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Methane reforming processes are of great importance for both the reduction
of this greenhouse gas concentration in the atmosphere and for hydrogen
production for energetic or chemical synthesis purposes. The use of Biogas
in substitution for methane in reforming processes still provides a solution
for the recovery of organic waste capable of producing Biogas. However,
an in-depth analysis of the advantages of this substitution from the point of
view of process yield is still lacking. Thus, the main contribution of the
present research is the focus given to the comparison between methane and
biogas as a reactant for the dry and steam reforming processes. In this work,

Gibbs energy minimization;

Bi a computational comparison of syngas production processes was
iogas

performed, considering the system within the open-loop control. The
software Aspen Hysys was used based on the minimization of Gibbs free
energy in equilibrium. The parameters studied were: molar ratio of reagents
(1-5), temperature (600-1000 °C), and pressure (1-5 bar). Dry methane
reforming and steam methane reforming units were simulated, as well as
both units using Biogas as a methane source. The plant was built in the
simulator, and the results obtained indicated that high values in the molar
ratio of CO2/CHi, CO2/Biogas, H.O/CHs and H:O/Biogas, high
temperatures, and low pressures favor the maximum conversion of
methane. The use of Biogas in replacement of pure methane in the reform
process proved to be advantageous for favoring the synthesis gas
production reaction, besides adding value to a residue.

This is an open-access article under the CC-BY-SA license.

1. Introduction

The consumption of fossil fuels had a great increase with industrial and economic development,
causing the growth of gas emissions, such as carbon dioxide (CO,), into the atmosphere. These gases
resulting from the burning of fossil fuels contribute to the intensification of the so-called greenhouse
effect, increasing considerably the barrier that prevents the heat output from Earth, producing
instability in the planet's energy balance [1]. Thus, the main factor for the development of renewable
energy strategies is the concern with the irreversible environmental damage that can occur with the
continued or accelerated use of fossil fuels [2].

The main greenhouse gases are CO,, CH4, N2O, and chlorofluorocarbons. Although a part of
greenhouse gas emissions originates from organic waste, most come from carbon dioxide (CO,)
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produced as a result of the use of fossil fuels such as coal, oil, and natural gas [3], [4]. Many processes
have been studied to neutralize new emissions and generate energy (H.).

The most common processes used to generate H; are hydrocarbon reforms, which produce syngas
(CO and Hy). The most common methane reforming processes for hydrogen production are steam
reforming, partial oxidative reforming, auto thermal reforming, dry reforming [5]. In hydrocarbon
reform processes, Ni-based catalysts are generally used (Ni—Ce/Al, Ni/Al;O3, Ni(10%)-2Zr(90%), Ni-
Co/Ce—Al03 [6]-[9]. The main reactions for the production of hydrogen from methane are indicated
in Table 1.

Table 1. Main reactions for the production of hydrogen from methane [10].

Reaction Haesk (KJ/mol)
R1 Dry Reforming CH4 + CO2 & 2CO + 2H2 247
R2 Steam Reforming CH4 + H20 & CO + 3H2 206
R3 Partial Oxidation CH4 + 1/202 & CO + 2H2 -36

In addition to these more common routes, the production of synthesis gas has been extensively
studied, from the use of biogas as a replacement for pure methane as a reagent, since, in some
processes, there is a waste of organic materials that generate biogas and thus there is used as raw
material [11]-[13]. The composition of the raw biogas is highly dependent on the gross material but
mainly consists of 60 and 65% methane (CH,), 30 and 35% carbon dioxide (CO2), 1% nitrogen (N2),
and smaller percentages of other gases such as HzS, H> and water vapor [14]-[16]. Its high methane
content allows its use as fuel, that is, as a substitute for natural gas, for heating and energy generation
[17]. The biogas, when discarded into the atmosphere, causes humerous damages to the environment.

Some authors have studied the simulation of hydrocarbon reforming processes for energy
generation [13], [18], [19]. It is possible to simulate processes such as methane reforming using
equilibrium models, which aim to predict the composition of products in chemical equilibrium based
on thermodynamic principles. A common approach of these models is the Gibbs free energy
minimization (GFEM), which dispenses with detailed knowledge of the reactions involved in the
process, requiring only knowing which chemical elements enter the system and the expected products
of the overall reaction [20]. Such models are based on the conservation of elements (usually C, H, O,
and N) and energy (by the assumption of uniform temperatures) associated with the equilibrium
criterion by minimizing the Gibbs free energy of the system [21]. Their predictions, however, can
present deviations due to the inaccurate assumption that the heat exchanges that occur during the
process are reversible and also due to non-equilibrium conditions and transient effects that occur in
real processes and that are not properly portrayed by the equilibrium models [20], [21]. Even so,
GFEM models have been widely used in the study of methane reforming and other processes. For
example, [22] used the GFEM model in the thermodynamic analysis of methane oxidation; [23]
studied the partial biogas oxidation using the GFEM principle; while [24] analyzed the methanol
synthesis from biogas using the GFEM method. As for the reforming processes, [25] combined the
GFEM model with regression analysis to study both steam and dry methane reforming; [26] applied
a model based on GFEM to the steam methane reforming in a membrane reactor; [27], in turn, used
the GFEM model in the thermodynamic analysis of dry methane reforming, identifying the most
favorable conditions of temperature, pressure and CH4/CO; ratio.

It is also possible to make use of powerful tools, such as the Aspen Plus® software, to model
systems involving complex reactions, since the program is able to calculate the chemical composition
at equilibrium by minimizing the Gibbs energy, without the need to specify the stoichiometry of the
reactions involved [28]-[30]. Such software has already been used in the study of both dry and steam
methane reforming processes [31]-[33], in the presence of the catalyst, in different types of reactors,
such as in a fluidized bed membrane reactor [31]. In [34], steam and dry biogas reforming processes
were studied using the Aspen Plus® software, focusing on comparing the performance of a
conventional reactor and an Hx-permeable membrane reactor. For calculations during simulation, the
authors used a single Gibbs reactor block (RGIBBS) to represent the conventional reactor, while for
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the membrane reactor, a series of RGIBBS blocks and separators, available in the software, was used.
In [28], it was possible to use the same software to determine the composition of the products obtained
by oxy-reforming and oxy-steam reforming of biogas. The authors analyzed the effects of temperature
(600-800 °C), pressure (1-20 atm), and inputs (O./CHa, H,O/CH4, and CO./CHy4) and optimized these
parameters using a response surface methodology. In [35], the authors have theoretically studied the
biogas reform process using the Aspen Plus® software and compared the simulation results with the
results obtained experimentally. As possible products, the authors considered CH4, CO,, CO, Ha, O,
H-0, and solid carbon. The theoretical predictions showed the same trends as the experimental results,
although the latter presented lower conversion values than those predicted by the equilibrium model,
which the authors attributed to mass and heat transfer limitations. Another interesting application was
made by [36], who also modeled the reform process using Aspen Plus® software, to study the
application of biogas in solid oxide fuel cells (SOFC).

In this context, the present research contributes to the field by carrying out a study focused on the
comparison between methane and biogas as reactants in both dry and steam reforming processes, an
approach that has not yet been fully explored. For this purpose, simulations based on the Gibbs free
energy minimization model were performed in the Aspen Hysys software, as described in the Material
and Methods section. Operational parameters of the reforming process, such as the molar ratio of
reactants, temperature, and pressure, were varied in the simulations. In the Results and Discussions
section, the effects of these variations are analyzed in detail.

2. Materials and Methods

The comparative study of methane and Biogas as raw materials for the dry/steam reforming
processes was carried out through simulations in the Aspen Plus software. In the following sections,
the simulation conditions and the evaluated parameters are described in detail.

2.1.Simulation with Aspen Plus

The study of the synthesis gas production was carried out through four different processes: dry
reforming of methane, steam reforming, and both reforms using biogas as a replacement for pure
methane in the form of a reagent. Biogas is a material that does not exist in the Aspen Hysys database.
This component was inserted through its composition information. Biogas with 70% CH4 and 30%
CO.. The syngas production was studied by varying the inlet currents and the parameters of
temperature, molar ratio, and pressure.

The thermodynamic package used in all process simulations was the Peng Robinson. It is an ideal
model for specific mass calculations of liquids in hydrocarbon systems as well as liquid-vapor
equilibrium calculations [37]. The reactions used in the methane reform processes were reactions R1
and R2 (Table 1). All reactions were added to the software during the simulation considering
stoichiometry and thermodynamic conditions, and the chemical equilibrium was calculated using the
Gibbs minimization model, which according to the research, was the most suitable for a study
involving multiples equipment operating within certain operational limits [38]. The compounds were:
methane (CH.), hydrogen (Hz), nitrogen (N2), carbon dioxide (CO,), and carbon monoxide (CO).

2.2.Dry Reforming of Methane

To simulate the dry reforming of methane, the operational conditions at the flow rates of the input
streams of CH,4 and CO; were defined based on the literature [39]-[42] and are presented in Table 2.
In addition to the reagents, an input stream of nitrogen (N.) was added as carrier gas. An equilibrium
reactor developed following the Gibbs thermodynamic model was used, where the thermodynamic
equilibrium calculations of the system are based on the minimization of the Gibbs free energy. The
reaction used in the simulation was the main dry reforming reaction (R1). The reaction that forms
carbon deposition was neglected due to the temperature used, which makes its formation insignificant.
The dimensions of the reactor used were 4 m high and diameter equal to 1 m.

The flowsheet for dry reforming of methane is shown in Fig. 1. The inlet streams were mixed at a
ratio of CO2/CH4=1 and preheated to a temperature of 100 °C. The resulting mixture was fed into the
ERV-100 reactor that simulates the characteristics of a continuous tubular (PBR). The reforming
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reaction is endothermic and operated at 650 °C. After the end of the reaction, the steam was cooled to
a temperature of 50 °C, and the syngas and residual reactants separated.

Table 2. Specifications for the input streams - Dry Reform

Parameter N2 COz CHas
Flow rate (kgmol/h) 200 1000 1000
Temperature (°C) 25 25 25
Pressure (Bar) 1 1 1

Heat
—

Reactor -
Heat E3 Reactants
exchanger Heat Steam

?-21- '—- ERv-100 E-101 Cooled gas
Gas mixture Heated

Heat X-100
MX-100 E-100 mixture =2 N
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Fig. 1. Aspen HYSY'S flow-sheet for dry reforming of Methane.

2.3.Steam Reforming of Methane

The procedure used for the simulation of steam reforming was similar to that of dry reforming,
based on the work of [43]-[45]. The components added to the simulator were: methane, water, carbon
monoxide, and hydrogen. The operating conditions of the input currents of the CH,4 and H,O reagents
are shown in Table 3.

Table 3. Specifications for the input streams - Steam Reforming

Parameter H20 CHa
Flow rate (kgmol/h) 1000 1000
Temperature (°C) 25 25
Pressure (Bar) 1 1

For the simulation, we considered, as in the previous process, the equilibrium reactor based on the
Gibbs thermodynamic model. The reaction used in the simulation was the main steam reforming
reaction (R2). Again, the reaction that forms carbon deposition as a function of the temperature used
for the reaction (650 °C) was neglected. The reactor used was similar to the dry reform process, a
continuous tubular (PBR), previously described. The flowchart was constructed as shown in Fig. 2,
and the operational conditions mentioned above were added according to what was found in the
literature. The influence of parameters such as temperature, pressure, and molar ratio of the reagents
was evaluated. The inlet streams were preheated to a temperature of 100 °C and mixed in an H,O/CH.
ratio equal to 1, and then inserted into the ERV-100 reactor that simulates the characteristics of a
continuous tubular (PBR). The reforming reaction is endothermic and operated at 650 °C. After the
end of the reaction, the steam was cooled to a temperature of 50 °C, and the synthesis gas and residual
reactants separated.

2.4.Dry and Steam Methane Reform via Biogas

In these processes, the same flowchart configurations of the dry and steam methane reforming
processes were used, as can be seen in Fig. 3a and Fig. 3b, respectively. The only difference was the
use of biogas as a reagent in place of CH.. Methane, CO,, water, CO, and hydrogen components have
been added to the software for the simulation. Biogas was composed of 70% CH. and 30% CO,
according to [46]. The contaminants influence (NHa4, NH3, and H,S) that compose the biogas was not
considered. Table 4 presents the operational conditions of the input streams of the Biogas, CO2, Na,
and H»O reagents.

Reyner P. P. de Oliveira (Syngas Generation Process Simulation: A Comparative Study)



International Journal of Robotics and Control Systems
191 ISSN 2775-2658
Vol. 2, No. 1, 2022, pp. 187-200

Heat
Heat Reactants

—
-
CH4 Heated CH4 Steam & 101 Cooled gas

E-100

Mixer

—

X-100

’ > —_ ERV-100 |——b
Gas mixture Syngas

MIX-100

Heat —
s E3
—_—
H20 Heated H20 L—;
E-102 Liquid

Fig. 2. Aspen HYSY'S flow-sheet for Steam reforming of Methane.
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Fig. 3. Aspen HYSY'S flow-sheet, a) Steam Reforming of Biogas, b) Dry Reforming of Biogas.

Table 4. Specifications for the input streams - Biogas Reforming.

Parameter N2 CO2 H20 Biogas
Flow rate (kgmol/h) 200 1000 1000 1000
Temperature (°C) 25 25 25 25
Pressure (Bar) 1 1 1 1

The reaction used in the dry reforming simulation via biogas was the main dry reforming reaction
(R1). For the steam reforming via biogas, they were added to the steam and dry reforming reactions
(R1 and R2) due to the presence in the process of the reactants for both reactions. The reaction that
forms carbon deposition as a function of the temperature used for the reaction (650 °C) was neglected.

2.5.Parametric Investigations

Parametric sensitivity analysis with two hundred computational experiments based on the four
processes was performed. To evaluate the parameter's influence in the conversion of methane in the
reform reactors, a sensitivity analysis was carried out in the individual processes. The parameters
studied were: the influence of operating temperature, operating pressure, and the CO./CHs,
CO2/Biogas, H.0/CH4, and H,O/Biogas ratios on the methane conversion. The system analyzed the
influence, mainly, of temperature on equilibrium in general, as well as pressure and molar proportion
of feed in the reactor.

The parameters chosen for the simulation were for a temperature range of 600 to 1000 °C, molar
fractions of CO; - H,O/CH4 and CO; - H,O/Biogas feed were from 1 to 5, and pressures from 1 bar to
5 bar [47].
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For the analysis, the molar ratio was varied, keeping the CH4 and Biogas constant and modifying
the input of the other reagent. For the temperature analysis influence, the pressure constant at 1 bar
and the molar ratio, and the temperature were modified. Values were obtained for all molar ratios (1-
5). In the molar ratio influence analysis, the pressure constant at 1 bar and the temperature values were
obtained for each temperature (600-1000 °C). The constant temperature at 700 °C and the molar ratio
for the pressure influence analysis, obtaining values for each molar ratio.

3. Results and Discussion

In the following sections, the dry and steam reforming processes are discussed separately, focusing
on the analysis of the effects of temperature, pressure, and the ratio of reactants at the reactor inlet. In
addition, the impact of replacing methane with biogas is evaluated.

3.1.Dry Reforming - Methane and Biogas

The results obtained in the dry reforming simulations for both methane and biogas are presented
in Fig. 4(a-f). The results as a function of temperature (Fig. 4a and Fig. 4b) indicated that for the
simulated interval, methane conversion increases as the temperature increase, independently of the
simulated molar ratio. It shows that higher temperatures favor methane conversion. The use of biogas
proved to be favorable for the process yield, as can be seen in the comparison of the reform using a
molar ratio equal to 5 (green curves in Fig. 4a and Fig. 4b).

Considering the effects of changing the molar ratio of the reactants (Fig. 4c and Fig. 4d), it was
observed that at the lowest temperature simulated (600 °C), the results obtained for dry reforming and
biogas dry reforming were of 44% and 58%, respectively, at a molar ratio equal to 1. For the highest
molar ratio and the same temperature (5, 600 °C), the result obtained for dry methane reforming was
88%, and for biogas, dry reforming was 92% conversion. This indicates that increasing the CO2/CH4
or CO./Biogas molar ratio, under constant pressure (1 bar) and low temperatures (under 800 °C),
favors the conversion of methane, which can be seen in red and black curves in Fig. 4c and Fig. 4d.
However, at temperatures above 800 °C, no significant influence of molar ratio increase was observed
(except 800°C CO,/CH4=1). The same behavior was observed at other pressures. Thus, the simulation
results suggest that it is possible to operate at lower temperatures (which would represent savings from
an energy point of view) using higher concentrations of CO; during the reaction. Again, the best
performance of Biogas in comparison to pure methane is observed, which is evident at the temperature
of 600°C (Fig. 4c and Fig. 4d). However, it is necessary to consider that in the dry reforming process,
it is necessary to operate at high temperatures (for example, 870 °C) in order to avoid the formation
of coke in the catalysts.

In the pressure effect analysis (Fig. 4e and Fig. 4f), it was observed that the pressure increase
affected the methane dry reforming process in terms of conversion than the biogas dry reforming
process. However, the increase in pressure is unfavorable for both processes. In the dry reforming
process of methane, by maintaining a temperature of 700 °C and a molar ratio of CO,/CH, equal to 1
constant, the conversion of methane was 76.48% at a pressure of 1 bar, decreasing at a pressure of 5
bar, to 47.07%. The results obtained also show that, at constant pressure and temperature, a greater
amount of CO; is needed in the dry reforming process to have a greater conversion of methane.

This is in agreement with what has been described by other authors for the dry reforming of
methane [48], who observed that the CH4 conversion increases with increasing molar ratio (0.5 - 2.0)
and temperature (700 - 950 °C) of operation. In [49], similar values were obtained with temperatures
increasing from 500 to 1000 °C, and molar ratios and pressures ranging between 0.5 and 3 and between
0.5 and 50 bar, respectively. In [50], the authors studied the temperature along the length of the reactor
and observed that after reaching its minimum value, the reactor temperature starts to increase, as the
heat requirement is lower than in the inlet region. As the reaction is endothermic, this provides heating
for the gas mixture and increases its temperature. Thus, thermodynamic equilibrium is shifted to the
right side along the length of the reactor so that reaction rates do not fall to a low value and the highest
conversion of methane to hydrogen can be achieved. According to [51], the appropriate increase in
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the temperature range and molar ratio increases the CH4 and CO; conversions, as well as the yield of

H> and CO due to the reaction being endothermic.
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Fig. 4. Methane conversion in the dry reforming process of methane and biogas as a function of temperature
(a and b), molar ratio CO2/CHs (c) or CO./Biogas (d), and of pressure (e and f).

In [52], CO, reforming of methane (DRM) over Ni/g-Al,Os; at atmospheric pressure and
temperatures between 450-650 °C, was studied by a Microkinetic model. The results indicated that in
the catalytic reaction, there is an adsorption competition between CH,4 and CO; in metallic Ni sites.
They observed that at low temperatures (450 and 500 °C), the surface was mainly covered by CHs*.
Furthermore, above 550 °C, we observe that the dissociation of CHs* to CHs* becomes more
significant, whereas, at higher temperatures (650 °C), CH.* rapidly decreases, leading to nickel-free

sites.
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High values in the CO»/CH4 or CO4/biogas ratio, high temperatures, and low pressures favor the
maximum conversion of methane. In [53]-[55], the thermodynamics of dry biogas reforming was
investigated by varying the parameters of temperature, molar ratio, and pressure using the Gibbs free
energy minimization method. When other conditions were kept the same, CH4 conversion increased
with increasing temperature and with increasing molar ratio. Although the high temperature is
believed to improve the conversion of CH4 and CO,, many researchers are looking for new ways to
reduce the high energy consumption derived from high temperatures.

3.2.Steam Reforming — Methane and Biogas

Fig. 5 (a-f) shows the methane conversion values obtained by simulating the steam reforming of
methane and biogas. It was observed that, for the simulated interval, the conversion of methane is
greater for higher temperature values (Fig. 5a and Fig. 5b), a behavior similar to that shown in the dry
methane reform. Regarding the molar ratios H.O/CH, and H.O/Biogas, for all simulated temperatures
(Fig. 5c and Fig. 5d), it was observed that the increase in the molar ratio causes the increase in the
conversion of methane. At a temperature of 600 °C and the constant pressure of 1 bar, the conversion
of methane was 46.85% at H,O/CH, molar ratio equal to 1 and 87.85% for H,O/CH4 molar ratio equal
to 5.

As for pressure (Fig. 5e and Fig. 5f), it was observed that the methane conversion was higher for
lower pressure values, considering the simulated range, independent of the simulated molar ratio for
both processes, indicating that high pressures do not favor the methane conversion.

Thus, the results obtained show that, at constant pressure and temperature, a greater amount of
H0 is required in the steam reforming process to have greater methane conversion. High values in
the H,O/CHj, ratio, high temperatures, and low pressures favor the maximum conversion of methane.
The steam reforming reaction is endothermic and increases with increasing entropy. The increase in
temperature makes the reaction more favorable. The steam reforming methane reaction is favored by
expansion, so pressure decreasing results in an increase in methane conversion. According to [56], the
methane conversion increases as the temperature increases (700 - 1000 °C), the pressure decreases (1
- 20 bar), and as the molar ratio of H,O/CHj, reactants increases (0.5 — 5).

It was observed that at constant pressure and temperature, a greater amount of H.O is needed in
the steam reforming process via biogas to have greater methane conversion (Fig. 5¢c and Fig. 5d). High
values in the H.O/Biogas ratio, high temperatures, and low pressures favor the maximum conversion
of methane. Reaction conditions have a large effect on the biogas vapor reforming process. In [57]
and [58] works, the effects of molar ratio (0.9 - 2.9), temperature (500 -1000 °C), and pressure (0.5 -
6 bar) in thermodynamic equilibrium were investigated. For all molar ratios, CH4 conversion increased
with increasing temperature due to the endothermic nature of methane steam reforming. Almost all
CH, was consumed above 850 °C, except for the lowest molar ratio (0.9). This indicates that the
oxidizing agents were limiting reagents, such that insufficient amounts of oxidizing agents caused a
lower CH4 conversion. A high reaction temperature (> 500 °C) and a high molar ratio of reactants
(CO; + H20) to CH4 and low pressures are required for the steam reforming of biogas to prevent coke
formation and have high methane conversion. The addition of H,O to biogas reduces coke formation
due to its ability to initiate reactions that result in coke destruction. In [50], a thermodynamic
equilibrium analysis was performed to determine the most appropriate operating conditions that are
thermodynamically favored for steam reforming of biogas. High pressures and temperatures were
used for the thermodynamic simulation (10 and 40 bar / 973 and 1173 K). According to the balance
results, the functioning pressure shows a negative effect on steam reforming of biogas at a fixed
temperature. In contrast, the operating temperature has a positive effect on CH, conversion and H.
yield.
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3.3.Parametric Sensitivity Analysis

Fig. 6 shows a comparison of the temperature influence (Fig. 6a), the molar ratio (Fig. 6b), and
pressure (Fig. 6¢) on the processes simulated in this study. It was observed that the biogas reform
processes showed better conversion values compared to the process with pure methane when there
was an increase in temperature (Fig. 6a). In the temperature of 600 °C (molar ratio 1), the methane
conversion in the biogas steam reforming obtained a higher conversion. On the other hand, with the
increase in temperature (from 700 °C), the dry biogas reforming indicated a greater conversion of

methane.
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Fig. 6. Methane conversion in different processes as a function of (a) temperature (1 bar and 1/1 molar ratio);
(b) molar ratio (1 bar and 700°C); and pressure (700 °C and 1/1 molar ratio)

However, the methane conversion was higher for higher temperature values, showing the positive
effect of increasing the temperature on the conversion, independent of the methane source used to
obtain the syngas. When setting the temperature and pressure values, it was observed that the
conversion of methane increases with the increase in the molar proportion of reactants, in all
processes, with a more significant variation being observed in both dry and steam reforming processes
that employed pure methane (Fig. 6b). Fig. 6¢ indicates that the use of biogas as a reagent to replace
pure methane in a molar ratio equal to 1 showed better results. This is due to the biogas having a
smaller amount of methane, favoring the reaction, a higher proportion favoring the conversion of
methane (Fig. 6¢).

4. Conclusions

Based on simulations carried out in the Aspen Plus software, it was possible to analyze the
dry/steam reforming processes, using pure methane or biogas as raw materials for comparison
purposes. Regarding the effects of the operational parameters, the results indicated that by means of
the open-loop control of the pressure and temperature, the methane conversion increases with a higher
proportion of CO./CH., CO./Biogas, CO,/CH4, and H,O/Biogas. At constant pressure and the molar
ratio of CO./CH., CO./Biogas, CO,/CH,4, and CO»/Biogas, the methane conversion increases with
increasing temperature. On the other hand, with constant temperature and molar ratio of CO2/CHy,
CO./Biogas, CO,/CH4, and COy/Biogas, the conversion of methane decreased with increasing
pressure.

Comparing methane and biogas as raw materials for the reforming process, the simulation results
indicated that the latter is quite advantageous, favoring higher conversions. This is due to the
composition of Biogas, which contains a mixture of CHs and CO,. As can be concluded from the
analyzes carried out regarding the reactant's molar ratios, a higher CO2/CH4 molar ratio at the entrance
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of the reactor favors a greater methane conversion. When using Biogas instead of pure CHa, the
fraction of CO; that composes the Biogas is introduced into the reactor together with methane, which
favors the efficiency of the reform. The use of biogas in replacement of pure methane in the methane
reform process is an alternative with great potential given the need to add value to a residue, and its
conditions favor the reaction of syngas production.

From the present results, future studies can be carried out seeking a better understanding of the
effects of the biogas composition on the reforming process performance, mainly with regard to a
systematic comparison of Biogas produced from different residues.
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