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ABSTRACT
Palm bunch (PB) is waste biomass from palm oil production and has good potential as a
renewable energy resource. However, PB has poor fuel properties. The main problems result from the
high moisture and volatile organic content of the material and the low fixed carbon content. These
properties contribute to the low calorific values of PB. Nevertheless, techniques exist that improve the fuel
quality of biomass and the most suitable is thermochemical treatment by torrefaction, a procedure that is
carried out in a temperature range from 200 to 320°C in the absence of oxygen. This research applied
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response surface methodology (RSM) based on central composite design (CCD) to study the influence of
operational factors affecting the torrefaction process. The investigated parameters included temperature
(200-320°C) and time (5—50 min) of torrefaction and the response variables were moisture content (MC),
volatile organic content (VC), ash content (AC), fixed carbon content (FC) and heating value (HV). By
improving these fuel properties, this research aims to enhance the fuel quality of the biomass. The
statistical results showed that both temperature and time significantly influenced the qualities of torrefied
PB. MC and VC were reduced by 90.22% (wet basis, w.b.) and 31.26% (w.b.), respectively and FC and
HV were increased by 1,363.2% (w.b.) and 26.69% (w.b.), respectively. In conclusion, torrefaction has
the potential to be an efficient technique for improving the fuel properties of PB.

o Y I H a
1. Ui ulagwdunszurumsmuaiinnudouildquugi
Uszmalnofuilszmaudanuasnssy 39ifag 39 200 -320 esrusaidon meldaniiziiia
a2 - X - wSumsl¥anueusunsatsthsunias,
MADMINWNITABATIAAYUINNTEUIUNMIHANT U IMft Lastlums transeununsawlaun oy
v ' o A "o o o I =
Wnann Tavdaiimy Taqmaen@ntsua liiesd wune wad M lddudanunzatelanTaoase aa
J o 4 o . .
g1l nauunlaalse Yo ﬁﬂ&umiﬁﬁaﬂmﬁaﬁd HANANAUNTZUIUMIAT U Tuadu (carbonization
y 4 v o o o
martinlflunsadadlundaunammuieiany  process) inlarlihsdudaiuinnalasais wazon
' v @ Aa <
nnzaufuetiits Jezdsamsilomumiagude  anumznamenmuemzawhduidauiudulegs
femansnunsldndan Saqmdeiahdiniuiu fu  HduialasasiiunaaibzRan e lnifansein
q 9 9
= Ao ° a I 4 a I Sq ot oo
Fanadlidnonmlumsinwaaiwyemasldiu nmeiua g
T = a %'l £y 4 o 3 Y (‘!’ 9} o ] v @
p619@ Taglumswaminiuildy e mearsdu wanduaiil Idnnnszuaunsnessuladuey
9 Il ~ Y o A o s \ 2 g @ s
dhahundnszuaumsiuey Idiinhdy iasiifag o0 neds ldngmelidy (torrefied palm bunch)
o 2 ” Y o g v - & = o wa v A A AaX o A A X
maenasutuiud unanaseldainmsnan a9 dlaniinedyemadiauy unelan Ny
v Y
Usznoudau nzanhdy dulody vaznzanhdy M dwalddmdoulidgeiiu ualdndwnulums
' o A I s A
ala Tasnzanhsy nazduletidy 185 mstnnle vadesduiesnnanuihudulevemnzavhduianas
v Y
Fudemasluniielotheduds uddmiunzarendy dnnedadnaldnmannsalunsganiuiuana i
Y N ] < A 2 (=)
fanatimaiu g iudomanoudiadon e q 75 Mawsadumessidanzaehdylduniu Taelill
4 1
Fadrveamsifanzmethdunar 0.2 dudonzaty  DYMIWeIMsningats vennniindadusinlddl
4 1 '
Phduan 1 & [1] s uslusgnenmlusaSnaiten MW A uFemasnadene uazlszvdanldee
Pl v 1 dy a a Y Av a Y=
mnzaulumsinn i udomadell Tasasonila  Tmsvuduemadndas [2, 3] Tasow3isi Iddnm
4
A o ' o a ° < ! Y A ! o o =] VDD
filinzanehdu b8 varmienlunsiunlfidy  foumhinuinszuumanedsuiaduillisanzam

Y Yy

1 k4
Somas aelammutuiias awaldamuousld TumsnvzalSulysamiamednudemawesimiariia

:: o g’; o & ¥ a . " &
M Tnilen aaiudasuiludeoadinses sudromas A1 Awaaalumsei 1
' ae Sao s A = A a
Aouri g lumswn lvalive Il auiiamunzanlums Tuauaveiiiidaguszasdiiefnyanswaves
. o P - A v A ] o o o o s
SNl udemas Tasns=uiums i a i ay aeNaImanonszuIUMINDs TuvlasuveInzateihay
S ar oo [ ya o P e ¢ Taeld5Euineaueuuszaunat Mol
dwmiulSuljeantianeanuremasveanzasiay & ]
i v
P o . v wva Y A a o 4 v A
Aonszuaumsneisudadu (torrefaction process) &4 auiAndyematvenzaoidu Tasiladei
' o ' o = Y 1 a o o 1% o
Sarumnzmnnnndnssuumsandueluady 419 hmainnldun gamgil iasnmdmiunszuauni
. o - o . - o =] = Ay ¥ e a 4
dmiunsransmludegiu iewminnszuunsnesy  NoIIuvady FawanisinuiiildvziinisTinsizd

144



Engng.J.CMU.(2020) 27 (1)

%¢C9°81 2811 %bvS'SL SWRP\: AH 2811 Dd LUURTORM] MTYLBILY %TT 9y
2811 %V6°CS %ETEL MULWIBBBE D/O 2811 D/H PERALLLEBE DN r_,&mﬁ@\@r$w€3\mgmzvm UL

QoS TLGEMLLUMATELULEBOREY WLIL 09 r@ﬁﬁ@ 20CST ma_\_v&@\m%@mﬂ@cwrcrnr@m AH RB] 1et

PO voojiu
lot] ;;@\w_wﬁmrcrm@%mﬁj rGQw@FD\WFﬁE\CCr;S\%@Z:m@$Wrc3,n;wmcm_@@zw%w@mg;q@@w@_ﬂwa\wem SI-¢ 09 -0¢ 08¢ - 0T¢ pIODOY
bEBBE DA 2811 AN $w393ﬁwﬁw;@d JV 2u1i D4 AH rﬁxﬁwﬁzv__u?w;@:@gw@: mmxaw
i ® D ® B
@MS@H wm_ﬁﬂ@\%dﬁr\wzgm\aﬁnﬁww?;\m?mrc;@ﬁ%—vcw %085 Er;wm?vc\@@m@m@:mrcxfm@ﬁwﬁ;ﬁ%i yieq
[6] ot s1 09-0¢  oog-sgg DU dwme
\_un_mGzWﬁ\ vGGGmw_g%ﬁgmﬂRrﬁa_Mam%rwsﬁuE\mgmz :W;Kﬂ:\%azjm@_\rwrc__ﬁ_urﬁga@: MGSE@@.WS “POOM TS
rBBEB D/O 2811 D/H v@:wj,ﬁ%rm&a@
\_mﬁ_uﬁzv%ncj 6€0 S_WE €0 CrFSW;KJ OA @G oA rﬁv@??ﬁ%rma\o@\wﬁr&\rnm Fn\w:ﬁ 09 rﬂgﬁﬁn_ 5 d
. ) . uruni
(8] D400€ NURTBBUZLLULELONIRY] MABMILLOULLUNLIZLUMLYOIINATMIZLMIBLIMLSNLLELITL St 09 - 01 00€ - 00T 291} 9AT[0
%L8YE BBBL DA M_VHF_..\_HNG: LRy
o vupo.ydouLioy
(L] %CT8ET =811 %6TYS %01°0€6 :W;@‘ DV 2811 AH D4 ‘_mdu@sz»@ 0.0S¢€ mc_\ra@_%rmcwﬂwmﬂ - Sl 08¢ - 0S¢ opig
3 5 i T .
%9765 PBBL DA \m_vwf_..\_uncj MLYLBMLY %01°SS =L
PO ossedeq
[9] %ST'Sh %6 Sl :m;@ OV 2011 AH Dd M| BHBREL ULH 09 LBLIFL D,00€ [tEUIBBULAUKE]L - 09-¢6I 00€ - 00T SUBOIESNS
DBYUNLEMTIILILUMELE YT BT 3P;rm@@@mrc3wﬁmrnr.@;rﬁ@_ﬁ
! X e (unfvo
n@% $\§u3\m@wzﬂ$cw %9°8¢C SW;P\Z AH r.c\_mﬁrw\_v $r3 [S% rGSEVFS Do SLT mmxaw&h@: v@@@f@ snunivy))
’ ( 7 ¥ : yressead
[¢] _,ﬂ:@_._uwf@@aﬁ@dw@wmrwcj MLEMELUEBILIHUCCIEMIMLLLEVOU] BMPETEHLUMITEECUELUTLITREY ST Sy -6l SLT-STT Sid
=2 ) i ) v [\ T o (6 i ) B U0331
Qmag\mﬁ\mﬁa_ﬁse\ww—ﬁ@md LW 6-¢ arznm?;Wvu
R:é_rxdmrcxpar@crna?;«r vG@Gﬁ?an@@@mrcﬂmerchnrn@nG: JEan@r@RNGGrFSQEGa@K NI N
P e v b4 vEosAEe QUIDIPAU
(] RY] Y| Wb TBUBEMN I LMILLUZIBRULZEI SUBJIUIRLLYIIIeEIEoMtURLe LI LitEuied - - 06T - 0£C [0y
(urwy)o) (urw) ()
v@z% LRUMELUBM ﬁmmxrn@\wﬁtcrma@ Leei ntlumi neiy
= = ] = 2 e

3\%6_,\_.:me@_\FWrcﬁnancW@Fw:GE

v@.é@n;:ur@vr;@_.gwww?:m?@id L PLBBALBENLLICLHLUMITEECULLUMEMIEULRULELU T WBLELY
< ¥ ® < ~ 4 P 152 ) 3 = =

145



B.IKJouwA U.Bunsan 11a: s.dau

A21un1l51 521 (analysis of variance, ANOVA)
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