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Article 
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Abstract: Given the problem of climate change caused by fossil fuels, there is a need to seek efficient 
alternative energies that have a lower impact on the environment and are obtained from renewable 
resources. Biomass gasification technology is attracting constant interest in sustainable energy 
research as an alternative to traditional combustion technology. In gasification, thermochemical 
conversion of the raw material is carried out, obtaining a gaseous product of great interest known 
as synthesis gas, gaseous hydrogen, generally used as fuel. Its numerous advantages include the 
availability of raw materials, reduction in harmful emission streams, performance, and costs. As this 
is a growing topic within the global energy framework, it is necessary to achieve the maturity of this 
technology by working on its weaknesses, mainly in terms of efficiency. The objective of this project 
was to study the hydrogen production process from the simulation of glucose gasification as a 
biomass model compound through a static model and a dynamic model, in order to determine the 
maximum concentration of the resulting components in each model studied. Since glucose is the 
most abundant component in biomass, it was used as a composite model, these models were built, 
and the basis for the adaptability of subsequent studies of optimization present one was laid. A 𝐻ଶ: 𝐶𝑂 ratio of 2.2 and molar fluxes were obtained for 𝐻ଶ, 𝐶𝑂, 𝐶𝑂ଶ,𝐶𝐻ସ and 𝐻ଶ𝑂 as would generally 
occur in an organic matter gasification process. 

Keywords: simulation; hydrogen; Ansys; Phyton; kinetics 
 

1. Introduction 

The exponential growth of the world's population and the technological progress essential for 
survival converge in a common point: the growth of energy demand and the need to supply it [1,2]. 
This need is closely related to the preservation of regular economic performance [2,3]; therefore, any 
action on the energy source will have some level of impact [3]. Currently, the focus is on maintaining 
economic growth strategies, mitigating environmental damage, and improving environmental 
quality and alternatives against the evident depletion of non-renewable fossil fuel reserves [4]. 
Environmental quality is affected by the generation of greenhouse gases from using fossil fuels [1,5]. 
By 2060, the world's oil reserves will be depleted, making it essential to search for sustainable 
alternatives for energy generation [6]. The main strategy is the production of renewable energies [7]. 

Renewable Energy is obtained from non-limiting sources and is rapidly acquiring greater 
interest in applications worldwide [8,9]. Biomass is a potentially significant and ideal source for 
sustainable energy production [10]. Compared to common conventionally used fuels, biomass has 
much lower environmental impact and flexibility in its origin, the most common being lignocellulosic 
residues [11]. Bananas are one of the products with the highest production demand worldwide, 
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abundant in tropical and subtropical countries [12,13]. As one of the most cultivated plants, it leaves 
behind large amounts of residues, such as leaves, stems, pseudostems, and fruits, that do not meet 
quality standards; these residues are used for energy generation [14].  

The main components of biomass are lignin, cellulose, and hemicellulose [15]. Cellulose is the 
compound found in the highest proportion compared to the other components and is composed of 
repeating units of β-D glucose [16,17]. As cellulose is the main component of biomass and is made 
up of glucose, glucose becomes the model compound, which, when isolated from biomass, facilitates 
the process of obtaining energy [18]. Glucose extraction from banana biomass is carried out through 
different physical, chemical, and biological treatments that simplify operation times and use of 
resources [17]. 

One of the approaches to the use of biomass as a renewable energy source is the production of 
hydrogen, a compound that can be obtained by thermochemical methods that include pyrolysis and 
liquefaction gasification processes, and by biochemical processes through the use of microorganisms. 
In addition, thermochemical processes are considered the most optimal for obtaining a hydrogen-
rich synthesis gas from biomass [19]. With steam gasification being the most promising for producing 
hydrogen syngas. In this route, the use of steam as a gasifying agent not only provides Syngas rich 
in 𝐻ଶ, but also causes minimal environmental impact, especially by avoiding NOx formation with 
low 𝐶𝑂ଶ generation, so the hydrogen obtained must be considered "green" [20]. 

On the other hand, this type of energy is considered as an energy supply for a green and 
sustainable future, because hydrogen presents ecological, efficient benefits with a great energy 
potential of approximately 122 MJ/Kg making it an alternative to the use of fossil fuels consumption 
thanks to its ability to meet the energy demands of the latter. Among the most important advantages 
of hydrogen are: high energy conversion efficiency, its production with zero water emissions, 
conversion into fuels, transportation over long distances, etc [21]. 

The gasification process is one of the most widely used technologies for obtaining renewable 
Energy from biomass, allowing to get hydrogen, a known energetic vector [22]. Gasification consists 
of partial thermal oxidation which is produced at a temperature of 800 to 1000 °C in the presence of 
gasifying agents such as steam or oxygen that provide oxygen to the process [19], the objective of 
which is to convert biomass into a synthesis gas consisting of carbon dioxide (𝐶𝑂ଶ), water (𝐻ଶ𝑂), 
carbon monoxide (𝐶𝑂), hydrogen (𝐻ଶ), methane (𝐶𝐻ସ), among other gaseous compounds. In addition, 
small amounts of carbon in solid form, ashes, and other condensable compounds such as tars and 
oils are produced during the process [22–24]. The proportion of these products in the synthesis gas 
depends significantly on the biomass composition, raw materials, operating conditions, type of 
cooker, and gasifying agent [25]. During gasification, cellulose is completely and rapidly converted 
into glucose at about 400 °C. The main reactions are glucose hydrolysis and water-gas shift [26]. 

In Table 1 [26] biomass degradation according to its lignocellulosic matter can be observed as a 
function of temperature, with decomposition starting at temperatures below 373 °C. 

Table 1. Biomass decomposition in terms of lignocellulosic matter. 

Zone Temperature Range Type of Material 
I <373 K Humidity evolution. 

II  373 – 523 K 
It takes place at the beginning of the decomposition of 

hemicellulose. 
III  523 – 633 K Decomposition of cellulose. 
IV  633 – 733 K Lignin decomposition. 
V >733 K Fixed carbon oxidation. 

During the biomass gasification process, two stages are carried out depending on the formation 
of the products. Stage I involves the formation of char with high concentrations of H2 and O2, as well 
as the cracking of volatile substances. As the temperature rises, the charcoal is transformed into fixed 
charcoal, which reacts with the gasifying agent to produce synthesis gas in the stage II [22]. The 
gasification process consists of the following chemical reactions, among them are: drying, thermal 
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decomposition or pyrolysis, partial combustion of some gases, vapors and charcoal and finally 
gasification of the decomposition products [19]. 

Approximately two-thirds of the mass of cellulose is organized into an ordered structure to form 
stable crystallization zones and high-density hydrogen bonding in crystallization zones makes 
cellulose less soluble and recalcitrant in conversion. Therefore, cellulose is insoluble in water and in 
most organic solvents [20]. 

The gasifier is the vessel where the reactions of the gasification process take place. Its choice will 
depend on the properties of the biomass, the requirements of the product and the gasifying agent to 
be used. Among the main ones, three types of gasifiers are used: the upflow and downflow fixed bed 
gasifier, the fluidized bed gasifier and the entrained flow gasifier. The upflow gasifier has a high 
thermal efficiency and can handle biomasses with up to 60% moisture; however, they generate more 
tar. The down-flow gasifier has a low tar production and accepts biomasses with low moisture 
content of up to 30%. Finally, the fluidized bed has a higher efficiency and biomass conversion due 
to a more uniform heat distribution [28].  

Several studies have come to determine that renewable energy has an indirect effect on attitudes 
towards the use of renewable energy through the associated impact on the perception of ease of use 
and perceived usefulness [29]. To optimize processes, biomass must be as cheap as possible, as 
conditions have a significant impact on cost. Cost estimates are also affected by external factors, such 
as fluctuating fossil fuel prices, variations in a given country’s biofuel policies, and emissions.  

According to Adamu & Hossain [23], the kinetic model of the reaction of glucose gasification is 
described by the Langmuir-Hinshelwood mechanisms, which consists of adsorption processes, 
desorption during the activation of the reactants, surface reaction, and desorption of the products. In 
addition, the process is formed by the water-gas shift (WGS) reaction, dry methane reforming 
reaction (RDRM), and steam methane reforming (SMR) reaction.  

The Evolution of this complex reactions scheme can be simulated using specialized software 
[30], such as Ansys Fluent. This tool allows for studying the fluid's thermal behavior during the 
glucose gasification process using computational fluid dynamics, showing the temperature 
distribution in the system [27]. The simulation is framed in three basic stages: a) pre-processing, 
where the geometric model of the system is defined, followed by the construction of the mesh and 
the definition of the properties of materials and boundary conditions [31,32], and c) post-processing, 
where the analyst verifies and validates the model [33].  

On the other hand, Python is an open-access programming language useful for scientific 
computing that can be applied in the chemical area [34,35]. Using material balances for each chemical 
species and the respective kinetic equations from each reaction generated during the gasification 
process allows the observation and study of the conversion of the raw material into its products.  

In this way, Ansys Fluent will be used to compute the temperature profile inside the chemical 
reactor where gasification will proceed, and Python will be used to calculate the axial concentration 
profiles for each chemical species involved in the gasification process. 

2. Materials and Methods 

Two software, Ansys and Phyton, were used to simulate the gasification process. Ansys CFX 
was employed for the computational fluid dynamics study. Phyton code was developed to simulate 
the glucose conversion process into synthesis gas and other derivatives concerning time and the 
longitudinal axis; that is, a model in a dynamic state and another in a stationary state, respectively. 

2.1. Geometry and discretization 

The geometry of the whole system is shown in Figure 1, the catalyst-biomass composition is 
represented by a porous solid of alumina with 𝜀 = 0.46 whose measurements are 3 cm internal 
diameter, 6.6 cm height with inlet and outlet of the fluid through the pipes, whose diameter was 9.25 
mm, corresponding to the ¼ inch stainless steel pipes presented as a system in conjunction with the 
reactor. The porosity corresponding to the catalytic bed was determined by designing the bed with 1 
mm spheres packed in a diameter of 3 cm at a height of 10 mm. In both cases, the discretization was 
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generated in ICEM CDF. In order to obtain a more compact and better quality mesh, the tetrahedron 
method is used in this refinement, which corresponds to the default set in this module.  

The simulation works under manually entered boundary conditions. The internal temperature 
of the furnace that corresponds to that which has reached a stable state of work, is 639.41 °C, while 
the gassing agent (water vapor) reached 226.85 °C.  

 

Figure 1. System geometry. 

Figure 2 shows the geometry and discretization of the fluid domain (gasifying agent); it is 17 cm 
long and 9.25 mm in diameter.  

 

Figure 2. Gassing agent. 

2.2. Kinetic model 

The mathematical model of the reaction was developed through reaction kinetics using the 
Langmuir-Hinshelwood mechanism, which involves adsorption of the reactants, catalytic surface 
reaction, and desorption of the products of the water-gas shift (WGS) reaction, the reverse reaction 
of dry methane re-forming (RDRM) and the steam reforming reactions of methane (SMR).  

2.2.1. Reactions scheme 

During the gasification process, the biomass macromolecule is transformed into a series of 
products, among the main ones are hydrogen 𝐻ଶ, carbon monoxide carbon 𝐶𝑂, carbon dioxide 𝐶𝑂ଶ, 
methane 𝐶𝐻ସ , water 𝐻ଶ𝑂 , and in smaller amounts coke and tars. To represent the gasification 
process, the following overall reaction is used[36]: 𝐶௫𝐻௬𝑂௭ + 𝑛𝐻ଶ𝑂 ∆→ 𝑎ଵ𝐻ଶ + 𝑎ଶ𝐶𝑂 + 𝑎ଷ𝐶𝑂ଶ + 𝑎ସ𝐻ଶ𝑂+𝑎ହ𝐶𝐻ସ+𝑎଺𝐶 + 𝑡𝑎𝑟𝑠 (1)

Biomass gasification involves a series of chemical reactions through drying, particle 
decomposition, oxidation, and reduction (WGS, RDRM, and SRM) In equation (1) the amounts of 
each of the products depend on the operating conditions during the reaction, type of biomass, activity 
and selectivity of the catalyst. Alumina catalysts are characterized by their high surface area, thermal 
stability and adsorption capacity, so this stage is the determinant for the reaction kinetics [37]. 

From the general equation for biomass, we work with a solution of 1.5 mL of glucose at a 
concentration of 15%, taking as a reference the work done by [20] and the following specific equation: 𝐶଺𝐻ଵଶ𝑂଺ + 𝐻ଶ𝑂𝐶𝐻ସ + 3𝐻ଶ + 𝐶𝑂ଶ + 2𝐻ଶ𝑂 + 𝐶 (2)

Equation (2) represents the process of transformation of glucose to synthesis gas and other 
components, with this it is possible to determine the number of moles. Once the number of moles 
and mass of each of the products were obtained, the molar flux was determined considering a 
reaction time of 25 seconds. 
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Provided that appropriate assumptions and approximations are established. Therefore, the 
following assumptions proposed by [21] are made for the kinetic model: 

I. Biomass is converted to 𝐶𝑂, 𝐶𝑂ଶ, 𝐻ଶ and 𝐶𝐻ସ, with traces of coke and tar. 

II. The 𝐶𝑂, 𝐶𝑂ଶ, 𝐻ଶ, 𝐶𝐻ସ and 𝐻ଶ𝑂, are adsorbed on the catalyst surface, which react until 

they desorb and form part of the product. 

III. The dominant reactions in the reaction are water-gas shift (WGS), dry reforming of 

methane (DRM) and steam reforming of methane (SRM) reactions. 

For assumption (I) to be true during the reaction, the reactor pressure should not exceed 57 psi 
and the main products generated should be 𝐶𝑂, 𝐶𝑂ଶ, 𝐻ଶ, 𝐶𝐻ସ. 

In the case of assumption (III), the value of the activation energies of the Bourdouard reaction 
and methanation must be greater than the SRM, WGS, and reverse dry reforming of methane 
(RDRM). 

Taking these considerations into account, the following equations are presented. 

Table 2. Main reactions of the gasification process. 

Reaction Stoichiometry 
The water-gas shift (WGS)        𝐶𝑂 + 𝐻ଶ𝑂 ↔ 𝐻ଶ + 𝐶𝑂ଶ       (3) 

Steam methane reforming (SMR)       𝐶𝐻ସ + 𝐻ଶ𝑂 ↔ 𝐶𝑂 + 3𝐻ଶ       (4)  
Reverse dry methane reforming (RDRM)       𝐶𝐻ସ + 𝐶𝑂ଶ ↔ 2𝐶𝑂 + 2𝐻ଶ      (5)  

2.2.1. Steam reforming of methane (SRM) 

1. Methane adsorption on the active site of the catalyst: 

𝐶𝐻ସ + 𝑆 ௞ଵ→௞ଶ← 𝐶𝐻ସ  − 𝑆 (6)

2. Vapor adsorption on the active site of the catalyst: 𝐻ଶ𝑂 + 𝑆 ௞ଷ→௞ସ← 𝐻ଶ𝑂 − 𝑆 (7)

3. Surface reaction at the active site of the catalyst: 

𝐶𝐻ସ  − 𝑆 + 𝐻ଶ𝑂 − 𝑆 + 2𝑆  ௞ହ→௞଺←  𝐶𝑂 − 𝑆 + 3𝐻ଶ  − 𝑆 (8)

4. 𝐶𝑂 desorption on the catalyst surface: 

𝐶𝑂 − 𝑆 + 2𝑆  ௞଻→௞←଼ 𝐶𝑂 + 𝑆 (9)

5. Desorption of 𝐻ଶ from the catalyst surface: 𝐻ଶ  − 𝑆  ௞ଽ→௞ଵ଴ርሲ 𝐻ଶ + 𝑆 (10)

Considering a pseudo-steady state, the following equation is used to describe the adsorption 
mechanism [36] 𝑟ௌோெ = 𝑘ௌோெ𝑃஼ுర𝑃ுమை(1 + 𝐾ுమ𝑃ுమ + 𝐾ுమை𝑃ுమை + 𝐾஼ை𝑃஼ை + 𝐾஼ைమ𝑃஼ைమ + 𝐾஼ுర𝑃஼ுర)ସ × ቆ1 − 𝑃஼ை𝑃ுమଷ𝐾ௌோெ𝑃஼ுర𝑃ுమைቇ (11)

where the value of 𝐾ௌோெ  is the equilibrium rate constant of the SRM, 𝑘ௌோெ  is the concentrated 
reaction rate constant for SRM, 𝐾ுమ is the adsorption rate constant of 𝐻ଶ, 𝐾ுమை is the adsorption rate 
constant of 𝐻ଶ𝑂, 𝐾 ஼ை is the adsorption rate constant of 𝐶𝑂, 𝐾஼ைమ is the adsorption rate constant of 𝐶𝑂ଶ  and 𝐾஼ுర is the adsorption rate constant of 𝐶𝐻ସ . 𝑃ுమ is the pressure of 𝐻ଶ, 
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𝑃ுమை is the pressure of 𝐻ଶ𝑂, 𝑃஼ை is the pressure of 𝐶𝑂 , 𝑃஼ைమ is the pressure of 𝐶𝑂ଶ  and 𝑃஼ுర is the 
pressure of 𝐶𝐻ସ. 

The equilibrium rate constant is: 𝐾ௌோெ = 𝑘଺𝐾஼ை𝐾ுమଷ𝑘ହ𝐾஼ுర𝐾ுమை (12)

2.2.1.2. The water-gas shift 

1. Carbone Monoxide adsorption on the active site of the catalyst: 

𝐶𝑂 + 𝑆 ௞ଵ→௞ଶ← 𝐶𝑂 − 𝑆 (13)

2. Vapor adsorption on the active site of the catalyst: 

𝐻ଶ𝑂 + 𝑆 ௞ଷ→௞ସ← 𝐻ଶ𝑂 − 𝑆 (14)

3. Surface reaction at the active site of the catalyst: 

𝐶𝑂 − 𝑆 + 𝐻ଶ𝑂 − 𝑆 + 2𝑆  ௞ହ→௞଺←  𝐶𝑂ଶ − 𝑆 + 𝐻ଶ  − 𝑆 (15)

4. 𝐶𝑂ଶ desorption on the catalyst surface: 

𝐶𝑂ଶ  − 𝑆  ௞଻→௞←଼ 𝐶𝑂ଶ + 𝑆 (16)

5. Desorption of 𝐻ଶ from the catalyst surface: 

𝐻ଶ  − 𝑆  ௞ଽ→௞ଵ଴ርሲ 𝐻ଶ + 𝑆 (17)

Considering a pseudo-steady-state, the following equation is used to describe the adsorption 
mechanism [36]. 𝑟ௐீௌ = 𝑘ௐீௌ𝑃஼ை𝑃ுమை(1 + 𝐾ுమ𝑃ுమ + 𝐾ுమை𝑃ுమை + 𝐾஼ை𝑃஼ை + 𝐾஼ைమ𝑃஼ைమ + 𝐾஼ுర𝑃஼ுర)ଶ × ቆ1 − 𝑃஼ைమ𝑃ுమ𝐾ௐீௌ𝑃஼ை𝑃ுమைቇ (18)

where the value of 𝐾ௐீௌ  is the equilibrium rate constant of the WGS reaction, 𝑘ௐீௌ  is the 
concentrated reaction rate constant for WGS, 𝐾ுమ is the adsorption rate constant of 𝐻ଶ, 𝐾ுమை is the 
adsorption rate constant of 𝐻ଶ𝑂, 𝐾 ஼ை is the adsorption rate constant of 𝐶𝑂, 𝐾஼ைమ is the adsorption 
rate constant of 𝐶𝑂ଶ  and 𝐾஼ுర is the adsorption rate constant of 𝐶𝐻ସ . 𝑃ுమ is the pressure of 𝐻ଶ, 𝑃ுమை is the pressure of 𝐻ଶ𝑂, 𝑃஼ை is the pressure of 𝐶𝑂,  𝑃஼ைమ is the pressure of 𝐶𝑂ଶ  and 𝑃஼ுర is the 
pressure of 𝐶𝐻ସ. 

The equilibrium rate constant is: 𝐾ௐீௌ = 𝑘଺𝐾஼ைమ𝐾ுమ𝑘ହ𝐾஼ை𝐾ுమை (19)

2.2.1.3. Reverse dry methane reforming reaction  

1. Carbone Monoxide adsorption on the active site of the catalyst: 

𝐶𝑂 + 𝑆 ௞ଵ→௞ଶ← 𝐶𝑂 − 𝑆 (20)

2. Vapor adsorption on the active site of the catalyst: 
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𝐻ଶ + 𝑆 ௞ଷ→௞ସ← 𝐻ଶ − 𝑆 (21)

3. Surface reaction at the active site of the catalyst: 

2𝐶𝑂 − 𝑆 + 2𝐻ଶ  − 𝑆  ௞ହ→௞଺←  𝐶𝑂ଶ − 𝑆 + 𝐶𝐻ସ  − 𝑆 + 2𝑆 (22)

4. 𝐶𝑂ଶ desorption on the catalyst surface: 

𝐶𝑂ଶ  − 𝑆  ௞଻→௞←଼ 𝐶𝑂ଶ + 𝑆 (23)

5. Desorption of 𝐶𝐻ସ from the catalyst surface: 

𝐶𝐻ସ  − 𝑆  ௞ଽ→௞ଵ଴ርሲ 𝐶𝐻ସ + 𝑆 (24)

Considering a pseudo-steady-state, the following equation is used to describe the adsorption 
mechanism [35]. 𝑟ோ஽ோெ = ௞ೃವೃಾ௉಴ೀమ௉ಹమమ(ଵା௄ಹమ௉ಹమା௄ಹమೀ௉ಹమೀା௄಴ೀ௉಴ೀା௄಴ೀమ௉಴ೀమା௄಴ಹర௉಴ಹర)ర × ൬1 − ௉಴ೀమ௉಴ಹర௄ೃವೃಾ௉಴ೀమ௉ಹమమ൰  (25)

where the value of 𝐾ோ஽ோெ  is the equilibrium rate constant for the RDRM reaction, 𝑘௄஽ோெ  is the 
concentrated reaction rate constant for RDRM, 𝐾ுమ is the adsorption rate constant of 𝐻ଶ, 𝐾ுమை is the 
adsorption rate constant of 𝐻ଶ𝑂, 𝐾 ஼ை is the adsorption rate constant of 𝐶𝑂, 𝐾஼ைమ is the adsorption 
rate constant of 𝐶𝑂ଶ and 𝐾஼ுర is the adsorption rate constant of 𝐶𝐻ସ, 𝑃ுమ is the pressure of 𝐻ଶ, 𝑃ுమை  is the pressure of 𝐻ଶ𝑂, 𝑃஼ை is the pressure of 𝐶𝑂,  𝑃஼ைమ is the pressure of 𝐶𝑂ଶ  and 𝑃஼ுర is the 
pressure of 𝐶𝐻ସ.  

The equilibrium rate constant is: 𝐾ோ஽ெோ = 𝑘ହ𝐾஼ைଶ𝐾ுమଶ𝑘଺𝐾஼ைమ𝐾஼ுర  (26)

2.2.2. Reaction rate constants and adsorption rate constant. 

The reaction rate constants can be obtained by means of the Arrhenius equation [36]. 𝑘௝ = 𝑘௜଴ 𝑒𝑥𝑝 ቂ− ாೌோ் ቀଵ் − ଵ்బቁቃ  (27)

And for the adsorption rate constant: 𝐾௜ = 𝐾௜଴ 𝑒𝑥𝑝 ൤− ∆ு೔ೌ ೏ೞோ் ቀଵ் − ଵ்బቁ൨  (28)

where 𝑘௜ corresponds to the adsorption rate constant of component I, 𝑘௜଴ corresponds to the pre-
exponential factor for component I, ∆𝐻௜௔ௗ௦ is the heat of adsorption for component i-th species, 𝑇 is 
the reaction temperature and 𝑇଴ is the standard Temperature and R is the ideal gas constant. 

2.2.3. Dynamic and Steady-State material balance 

The additive rate equation was used for component species of the reactions SRM, WGS and 
RDRM with respect to time [36]. 𝑅௖ = ∑ 𝑣௜,௝𝑟௝ே௥௝ୀଵ   (29)

where 𝑣௜,௝ is the stoichiometric coefficient of the t i-th species present in the j-th reaction, for j = 1 to 
Nr (the number of reactions). Accordingly, the material balance for the dynamic model is as follows:  
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∀𝑅𝑇 𝑑𝑃ுమ𝑑𝑡 = 𝑑𝑛ுమ𝑑𝑡 = 𝑅ுమ = (𝑟ௐீௌ + 3𝑟ௌோெ − 2𝑟ோ஽ோெ) 𝑚௖௔௧ (30)∀𝑅𝑇 𝑑𝑃஼ை𝑑𝑡 = 𝑑𝑛஼ை𝑑𝑡 = 𝑅஼ை = (−𝑟ௐீௌ + 𝑟ௌோெ − 2𝑟ோ஽ோெ) 𝑚௖௔௧ (31)∀𝑅𝑇 𝑑𝑃஼ைమ𝑑𝑡 = 𝑑𝑛஼ைమ𝑑𝑡 = 𝑅஼ைమ = (𝑟ௐீௌ + 𝑟ோ஽ோெ) 𝑚௖௔௧ (32)

∀𝑅𝑇 𝑑𝑃஼ுర𝑑𝑡 = 𝑑𝑛஼ுర𝑑𝑡 = 𝑅஼ுర = (−𝑟ௌோெ + 𝑟ோ஽ோெ) 𝑚௖௔௧ (33)

 ∀𝑅𝑇 𝑑𝑃ுమை𝑑𝑡 = 𝑑𝑛ுమை𝑑𝑡 = 𝑅ுమை = (−𝑟ௐீௌ − 𝑟ோ஽ோெ) ∗ 𝑚௖௔௧ (34)

- The steady-state material balance is as follows: 𝑑𝑛ሶ ுమ𝑑∀ = 𝑅ுమ = (𝑟ௐீௌ + 3𝑟ௌோெ − 2𝑟ோ஽ோெ) (35)𝑑𝑛ሶ ஼ை𝑑∀ = 𝑅஼ை = (−𝑟ௐீௌ + 𝑟ௌோெ − 2𝑟ோ஽ோெ) (36)𝑑𝑛ሶ ஼ைమ𝑑∀ = 𝑅஼ைమ = (𝑟ௐீௌ + 𝑟ோ஽ோெ) (37)𝑑𝑛ሶ ஼ுర𝑑∀ = 𝑅஼ுర = (−𝑟ௌோெ + 𝑟ோ஽ோெ) (38)𝑑𝑛ሶ ுమை𝑑∀ = 𝑅ுమை = (−𝑟ௐீௌ − 𝑟ோ஽ோெ) (39)

The defined equations of the kinetic models of the main products of the gasification reaction 
with respect to time and longitudinal axis obtained previously were solved using Python with the 
indicated parameters in [21] which presents the kinetic parameters used in these equations. In 
addition, a catalytic mass of 3.92 g, a reactor diameter of 0.03 m was considered. 

3. Results and Discussion 

3.1. Fluid behavior inside the reactor 

3.1.1. Velocity through the reactor 

The fluid velocity at the reactor inlet was 0.0065 m/s, but as it crossed the biomass and catalyst 
bed it showed a decrease, where the most central part has a velocity of about 0.00185 m/s, while at 
the walls the value tends to zero. 
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(a) 

 
(b) 

Figure 3. a) Behavior of the fluid velocity b) Fluid velocity through the Z-chord. 

3.1.2. Temperature across the reactor 

The temperature distribution inside the reactor considering the flow of the gasifying agent and 
the gases generated during the reaction was as follows: the gasifying agent entered the reactor at a 
temperature of 226.85 °C, while the inner walls of the reactor were at 637.2 °C. Therefore, the fluid as 
it went through the reactor was acquiring a higher temperature, this being around 604.7 °C, this value 
was used as the gasification reaction temperature. 

 
(a)  

(b) 

Figure 4. a) Fluid temperature distribution b) Temperature variation with respect to Z-axis. 

3.1.3. Pressure drop across the reactor 

As the fluid passed through the reactor, it presented a resistance, causing a pressure drop, since 
the steam and gases generated flow through the reactor, so that in the end a negative pressure was 
obtained, which benefits the exit of the gases by causing them to expand as their density decreases, 
which facilitates their ascent through the reactor. 

 
(a) 

 
(b) 

Figure 5. a) Pressure variation across the reactor b) Pressure drop with respect to Z-axis. 
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3.2. Simulation of the gasification reaction 

3.2.1. Evolution of the number of moles with respect to time 

In the gasification reaction, an increase in the production of carbon dioxide and methane was 
generated, since they are end products in both the WGS and RDRM reaction, as shown in Figure c 
and d. The Evolution of the hydrogen yield stabilized at approximately 0.16 mol/s, which according 
to [38] in his work "Hydrogen production through the gasification of glucose using 5% Ni catalysts 
with 2% La, Ce and Mg and derivation of an intrinsic reaction rate equation"; he reports resulting 
values approaching 0.3 mol/s for temperatures close to those above 600 °C and catalysts with higher 
nickel contents. In addition, [39] in their study "Hydrogen production through glucose gasification 
using γ-Al2O3 catalysts with Ni, Ce and La and interpretation of results using a non-stoichiometric 
model", using glucose as biomass model reaches the maximum hydrogen vapor using temperatures 
up to 600 °C with a reaction time of 30 seconds. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 6. Evolution of the behavior of molar fluxes resulting from the glucose gasification reaction 
over time. a) Hydrogen flux b) Carbon monoxide flux b) Carbon dioxide flux d) Methane flux. 

The constant 𝐻ଶ: 𝐶𝑂 ratio of approximately 2.2. According to [38] in his work "Heterogeneous 
Catalysis for the Energetic Use of Biomass", he reports values close to or equal to 2 to achieve an 
optimal use of hydrogen. Generally, a high 𝐻ଶ: 𝐶𝑂 ratio occurs when working at high temperatures, 
exceeding 500 °C, reaching ranges of between 1.7- 2 [40]. 
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Figure 7. a) Evolution of water flux obtained in the simulation b) Hydrogen/Carbon Monoxide ratio 
with respect to time. 

3.2.1. Evolution of the number of moles with respect to the longitudinal axis 

In this case study, the pressure was raised to 2 bar, however, there were no significant changes 
in obtaining the synthesis gas products compared to the analysis with respect to time. Figure a shows 
the decrease of hydrogen generated when consumed in the RDRM reaction, this behavior also 
occurred for figure b, where the trend decreases when consumed in the WGS reaction. For the case 
of carbon dioxide, an increase was observed, since it is generated only in WGS, this being the 
predominant reaction. Dry reforming of methane, on the other hand, results in the formation of 
methane together with carbon dioxide. 

In WGS and SRM, one of the reactants is water, this consumption is shown in Figure 8. Finally, 
the same 𝐻ଶ: 𝐶𝑂 ratio was obtained with the same resultant as in the study with respect to time. 

  

  

Figure 8. Evolution of flow behavior along the axial z-axis. a) Hydrogen flow b) Carbon monoxide 
flow c) Carbon dioxide flow d) Methane flow e) Water flow. 
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Figure 9. a) Evolution of water flux obtained in the simulation b) Hydrogen/Carbon Monoxide ratio 
with respect to Z-axis. 

4. Conclusion 

The glucose gasification process was simulated as a banana biomass model compound, which 
allowed the study of the behavior of the resulting gases through a kinetic model, based on the 
Langmuir-Hinshelwood adsorption mechanism. Molar fluxes were obtained for 𝐻ଶ, 𝐶𝑂, 𝐶𝑂ଶ,𝐶𝐻ସ  
and 𝐻ଶ𝑂; presented in behavioral curves for two study cases, the dynamic model and the static 
model; being so that the results did not present significant variations between the static model and 
the dynamic model; being so that the results did not present significant variations between the static 
model and dynamic model. The determining factor, the ratio between hydrogen and carbon 
monoxide (𝐻ଶ: 𝐶𝑂), showed a value of 2.2, which complied with results presented by other authors 
in studies of the same type and which means that the process develops as expected and the 
components obtained are within acceptable values. 

A model was presented that, working with real operating conditions, such as temperature, 
pressure, porosity, molar flow and mass, and adapted to a kinetic model, allowed analyzing the 
glucose gasification process without the need to invest economic and logistic resources as a physical 
implementation would, being this the main advantage of the use of software for process simulation 
and its behaviors. In addition, the work laid the foundations for subsequent studies to be adapted or 
improved according to each specific case study, which could be optimization studies or economic 
studies. 
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