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Abstract

Introduction: Today, with advances in all sciences, we must always look for a way best use
plant residues and turn them into valuable products. A consequence of improving family life
standards and consistent industrial development is a higher demand for energy usage. Nowadays,
agricultural residues are produced in huge quantities and could be considered as a promising
source for renewable energy generation. Bagasse is one of the major sources of sugarcane
production. The production of valuable products from Bagas, in addition to having economic
benefits, can reduce the environmental damage caused by burning them. In recent years, there has
been an increasing trend in the utilization of sugarcane bagasse as a major by-product of the
sugarcane industry. Another very valuable substance produced from sugarcane bagasse, which
we will discuss in this study, is bio compressed coal. Valorization of sugarcane bagasse to
engineered biochar using hydrothermal carbonization (HTC) presents a perspective source to
substitute conventional fossil fuels. HTC process offers the benefits of converting the sugarcane
bagasse into biochar and bio-oil. In this process, biomass is usually conducted in the temperature
range of 180-250 -C. HTC technique is promoted as one way of reducing carbon dioxide (CO)
emissions, which mostly generated through open burning of crop residues. Besides the utilization
of power/heat generation for sugarcane industries, bagasse may find other potential applications,
for instance: electricity generation, biogas production, livestock feed/compost production, and
also bioethanol production. The unique features of biochar generated through HTC process are its
portability, high volumetric energy density, hydrophobicity, and wear ability.

Materials and Methods: In this research, sugarcane waste was obtained from Hakim Farabi
Sugarcane Cultivation and Industry Company in Ahvaz. The hydrothermal carbonization process
was performed in a batch reactor at Shahid Chamran University of Ahvaz. The parameters
studied in this study include the retention time of the material inside the reactor (30, 75, and 120
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minutes), bagasse mass to water ratio (0.15, 0.20, and 0.30) and the pressure inside the reactor
(10, 12.5 and 15 bar). In order to measure the pressure, a Nuova FiMa barometer was used, which
was able to measure the pressure values up to 25 bar. A temperature control system model
HANYoung ED6 was used, which was equipped with a ceramic heater with a diameter of 230
mm and a height of 230 mm to provide heat for the process. The PARR1266 calorie bomb device
was employed to measure the calorific value of the samples. The moisture content of the samples
was also measured using ASTM-2010a standard. In this experimental work, the response surface
method was employed to investigate the effect of input parameters (i.e., pressure, residence time,
and water-to-biomass) on the response parameter (i.e., HHV and energy consumption). Design
Expert ver.10 software was used to predict the corresponding models. The obtained models
provided a good relationship between the independent/dependent parameters.

Results and Discussion: The HTC process was analyzed using a Response Surface Method to
derive predicted models for the HHV and energy parameters. The results obtained showed that all
provided models could successfully predict the HTC process. According to the results, the
models developed were statistically significant at the level of 1%. The multi-regression models
between the input/response variables were obtained as second-order quadratic equations. The F-
value for the residence time, water-to-bagasse, and pressure were 2417, 286, and 1185,
respectively. The value of F-value of each derived model indicates the significance of the studied
parameters. The parameters of water-to-bagasse and pressure had a more significant effect
compared to the residence time factor. The R-square value for this study was achieved as 0.0996,
indicating that the proposed model was able to evaluate the experimental data thoroughly. A
multi-objective optimization technique was used to achieve an optimal HTC process condition
with the maximum possible amount of desirability value.

Conclusion: The optimum amount of water-to-bagasse, pressure, and residence time was
calculated using the response surface techniques. A pressure of 11 bar, the residence time of 38
min, and water-to-bagasse of 0.15 were found to be optimal values. The findings of this study
indicate that at optimal input variables, the value of calorific value and used energy was 21 Mj/kg
and 0.09 kWh, respectively.

Key words: Hydrothermal carbonization, sugarcane bagasse, response surface method,
optimization
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Table (1) Independent parameters and their corresponding levels
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Table (2) ANOVA results obtained for HHV

Yor

Sk e b”i Slas o § gomes o oS F ol Pl
(Sources of variation) "(;;f’)‘ (Sum of squares)  (Mean square)  (F-value) (P-value)
Js (Model) 12 24.98 2.08 938.56 <0.0001
X1 1 5.36 5.36 2417.43 < 0.0001
X, 1 0.63 0.63 286.00 < 0.0001
X3 1 2.63 2.63 1185.76 < 0.0001
Xox Xy 1 1.66 1.66 749.98 < 0.0001
Xox Xy 1 1.93 1.93 868.16 < 0.0001
X% Xy 1 1.45 145 652.97 <0.0001
X2 1 0.36 0.36 161.72 0.0002
X5 1 2.77 2.77 1250.72 <0.0001
X3 1 6.55 6.55 2952.55 <0.0001
X2 X, 1 0.82 0.82 369.94 <0.0001
X% X 1 0.64 0.64 290.48 <0.0001
X% X3 1 0.92 0.92 416.81 < 0.0001
|". L
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BUGAS mass ratio(%b6)
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Table (3) ANOVA results obtained from the response surface method for energy consumption

YOA

Sl e 35T aomys Slas o § goes o Sk Fola. P ls
(Sources of variation) (df) (Sum of squares) (Mean square) (F-value)  (P-value)

J (Model) 12 0.49 0.041 20.50 0.0051

X1 1 0.023 0.023 11.25 0.0285

X 1 0.063 0.063 31.25 0.0050

X3 1 0.022 0.022 11.25 0.0285

Xox X 1 0.023 0.023 11.25 0.0285

Xox X 1 0.0025 0.0025 1.25 0.3262

Xox Xy 1 0.0025 0.0025 1.25 0.3262

X2 1 0.22 0.22 108.96 0.0005

X2 1 0.025 0.025 12.64 0.0237

X3? 1 0.025 0.025 12.64 0.0237

X2 X, 1 0.045 0.045 22.50 0.0090

Xi?% X3 1 0.005 0.005 2.50 0.1890

X?% X4 1 0.005 0.005 2.50 0.1890

Energy = 0.58 + 0.075 X; + 0.13 X, — 0.075 X5 — 0.075X, X, + &)

0.025X; X5 — 0.025X,X; — 0.23X2 — 0.077X2 — 0.078X2% — 0.15X2x, —
0.05X3X,
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Figure (3) 2D (a) and 3D (b) representation of the effect of pressure, the ratio of BAGASSE and
the residence time on the energy consumption
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Figure (4) the desirability values for residence time, the pressure and the ratio between bagasse and water
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