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ABSTRACT: Bioethanol is a renewable energy source that can replace fossil fuels. The advantages in terms of economy and its
impact on the environment make bioethanol was chosen as a biofuel. Bioethanol can be produced from various types of
biomasses with the help of microorganisms, namely yeast, for the fermentation process. In manufacturing, factors including
temperature, concentration, pH, fermentation time, and stirring speed influence the fermentation process. Computational
Fluid dynamics (CFD) package can be applied to observe the procedures in a fermenter. CFD simulates fluid movement,
energy transport, chemical reactions, and other phenomena with the aim of clarifying their impact on the overall effectiveness
of bioethanol production. In this journal, a review of the fermentation process with CFD modeling was made to look at the
parameters and phenomena during the bioethanol production process. The analysis commences with an examination of the
processes involved in bioethanol production and underscores the crucial role of fermentation in transforming renewable
resources into bioethanol. Subsequently, it delves into the foundational principles of CFD and how they are incorporated into
the modeling of bioethanol fermenters. Furthermore, the review highlights key advancements and innovations in CFD
modeling techniques, such as multiphase models, turbulence modeling, and coupled simulations, aiming to capture the
intricate interplay of physical and biological phenomena within fermentors. Insights into the impact of operating conditions,
reactor design, and microbial behavior on bioethanol yield and quality are discussed, providing a comprehensive understanding
of the complex system dynamics.
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1. INTRODUCTION

Growing numbers of people and industrial derived from plants and can reduce CO, emissions by as

advancement led to an elevated reliance on fossil fuels as the
predominant energy source. Fossil fuels are a significant
source of carbon dioxide emissions, resulting in rising
temperatures. This increase in temperature leads to many
consequences such as rising sea levels, changing the climate,
diminished ecology, and pollutants in metropolitan areas.
Hence, discovering alternate energy sources is a viable
option to address this issue. The need for renewable energy
sources is consistently rising due to the increased usage of
fossil fuels. This represents around 33% of wind renewable
energy and 10% of hydropower. Because of their significant
caloric rate (35.7 MJ L' for gasoline, 23.4 MJ L for
ethanol), liquid biofuels contribute to over 15% of
greenhouse gas emissions. Consequently, a persistent
aspiration exists to enhance the paths for ethanol production
(1]2].

Bioethanol is a very interesting fuel source that shows
potential as a viable alternative to liquid gasoline. It is
derived from sustainable raw materials and is ecologically
benign. Additionally, it offers significant monetary
advantages and is highly lucrative. Bioethanol is an
ecologically benign and sustainable biofuel [3]. Bioethanol is
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much as 18% in comparison to emissions from fossil fuels.
Bioethanol may be derived from several sources including
molasses, cassava, sugar cane, sweet potato, maize, and many
other substances that are rich in sugars, starches, or
carbohydrates [4].

Molasses is a residue of the sugar industry which is used as a
feedstock for the first-generation bioethanol. It comprises
non-sugar components like acidic substances, lipids,
inorganic compounds, and polymers. These components
influence the naturally large thickness of molasses. Molasse
is a thick liquid that, if utilized as a base, must be mixed with
water to provide the optimal environment for the yeast.
Hence, the amalgamation of molasses and water is a crucial
element which greatly impacts the efficacy of the
fermentating procedure [S]. Sugarcane molasses is a dense
and black fluid that contains a high concentration of
important nutrients for microbes, including C, N, P, Na, K,
and non-nitrogen-bearing substances.
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the
generation of bioethanol from molasses. The processes

Fermentation methods are necessary for
included are sugarcane harvesting, molasses generation, and
bioethanol synthesis via fermentation. The process of
molasses manufacturing involves the steps of cleaning,
preparing, the
Unprocessed molasses is taken and kept in tanks. Next,

grinding, and treating concentrate.
molasses is transferred under pressure using electric pumps
to further tanks, and additional ingredients are inserted to
dilute the molasses. Subsequently, the diluted molasses is
transferred to the main fermentor using a pump. Four
fermentors operated continuously as a system. The level of
gradually the

fermentation process. The fermented slurry undergoes

bioethanol is increased  throughout
purification and refinement using six distillation vessels [6].

Periyasamy et al. [7] found the optimized conditions
to get the highest yield of bioethanol. They analyzed the
molasses in fermentor for different variables such as
temperature, pH, and time. Their result showed that
optimum conditions are a temperature of 350 °C, pH of 4.0,
and a time of 72 h that gave a highest bioethanol yield of
53%. The fermenting procedure was conducted in anaerobic
conditions, and the outcomes was in comparison with the
Michaelis-Menten model, and the predicted values of Vmax
and Km were determined.

Currently, yeast strains available in markets may be
categorized into many categories based on their kinds (such
as baking, brewer's, alcohol, bioethanol, etc.), and purposes
(including bakery, alcoholic drinks, drinks without alcohol,
etc.). Each of these methods will yield a distinct outcome
when used in the manufacturing of bioethanol. Given that
each method exhibits a distinct composition, despite the use
of an identical basic yeast [8].

Saccharomyces Cerevisiae is a widely recognized yeast
used in brewers that can convert glucose into bioethanol in
the absence of oxygen. The bacterium is well-suited for
producing  bioethanol has advantageous
characteristics, which include rapid growth, effective glucose
consumption, fermentation of ethanol capability, and
resilience to environmental pressures which includes a
significant ethanol level, a broad pH range, and limited
oxygen levels. The economic efficiency and industrial
feasibility of bioethanol production by Saccharomyces
Cerevisiae stem from its rapid reproduction, which allows it
to satisfy the demands of large-scale procedures [9].

since it

Saccharomyces cerevisiae is the primary yeast kinds
applied for commercial bioethanol creation due to its ease of
handling, minimal nutritional requirements, capability to
generate levels of ethanol exceeding 15%, tolerance to high
sugar levels, cost-effectiveness, a small number of by-
products, osmotolerance, and high sustainability for reusing
[10].

The glycolytic processes primarily provide the energy
required for the growth of Saccharomyces Cerevisiae cells
throughout bioethanol fermentation. Moreover, the process
of producing ethanol using Saccharomyces Cerevisiae is both
cost-effective and viable for use in industry. Saccharomyces
cerevisiae has rapid reproduction, making it suitable for large
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-scale pilot procedures that have high demands. The
proliferation of a microbe is majorly impacted by the
concantration of the medium, and the synthesis of ethanol is
contingent upon the presence of cells. The exponential
in batch
preparations with restricted resources leads to the synthesis

proliferation of Saccharomyces  Cerevisiae
of ethanol. Nevertheless, a significant amount of glucose at
the beginning of the fermentating process might impede the
utilization of the substrate, significantly reducing the
effectiveness of fermenting. Therefore, to achieve an efficient
fermentation process, the main focus is on maximizing the
mix of the culture medium and variables. To satisfy the
needs of the manufacturing sector, it is essential to enhance
the system's efficiency and augment the ethanol output with
no incurring additional production costs [9].

CFED simulations provide a detailed understanding of
fluid movement, energy transport, chemical reactions, and
other critical parameters within bioethanol production
systems. This insight helps researchers and engineers
comprehend the complex interactions occurring within
fermentors, enabling a more profound understanding of the
underlying processes. CFD allows for the virtual testing and
optimization of different reactor designs. By simulating
various configurations and operating conditions, researchers
can identify the most efficient reactor design for bioethanol
production. This optimization process can lead to improved
performance, reduced energy consumption, and enhanced
yields. CFD simulations can predict the performance of
This
predictive capability is valuable for assessing the impact of

bioethanol fermentors under different scenarios.

changes in operating conditions, such as temperature,
pressure, and flow rates, on the overall efficiency and
productivity of the bioethanol production process. CFD
simulations enable the identification of potential issues and
challenges in the bioethanol production system before actual
implementation. This
mitigating risks, saving time and resources in the
experimental phase. Through virtual simulations, CFD
allows for cost-efficient iterations of design changes. Instead
of physically modifying equipment, researchers can test and
refine different configurations in the virtual environment,
reducing the need for expensive and time-consuming trial-
and-error experiments. CFD simulations are valuable when
scaling up bioethanol production processes. They provide
insights into how changes in scale may affect fluid dynamics

helps in troubleshooting and

and heat transfer, assisting in the smooth transition from
laboratory-scale to industrial-scale production. CFD can be
used to assess the environmental impact of bioethanol
production processes by modeling emissions, energy
consumption, and other factors. This information is crucial
for developing sustainable and environmentally friendly
bioethanol production methods [11] [12] [13].

The previous review discussed CFD in the bioethanol
production process, which reviewed the hydrodynamic
characteristics of the mixing behavior in the fermentor. For
this reason, this review will also discuss the fermentation
reaction during the bioethanol production process in the
fermentor to obtain optimal conditions.
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2. FERMENTOR

Bioreactors, such as fermentors, are crucial
components in any biological procedure. Furthermore, they
are regarded as the central components of bioprocesses.
Bioreactors are apparatuses where chemical reactions or
processes of nature take place. The bioreactor must suggest
the ideal environment to meet the needs of its physical
components (enzyme, microorganism, or cell) and
guarantee an excellent bioprocess output. Before designing
the bioprocess, it is vital to thoroughly investigate the
biological ~mechanisms concerned.  This  includes
understanding the substrate that will be alterated and the
conditions that increase activity levels and promote
biological conversion, ultimately leading to a higher level of
the desired product. To optimize enzymatic hydrolysis, it is
crucial to identify circumstances that increase enzyme
activity [14].

Cylindrical fermentors and agitated fermentors are
frequently employed in the fermentation procedure. The
cylindrical fermentor has two types: fluidized bed reactor
and fixed bed reactor. An issue arising from the fluidized bed
reactor is the significant agitated resulting from catalyst
degradation and dust accumulation. The fixed bed reactor is
plagued by frequently unintended heat gradients, controlling
the temperature challenges, and difficulties in washing or
repairing. In contrast, the agitated fermentor offers the
benefit of better evenly dispersed heat transfer and
comparatively better mass transfer.

Agitated fermentors are vital apparatuses employed in
industrial operations. Stir fermentors are often used in the
industry to facilitate the circulation of fluid inside them.
Agitated fermentors are often used for blending, combining
several solute solutions, dispersion of different solutions that
are not capable of being mixed, blending in systems that
consist of many phases, and various other applications. The
dimensions of the fermenter are contingent upon the chosen
method, operational procedures, and the desired result.
Specifically, for experimental purposes, the fermenter
typically: (a) ranges from S to 10 liters in size; (b) the test
scale requires a volume ranging from 10 to 500 liters; (c) for
a significant industrial scale, the volume typically ranges
from around 500 to 400,000 liters.

There is another type of fermenter, namely batch
fermenter. A batch fermenter is a reactor or fermenter
variant in which the fermentation process occurs within a
specific single cycle or batch. Differing from continuous
fermenters that operate the process continuously, batch
fermenters handle a defined quantity of raw material and
pause upon reaching a specific stage in the time cycle. After
the completion of one cycle, raw materials are introduced,
and the ultimate product is extracted prior to commencing
the subsequent cycle. Batch fermenters are usually used in

the aeration process [15].
3. BIOETHANOL PRODUCTION PROCESS

The last step in the synthesis of bioethanol is
fermentation when the monomer sugar acquired from
enzymatic hydrolysis is converted to bioethanol by microbes
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including yeast, bacteria, and fungus. The primary organic
substances employed in bioethanol creation are yeasts, with
Saccharomyces cerevisiae being the most prevalent. This
yeast species can convert hexose carbohydrates, notably
glucose, into ethanol via fermentation, given appropriate
control over the circumstances.

The three most often used procedures in bioethanol
generation are separate hydrolysis and fermentation (SHF),
simultaneous saccharification and fermentation (SSF), and
simultaneous saccharification and co-fermentation (SSCF).
SHF segregates the process of breaking down the biomass
into hydrolysis and the process of converting it into ethanol
Enzymatic
fermentation are conducted unconnectedly,

via  fermentation. saccharification  and
allowing
enzymes to function at elevated temperatures to enhance
their efficiency, while fermentation organisms may act at
lower temperatures to maximize sugar utilization [16]. To
keep the glucose content low, the enzymatic saccharification
and fermentation processes accur concurrently in SSF and
SSCE. SSF differentiates the fermentation of glucose from
pentoses, whereas SSCF carries out the fermentation of both
glucose and pentoses in a one reactor. SSF and SSCF are
favored over SHF due to the ability to do the procedure in
the same vessel. Both methods exhibit lower expenses,
superior ethanol production, and reduced processing

durations [17].

The key reactions that happen throughout
fermentation are as follows:
a. The reaction breaks down sucrose into glucose and

fructose.

Zymase

C,,Hp,0,, + H,0 2C¢H,,04
b.  Ethanol formation reaction.

CH,0, _metse  2C,H,0H +2CO,

A further approach to improve the economic viability
of enzymatic saccharification is the acceptable-
recognized simultaneous saccharification and fermentation
(SSF) method. This method involves combining enzymatic
and fermentation procedures into one process, resulting in
reduced expenses for devices, procedures, and
manufacturing.

In a prior research studied by Fan et al. [18], the
simultaneous saccharification and fermentation (SSF)
technique was employed to co-ferment pretreatment
sugarcane bagasse (SCB) and molasses. The ratio of SCB to
molasses utilized was 3:1, and the mixture was introduced to
a erlenmeyer flask. A pH was regulated to 4.5 by adding 1.0
mol L sulfuric acid. Following an autoclave at a temperature
of 121 °C for 20 min, precise quantities of cellulase (15 FPU
g-1 pretreatment SCB) and activating yeast (S mL) were
introduced in the apparatus. To achieve a total volume of
100 mL, a certain amount of sterilized water was introduced
into the blend. The fermentation process was conducted at
34 °C and 120 rpm for 120 h in a shaker apparatus. The
findings indicate that the maximum level of ethanol achieved
was 94.20 g L', which was produced when the solid dosage
was set at 44%.
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Furthermore, the ethanol yield was measured to be 72.37%.

4. OPTIMIZATION CONDITIONS FOR THE
ALCOHOLIC FERMENTATION PROCESS

The pH, or hydrogen ion concentration, acts an
important part in the procedure of fermentation. A pH level
has an impact on the growth rate of Saccharomyces
cerevisiae. Saccharomyces cerevisiae has a significant
influence on the generation of ethanol when the surrounding
pH levels are optimal. While significantly lowering the pH of
the medium hampers the growth and metabolic activity of
harmful microbes, it also diminishes the efficiency of yeast in
transforming carbohydrates into ethanol, leading to a
decline in ethanol output [19].

Rastogi and Shrivastava [20] used enzymes, namely
alpha-amylase, and glucoamylase, to degrade cellulose
present in sugarcane bagasse. Five tests were created with
different pH levels to determine the influence of pH on
ethanol production at a temperature of 37°C. Additionally,
an additional set of five tests were made to assess the effect of
temperature on ethanol output, while maintaining a constant
pH level of 4.5. According to the findings, the ethanol with
the greatest concentration resulted in a pH of 4.5 at 35°C.
These findings indicate that a pH of 4.5 and at 35°C are the
ideal circumstances for yeast to produce ethanol.

The temperature directly affects the motion of
Saccharomyces indirectly affects the
of Additionally,
temperature regulates microbial activity, the pace of reaction

cerevisiae and

quantities bioethanol  generated.
rates, and the balance of the procedures of fermentation. The
ideal temperature range for the development and metabolic
activities of Saccharomyces cerevisiae is between 25 and 35
degrees Celsius. Temperature has an effect on the pace of
chemical reactions through the fermentation procedure.
Elevated temperatures accelerate the reaction rate, but they
may also cause denaturing of proteins, damage microbes,

and hinder bioethanol synthesis [21][22].

5. THE PRETREATMENT IMPACT ON
BIOETHANOL PRODUCTION

The pretreatment stage is crucial since it significantly
influences the total effectiveness of bioconversion. The
pretreatment aims to degradae the resistant constructions of
cellulosic material to imrpove the cellulose-access to
enzymes that catalyze the conversion of carbohydrates into
sugars that can be fermented. The key objective of
pretreatment is to enhance the ability to digest cellulose by
augmenting the availability of enzymes. To optimize the
hydrolysis and fermentation stages, it is important to employ
alternate pretreatment procedures and circumstances that
have specific effects on the cellulose, hemicellulose, and
lignin components [23][24][25].

a.  Physical Pretreatment

Physical pretreatment techniques, such as milling,
grinding, chipping, freezing, and radiation, enhance the
surface area of lignocellulosic compounds while reducing the
size of their particles. Moreover, it leads to a reduction in the
polymer chain length and a decline in the crystalline
structure of the raw material. Usually, a mixture of physical
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and additional pretreatments is carried out [26][27].

Biomass materials, whether wet or dry, may be
decreased in size by mechanical comminution using milling,
grinding, and chipping techniques, either alone or in
combinations. Comprehensive study on the impact of
particle size on biomass processed has consistently shown
that improvements in the procedure are linked to the
capacity of pretreatment to rise the active surface area and
reduce the crystalline structure of substances [24][28].
b.  Chemical Pretreatment

The impact of alkaline pretreatments, which vary in
effectiveness based on the lignin level of the biomass, is seen
on the lignocellulosic biomass. Alkali pretreatments enhance
the ability to break down cellulose and dissolve lignin while
causing minimal cellulose and hemicellulose compared with
acidic or hydrothermal methods [29].

Sulfuric acid pretreatment is the prevailing method for
This  process
hydrolyzing polysaccharides, particularly hemicelluloses,

chemically treating biomass. involves
into simple sugars. As a result, the susceptibility of cellulose

to enzymatic saccharification is enhanced. Acidic
pretreatment may be conducted using either a lower acid
level and higher temperature or a larger acid dosage and
lower temperature [30].

The use of sulfuric acid for the preparation of molasses
significantly influenced the fermentation procedure carried
out by S. cerevisiae Y17. Pretreating molasses with sulfuric
acid achieved significant ethanol production (8.55%).
Alternatively, using nitric and phosphoric acids during the
pretreatment phase increased the generation of ethanol by
8.06% and 7.51% respectively [31].

The earlier study investigated by Jayanti et al. [32],
described that the bioethanol generation of molasses
medium employing instantaneous dry yeast Saccharomyces
Cerevisiae is greatly influenced by the pre-treatment
procedure including sulfuric acid and the fermentation
temperature. As measured by the Multiple Attribute Test,
the optimal pretreatment involved using a molasses slurry
with sulfuric acid treatment at 32 °C. This treatment resulted
in a substantial drop in whole solvable solid by 10.9 % Brix, a
reduction in sugar levels by 12.15%, an intake of reduced
sugars by 57.21 g L'}, an bioethanol level of 8.30%, and the
yield of 68.67%. The fermentation temperature affects the
ethanol concentration. The enzyme activity and rigidity of
the yeast cell membrane are greatly influenced by
temperature. Elevated temperatures during fermentation
may decrease its efficiency.

c.  Physiochemical Pretreatment

Steam explosion is the prevailing physicochemical
processing technique for biomass. Hydrothermal treatment
involves subjecting the biomass to pressured steam for a
brief duration, between seconds to several minutes, followed

This the

combined mechanical and chemical forces resulting from the

by depressurization. pretreatment involves
autohydrolysis of acetyl links in hemicellulose [33].
d.  Biological Pretreatment

Biological or microbiological pretreatment, in contrast

to chemical and physicochemical pretreatment techniques,



Applied Materials and Technology

Research Article

does not need the use of any chemicals. This
pretreatment method is ecologically sustainable and involves
the use of microbes, in particular fungal organisms, to
transform lignocellulosic biomass into chemicals that are
easier to break down by hydrolysis and may be used for the
synthesis of bioethanol [34].

5.1 Effect of Different Molasses Sugar Concentrations
on Bioethanol

The highest bioethanol yield was obtained while the
sugar content was between 15% and 20% of molasses [35].
In addition, a procedure for screening was carried out to
ascertain the precise amount of sugar in molasses. This
screening included testing at 1% increments within the range
of 15% to 20%. Subsequent rises in sugar molasses content
led to a decline in bioethanol output. Zentou et al. [35]
examined the impact of several operational parameters on
the output of fermentation. The analysis revealed that the
most favorable parameters for molasses fermentation were a
pH of 4.5 at 30 °C, and a substrate concentration of 50 g L.,
It is evident that the acidic environment is conducive to the
activity; so, one may assert that Saccharomyces Cerevisiae
yeast is an acidophilic microbe. Additionally, the low pH
level is conducive to the breakdown of sucrose into
fermentable sugars by the invertase enzyme. The yeast's
physiological characteristics primarily determine the ideal
sugar concentration. A high sugar concentration can result in
a greater extracellular is the term osmotic pressure compared
to intracellular circumstances. This causes water within the
cell to flow across a membrane.

6. COMPUTATIONAL FLUID DYNAMIC

Computational Fluid Dynamics (CFD) is the study
and modeling of fluid flow, heat transport, and associated
phenomena including chemical responses utilizing computer
-based analyses. CFD offers more flexibility for modifying
vessel layout and size, propeller direction and speed, as well
as hydrodynamic characteristics. A CFD code consists of
computational techniques designed to handle issues related
to fluid flow.

The majority of current CFD simulations for the
generation of bioethanol were specifically developed to
mimic the process of biomass fermentation in agitated
vessels. A single study on a cylindrical reactor with a
perpendicular input has been conducted. Nevertheless, only
a few of these investigations took into account a kinetic
simulation for the fermentation process. In future versions, it
is possible to implement intricate kinetic systems to
accurately depict the rate of bioethanol synthesis. It is
possible to simulate additional sophisticated methods for
generating bioethanols, including simultaneous hydrolysis
and fermentation using enzymes. The Euler-Lagrange
approach is applicable in this instance [11].

Precisely forecasting the hydrodynamic characteristics
of reactors of different dimensions and how they connect
with
Computational fluid dynamics can accurately simulate

organisms is crucial in  mostbioprocesses.

hydrodynamics and dispersion [36]. CFD (computational
fluid dynamics) has been used to simulate upward
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bioprocessing  stages, including fermentation and
homogeneity. CFD studies have often been used to analyze
the flow of a single phase and the resulting hydrodynamic
stress. Nevertheless, actual bioprocessing actions include the
presence of a minimum of two distinct phases, namely cells
and liquid. The gas bubbles represent the third phase inside
the bioreactor. The latest computational fluid dynamics
(CFD) simulations have included the consideration of
motion and the transfer of masses that occurs among the
different phases [37].

CED enables the modeling of the hydrodynamics of
huge-scale Dbioreactors and offers a comprehensive
understanding of the microbiological ecology inside
fermentors [38]. Computational Fluid Dynamics (CFD)
encompasses many phenomena related to the motion of
fluids, including two-phase fluid systems, the mass and heat
transport, chemical processes, the dispersed behavior of
gases, and the motion of particles in suspension. The CFD
system typically consists of relevant transport equations,
specification of appropriate boundary conditions, and
choosing or creation of computer algorithms to execute the
computational techniques applied. A CFD code consists of a
computational approach capable of uncovering fluid flow
issues. A Computational Fluid Dynamics (CFD) code has
three primary element steps: a pre-processing, a solving, and
a post-processing. Pre-processing is feeding the flow
problem into a Computational Fluid Dynamics (CFD)
software. This procedure includes converting the data being
input to the appropriate type from the solver to utilize.

Mathematical models and computer simulations are
useful means of devising techniques to enhance the
extraction of energy from materials. While desktops grow
increasingly powerful, simulation methods like CFD are
becoming less costly
CFD approaches can depict many phenomena that prove
challenging to

and more readily available.
explain using standard mathematical
frameworks relying on partial differential equations.
Conventional designs for packed-bed SSF reactors have not
taken into account the possibility of heterogeneity
compaction of the substrate throughout bed load. The
dispersion of permeability may impact the transport of
energy and mass, thereby influencing the development of
biomass. CFD simulations cannot just depict uneven flow
patterns of distribution but also manage intricate bioreactor
shapes and the existence of flow impediments [39].
Originally, water was employed to facilitate the
movement within the The Navier-Stokes
equations are expressed as a set of mathematical formulas.

bioreactor.
The simulation formulas employed were (1) and (2).
cp

—+ V.(pU)=0 1
=t (plI) (1)
e(pl)

ct

Where T :

+ V.(pUXU) =—Vp + Vi + SN (2)

t=p (VU + (VUIT — (3)

wi| pa
L= F)
=
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U is the velocity, p the pressure, t the time, p de density, and
SN the driving forces [40].

The CED code consists of computational methods
designed to tackle issues related to fluid flow. A CFD code
has three primary stages: a pre-processing, a solving, and a
post-processing. Pre-processing is inputting the flow
problems to a CFD application and converting it to a format
that is appropriate for the solver to utilize.

The stages involved in the current phase are as follows:
(1) Establishing the precise characteristics of the geometry
being evaluated; (2) Generating a grid, which involves
dividing the domain space into non-overlapping smaller
components; (3) Identifying the specific physical forces that
require to be modeled; (4) Defining the characteristics of
the fluid being studied; (S) Selecting the boundary
conditions for the control volume or cells which align along
the domain's boundary region; (6) Solving flow problems,
such as determining the velocity, pressure, and temperature
at the cell locations within each node. The precision of CFD
settling is contingent upon the quantity of cells in the grid.
The Solver may be categorized into three distinct kinds:
finite difference, finite element, finite volume, and spectral
approaches.

ANSYS FLUENT resolves governing equations for all
streams. In cases when heat transport and compressibile
fluid is involved, the extra equation for energy transfer is
addressed. In cases when there is a combination of species or
chemical processes, a species conservation equation is
calculated. If the flow is turbulence condition, extra
transport equations are also resolved. In this study,
isothermal situations are specifically selected, resulting in the
solution of solely hydrodynamic problems [41].

Prior research has concentrated on the mixing
properties inside agitated vessels. For example, a CFD-based
the

circumstances in bioethanol fermentors. The simulation

model was introduced to determine mixing
results indicate that the flow patterns within the impeller and
along the tank wall exhibit a circulating loop and a
fluctuating flow pattern, respectively. The duration of mixing
for the impeller rotating at 1300 rpm is 29.1 seconds, while
for 1600 rpm, it is 19.2 seconds. The homogeneous index
value is 0.9224. During a 30-second mixing period, the
highest homogeneity index value recorded was 0.9237 for
the parameter of the speed of rotation set at 1300 rpm,
whereas the highest homogeneity index value recorded was
0.9832 for the variable of rotating speed set at 1600 rpm.

A prior study [42], conducted a CFD model of a 70 m?
commercial fermentor using an Eulerian approach. The
physical parameters of a 0.25-weight percent liquid xanthan
solution were determined with a bubble size of 2 millimeters.
The multiphase mass transfer was simulated using the two-
film concept and simple Maxwell-Stefan multicomponent
dispersion. The model involved the bioreaction kinetics of
xanthan gums. The process of local mass transfer and
bioreaction was mathematically represented, and the
dispersion of gaseous NH; and liquid nutrition was
performed as well. The advanced reactor design accurately
indicates possible areas of concern inside the fermentor

[42]. The findings demonstrated a notable variation in the
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local response and circumstances of mass transfer. The
simulation findings indicate that phenomenology models
and tests enable the examination of specific reactions and
mass movement between gas and liquid in stirred
fermenters. Incorporating population balances for bubbles
might enhance the accuracy of predicting local situations.

CFD was employed by other researchers [43] to
model a fermentor that involves gas, liquid, and solid phases.
A hydrodynamics with reaction kinetics schemewas created
using CFD software to model a multiphase pretreatment
process. The investigation revealed the visualization of flow
patterns and the evaluation of critical factors. The linked
models also illustrate a qualitative correlation among
hydrodynamics and hydrogen generation, emphasizing that
the regulation of hydraulic retention time (HRT) is a crucial
determinant in hydrogen production. This approach is
appropriate for schemes that have a continuously flow
movement, however it is difficult to be used for process that
operate
hydrodynamic behavior without substantial changes to the
model [43].

Um and Hanley [44] conducted a study on developing
a high-concentration medium movement apparatus for this
procedure. They utilized the

CFED package Fluent to assess the effectiveness of different

in batches or have

highly unpredictable

commercially available

bioreactor designs and analyze the flow distribution and
associated phenomenon in the small-scale reactor. The
physical model used to simulate a stirred tank with a
Rushton propeller comprises an ellipsoidal, circular vessel
with four evenly spaced baffles attached to the walls. These
baffles reach from the vessel bottom to the free surface. The
tank is agitated by a 6-blade Rushton turbine impeller, which
is placed in the center. The findings indicate the possibility of
reduced or inactive movement among the upper impellers
and the lower part of the tank area, leading to inadequate
transport of nitrogen and temperature for fermentations
with high viscosity. The findings also indicate a substantial
increase in the axial velocity for the altered configuration at
the lower section of the tank.

In a 2019 case study conducted by Shu et al. [45], the
CED-Taguchi approach was used to examine the impact of
control parameters, including propeller kind, flow of gas rate,
and agitating velocity, on gas holdup and energy use during
Aureobasidium pullulan fermentation in a agitated
The three distinct
viscosities, which were designated as control variables based

fermentor. investigation yielded
on the growth graph of viscosity seen throughout
fermentation. Following that, the quantitative assessment of
control variables in the fermentation procedure was
conducted. The biomass level of Aureobasidium pullulans
showed a correlation with the uniformity index K and the
stream behavior index n. Additionally, the uniformity index
the length of
the fermentation period. Enhanced methods of fermentation

was shown to be connected with
and control strategies may be devised to facilitate the energy-
efficient manufacturing of Pullulan and enhance the
cleanliness of the aerobic fermentation technique. The next
study should prioritize the investigation of the multiviscosity

phases of Aureobasidium pullulans fermentating and other
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microbial type.

Carvajal et al. [46] demonstrated time-dependent
modifications in the rheological properties of pretreated
Arundo utilizing steam explosion throughout enzymatic
saccharification. These changes were calculated based on
laboratory results that were further analyzed by
CFD models, with the Herschel Bulkley model used as the
rheological theory. The three-parameter Herschel Bulkley
model may accurately illustrate the rheological performance
enzymatic
saccharification, namely the change from shear-deepening to

of prepared Arundo slurries throughout
Newtonian performance. The analysis of the Herschel
Bulkley variables indicates that the stress yield diminishes by
time as the number of solids lowers. Still, the consistency
index rises, indicating a shift in the physicochemical
properties of the mixture. The decline in the stream
performance’s index over time, eventually approaching or
falling below unity, is a result of the shift from shear-
thickening behavior to a Newtonian behavior.

The work conducted by Wu [47] assesses six
turbulence equations for the motorized stirring of non-
Newtonian liquids in a laboratory-scale biodigestion reactor
using a pitched blade turbine (PBT) propeller. The
approaches under investigation include the standard k-¢, the
RNG k-¢, the realizable k-¢, the standard k-¢, the SST k-¢,
and the Reynolds stress models. The use of a second-order
discretization technique for the momentum equations
enhances the reliability of movement value estimation but
has a detrimental impact on the precision of the power
numbers. The sliding mesh technique often outperforms the
MREF approach in accurately estimating power and flow
values. Nevertheless, it necessitates a significantly extended
duration for computation [47].

The study conducted by Li et al. [48] demonstrates
that achieving a consistent distribution of slurry over a
prolonged period is crucial for enhancing performance. An
attempt was undertaken to create a new quasi plug flow
reactor on a large scale for enzymatic saccharification of
cellulose using CFD modeling. Before conducting
computational modeling, the rheological characteristics of
the cellulose enzymolysis mixture derived from furfural
wastes were investigated by experimental analysis. A
turbulence type known as k-ke was used in the numerical
study, demonstrating proficiency in characterizing the flow
pattern with notable fluctuations in the magnitude of
turbulence inside the agitated tank. Initially, an investigation
was conducted on vertical and pitched blades, helical
ribbons, and the combination. Subsequently, the inside
components were optimized. The RTD graph calculation
revealed that the quasi-plug flow reactor included the
subsequent characteristics: (1) it consisted of a mixture of
double-helical ribbons and vertical blades; (2) it had two
sections and four baffles; (3) the flow surface on the
partitions measured 0.1 m2. In terms of power usage, the
helical ribbon had the lowest power consumption, next by
the pitched blade and vertical blade. The integration of
double-helical ribbons and vertical blades in the impellers
effectively resolved the issues of lower velocity and higher
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viscosity. The required duration for the residence period
exceeds the duration for achieving mixing in the reactor.
Changing the impeller design [48] did not allow for the
achievement of plug flow.

With work undertaken by Bach et al.,, [49], simulation
was performed on agitated reactors to create and build up
procedures for bioreactors. There is a baffled bioreactor in
the shape of a torispherical bottomed tubular tank with a
liquid depth ranging from height of 0.7-1.65T, that generates
an input volume ranging from 150-350 liters. The blending
duration for a single stage is established by a combination of
air (Newtonian) and Xanthan Gum solution (non-
Newtonian) with different levels. Mass transfer constants
were chosen from six Trichoderma reesei fermentation
under established process parameters. Additionally, the mass
transfer estimated by the Higbie penetration concept of two-
phase CFD calculations leverages a relationship between
bubble size and power input, and the total mass transfer
factor is in excellent accord with the actual results. The
mixing parameters of air and Xanthan gum were
satisfactorily predicted, with blending power varying
between 0.5 to 9.2 kW m?3. The indirect approach was
constructed to compute the fermenter bubble size by
analyzing the data. The inlet flow rate and power input for
circumstances that determine bubble size. This study has
proven how to utilize and create CFD simulations using
procedure fed-batch
fermentation. The CFD models and resulting relationships

information from commercial
may be utilized when using biological frameworks to analyze
substrate diffusion and absorption rates.

A study was conducted to evaluate the efficiency of a
new kind of propeller called "narcissus" in a tripled propeller
bioreactor. The study used a 3D networks-of-zones concept
to illustrate the mixing of liquids procedure. Modifying the
volume of certain zones provides a rapid means of
replicating the three-dimensional up-down flow structure of
the NS propeller in
calculations for all zones remain unchanged. The simulation
was constructed via a 3 x 2 x (10 x 10) x 60 arrangement to
replicate the outcomes of pilot plant three-propeller
experiments, employing the identical Tylosin reaction that
had been employed in Rushton turbine studies. The gas
volume, oxygen gas, and oxygen liquid mass fraction
dissolution may be shown as solid-body domains in a 3D
complicated perspective. The domain of reaction rate for

simulations. The mass balance

depicted simple-ordered kinetics has comparable challenges.
If employed in the triple structure, the NS impellers are
yield oxygen
concentrationsin the immediate vicinity compared to
Rushton turbines [50].

CFD method was created to analyze the behavior of

anticipated  to greater  dissolved

yeast enclosed in capsules. This method aimed to understand
the properties of encapsulating yeast utilized in ethanol
production from lignocellulose waste. Encapsulated yeast is
a physiologically active substance that is protected by a
semipermeable barrier to prevent inhibitor damage to cells.
The encapsulating yeast method focuses on the efficient
transport of substrate (glucose) through and out of the
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Table 1 Several CFD Modeling Research

No. Topic Models and Condition

Computational Details

Findings

1. Investigation of Case:

the molasses-water o
Investigation and

CED simulation of the mixing
dynamics between molasses and

mixing dynamics
in an ethanol bio-
reactor. Experi-

. P . water in a agitated tank.
mental investiga-
tions and CFD

simulations [5].

Phases treatment: Single phase
Turbulence: k-¢ model

Rheology Conditions: Transient
- Impeller velocity 1000 to 1300
rpm.

2. CFD Analysis of  Case: Determining the optimal

Modified Rushton inputs in the cylindrical stirred
Turbine Impeller  tank by varying the blade angles
[s3]

Phase treatment: Single phase
Turbulent: k- model

Conditions: Impeller velocity
120 rpm.

Case: Fluid flow throuhout the
fermentating of cellulosic slurry
Phases treatment: NA

3.  CFD simulation is
developed to accu-
rately forecast the
flow fields of high-

. .2 Turbulence: k-¢ model Condi-
ly viscous fluids in

tions: Initial solids concentra-
tion 10 to 20% (w/ v); propeller
speed of 120 rpm

areactor across
different opera-
tional scenarios
[44].

CFD Code: ANSYS
Fluent 18.2.

Geometries: a cylindrical
cone-shaped stirred tank

(3D).

Mesh: Unstructured
tetrahedral mesh Solu-
tion method: NA

CFD Code : NA

Geometries: A cylindri-
cal tank with four-bladed
rushtone turbine impel-

ler

Mesh: NA
Solution method: NA

CFED code: Fluent 6.2.20
Geometries: A 3-Litres
of vessel with 4-
equidistant wall-
mounted baffles and two
centrally located 6-blade

The experimental findings on mixing
behavior revealed that the molasses and
water combination exhibited three
distinct zone processes, namely the
rheological characteristics and impeller
rotating velocity. These elements were
shown to have the most influence. Fur-
thermore, the use of the Eulerian multi-
phase model and Large Eddy Simula-
tion may be employed to forecast the
blending characteristics in large-scale
agitated bioreactors used in industry.

Based on the findings, the power num-
ber exhibits a 30% increase when the
RTI-45° upward eccentric position is
considered, concurrently with an 11%
elevation in the flow number. Con-
versely, the power number is lower
when the RTI-10° and 20° are applied
in the upward eccentric position, with
the flow number remaining consistent
compared to the Rushton turbine im-
peller.

Regions characterized by elevated shear
forces inside the bioreactor facilitate a
decrease in the viscosity of the entire
system. A direct correlation among the
level of solids and the perceived viscosi-
ty was discovered.

Rushton propellers (3-
D) Mesh: Unstructured
tetrahedral mesh Solu-
tion method: NA

capsule, as well as the fermentation process. The purpose of
mass transfer simulation is to enhance our understanding of
capsule three key
elements: cell grouping, liquid distance, and thinner

effectiveness, which encompasses

membranes. In essence, the magnitude of the glucose mass
flow is inversely proportional to the thickness of the
membrane. The findings demonstrate the presence of a
gradient in glucose levels inside the cellular solid domain,
suggesting that the reaction has an impact on it. This is
apparent from the level of glucose profile in both the solid
and liquid domains of the cell. The membrane region where
the cells are joined has a greater concentration than the
liquid portion [S1].

The modifications were made to the Eulerian two-fluid
system frameworks to approximate the synthesis of enzymes
by the filament fungal T. reesei. An Eulerian multiphase
technique was employed to impact fermentation. Initially,
the computerized simulation was verified by comparing it to
measurements that had been earlier gathered in viscous non-
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Newtonian liquids. The use of the persistent Multiple
Reference Frame method, in combination with periodic
boundaries. The general drag rules were applied specifically
in air-water models, resulting in a 10% error in predicting the
gas holdup and a 14% error in predicting the Relative Power
Demand. The existence of substrate and the rate at which it
is produced varied among the bigger reactors beneath those
circumstances. The bigger bioreactors were decided by the
gradients of substrate and output rate beneath these
circumstances. Upon doubling the feed flow rates, the
response period for every setup significantly exceeded the
circulation time. Consequently, the nutritional content was
evenly dispersed within the fermenter. Simultaneously, the
elevated substrate load resulted in a rise in the need for
oxygen, leading to a decrease in the remaining oxygen level.
Consequently, the bigger tanks functioned in circumstances
where there was a restricted supply of oxygen, leading to a
drop in the effectiveness of the fermenter [52].
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Table 1 is a compilation of many research conducted
on CFD Simulation, each addressing various challenges. The
conducted tests have shown that the simulation can
accurately describe the mixing behavior occurring in the
stirred tank throughout the entirety of the bioethanol
manufacturing procedure. CFD may be used to analyze the
impact of variations in stirring speed and feed concentration
in large-scale stirred tanks used in process industries. The
objective of Madhania et al. [S] research is to examine the
mixing characteristics of molasses-water in a cylinder cone-
shaped mixing vessel system, specifically focusing on the
The
experimental findings indicate that the molasses-water

impact of molasses-water rheological features.
combination exhibits three distinct zone processes, with the
rheological characteristics and impeller rotating speed being

the most important elements.
7. CONCLUSION

In this paper, we present various uses of CFD in the
bioethanol production process. CFD is used for modeling
and continuous improvement to produce bioethanol with an
efficient process with maximum yields. CFD can describe
the bioethanol production process, such as flow patterns,
mass transfer, energy, and chemical reactions. From the
various studies that have been reviewed, CFD research that
focuses on chemical reaction modeling has not been widely
applied. The final recommendations from this paper can be a
challenge and an opportunity for progress in research
development in the bioethanol production process.

B AUTHOR INFROMATION

Corresponding Author
*Email: alistria97 @gmail.com
*Email: novia@ft.unsri.ac.id

ORCID

Novia : 0000-0002-0046-6076
Fitri Hadiah : 0000-0002-4222-2352
Ali Satria Wijaya :0009-0003-4790-7531
B REFERENCES

[1] E. Bertrand, M. Pradel, and C. G. Dussap, Economic
and environmental aspects of biofuels, vol. 0. 2016.
doi: 10.1007/978-3-319-30205-8_22.

B. Sharma, C. Larroche, and C. G. Dussap,
“Comprehensive of 2G bioethanol
production,” Bioresour. Technol., vol. 313, no. June, p.
123630, 2020, doi: 10.1016/j.biortech.2020.123630.
H. K. Asif, A. Ehsan, Z. Kashaf, A. A. Abeera, N. Azra,

and Q. Muneeb, “Comparative study of bioethanol

assessment

production from sugarcane molasses by using
Zymomonas mobilis and Saccharomyces cerevisiae,”
African J. Biotechnol,, vol. 14, no. 31, pp. 2455-2462,
2015, doi: 10.5897/ajb2015.14569.

F. Min, M. Kopke, and S. Dennis, “Gas Fermentation
for Commercial Biofuels Production,” Liq. Gaseous

Solid Biofuels - Convers. Tech., 2013, doi:

87

(11]

(12]

Research Article
10.5772/52164.

S. Madhania, Y. Muharam, S. Winardi, and W. W.
Purwanto, “Mechanism of molasses—water mixing
behavior in bioethanol fermenter. Experiments and
CFD modeling,” Energy Reports, vol. S, pp. 454-461,
2019, doi: 10.1016/j.egyr.2019.04.008.

S. S. Farahani and M. A. Asoodar, “Life cycle
environmental impacts of bioethanol production from
sugarcane molasses in Iran,” Environ. Sci. Pollut. Res.,
vol. 24, no. 28, pp. 22547-22556, 2017, doi: 10.1007/
$s11356-017-9909-1.

S. Periyasamy, S. Venkatachalam, S. Ramasamy, and V.
Srinivasan, “Production of Bio-ethanol from Sugar
Molasses Using Saccharomyces Cerevisiae,” Mod.
Appl. Sci, vol. 3, no. 8, 2009, doi: 10.5539/
mas.v3n8p32.

Jayus, Nurhayati, A. Mayzuhroh, S. Arindhani, and C.
Caroenchai, “Studies on Bioethanol Production of
Commercial Baker’s and Alcohol Yeast under Aerated
Culture Using Sugarcane Molasses as the Media,”
Agric. Agric. Sci. Procedia, vol. 9, pp. 493-499, 2016,
doi: 10.1016/j.aaspro.2016.02.168.

Y. H. Chang, K. S. Chang, C.Y. Chen, C. L. Hsu, T. C.
Chang, and H. Der Jang, “Enhancement of the
efficiency of bioethanol production by Saccharomyces
cerevisiae via gradually batch-wise and fed-batch
increasing the glucose concentration,” Fermentation,
vo. 4, no. 2, 2018, doi: 10.3390/
fermentation402004S.

M. L. Muruaga, K. G. Carvalho, J. M. Dominguez, R.
P. de Souza Oliveira, and N. Perotti, “Isolation and
characterization of Saccharomyces species for
bioethanol production from sugarcane molasses:
Studies of scale up in bioreactor,” Renew. Energy, vol.

85, pp. 649-656, 2016, doi: 10.1016/
jrenene.2015.07.008.
E. Quiroz-Pérez, C. Gutiérrez-Antonio, and R.

Vézquez-Romdn, “Modelling of production processes
for liquid biofuels through CFD: A review of
conventional and intensified technologies,” Chem.
Eng. Process. - Process Intensif., vol. 143, no. August,
p- 107629, 2019, doi: 10.1016/j.cep.2019.107629.

A. Castedo, L. Uriz, L. Soler, L. M. Gandia, and ].
Llorca, “Kinetic analysis and CFD simulations of the
photocatalytic production of hydrogen in silicone
microreactors from water-ethanol mixtures,” Appl.
Catal. B Environ., vol. 203, pp. 210-217, 2017, doi:
10.1016/j.apcatb.2016.10.022.

R. Teran Hilares et al, “Hydrodynamic cavitation-
of
bagasse for ethanol production: Effects of geometric

assisted continuous pre-treatment sugarcane
parameters of the cavitation device,” Ultrason.
Sonochem., vol. 63, p. 104931, 2020, doi: 10.1016/
joultsonch.2019.104931.

M. S. Pino et al,, “Bioreactor design for enzymatic
hydrolysis of biomass under the biorefinery concept,”
Chem. Eng. ., vol. 347, no. March, pp. 119-136, 2018,
doi: 10.1016/j.cej.2018.04.057.


https://orcid.org/0000-0002-0046-6076
https://orcid.org/0000-0002-4222-2352
https://orcid.org/0009-0003-4790-7531

Applied Materials and Technology

Research Article

[15]

[16]

[17]

[20]

[21]

[22]

[23]

J. Zaburko, R. Glowienka, M. K. Widomski, J. Szulzyk-
Cieplak, R. Babko, and G. Eagdd, “Modeling of the
aeration system of a sequencing batch reactor,” J. Ecol.
Eng, vol. 21, no. 7, pp. 249-256, 2020, doi:
10.12911/22998993/126240.

L. Canilha et al., “Bioconversion of sugarcane biomass
into ethanol: An overview about composition,
pretreatment methods, detoxification of hydrolysates,
enzymatic saccharification, and ethanol fermentation,”
J. Biomed. Biotechnol, 2012, 2012, doi:
10.1155/2012/989572.

A. K. Chandel, C. ES, R. Rudravaram, L. Narasu, V.

Rao, and P. Ravindra, “Economics and environmental

vol.

impact of bioethanol production technologies: an
appraisal,” Biotechnol. Mol. Biol. Rev., vol. 2, no. 1, pp.
14-32, 2007, [Online]. Available: http://
www.academicjournals.org/bmbr/PDFE/pdf2007/
Feb/Chandel et al.pdf

M. Fan, S. Zhang, G. Ye, H. Zhang, and ]J. Xie,
“Integrating sugarcane molasses into sequential
cellulosic biofuel production based on SSF process of
high solid loading,” Biotechnol. Biofuels, vol. 11, no. 1,
pp. 1-9,2018, doi: 10.1186/513068-018-1328-0.

N. V. Narendranath and R. Power, “Relationship
between pH and medium dissolved solids in terms of
growth of lactobacilli and
Saccharomyces cerevisiae during ethanol production,”
Appl. Environ. Microbiol,, vol. 71, no. S, pp. 2239-
2243,20085, doi: 10.1128/AEM.71.5.2239-2243.2005.
M. Rastogi and S. Shrivastava, “Recent advances in

and metabolism

second generation bioethanol production: An insight
to pretreatment, saccharification and fermentation
processes,” Renew. Sustain. Energy Rev., vol. 80, no.
May, pp. 330-340, 2017, doi: 10.1016/
jrser.2017.05.228.

M. A. A et al,, “Influence of Reaction Temperature on
Bioethanol Production by Saccharomyces Cerevisiae
Using Cassava as Substrate,” Int. J. Sustain. Energy
Environ. Res., vol. 10, no. 1, pp. 9-16, 2021, doi:
10.18488/journal.13.2021.101.9.16.

Fatimah, Febrina Lia G, and Lina Rahmasari G,
“Kinetika Reaksi Fermentasi Alkohol Dari Buah
Salak,” J. Tek. Kim. USU, vol. 2, no. 2, pp. 16-20,
2013, doi: 10.32734/jtk.v2i2.1432.

Z. Xu and F. Huang, “Pretreatment methods for
bioethanol production,” Appl. Biochem. Biotechnol.,
vol. 174, no. 1, pp. 43-62, 2014, doi: 10.1007/512010-
014-1015-y.

P. Alvira, E. Tomas-Pejo, M. Ballesteros, and M. J.
Negro, “Pretreatment technologies for an efficient
bioethanol production process based on enzymatic
hydrolysis: A review,” Bioresour. Technol., vol. 101,
no. 13, pp. 4851-4861, 2010, doi: 10.1016/
j-biortech.2009.11.093.

G. W. Huber, S. Iborra, and A. Corma, “Synthesis of
transportation fuels from biomass: Chemistry,
catalysts, and engineering,” Chem. Rev., vol. 106, no.
9, pp- 4044-4098, 2006, doi: 10.1021/cr068360d.

88

(26]

[35]

S. Haghighi Mood et al., “Lignocellulosic biomass to
bioethanol, a comprehensive review with a focus on
pretreatment,” Renew. Sustain. Energy Rev., vol. 27,
pp- 77-93, 2013, doi: 10.1016/j.rser.2013.06.033.

M. Y. Harun, A. B. Dayang Radiah, Z. Zainal Abidin,
and R. Yunus, “Effect of physical pretreatment on
dilute acid hydrolysis of water hyacinth (Eichhornia
crassipes),” Bioresour. Technol,, vol. 102, no. 8, pp.
5193-5199, 2011, doi: 10.1016/
j-biortech.2011.02.001.

Y. Sun and J. Cheng, “Hydrolysis of lignocellulosic
materials for ethanol production: A review,”
Bioresour. Technol,, vol. 83, no. 1, pp. 1-11, 2002,
doi: 10.1016/50960-8524(01)00212-7.

F. Isakov Yu,, E. A. Stepanov, A. F. Dronov, N. D.
Shumov, O. I. Blinnikov, and A. Archibong, “Diagnosis
and treatment of adhesive intestinal obstruction in
children,” Khirurgiya, vol. 66, no. 8, pp. 3-7, 1990.

M. J. Taherzadeh and K. Karimi, Pretreatment of
lignocellulosic wastes to improve ethanol and biogas
production: A review, vol. 9, no. 9. 2008. doi:
10.3390/ijms9091621.

A.-H. Rasmey, H. Hassan, A. Aboseidah, and O.
Abdulwahid, “Enhancing Bioethanol Productivity
from Sugarcane Molasses by Saccharomyces cerevisiae
Y17 KP096551,” Egypt. J. Bot., vol. 0, no. 0, pp. 0-0,
2018, doi: 10.21608/ejb0.2018.1820.1126.

A. N. Jayanti, A. Sutrisno, A. K. Wardani, and U.
Murdiyatmo, “Bioethanol production from sugarcane
molasses by instant dry yeast (effect of pretreatment
and fermentation temperature),” IOP Conf. Ser. Earth
Environ. Sci., vol. 230, no. 1,2019, doi: 10.1088/1755-
1315/230/1/012102.

X. Pan, D. Xie, N. Gilkes, D. J. Gregg, and J. N.
Saddler, the
hydrolysis of pretreated softwood with high residual

“Strategies to enhance enzymatic
lignin content,” Appl. Biochem. Biotechnol. - Part A
Enzym. Eng. Biotechnol., vol. 124, no. 1-3, pp. 1069—
1079, 2003, doi: 10.1385/ABAB:124:1-3:1069.

P. Singh, A. Suman, P. Tiwari, N. Arya, A. Gaur, and A.
K. Shrivastava, “Biological pretreatment of sugarcane
trash for its conversion to fermentable sugars,” World
J. Microbiol. Biotechnol,, vol. 24, no. S, pp. 667-673,
2008, doi: 10.1007/s11274-007-9522-4.

H. Zentou, Z. Z. Abidin, M. Zouanti, and D.
Greetham, “Effect of operating conditions on molasses
fermentation for bioethanol production,” Int. J. Appl.
Eng. Res., vol. 12, no. 15, pp. 5202-5506, 2017.

A. Delafosse et al., “CFD-based compartment model
for description of mixing in bioreactors,” Chem. Eng.
Sci,, vol. 106, pp. 76-85, 2014, doi: 10.1016/
j-ces.2013.11.033.

W. J. Kelly, “Using computational fluid dynamics to
characterize and improve bioreactor performance,”
Biotechnol. Appl. Biochem., vol. 49, no. 4, p. 225,
2008, doi: 10.1042/ba20070177.



Applied Materials and Technology

Research Article

[38]

[39]

[45]

[46]

[47]

C. Haringa, R. F. Mudde, and H. J. Noorman, “From
industrial fermentor to CFD-guided downscaling:
what have we learned?,” Biochem. Eng. J., vol. 140, no.
August, pp. S57-71, 2018, doi: 10.1016/
bej.2018.09.001.

D. R. Pessoa, A. T. J. Finkler, A. V. L. Machado, D. A.
Mitchell, and L. F. de Lima Luz, “CFD simulation of a
packed-bed solid-state fermentation bioreactor,” Appl.
Math. Model,, vol. 70, pp. 439-458, 2019, doi:
10.1016/j.apm.2019.01.032.

E.R. C. Gois and P. Seleghim, “Design optimization of
a bioreactor for ethanol production using CFD
simulation and genetic algorithms,” WIT Trans.
Modelling Simul., vol. S1, pp. 67-73, 2011, doi:
10.2495/CMEM110071.

D. Rajavathsavai, “Study of Hydrodynamic and Mixing
Behaviour of Continuous Stirred Tank Reactor Using
CED Tools,” no. January, 2012.

P. Moilanen, M. Laakkonen, and J. Aittamaa,
“Modelling fermenters with CFD,” Comput. Aided
Chem. Eng,, vol. 20, no. C, pp. 709-714, 2005, doi:
10.1016/S1570-7946(05)80240-8.

X. Wang, J. Ding, W. Q. Guo, and N. Q. Ren, “A
hydrodynamics-reaction kinetics coupled model for
evaluating bioreactors derived from CFD simulation,”
Bioresour. Technol., vol. 101, no. 24, pp. 9749-9757,
2010, doi: 10.1016/j.biortech.2010.07.1185.

B. H. Um and T. R. Hanley, “A CFD model for
predicting the flow patterns of viscous fluids in a
bioreactor under various operating conditions,”
Korean J. Chem. Eng,, vol. 25, no. 5, pp. 1094-1102,
2008, doi: 10.1007/s11814-008-0179-y.

L. Shu et al, “Process optimization in a stirred tank
bioreactor based on CFD-Taguchi method: A case
study,” J. Clean. Prod., vol. 230, pp. 1074-1084, 2019,
doi: 10.1016/j.jclepro.2019.05.083.

D. Carvajal, D. L. Marchisio, S. Bensaid, and D. Fino,
“Enzymatic hydrolysis of lignocellulosic biomasses via
CFD and experiments,” Ind. Eng. Chem. Res., vol. 51,
no. 22, pp. 7518-7525,2012, doi: 10.1021/ie201673t.

B. Wu, “CFD investigation of turbulence models for
mechanical agitation of non-Newtonian fluids in
anaerobic digesters,” Water Res., vol. 45, no. 5, pp.
2082-2094,2011, doi: 10.1016/j.watres.2010.12.020.

Y. Li, X. Cao, Z. Geng, and M. Zhang, “A novel quasi
plug-flow reactor design for enzymatic hydrolysis of
cellulose using rheology experiment and CFD
simulation,” Can. J. Chem. Eng,, vol. 96, no. 3, pp. 770
-778,2018, doi: 10.1002/cjce.22963.

C. Bach et al,, “Evaluation of mixing and mass transfer
in a stirred pilot scale bioreactor utilizing CFD,”
Chem. Eng. Sci., vol. 171, pp. 19-26, 2017, doi:
10.1016/j.ces.2017.05.001.

H. V Hristov, R. Mann, V. Lossev, and S. D. Vlaev, “A
Simplified CFD for Three-Dimensional Analysis of
Fluid Mixing, Mass Transfer and Bioreaction in A
Fermenter Equipped with Triple Novel Geometry
Impellers,” vol. 82, no. March, pp. 21-34, 2004.

89

[s1]

(s3]

R. A. Lestari and R. I Lestari, “Analysis of
Encapsulated Yeast in Computational Fluid Dynamics
Approach,” Konversi, vol. 8, no. 2, pp. 99-107, 2019,
doi: 10.20527/k.v8i2.7203.

V. Cappello, C. Plais, C. Vial, and F. Augier, “Scale-up
of aerated bioreactors: CFD validation and application
to the enzyme production by Trichoderma reesei,”
Chem. Eng. Sci, vol. 229, p. 116033, 2021, doi:
10.1016/j.ces.2020.116033.

L. Jenish, M. Appadurai, and E. F. Irudaya Raj, “CFD
Analysis of Modified Rushton Turbine Impeller,” Int.
J. Sci. Manag. Stud., no. June, pp. 8-13, 2021, doi:
10.51386/25815946/ijsms-v4i3p102.

This article is licensed under a Creative Commons
Attriution 4.0 International License.


https://creativecommons.org/licenses/by/4.0/

	Computational Fluid Dynamics Modeling of Fermentation Reactions in Bioethanol Fermentor: A Review
	1. INTRODUCTION
	2. FERMENTOR
	3. BIOETHANOL PRODUCTION PROCESS
	4. OPTIMIZATION CONDITIONS FOR THE ALCOHOLIC FERMENTATION PROCESS
	5. THE PRETREATMENT IMPACT ON BIOETHANOL PRODUCTION
	Effect of Different Molasses Sugar Concentrations on Bioethanol

	6. COMPUTATIONAL FLUID DYNAMIC
	7. CONCLUSION
	AUTHOR INFORMATION
	REFERENCES



