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Abstract

Palm empty fruit bunch (PEFB) is waste material from palm oil processing. It has potential as a renewable
energy resource. However, direct processing is undesirable due to poor properties of the fuel obtained. Therefore,
this research aims to improve the properties of fuel produced from PEFB by using a torrefaction process. Central
composite design (CCD) and response surface methodology (RSM) were applied to optimize the process. The
interactions of the independent parameters including temperature (200 - 320°C) and time (5 — 50 min) with the
dependent parameters consisting of mass yield (%MY), moisture content (%MC), volatile organic content (%VC),
ash content (%AC), fixed carbon content (%FC) and heating value (HV) were determined. The experimental results
were fitted to a quadratic equation which was also validated. Analysis of variance (ANOVA) was used to evaluate
the influence of individual parameters. The high R® values of the results indicated the good agreement of the
generated model with the predicted and actual responses. The optimal values of temperature and time for
torrefaction of PEFB were found to be 278°C and 23 min, respectively. Under this condition, the %MY of torrefied
product was 36.7%. It was found that %MC and %VC decreased 92.0% and 31.6% while %FC and HV increased
1,367.5% and 26.7%, respectively. The model accuracy was verified through triplicate experiments that produced
small discrepancies between predicted and actual values. In conclusion, these studies revealed that torrefaction

has the potential to improve the quality of fuel produced from PEFB.

Keywords : torrefaction process ; palm empty fruit bunch ; fuel property response ; surface methodology
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MY (%) = 131.741 - 0.239X; — 1.963X, + 0.0023X;X, — 0.000075X? + 0.0154X7 (6)
MC (%) = 29.771 - 0.189X; — 0.092X, + 0.000083X, X, + 0.00032X% + 0.00090X% (7)
VC (%) = 239.996 — 0.888X; — 0.665X, — 0.0031X; X, + 0.0012X? + 0.017X3 (8)
AC (%) = 16.258 — 0.133X; — 0.123X,+ 0.0011X;X, + 0.00031XZ — 0.0011X2 (9)
FC (%) =-185.974 + 1. 210X; + 0.882X, + 1.911X;X, — 1.815X? — 0.016X% (10)
HV (cal/g) = — 10629.2911 + 94.35145X; + 140.959X, — 0.296X, X, — 0.141X% — 0.755X% (11)
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AFNN 2 LAAINANIINARBIANNNITAANLLLNINARBIALE LNLNINARBILLL CCD 2aanzanalnanilan (Mueanmas et. al., 2020)

n1Ine %MY %VC %AC %FC %HV
a4 X1 2 e ANAIWINE ANARY ANANMATY ANERN ANAIWATS  ANARY ANAIMITM ANERN ANAIWADS  ANAD ANATUIL
1 260.0 50.0 32.67 35.47 0.68 0.82 53.13 58.61 7.88 7.66 38.31 32.90 5841 5675
2 320.0 27.5 24.00 25.92 0.74 0.66 46.10 45.04 10.95 10.61 42.21 43.69 5735 5812
3 260.0 27.5 40.67 39.00 0.84 0.84 65.47 62.01 5.57 6.04 28.22 31.12 5485 5551
4 200.0 27.5 50.50 51.54 3.10 3.29 85.35 87.54 4.16 3.70 7.39 5.48 4337 4274
5 2176 434 44.33 42.23 2.39 218 82.26 77.07 4.38 4.69 10.97 16.06 4955 5120
6 3024 43.4 30.00 27.27 0.45 0.43 4577 42.87 10.80 11.03 42.98 45.67 5743 5808
7 3024 11.6 41.00 40.15 0.87 0.98 59.87 63.94 6.03 6.52 33.23 28.57 5670 5491
8 260.0 27.5 39.33 39.00 0.93 0.84 58.48 62.01 5.95 6.04 34.64 31.12 5722 5551
9 260.0 5.0 58.00 58.15 1.80 1.76 86.90 82.54 3.93 3.34 7.37 12.36 4483 4662
10 260.0 27.5 37.00 39.00 0.74 0.84 62.06 62.01 6.60 6.04 30.50 31.12 5446 5551
11 217.6 11.6 61.67 61.43 3.04 2.95 88.08 89.85 2.50 3.08 6.38 412 4083 4004
R® 0.9754 0.9848 0.9491 0.9729 0.9345 0.9561
Adjust R 0.9509 0.9696 0.8981 0.9458 0.8691 0.9122
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A15197 3 HAN1IAATIZIEANNKLTLI (ANOVA) 284HANNTNAREIAINNIELAUNNINa ST AT UaaInzane L duidan

SJase %MY %MC %AC %FC %HV

F-value P-value F-value P-value F-value P-value F-value P-value F-value P-value F-value P-value
Model 39.70 0.0005 64.74 0.0002 18.63 0.0030 35.90 0.0006 14.27 0.0055 21.78 0.0021
X 102.02 0.0002 231.89 <0.0001 67.19 0.0004 119.87 0.0001 51.70 0.0008 64.43 0.0005
X, 79.95 0.0003 29.57 0.0029 21.31 0.0058 47.01 0.0010 14.93 0.0118 27.93 0.0032
X1 X, 1.56 0.2672 0.4205 0.5453 0.6387 0.4605 5.24 0.0708 0.24 0.6479 4.34 0.0916
X? 0.0160 0.9041 61.07 0.0006 0.9636 0.3714 4.43 0.0893 2.13 0.2039 9.92 0.0254
X2 13.39 0.0146 9.75 0.0262 3.86 0.1067 1.03 0.3561 3.61 0.1160 5.61 0.0641
Lack of Fit 245 0.3033 4.45 0.1888 2.99 0.2604 1.79 0.3787 3.78 0.2163 2.08 0.3412

Adeq 18.956 22.4356 12.2678 17.0477 10.584 12.7730
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NARBIANENNIZA LEANNNITNE EadNnTg eEUIUALLALENT0IA1NS WL %BMY %MC %VC %AC
%FC waz HV SAwinmi 36.66% 0.76% 59.61% 33.36% 6.27% Uz 5,488.33 callg AMuANAL GaAndilEannnns
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1lase dhung AR g - y
ANNUNE ANAINNNINARES R
~ .0 , Al
frungi (°C) lugasnAnn 200 320 277.83 278 -
. | el
1981 (min) TugasnAnm 5 50 22.67 23 -
% MY NGl - - 37.76 36.66 2.9
% MC AFNGA - - 0.7 0.76 8.6
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ANUBNNAVUTUNAII0IND 53 NAn=arzdulan
= s v d” a a o o‘d‘ v o= o o 1
AINNIANHIANTFRN N F TN AUBINANS TN IFA NNz LLN e TTu AT Uaaan AL dx a0

WL %MC %VC %AC %FC uaz HV ifluAtuantlunisned 5 Gaazmindinszusunimefaunaduanunsndiules

Pl

AuLAFN | Mefudemaaremzateldnan Inaneftindnzaraldulanliiliaonau uazanssuive
BUNITAAAIIINAL 90.2% uaz 31.2% AMNAIAL Tuanel %FC 1NTY 1,363% Teazaananyinlil HV (T

26.7% mnanau M liNaniAdullnunnsguudemaudeiadiugauis uazinnnnlndipasiudiuiiu

o o

TiladuinNia

o

A5 5 ANTRNIE LT NAIDINa5T I Fnzane U auilan

GV VT by QUG GIEAANIG L o o o
v ———————— guindudgiia’  vearethdualar  nefldnzaraiduila
Famae  doudawrie’  dulivesis’

% MC <8 <10 30 -38 7.77 0.76
% VC - <25 - 86.72 59.61
% AC - <8 1-10 3.23 6.27
% FC - - - 2.28 33.36

HV (cal/g) >5,000 >6,000 4,500 - 5,500 4,332 5,488

' Thai industrial standard institute, 2004a
% Thai industrial standard institute, 2004b

° Unique Mining Services Public Company Limited, 2003
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