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ABSTRACT

This study aims to enhance the quality of agricultural corncob biomass through the torrefaction
process to improve its potential as a solid biofuel. The process was designed and simulated using Aspen
Plus V12.1 and Design Expert V13.0, considering four main factors: biomass particle size, nitrogen gas
flow rate, temperature, and reaction time. The response variable was the higher heating value (HHV).
Experimental results revealed that the highest HHV of 19.3945 MJ/kg was obtained under the conditions
of 20 mesh particle size, 30 mL/min nitrogen flow rate, 280°C, and 60 minutes, with an average deviation
of 2.37%. Optimization using Design Expert indicated the optimal conditions at 57.60 mesh particle size,
27.40 mL/min nitrogen flow rate, 318.40 °C, and 66 minutes, yielding an HHV of 18.4853 MJ/kg. Machine
learning techniques were employed to predict HHV, and the XGBoost (XGB) model demonstrated the
highest prediction accuracy of 97.53%. Carbon content exhibited the strongest positive correlation with
HHV, whereas oxygen and ash contents showed negative correlations. The results indicate that
integrating process simulation with machine learning provides an effective approach to predict and
optimize the torrefaction performance of corncob biomass, supporting the development of sustainable

high-quality solid biofuel.
Keywords: Biomass, Torrification process, Corncob, RF algorithm model, XGB algorithm model
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Figure 1 Horizontal tubular furnace used for research

Figure 3 The condensing system for research
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(b) After being sifted from a sieve and dried

Figure 4 Corncobs (a) raw material and (b) after being screened and dried

(a) 20 mesh

(b) 60 mesh

Figure 5 Size of corncobs biomass screened from different sizes of screens.
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Table 1 BBD experimental design

Run Particle size Flow N, Temperature Time HHV
No. (mesh) (ml/min) (°C) (min) (MJ/kg)

1 60 20 340 60 14.35042666
2 60 20 280 30 15.97013461
3 20 25 280 30 18.12382118
4 60 20 280 90 15.38902471
5 100 25 280 90 15.76743001
6 60 30 340 60 15.19193131
7 100 25 280 30 16.03967842
8 20 25 220 60 15.10583446
9 60 30 280 90 16.49257240
10 100 25 220 60 14.23416961
11 100 25 340 60 14.44336216
12 60 25 220 30 14.39608780
13 20 30 280 60 19.39454913
14 60 25 340 90 14.90905669
15 60 25 220 90 14.50000021
16 60 25 280 60 16.75856210
17 60 25 280 60 16.62816480
18 60 30 280 30 16.94444935
19 100 30 280 60 16.33745779
20 100 20 280 60 14.16964081
21 20 25 280 90 17.05621744
22 60 25 280 60 16.33896580
23 60 25 280 60 16.43865570
24 60 25 280 60 16.73246570
25 60 20 220 60 14.12825821
26 20 20 280 60 16.61430037
27 20 25 340 60 15.70795129
28 60 30 220 60 14.71452340
29 60 25 340 30 14.84287960

Table 2 Conditions of CornCob Biomass Torrification Process

Parameter Symbl Unit Min. Mean Max.
Particle size X, mesh 20 60 100
N, flow rate X, ml/min 20 25 30

Temperature X, °Cc 220 280 340

Time X4 min 30 60 90
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Figure 6 Torrification process model
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Figure 7 Representation of (a) photograph and (b) schematic diagram of the experimental setup of the
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NITUINNIINDTIUNATY (A1W16331% ASTM
D3173) (Zaman & Ghosh, 2021) WUI1N1IH191%
RANBLAY 13 (IWIABUNNA, BATIMTINATEI N,,
DIANDAUAZIIANAR 20 LT, 30 N/, 280 °C
WAz 60 Wl AURIAL) =LA LA TINIAT
11l JUTInUaTIAEgINn ﬁmm%ugmaz
USananings sanaliAenuTaud wananil 47

IATIT N INALITANTUOUAT TIFINRIAAIAIN

TR IR RITIZ IR aARI91N 78.12% L1111
56.23% USN1MLE18ARIN 3.46% LU 1.75%
{a e 4 X
TSI masUanaI NN NTUIIN 11.48%
(= 1 v v t&l t&‘ 4
11154 38.77% RIWALAAININNTDUANAY LTh8997N
msamm"’wadLaﬁl,snagiaalum:mumim?
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a & o & & A o @ o
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A & A9 o o '
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NnITUIBNI
Tauddan dmiudinna etnlwangnness
Table 4 Torrification Process Experiment 4 Conditions
Run Pa.rtlcle N, flow Temperature Time HHV HHV (MJ/kg) E;ror
No S1ze rate (°C) (min) (MJkg) Experiment (%)
' (mesh) (ml/min) Simulation
13 20 30 280 60 19.3945 19.6235 1.17
3 20 25 280 30 18.1238 18.5123 210
20 100 20 280 60 14.1696 14.7832 3.93
25 60 20 220 60 14.1282 14.4561 2.27
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Figure 8 Optimal conditions for torrefaction process of corncob biomass
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Figure 9 Relationship between predicted and actual values of maximum heating value for corn cob biomass
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Figure 10 Important features of input variables by XGB method

NANNINARAUTALAUTAVDING 2 3D

3% XGboost a3 Random forest uaadlu Figure

10-11 eNVUSOU

A

Ao

Figure 10 LEAIMIRIINLULIN8096287T

XGBoost (Extreme Gradient Boosting) LN 8vin 18

A1A21WTaugIga (Higher Heating Value: HHV)



1331 Inenmaasuazina lulad yniInenaensasmans 19 15 aUun 2 2569 127

YDITINIR wudwTwL@aaﬁwﬁsnszqmme‘hﬂ”zymaa
ALUIBRIENANRF DN AWT LA ALIITALIW A
WEAILUNIIN Feature Importance ITNHANTT
a s ] s 6 a o s

Aaned wudneaudsaniuen (C) Ianudaty
gdq@@iamsﬁnmﬂmm’]m?augaq@ Taaian
WIMUNANNEIATY 0.18717 3898931A8 daNTLan

A o, ¥ o
(O) uaz &1332L%8 (VM) TalANinn 0.16754

WAz 0.16331 MNEIAL LEAI A NINaIAsznaL

NILANVAITINIRT HRDENIININA DATNR I be
FuAILLINN (ASH) Uaz gauAnTvaInIzuIUMs
aa a a ci > .:i
(Temp) A8NTWaluszaUIBIAINN Vg IuLTDn
9 H Uazian (Time) A8nTwanasdanaansvas
TuLaa mm‘ma@ﬂ"l,@i”imuuﬁmaa XGBoost
ﬂsxﬁ‘n%mwgd’lumiﬁ‘huumm:ﬁwmﬂﬁﬂ?ﬁ'ﬂﬁﬁwa

@ia@hm’lﬁaugaqm 29TINR

Random Forest Feature Importance

ASH (wt%) -0.09173
Temp. (°C) _0.08634

VM (wt%) 0.03994

H (wt% 0.01932

)
S (wt%)
FC (wt%) 5 0.01065

Time (min) 1 0.00946

%
]
{ 0.01752
%
%

o

T T
.0 0.1 0.2

T
0.3 0.4 0.5
Feature Importance

Figure 11 Important features of input variables by RF method
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Table 5 The coefficient of determination (R?) for the training and testing phases.
ML algorithm R? value
Train Test
XGB 97.53% 79.10%
RF 89.67% 78.96%
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