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Abstract
Background and Objectives : Waste from oil palm has the potential to be used as a sustainable energy source,
despite its low fuel characteristics. To address this, the torrefaction technique was employed to convert the
waste into a solid fuel with improved energy efficiency.
Methodology : The study involved designing and constructing a continuous screw conveyor reactor for oil palm
kernel shells (PKS) to enhance fuel properties at temperatures ranging from 200 to 300°C and residence times
between 50 and 500 seconds.
Main Results : The research found that the mass yield percentage was inversely related to the severity index
of the torrefaction. Torrefied PKS had a higher fixed carbon content than untreated PKS, while moisture and
volatile content decreased with increased torrefaction temperature and residence time. Optimal conditions were
observed at 260°C and 500 seconds, resulting in the highest Energy-mass co- benefit index (EMCI). This
produced torrefied oil palm with low moisture and volatile content, higher fixed carbon, and increased heating
value by 1.20 times compared to untreated PKS. Additionally, thermogravimetric analysis (TGA) revealed that
torrefied PKS had lower moisture, volatile matter, hemicellulose, and cellulose content compared to untreated
PKS. SEM analysis shows that the surface of torrefied PKS is smoother, attributed to the decomposition of
hemicellulose and cellulose during the torrefaction process. The resulting torrefied product proves to be a more
favorable biofuel option compared to untreated PKS.
Conclusions : The continuous screw conveyor reactor demonstrated efficiency in torrefaction for improving
biofuel characteristics in waste of oil palm biomass.

Keywords : fuel properties ; palm kernel shell ; torrefaction ; screw conveyor reactor
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. C o4 4 - d sy e - - . a o .
WingszuuatnesiaiilasivaantButneandiaulusyuu uaziveilasiunisiinaanfinduluscunaundnsioel
nanefluidn Wenszusunslunsazaniasaiiuninaialzau’es fret1au19diuaeandnineineanann
nszuaunisaziv1iluge Ziplock waldlunisiinseiantimniatemassiell ddesazualfiGnaresdainaa
Wil (Solid mass yield, SMY) Wag cvﬁ“"nﬁmma;mmmmmsmﬁuwm‘*ﬁu (torrefaction severity index, TSI) (Zhang

et al., 2018) azAunulne lGann13N (1) WAz (2) AMNAIFL
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T,t < ] il

WLzoocs00sec P8 Bvtinaauansingingodelifgmumgi 300 °C uaziaan 500 3w

o

Ay v = = a @ A a PR
SMYT't AB ﬁ“ﬂﬂ@zmﬂimLﬂ\‘iN's@‘ﬂ@\iL‘IJ@LWMLL‘INV]QMMQNLL@%L'JmVlﬂﬂ‘]:f’]
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MIANIANITAN WANUTOINAIIBITANAL UAZHRAI NN IAAINNSE1ILN1INDTTUNATY

N7 aATISRLLILINS172a1804 (Proximate Analysis)

Wunnsaamziifiennd3nnaimansudun (Moisture) ANNNIATFIU ASTM D 3173 dnasziuel (Volatiles
matter) ANNNIATFIU ASTM D 3175 1E1 (Ash) AMNNIATZIU ASTM D 3174 Ua¥ANFLAUAIAY (Fixed Carbon)

TagENANAINN1tatiEnTesnsaUaN waznasrinsnzatldantszunns 140.005 N5 annyuagtinldey

o a a

lufevlnetladagiidangomgi 104-110 °Ciilunan 24 dalus anniutiagdidasanuniulilinduly

a
' £

a e o o o o o v o & o ey o o A o =
waneLaas 1 F2lud i ldderiminudatinldeudnanaunsyialdinminaeil Anuml3uiuA NTuae
TRNAIAEANNI3N (3) ANTUAININITAAII IR AN Ts v Tnedatinminsaas1eNiuaaalnn1IIAseyt
nuenduadluagiiiaudatiuiindnld antduinsaeeneliwnguugd 900 °C ilwan 7 Wi udari

a a =3 % a o =3 v K nl/ o” o o ] d‘ A d‘ o v
pytidan AUl lundaamefauiu udtasdeinmindaeteiivae e wmiBunuasszme Taalfaunis

4

(4) gavingaeninnisapsziiinnnudn Tnaldaatnainaaainnisdimasianssvive wndeiminluagida

q

=)

wdanin19Nguugi 750 °C 1iutean 6 4alus udotinagdiiasanuiielilidulundanmned 1 49lug
SF L oAy o ¥ 4 A oA s Lo e & E L da o &
deaivinag  Sdawdori lwndfigouugd 750 °C 8nifluiean 1 99Tue Bndnaundisivin A asaziiiiwin
4 dl el/ % o % o dl :; o o o yvaa] o %
qavinandelfinnAuamnENiauiinAsanniei (5) aniuvinnisuniEunueaniueuassaiag laEn1sA M usoe

48R UDINAFNIALFNIUANNTY 1 BHNE1992e LAz TN ULEN A9aNNIIN (6)

L N VT
ruminaeadamas (nfn) —dmdneuuiiendewmds (niu)

x 100 (3)

Moisture content (%) = T
wuinaesdamas (nin)

] thwineuuiweademds (nfu) —dminvesdemamdeuitgamgii 900 °C ()
Volatile matters (%) = x 100 (4)

umtheuukwoudemds (n3u)

twinveademdmasouiigamgil 750 °C(nsu)
Ash content (%) = X 100 (5)

dwineuuiwondowmds (n3u)

Fixed carbon = 100% — Moiture content(%) — Volatile matter(%) — Ash cotent(%) (6)
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@ Screw controller @ Motor 1 HP
@ Motor 2 HP @Torrefaction reactor
@ Moisture evaporation reactor Heater

@Temperature controller @ torrefied product outlet

@Palm kernel shell feeder N, feeder

Figure 1 Screw conveyor reactor for torrefaction process of palm kernel shell
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N15AIEILILEING8 (Ultimate analysis)

nMaAnziesAlszneuuuuLengndun1sTiAssinIlENIMERFNg 9 filluFannn ATNNIATFIY
ASTM D3302/3302D-12 lurt arsueu lalasiau lulasiau aendiau uazdames TaalfiAies CHNS/O Analyzer,
FLASH 2000, ThermoScientific, Italy

N1TATIEYLBNIAIN TR U TRINAN
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Wwnesluiwmes A ldavinlilssunanalazsaaunaf I naIuaNFaun ld arntiuastinldAiuqaunian

Energy vield (EY) (Chen et al., 2022a) llag Energy-mass co-benefit index (EMCI) A941N17 (7) LAY (8)

EY (%) — Mtorrefied*HHVtorrefied (7)

Myaw materialXHHV raw materail

EMCI = EY (%) — SMY (%) 8)
lnet  HHViorrefiea W02 HHVy gy materiar 78 AnAnssaugeaamaisindnzanthdu
waznzanlnau

Miorrefiea  WAE Myay material Aa watasa A ndnzatauuaznzatngau

N173LAT1EWAINIADEISFBA N D LUAL UUDANITAAEISIITETOINAY

nsdAsziAMAaDEIRaANTaLLATgUNARNIaATaAaTeINTA AN waznedT Indnzantdu s
NIFIFIU ASTM D 7582 Aziinn133iAszifaeieses Thermogravimetric analyzer (TGA) @aifluiAseqiadinsnzyt
o oo ~s o
naiasuilasiminiiegauniinisidasuulag

a 1% a dgl/ a I H o o= o L
N199LATIEA AT ATINLTIIUN BRI TEINEA 1AL LL@;‘ZW@?‘TZW@H;‘I@’?U?@JJ

a ¥ a 4” a L o= I3 < =2 1% ¥ Ly
N193LATITILATNATINLTII N URRIRINZ AN LN AN LL@KV]@?‘J‘VLW anza1lauazAnE ﬂ')ﬂﬂ@@d@q@‘ﬂiiﬁu
el a

BLANATAULLUARINIIANHANTINULEY THlaNasadadu (Field Emission Scanning Electron Microscope

(FE-SEM) FEI §u Quanta 450

NAN152A8

o o = o o
ANHOENNNIENINTBINEAI1IAN uazne s Wdneaihay

A a - o v g a | e A g .
WATLATIZHANUANINATUTALNAINLI NzatUrani AT dTHNI A INTY (% Moisture) 417921148l
(%Volatiles matter) 181 (%Ash) WaTA15UBUAIA (%Fixed Carbon) WINAY 12.4+0.14, 86.5+0.14, 1.1+0.004

WAY 0.039+0.034 MINAIAL T9aZLHiNd1H % moisture WAL % volatile organic Ngexn (e FaUWaLiY
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1311w % fixed carbon Aetiuainlinzanlndaulanimin i uTamainn uazilaninisiaseian Heating
value aznUINNANLNES 16.048+0.32 MJ/kg T98RAARRINLHANIIANENU9 Ganesan (2022) uaz Asadullah,
et al. (2013) BnviadlesAlsznavaessinaiiueu (C) lalasiau (H) aandiau (0) fawe3 (S) wazlulnsiau (N)

WiNAL 46.545, 5.400, 38.668, 0.011 kaz 0.313 wt% AMNAAL

(f)

Figure 2 Physical characteristics of palm kernel shell (a) and torrefied palm kernel shell at 300 °C for

durations of (b) 100, (c) 200, (d) 300, (e) 400, and (f) 500 seconds.

b3 Y a = o I o o ) o
Soeincun lmavaaareane 57 ndneahay UASATHAIINTUUNIBNNIININEG FTUNATLY

(Torrefaction severity index)

nzanndun Welleudngufnsniazlfifuacinien Asdeualiifianisgadainnin uaziiafianson
v Y a = '3 I3 1 o 3 = o s dl a
SarazHaliiiaaremeiiinzandu uaspfaiiannguussrainisinefunaduleanza duniguun i
waziaagaiuiufeyaduivfesaznaliidnsveamnaisindnyantidu azifludcuanalu Figure 3, 4

ANNAAL
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Figure 3 %Mass yield of torrefied palm kernel shell
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Figure 4 Torrefaction severity index of torrefied palm kernel shell
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ANLAN WNAUTRINAIIINEA11 AN uasnass iWanza1/1au

uaRSIme T Indnzanthduinanlalugosgoamni 200-300 °C eI RENIAMNTY A9 Me

1 wazasuerassia nanliidussuansli Figure 5
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o 4 4 Y L
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0UNNN (°C) LazudmaAn Derivative thermogravimetric analysis (DTA) Fa1fun19451909NTUIN9ERNIINNT
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Fauarisznaudion 3 Tuneu Ae TuABUN 1 N199TMEAINTY uazanTIsmee (arungieTudae 30-200 °C)
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dupauil 2 nsaanasavesiaiiiaglas uavitaglas Tudaeamunil 200 - 315 °C uag 315 - 400 °C AMNATAL

duaaun 3 nsaanafaredniugng wazaniiu ludasgmugil 160 — 900 °C (Hasan et al., 2022) T9AauLATILg6o

ANFRLLAZ g RNsaATesTRInza duuazna fE Insnyanan \ussuanslu Figure 8
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Figure 5 Quantity of moisture, volatile organic, ash and fixed carbon of torrefied palm kernel shell at

(a) 200 °C (b) 220 °C (c) 240 °C (d) 260 °C (e) 280 °C (f) 300°C
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Figure 6 Heating value of torrefied palm kernel shell
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Figure 7 Energy-mass co-benefit index of torrefied palm kernel shell
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Figure 8 The heat stability and temperature degradation of (a) palm kernel shell (b) torrefied palm kernel shell
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N193ATIEAIANAF LT N LR UBINEA1 NANLEINY Basne st iWanzat1au

a

anmuelnsagtandAszifioeg SEM 1eenzantdn wasnestindnzantan ussuansly Figure

9,10

Figure 9 Scanning electron microscope (SEM) image showing the expanded surface of palm kernel shell

(a) 1000X (b) 5000X and (c) 10000X

Figure 10 Scanning electron microscope (SEM) image showing the expanded surface of torrefied palm

kernel shell (a) 1000X (b) 5000X and (c) 10000X
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