS SEoR shgou, of
7120 QEd|Alofol 2] uho] ol A
sbstithTeble 4). 4+% Ao med, 20114
myAotol A FleElo] AAEL BAE oF 86
A haz 4kE|9l 0w, Table 29] 7]ZS wh} 3, 10,
20 7173 09E 7% 0 R WS AEsten
A7E MY vlol ol 27} 3 Wyt tonol 4 16
B tono 2 24 Ejo] upo] @2 Ao mAle] 7hA
7 FET 08 AREM, FF 0U F AuE
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Fig. 4. Scheme of CPO production.

3.3. CPO Mz 5 & Ldst= Hio|<20f

Aol g2

Zhgct dubEel 34 &

7, Hat, w2, 23} 47 & 5 CPOE Alx
t}(Fig. 4). o] WAo|A CPOS}t A FFBREEE X
Abgo] AJAFETE Fig. 4o YeRd Biel o] F8
BAERL EFB, PKS, PKOC 2 POME So| gt}
CPO AzFHollA AAtE s FAMES B5F 3}5h7]
A7t =HA & Hpoleujiol|ty. CPO A|l23H
% TSk RAREY Akl tisto] who] oA
oYz Ao 29 712 Bt 2T SdstA o
FE7] AlstgET, Table 49k o] o 9
Aol wet fAReE o] WSS Histal gl
(Schmidt 2007; Queiroz et al. 2012). o= FFBZ %
¥ CPOE A4ksl= 34 #d 7&o] o= A= F
AslElo] Qe AR EAHch FFB 1 tono]
CPO A4l AH|2 WIIEH, 4 od & grjes

¢

L ol

B o9g A7sks A (sipping)7t A of
Ao A EFB7) AAtEl=E] FFB 57 oju] 22% %
=7h upst olnzRE HelE oo ¥ duls

&3l vlo]QufA
5% 12]31 H/-7F FFB FA| o] 12% WAyshA
ot AEEE oY T Hlo|ujA=RE PKOZE
15% A, 7 FAREQl PKOCTL 3.5% AJ4ke
ok &2 AlE, HiE 5ol A" £ POMES
Astedl, &2 s A== ol A2E FFB
9] 50~60%°] Eol= Aeg dA Qloh dakd o
2 CPO Ak T4 2F A4k CPO= A4 A
Hlo] £E FFB FA the] 20% 408 HiE
Qlt(Table 4).

uebA, $2HE FFB 54 & 20%2] CPOE A€
shal thefet FEjY mpolemjAr FAE U
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Table 5. Cdorific values and moisture contents of oil pam biomass from CPO production

Biomas type Palm Kernel Cake Empty Fruit Palm Kernel Shell Fibers Ref.
Bunches
Calorific value 20.1 18.8 20.1 19.1 Chiew, 2008
(MJYkg, dry basis) 20.9 128 197 185
- Kaewami, 2012
Moisture contents 783 50.4 189 3202

(Wt%)

80%= o] &3] o]8 7|53t vlo|oujA Aoz H
HET) E3) 0|23t ufo] e~k 27149l FFB 4
shak CPO A4t AHle] A% ZMeom $39) by
4 el vlio] W dZo] Fie| hsaith
ol ek

3.4. 2 T HiO|OAS| tE HOI2}
oHx| 54
Hloloml it Fa T4 AEROX, Hv)

Mz o 1l gadoln, Feke] oF 50%7} shaw
A=) Qick. ol 0.9 F fref vho] oA w
FUsHA A gHck webd 0 B 54 W CPO 4
Aol A HHAISHE chopdl 29 % njole
w2 S uo] vt fARE Mol 9 Ao
= i,

CPO 3ol A WAske 2.9l % o] erf2e] %

220
ST

a YRS Table 50 LreRyict. B4 Azte] u}
29 A Zo| drsle Hlo] oA zFYL E

shgol A A Aol7t sk RS EIT ]
o} vho] Quj A9 = JEFS o x|l P v
A= F8 AAREA, Feg A= vho] QA9 o]
ol & ZFA =t Kaewma 5(2012)0] wk
2™, CPO FAA AFE vlo]euf2e] B4
olof whe} =8O 7~80%= Ho|7} A tHTable 5).
ol JEOﬂ o2 34 Zolet el 7] A2
Qlste] Lmo o] 7ot A o= wrtEr) o]
9} ol HPO]EUHN} TREE 29 k= Hiol
ujA AR o] HFE AAA7]7] wio] o vyX]
°2 ZFgsl7] A E AR s o] 4ot o

;:0

A~
T
o

R

23t vfol QuiAE x| YaiAs thEFY oy
A& FYsfior H7] uizol 7iAdE CPO #é
Zosirth weba] wpol oA {9 a1

upo] Quj A 2p1 o) o] ThaAdut HAI
AAFeh= vE7E Ak 7P = 9 ERRS
Al 201 MIkge = AFEEIch WA EFBE= 128
MJIkgoll 4] 18.8 MIkge & 2] 9l we] FAo ot
et g 54 S vAE Aew EAE

U Al oA Y] g2 23 & PKO A4
Az PKOCo|| A &80 783%C 2 71 &7

Elton, thgo 2 EFB7} 59.4%¢) gal= A
Bz gci(Kaewma et al. 2012). o33t =8
ol o-f 7hs3h Hio]eujA 4MET oA o]
3o G vA Aer AlmEr)

lo
oo & 1 T oo

3.5. 2 H Hio|ROjAS| 35N EM

J

QAo

OS2 Ho|oujso) meArdRF

Hlo| @ ujf
Bl A A A}/\ 6—1—31:1]_ mx%z;

B, e, gk WA A=
&‘Oi oFe] 4] QltH(Toscano et al. 2013). @ %
H]—o]_g?_uH_/_\_ .‘?'_ ]‘EO] Z]l/] 01: g]_sl—x—l EA-L% ?___}
oA Aol ZARARE Bt BAske] Table
6ol UEb et #2e) ¥ A+ 7::4_ AT EH,
ElAE 459-585%71%] FAEH= AoR EARQ)
HhH 4l 4.8%0) A 12, 6%77};<] B2xsin
Ak 22, 5%01%1 50.2%7} %] H3Z&
=2 2AEA S-HAE

°f Eﬂréta o 7 H}Olgﬂﬂi
TFE FAAE2 14%, L
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Table 6. Elemental analysis and ash content of oil palm biomass residues (Unit: wt%, dry basis)

KERIY Na et al. Uemura et al. ISO DIS 17225-1  Lu et al.
(2013) (2011) (2012) (2012) Average
Flements Pdm Frond  EFB . (%)
(Pdlet) (Pdlet) Mesocarp EFB Mesocarp  PKS Min Max OPF

c 459 476 48.0 455 469 46.7 46.3 585 519 48.6

H 6.0 6.1 58 55 59 59 59 12.6 48 6.5

N 0.3 0.5 241 045 112 101 0.04 05 24 1.0

O 433 38.8 225 434 427 36.7 43.0 50.2 40.6 40.1

S 0.19 031 ND' 004 0.09 0.06 0.03 0.09 0.30 0.1

Ash 43 6.6 10.8 51 33 44 14 74 7 5.6
" ND : Not Determined
1) KFRI : Korea Forest Research Institute
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Table 7. Estimation of oil pam biomass & energy equivaent from damaged plantation area of Indonesia in 2011

Wet basis Dry basis Calorific Energy”
Production (ton/ha) 2 (ton/ha) 3 (TOE, dry basis)
. MC Value
(ton/ha, wet basis) %) (MIkg)
Min?  Max? Min Max Min Max
Belowground® 10.6 133 52.4 50 6.7 26.2 175 240,115 946,017
Frond® 14.6 7.2 33.9 50 3.6 17.0 15.7 116,617 549,072
Trunk 154 131 94.3 50 6.6 47.2 175 236,504 1,702,470
Total (TOE, dry basis) 503236 3,197,559

1) Estimation from 3 years (Min) & 30 year (Max)-old oil palm Syahrinudin (In: Vlek PLG 2005).
2) Roughly assumed on the basis of common moisture content of fresh cut log
3) Source from Chiew et a (2008), belowground was estimated as same caorific value with trunk of oil pam.

4) 1 TOE = 41.841 MJ
5) Belowground = root + trunk base
6) Frond = Frond base + Rachis + leaflet

7) Damaged area of oil pam plantation in 2011 was estimated to 86,330 ha based on I1SPO report (2012)

T ZdE o] oA Hpo]Quf A HhgRke] TRk A
A BA ARI Qs AFOR B AT
vlo] Qufj A "RAEES. Syahrinudin (2005)71 33w
AT AR 3T} 3094 0 FolA WA
ulolenl s WATFE 71FoR Aok A2 i
stodek. wolQul o] S4age Bzl uleh A
olSHAI T, A F ti7] 2N 2 B o] 2
2 g B AR FHE0] QA gol Aty
o Qs WA HFe| I 5% 7HYets
th 99 njolesjAg Hio] te whef W
o 0E ATAEY BE4RE F§3HUrkYusolf
2006; Schmidt 2007; Shuit et al. 2009; Abnisa et al.
2011; Uemura et al. 2011; Na et al. 2013). u}2}A],
Azx71% @Y I vpol LufjA] HAYSF Y o x|
AT PEE RRS Ar 9= gyt Basitt
20119 Qlm=yjAjotelA gt @Y o Hio] e mjA
FAREO] oUR|FE uepdERo® A Al Fa
593 A TOE9| A 3,197 A TOE| E3l= Aoz &
A= QItK(Table 7). Loy i Fks et A9
s Ago] ofy 7] wjie] o] o]§ AdH|oA]
54 ol wet o W a2 oyA] A8 &
o|7} WA Zo] ot

o)

o)

CPO A4k FA oA LAYst= Hho] Quf A8} o
A AL 20119 1= Ao FFB AAFFS 7]&
o3 BA359ct Sulaman $(2011)2 CPO AJAHEZ
A 5 sk vhol oA BAES FFB 12T
27| I EFB 14.6%, Fiber 15.4%, PKS 10.4% 1]
1, PKOC 11.4%3] Aoz Buslgon, 2 oo
A olE 83ttt 20119 7|E 08 QIEHA|
olo]lxl:= EFB 13,787 # ton, Fiber 14,542 A ton,
PKS 9,821 A ton, PKOC~} 10,765 & ton BHAaH 72
o7 FEAEIcKTable 8). o|55 FHibsid 48914
7 tono]] Z5hH, Ak 0 R ¢FA| Table 304 AA|
o upel o] 2011y 7|E O R QIEU|AloL Fl=X] o
AZE ed F AAY 5 3094 Y T Hhole
uf 2 HAY 2o 3ufo] sl dor FAE
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ALagef 71202 16,330 H TOEZ} HAYst= A
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A 4lek2 Fiberel EFB =082 HAE|Gl O, A9
& 7|& Hpo] @A oA PKOCe}F PKS7F 2
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Table 8. Estimation of energy contents from oil palm biomass residues during CPO production in 2011

Energy Contents of

L 1) . ) gt g
Biomass Proportion Biomass” Gross calgnflc Oil Pam Biomass Net Ca|04I;IfIC Totdl Net Energy
5) (Wt% of FFB, (ton/yr, dry vaue . value :
Type dry besis) basis) (Mkg) Residues (MIkg) (TOE/yr, wet basis)
(TOE/yr, dry basis)
FFB - 94,429,029 - - - -
EFB 14.6 13,786,638 18.8 6,194,613 8.0 2,636,006
Fiber 154 14,542,071 19.1 6,638,310 142 4,935,288
PKS 104 9,820,619 20.1 4,717,728 16.6 3,896,233
PKOC 114 10,764,909 20.1 5,171,355 189 4,862,618
Total - 48,914,237 - 22,722,006 - 16,330,144

1) Sulaiman et al. 2011

2) Estimated on the basis of Sulaiman et al. 2011 and ISPO 2012

3) From Table 5.

4) Kaewmai et al. 2012 and Sumathi et al. 2008

5) FFB (Fresh Fruit Bunch), EFB (Empty Fruit Bunch), PKS (Pam Kernel Shell), PKOC (Pam Kerne Qil Cake)

4.3 2 Peae sk oghe stu gck oo B 24
glol4 9 CPO AJAFEAelA WhAISHE whol @)

B Aol 29 B AU CPO AARS 7] & g, seixd 5 2o - setes ool
ZoR QmulAollA WS 0 ¥ ulolon] 2 mom WAECh ofsf ol Tl S4E A
2 ANE ST 9 B A Bl 4 ol onjac) BEH B8 HshHE ol o)
c b olt A

2o el 7k, £7], WEREE 20114 VJE0R Ao B4 Wi g X3} /)&
°f 3.0 ¥t tonof 4 16.1 wigtk tono] wio] Ll &Hog Lulojof 3 Aoz ALRHCH
Aol FARHH, TES AT olvAFS 593 A
TOE®]A] 3,197 A TOE® A=tk CPO A%
JollAl= FFRBRAEE 1z S5 7I% 48914 A ton
o] WAt Zor FAHY, oy e
g 7)E 22,722 A TOEZ AHoptd=f 7|Eo=m
16,330 A TOE7} WAl 7oz 24w}, uha}
A gurde 7|20 & 25919 A TOES] o A7}
20114¥ 7129 2 W dlo|eujA HAME o]& i
AW Aoz EAEHA ol2el oluA]l
20114 -ajitel 13} ofjujx] Au|Ekel 275688 A
TOES] 9.4%0f| sigsh= Folm, 22 af AlAAel
Yz & FFEFel 7,582 A TOEY 3680 Hél=
FolthKEE! 2012). &3 myjAlope] @ & A
A g Hpol o] o gz Ao mAlf]

REFERENCES

Abnisa, F., Daud W.M.A.W., Husin, W.N.W.; Sahu,
JN. 2011. Utilization possibilities of palm shell
as a source of biomass energy in Malaysia by
producing bio-oil in pyrolysis process. Biomass
and Bioenergy 35(5): 1863~1872.

— 241 —



Aholoukpe, H., et a. 2013. Estimating aboveground
biomass of oil palm: Allometric equations for
estimating frond biomass. Forest Ecology and
Management 292(0): 122~129.

Brockhaus, M., Obidzinski, K., Dermawan, A.,
Laumonier, Y., Luttrell, C. 2012. An overview

forest and
Indonesia: Is the current framework sufficient to
meet the needs of REDD+? Forest Policy and
Economics 18(0): 30~37.

Chiew, Y.L., Shimada, S. 2013. Current state and
environmental impact assessment for utilizing oil
pam empty fruit bunches for fuel, fiber and fer-
tilizer - A case study of Maaysia. Biomass and
Bioenergy 51(0): 109~124.

Corley, RH.V. 2009. How much palm oil do we
need? Environmental Science & Policy 12(2):
134~139.

De Souza, SP. Pacca S, de Avila M.T., Borges
JL.B. 2010. Greenhouse gas emissions and en-
ergy baance of pam oil biofuel. Renewable
Energy 35(11): 2552~2561.

RH.V., Hadon, JJ, Tan, GY. 1971
Analysis of growth of the oil pam (Elaeis gui-
neensis Jacq.) |. Estimation of growth parameters
and application in breeding. Euphytica 20(2):
307~315.

Dermawan, A., Obidzinski, K., Komarudin, H. 2011.
Withering before full bloom?: Bioenergy devel-
opment in Southeast Asia Bogor, Indonesia,
Center
(CIFOR).

European Council. 2009. Directive 2009/28/EC of
the European Parliament and of the Council of

of land allocation policies in

Corley,

for International Forestry Research

23 April 2009 on the promotion of the use of
energy from renewable sources and amending
and subsequently repealing Directives 2001/77/
EC and 2003/30/EC.

Hassan, M.N.A., Jaramillo, P., Griffin, W.M. 2011.

o
U

Life cycle GHG emissions from Maaysian oil
palm bioenergy development: The impact on
transportation sector's energy security. Energy
Policy 39(5): 2615~2625.

Hassan, M.A., Yacob, S., Shirai, Y., Busu, Z. 2008.
Reduction of greenhouse gases emission from
palm oail industry and clean development mecha-
nism busness in Malaysa Journa
Biotechnology 136, Supplement(0): S14.

ISPO. 2012. Indonesian Pam QOil Numbers in 2012.
M. 0. A. R. 0. Indonesia. Building D. 2nd Floor
J. Harsono RM No. 3 Ragunan, Jakarta 12550,
Indonesia, Directorate General of Processing and
Marketing of Agriculture Products: 1~21.

Kaewmai, R., H-Kittikun, A., Musikavong, C. 2012.
Greenhouse gas emissions of pam oil mills in
Thailand. International Journal of Greenhouse
Gas Control 11(0): 141~151.

KEEI. 2012. Yearbook of Energy Statistics. Korea
Energy Economics Institute.

KFRI. 2009. Standard for the quality of wood
pellets.

Lee, SM. et al. 2013. Effects of densfication varia-
bles on the durability of wood pellets fabricated
with Larix kaempferi C. and Liriodendron tulipi-

of

fera L. sawdust. Biomass and Bioenergy 48(0):
1~9.

Mundindex. 2012. http://www.mundindex.com

Na, B.-l., Kim, Y.-H., Lim, W.-S,, Lee, SM., Lee,
H.-W., Lee, J-W. 2013. Torrefaction of oil pam
mesocarp fiber and their effect on pelletizing.
Biomass and Bioenergy 52(0): 159~165.

Prasertsan, S., Prasertsan, P. 1996. Biomass residues
from pam oil mills in Thailand: An overview
on quantity and potentiad usage. Biomass and
Bioenergy 11(5): 387~395.

Pehnelt, G., Vietze, C. 2012. Recdculating GHG
emissions saving of pam oil biodiesel. Environ
Dev Sustain: 1~51.

— 242 —



AwvAel 2 B

Queiroz, A.G., Franga, L., Ponte, M.X. 2012. The
life cycle assessment of biodiesel from pam oil
(“dend€’) in the Amazon.
Bioenergy 36(0): 50~509.

Schmidt, JH. 2007. Life Cycle Assessment of
Repeseed Oil and Pam Oil. Part 3: Life Cycle
Inventory of Rapeseed oil and Pam oil. Ph.D.
Thesis. Department of Development and Plann-

Biomass and

ing, Aaborg University.

Shingj, S., Visvanathan, R., Panigrahi, S., Kochuba
bu, M. 2011. Oil pam fiber (OPF) and its com-
posites: A review. Industrial Crops and Products
33(1): 7~22.

Shuit, SH., Tan, K.T., Lee, K.T., Kamaruddin, A.H.
2009. Qil palm biomass as a sustainable energy
source: A Maaysian case study. Energy 34(9):
1225~1235.

Singh, R.P., Embrandiri, A., lbrahim, M.H., Esa, N.
2011. Management of biomass residues gen-
erated from palm oil mill: Vermicomposting a
sustainable option. Resources, Conservation and
Recycling 55(4): 423~434.

Slette, JP., Wiyono, |. 2012. Indonesia Biofuels
Annual. Global Agriculturd Information Net-
work. Jakarta, Indonesia.

Somporn Pleanjai, SH.G. 2009. Full chain energy
analysis of biodiesal production from palm oil in
Thailand. Applied Energy 86: S209~S214.

Souza, SP.,, De Avila, M.T., Pacca, S. 2012. Life
cycle assessment of sugarcane ethanol and palm
oil biodiesel joint production. Biomass and

sfol o uj2 A Bt

Bioenergy 44(0): 70~79.

Syahrinudin, D.M., Martius, C., Rodgers, C., Van de
Giesen, N., editors. 2005. The potentia of oil
palm and forest plantations for carbon sequestra-
tion on degraded land in Indonesia. Ecology and
development series no. 28.

Sulaiman, F., Abdullah, N., Gerhauser, H., Shariff,
A. 2011. An outlook of Maaysian energy, oil
palm industry and its utilization of wastes as
useful resources. Biomass and Bioenergy 35(9):
3775~3786.

Sumathi, S., Chai, SP., Mohamed, A.R. 2008.
Utilization of oil pam as a source of renewable
energy in Maaysia Renewable and Sustainable
Energy Reviews 12(9): 2404~2421.

Sung, Y.J, Kim, C.-H., Cho, H.-S,, Sim, S.-W., Leg,
G.-S, Cho, 1.-J, Kim, S-B. 2013. Study of oil
palm biomass resources (Part 1) — Character-
istics of thermal decomposition of oil pam bio-
mass-. Journal of Korea TAPPI 45(1): 13~20.

Toscano, G., Riva, G., Foppa Pedretti, E., Duca, D.
2013. Effect of the carbon oxidation state of bi-
omass compounds on the relationship between
GCV and carbon content.
Bioenergy 48(0): 231~238.

Uemura, Y., Omar, W.N., Tsutsui, T., Yusup, S.B.
2011. Torrefaction of oil pam wastes. Fuel
90(8): 2585~2591.

Yusoff, S. 2006. Renewable energy from palm oil -
innovation on effective utilization of waste.
Journal of Cleaner Production 14(1): 87~93.

Biomass and

— 243 —



