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The energy recovery of plastic waste provides a sustainable solution the growing 
accumulation of these materials in the environment. In this study, a pyrolysis-gas-
ification model was developed using ASPEN PLUS to investigate the effect of gas-
ification reactor temperature on the products generated from the thermal conver-
sion of three waste types: polyethylene, polyethylene terephthalate, and used tires. 
The results show that increasing the temperature favors the formation of syn-
thesis gas (hydrogen and CO), while the production of liquids and CH₄ signifi-
cantly decreases beyond 800 °C. Polyethylene proves to be particularly efficient 
for hydrogen generation, whereas polyethylene terephthalate exhibits near-com-
plete conversion gas at elevated temperatures. Although NH₃ production remains 
limited, it is affected by the nitrogen content of the feedstock, especially in tires, 
and by the presence of hydrogen, which may interact under extreme conditions. 
These findings can assist industrial operators in optimizing gasification conditions 
for syngas production, thereby contributing to waste-to-energy development and 
circular economy strategies.
Keywords: simulation, pyrolysis, gasification, plastic waste, syngas

Introduction 

The management of plastic waste poses a significant environmental challenge due to 
its persistence and continuous accumulation in the environment. Each year, millions of tons of 
plastic are produced, a substantial portion of which ends up in landfills and oceans, contrib-
uting to pollution and threatening biodiversity [1]. Although a wide range of plastics, such as 
polyethylene (PE), polypropylene (PP), polyvinyl chloride (PVC), and polystyrene (PS), are 
commonly used, their slow decomposition has raised increasing concerns regarding sustainable 
waste management [2].

To mitigate these environmental impacts, plastic recycling and energy recovery have 
become essential. Among the various strategies, thermochemical processes such as pyrolysis 
and gasification are receiving growing attention. Pyrolysis, in particular, is widely studied for 
its ability to break down plastics into valuable products such as oils, gases, and char [3]. Unlike 
combustion or incineration, which may generate harmful emissions (e.g., dioxins from PVC), 
pyrolysis is a cleaner, endothermic process that converts plastic waste into useful energy car-
riers without direct burning [4]. This makes it a more environmentally friendly alternative to 
conventional disposal methods.

* Corresponding author, e-mail: ibouchelkia@usthb.dz
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The efficiency of pyrolysis depends largely on operational conditions, especially tem-
perature and pressure, as these parameters strongly influence both the yield and composition 
of the products [5]. Numerous studies have investigated the pyrolysis of plastic waste under 
various conditions. For example, Mastellone et al. [6] emphasized the influence of temperature 
on product distribution, while other researchers, such as Nikoo and Mahinpey [7] and Robinson 
and Luyben [8], have developed kinetic and thermodynamic models to simulate the process 
behavior under different conditions.

However, there is limited research that combines pyrolysis and gasification within a 
unified modelling framework, particularly using equilibrium-based simulations, to explore the 
behavior of polymers such as PET and tire-derived waste. This study aims to address this gap 
by using ASPEN PLUS to simulate and analyze the thermochemical conversion of different 
plastic wastes under varying gasification reactor temperatures.

Temperature is a key factor affecting the pyrolysis-gasification performance, as it 
governs not only the total conversion efficiency but also the distribution and nature of the 
products formed. Studies indicate that temperatures between 700 °C and 900 °C are optimal for 
maximizing the formation of light hydrocarbons and synthesis gas (syngas), which can serve 
as fuels or as feedstocks for other industrial applications [9]. A deeper understanding of these 
effects is essential for optimizing system performance in industrial-scale applications.

In this work, we investigate the influence of reactor temperature on the pyrolysis and 
gasification performance of three types of plastic waste: high density PE, PET, and tire-derived 
polymers. The objective is to generate preliminary qualitative and quantitative insights into 
process behavior and sensitivity to operating conditions. The novelty of this study lies in its 
comparative use of equilibrium modelling to simulate both pyrolysis and gasification scenarios 
for underexplored waste streams such as PET and tires. The outcomes provide valuable guid-
ance for improving pyrolysis efficiency and promoting sustainable waste-to-energy solutions in 
the context of the circular economy.

Modelling and simulation of the pyrolysis process

The pyrolysis of plastic waste is a complex process that requires a series of specialized 
equipment to convert polymers into valuable products such as oils, gases, and char. A thor-
ough understanding and proper design of this equipment are essential to optimize the yield and 
overall efficiency of the process. Simulating the pyrolysis system helps to better understand its 
behavior, optimize operating conditions, and propose solutions to improve the efficiency and 
profitability of plastic waste pyrolysis.

In our study, we propose a process model based on ASPEN PLUS to analyze the per-
formance of a plastic pyrolysis process under equilibrium conditions.

Model development

Pyrolysis process models available in the literature can generally be classified as steady-
state, quasi-steady-state, or transient models. Steady-state models are further divided into equilib-
rium-based models or kinetic rate-based models [9]. For example, a transient model for coal was 
developed by Robinson and Luyben [8], a steady-state kinetic model for biomass by Nikoo and 
Mahinpey [7], and a steady-state kinetic model for plastic waste by Mastellone et al. [6]. Other 
equilibrium-based models for biomass and tire pyrolysis were proposed by Doherty et al. [10], 
Paviet et al. [9], Shen et al. [11], and Mitta et al. [12]. Among these approaches, the steady-state 
equilibrium model is most widely used for predicting the composition and temperature of the pro-
duced gas, and is also essential for performing sensitivity analyses on process parameters.
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The model used in this study to simulate pyrolysis in a closed reactor, illustrated in  
fig. 1, is based on the model developed by Mitta et al. [12] for simulating tire pyrolysis.

All other high molecular weight hydrocarbons, such as tar and oil, are less likely 
to form under equilibrium conditions and are therefore, excluded from the simulation. More 
importantly, the equilibrium assumption enables a comprehensive optimization study focused 
on key process parameters, including gasification temperature, equivalence ratio, steam-to-fuel 
ratio, and gasifying medium, while neglecting the complexities of gasifier hydrodynamics and 
reaction kinetics. The following assumptions are made in the present study to develop the pro-
cess model [12].

Figure 1. Schematic diagram of the polymer pyrolysis process in ASPEN PLUS V14

The following assumptions were made in this study:
	– All chemical reactions are assumed to have reached equilibrium within the gasifier.
	– Only CH4, hydrogen, CO, CO2, oxygen, nitrogen, ash, and water were considered as present 

in the product stream.
	– The main components of char are assumed to be carbon and ash only.
	– The entire gasification process was modeled using Aspen’s built-in unit operation library 

in two-stages: preprocessing and gasification or pyrolysis. These two-stages are addressed 
separately in the following sections.

Fuel preprocessing

The first step involves preprocessing the polymer sample to remove any moisture 
present before the process begins. Drying and separation are the unit operations grouped within 
this stage and are represented by the corresponding modules in ASPEN PLUS.

The stream of the studied polymers was defined as a non-conventional stream, in-
troduced through proximate and ultimate analyses as shown in tab.1. The polymer equation of 
state NRTL/Redlich-Kwong, with Henry’s law, POLYNRTL and POLYSRK, was selected as 
the property method to calculate the thermophysical properties of the components.

Initially, the fuel stream was introduced into a drying unit (DRIER), modeled in AS-
PEN PLUS using an RSTOIC module. A temperature of 150 °C and a pressure of 1 atmopshere 
were selected as the drying operating conditions. The output stream from the dryer, labeled 
DRIED contains the dried polymer in the solid phase and the removed moisture in the vapor 
phase. This stream was then fed into a separation unit (Sep-1), which separates the water vapor 
from the dried polymer.
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The polymeric and tire-derived feedstocks were defined in ASPEN PLUS as non-con-
ventional solid materials. Their compositions were established based on ultimate and proximate 
analyses, providing the elemental and physicochemical characteristics required for the model-
ling. The obtained data were introduced into ASPEN PLUS to specify the input streams used 
in the simulation. Each material was decomposed in the RYIELD reactor according to its ana-
lytical composition and then re-equilibrated in the RGIBBS reactor to simulate the gasification 
reactions under thermodynamic equilibrium. This modelling approach allows ASPEN PLUS to 
account for the intrinsic differences in composition and behavior among the studied feedstocks, 
ensuring realistic process representation.

Table 1. Ultimate and proximate analyses of non-conventional polymers

Sample
Proximate analysis [%] Ultimate analysis [%]

 M CF MV Ash Ash C H S
PE 0.02 0 99.85 0.15 0.15 85.81 13.86 0.12 0.06 0
Tire 0.94 31.14 65.03 3.83 3.83 85.65 8.26 0.43 1.43 0.4
PET 51.87 12.19 57 30.81 30.81 41.61 4.88 0.94 0 21.74

where FC is the fixed carbon, VM – the volatile matter, and M – the moisture.

Gasification of volatile matter and char

In a typical gasification process, the fuel is first pyrolyzed by applying external heat, 
breaking it down into simpler constituent components. These volatile compounds, along with 
the char, are then combusted, and the heat released from the combustion reactions is utilized by 
the subsequent endothermic gasification reactions.

In the ASPEN PLUS model, the dried polymer stream exiting the DRIER unit enters 
a pyrolysis block labeled PYROL, modeled as an RYIELD block. Based on the ultimate analy-
sis of the polymers presented in tab.1, the product yield distribution was calculated within the 
RYIELD module using ASPEN PLUS’s built-in calculator.

The volatile matter and char stream was then fed into a gasification unit called GAS-
IFIER, which was modeled using an RGIBBS module. As shown in the process model, both 
combustion and gasification reactions can occur within the RGIBBS module. The RGIBBS 
block calculates the equilibrium composition of the system using the Gibbs free energy mini-
mization technique. It allows for either considering all components in the system as equilibri-
um products, restricting them to specific reactions, or constraining them based on temperature 
criteria.

The use of the equilibrium hypothesis is justified by the high operating temperatures 
(700-1000 °C), under which the main gasification reactions rapidly approach thermodynamic 
equilibrium.

This assumption has been widely validated in previous studies [13, 14], which demon-
strated that equilibrium-based models provide reliable predictions of syngas composition for 
waste- and polymer-derived feedstocks. Present approach thus offers a first-order yet robust 
approximation for predicting overall gasification trends and evaluating the effect of reactor 
temperature on syngas composition.

In this study, the gasification model incorporated all major reactions relevant to the 
conversion of plastic-derived feedstocks. These include oxidation, steam reforming, Boudouard, 
and methanation reactions, as summarized in tab. 2. Each reaction’s enthalpy change was refer-
enced at 1000 K to better reflect high temperature gasifier operation.
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Table 2. Key gasification reactions considered in the model and  
their enthalpy changes at 1000 K

Gasification reactions ΔH [kJmol–1] T = 1000 K, P = P0 Reaction type
CO + ½ O2 ↔ CO –112 Oxidation
CO + ½ O₂ ↔ CO2 –283 Oxidation
H₂ + ½ O2 ↔ H2O –248 Oxidation
C + H2O ↔ CO + H2 136 Steam reforming
CO + H₂O ↔ CO₂ + H₂ –35 Water-gas shift
CH4 + H2O ↔ CO + 3H2 206 Steam reforming
C + CO2 ↔ 2CO 171 Boudouard reaction
C + 2H2 ↔ CH4 –74.8 Methanation
CO + 3H2 ↔ CH4 + H2O –225 Methanation
CO2 + 4H2 ↔ CH4 + 2H2O –190 Methanation

The polymer feed rate was kept constant at 1500 kg/h throughout the simulations. The 
gasifying agents (air and steam) were preheated and introduced into the gasifier after mixing. The 
PRODUCTS stream includes the gaseous outputs, while the ASH stream represents residual solids.

Table 3 lists the key operational conditions used in ASPEN PLUS for various unit op-
erations such as drying, pyrolysis, and gasification. These parameters were calibrated to reflect 
typical industrial set-ups, with gasifier temperatures ranging from 100-1100 °C and pressures 
up to 30 atmopshere.

This pressure range (1-30 atmopshere) was selected to represent the typical operating 
window of industrial fixed- and fluidized-bed gasifiers. Previous studies have demonstrated 
that moderate pressurization enhances syngas yield, carbon conversion efficiency, and process 
stability [7, 9-11]. Pressures above 1 atmosphere are also frequently applied in large-scale sys-
tems to facilitate downstream gas cleaning and compression stages, improving energy recovery 
and operational reliability [8, 10]. Accordingly, this interval allows a sensitivity evaluation of 
pressure influence on gas composition while ensuring that the model remains representative of 
both pilot- and industrial-scale systems.

Where relevant, the reaction behavior from tab. 2 was used to explain the composition 
and distribution of products observed in the results section, particularly in relation hydrogen 
and carbon monoxide formation.

Table 3. Operating conditions for major unit operations in the ASPEN-PLUS model
Unit operation Temperature [°C] Pressure [atmopshere]

DRIER (RStoic) 150 1
SEP-1 – 1
PYRLYSIS (Ryield) 270 1
SS split B5 – 1
COOLER-2 (Heater) 30 0.9869
COMB (RGibbs) 900 4.93
GASFER 100-1100 1-30
CHAUFF2 155 4.93
SEP 15 1
CHAUFF1 150 1
SEP-2 – 1
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Simulation environment

Once all the preliminary steps were completed, the simulation environment in ASPEN 
PLUS was configured. The process flow diagram was developed by selecting the appropriate 
equipment units from the palette and connecting them accordingly. The pyrolysis reactor and 
conversion reactor were selected from the Column section of the equipment palette, while the 
condenser was also selected from the Column section.

After developing the process flow as described previously, the simulation was run us-
ing a mass-flow rate of 1500 kg/h of plastic waste (such as PE, PET, and tire-derived materials) 
under optimal operating conditions, specifically, a pyrolysis reactor temperature of 450 °C and 
a pressure of 1 atmopshere.

The vapor-liquid fraction, containing petroleum-derived products, was discharged 
from the top of the pyrolysis reactor, while the solid carbonization residue was removed from 
the bottom. The vapor-liquid mixture was then directed to the condenser in order to recover the 
desired product, high purity liquid fuel.

The desired product was observed to exit the condenser in liquid form and was stored 
in appropriate storage containers such as silos and hoppers. The simulation results were record-
ed and are accessible through the respective worksheets associated with each unit operation 
within the ASPEN PLUS simulation environment.

Model validation

To validate the developed model, the predicted gas composition was compared with 
the experimental and numerical results of Mitta et al.[12]. The evolution of CO2 and CH4 with 
temperature is shown in fig. 2, which illustrates both the present simulation results and those 
reported by Mitta et al. [12]. It can be observed that both gases decrease significantly above  
900 °C due to the endothermic reforming and cracking reactions. This behaviour is consistent 
with [12], confirming the accuracy of the developed model in predicting the temperature depen-
dence of the main gas species.

It is worth mentioning that the detailed 
ultimate and proximate analyses of the feed-
stock used by [12] were not explicitly provided 
in their publication, hence, it was not possible 
to use identical input data. Instead, the present 
work relied on the experimentally character-
ized composition of the local tyre, while keep-
ing the same operating conditions (950 °C, 1 
atm) and reaction network described by [12].

A quantitative comparison between the 
predicted gas composition and Mitta’s exper-
imental data is presented in tab. 4. The devi-
ations remain within 4%-12%, demonstrating 
that the model reproduces the same general 
trends for hydrogen, CO, CO2, and CH4. These 
minor differences are mainly attributed to the 
different elemental composition of the local 

tyre and the equilibrium assumption in ASPEN PLUS, which slightly overestimates CH4 and 
CO2 at high temperature. Overall, the developed ASPEN PLUS model provides reliable predic-
tions of the gaseous product distribution during high temperature gasification of waste tyres.

Figure 2. Model validation using ASPEN PLUS: 
comparison of simulated gas composition with 
experimental results from [12] for tire pyrolysis 
at various temperatures
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Table 4. Comparison between the experimental data of [12] 
and the present work at 950 °C (dry gas basis)

Gas species [12] Exp 
[%vol.]

Present work
 (ASPEN PLUS, [%vol.])

Absolute deviation 
(|Δ| [%vol.])

Relative 
error [%]

H2 16 15.3 0.7 4.5
CO 7.3 8 0.7 9.6
CO2 15 16.2 1.2 8
CH4 9 10.1 1.1 12.2

Overall, the results show a strong correlation between the present model predictions 
and the experimental data of [12]. The observed decrease of CO2 and CH4 and the correspond-
ing increase of CO and hydrogen with temperature are well reproduced by the model, confirm-
ing its reliability for predicting equilibrium gas composition in waste-tyre gasification systems.

Results and discussion

This section presents the results obtained regarding the effect of the gasifier tempera-
ture on the pyrolysis and gasification process of plastic waste, as simulated using ASPEN PLUS 
V14. The gasifier temperature is a critical parameter that strongly influences the performance 
of the process. The analysis focuses on how increasing this temperature affects the yields and 
composition of both liquid and gaseous products.

The goal is to identify the optimal operating conditions that maximize the recovery of 
biofuel (liquid) and biogas, while highlighting the trends observed as a function of temperature.

Figures 3 and 4, respectively illustrate the effect of gasifier temperature on the mass-
flow rates of the liquid and gaseous products obtained, considering common polymer types 
such as PE, PET, and tire waste.

    
Figure 3. Effect of gasifier temperature on 
the liquid product mass-flow rate from the 
pyrolysis of PE, PET, and tire-derived waste

Figure 4. Variation in the gaseous product  
mass-flow rate as a function of gasifier 
temperature for PE, PET, and tire-derived waste

The results shown in fig. 3 demonstrate a general trend of decreasing liquid mass-
flow rate with increasing temperature. The PET, in particular, exhibits a sharp reduction in 
liquid production at high temperatures, while the other materials also show a decrease, though 
to varying degrees. Optimizing the temperature to maximize liquid yield leads to a significant 
shift in the composition of the generated products.

At 800 °C, a critical point is observed where the liquid-flow rate for PE drops sig-
nificantly by about 55%, indicating that higher temperatures favor gas conversion. In contrast, 
the PET liquid output dramatically drops to 58 kg/h, representing a reduction of approximately 
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95%, showing an almost complete conversion gaseous products and highlighting PET sensi-
tivity to heat. Although tire waste also shows a decrease, it retains a relatively higher amount 
of liquid, indicating better liquid retention at elevated temperatures. Thus, 800 °C marks a key 
transition where gas production begins to outweigh liquid production, which is crucial for spe-
cific energy recovery applications. However, increasing the temperature beyond 800 °C does 
not result in a noticeable improvement in biodiesel yield. To optimize liquid production, it 
would therefore, be preferable to maintain lower temperatures in the gasifier.

On the other hand, fig. 4 reveals a general increase in gas output with rising tempera-
ture, indicating that higher temperatures promote the conversion of plastics into gaseous prod-
ucts. The PET shows the most significant increase in gas mass-flow, reflecting more efficient 
conversion gas at elevated temperatures. The PE follows a similar trend, though to a lesser 
extent, while tire waste exhibits a more gradual increase.

Beyond 800 °C, gas production becomes predominant for all studied materials, lead-
ing to an almost complete conversion of liquids into gases. However, it is important to note 
that increasing the temperature above 800 °C does not necessarily offer additional benefits for 
biodiesel production, which appears to plateau at relatively low levels. This highlights the im-
portance of optimizing the operating conditions of the gasifier. 

To maximize liquid product yields while still benefiting from efficient gas conversion, 
maintaining temperatures around 800 °C would be preferable. This approach allows for an ap-
propriate balance between gas and liquid production, essential for energy recovery applications.

To highlight the effect of increasing the 
gasifier temperature on the gaseous products 
obtained, Figures 5-9 present the evolution of 
the mass fractions of the various gases pro-
duced from PE, PET, and tire waste.

Figure 5 illustrates the evolution of the 
hydrogen mass fraction produced with in-
creasing gasifier temperature for three types 
of plastics. A noticeable increase in hydrogen 
production is observed once the temperature 
exceeds 400 °C, and this trend is consistent 
across all three materials. Among them, PE 
stands out with a significantly higher hydro-

gen yield, producing more than twice the amount of hydrogen compared to PET. This indicates 
that PE is more favorable for hydrogen formation during the pyrolysis or gasification process.

However, beyond 800 °C, further increases in temperature do not lead to a significant 
rise in hydrogen production. This plateau effect may be attributed to the trends observed in figs. 
3 and 4, likely due to kinetic limitations in secondary decomposition reactions.

Figures 6 and 7, respectively illustrate the evolution of the mass fractions of CO and 
CO2 produced during the gasification of PE, PET, and tire waste, as a function of gasifier tem-
perature.

It is observed that the mass fraction of CO increases significantly when the tempera-
ture exceeds 400 °C for all three types of plastics. This increase is related to the intensification 
of thermal degradation of polymers at high temperatures, promoting pyrolysis and second-
ary reactions such as the Boudouard reaction (C + CO2 → 2CO). However, for PET, beyond 
800 °C, CO production tends to level off, indicating saturation or a limitation in CO-producing 
reactions at higher temperatures.

Figure 5. The H2 mass fraction evolution with 
increasing gasifier temperature during the  
pyrolysis/gasification of PE, PET, and tire waste



Bouchelkia, I., et al.: Influence of Gasification Reactor Temperature ... 
THERMAL SCIENCE: Year 2026, Vol. 30, No. 3A, pp. 1949-1959	 1957

     
Figure 6. The CO mass fraction variation  
with temperature during gasification of  
PE, PET, and tire waste

Figure 7. Effect of temperature on 
CO2 mass fraction generated from the 
gasification of PE, PET, and tire waste

In contrast, CO2 production shows a slight 
increase up to around 400 °C, and then gradu-
ally decreases as the temperature continues to 
rise. This decrease in the CO2 mass fraction in 
favor of CO is also attributed to the Boudouard 
reaction, which becomes thermodynamically 
more favorable at high temperatures.

Among the materials studied, PET gener-
ates the highest amounts of both CO and CO2. 
This can be explained by its chemical composi-
tion, which is richer in carbon and oxygen-con-
taining groups, promoting the formation of 
these gases during the gasification process.

Figure 8 shows the evolution of the mass fraction of CH4 produced during the py-
rolysis of the three types of plastics studied (PE, PET, and tires), as a function of the gasifier 
temperature. A general trend of decreasing CH4 production is observed as the temperature in-
creases. This mass fraction becomes almost negligible at 1000 °C for all materials.

This decrease is explained by the thermal decomposition of CH4 at high temperatures, 
mainly through secondary reactions such as steam reforming (CH4 + H2O → CO + 3H2), which pro-
mote the production of CO and hydrogen, as seen 
in figs. 5 and 6. This highlights the role of high 
temperatures in converting light hydrocarbons 
into syngas, which is richer in hydrogen and CO.

Figure 9 illustrates the evolution of the 
NH3 mass fraction generated during the py-
rolysis of plastics (PE, PET, and tires), as a 
function of the gasifier temperature. Overall, 
the NH3 mass fractions remain relatively low, 
but a gradual increase is observed up to around 
800 °C. This trend can be attributed to the 
thermal decomposition of nitrogen-containing 
compounds, particularly in tires, which often 
include nitrogen-rich additives or fillers.

Figure 8. The CH₄ mass fraction trends  
with rising gasifier temperature for PE,  
PET, and tire pyrolysis

Figure 9. The NH3 mass fraction evolution 
during the thermal conversion of PE, PET,  
and tires as temperature increases
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Above 800 °C, the NH3 mass fraction begins to decline, suggesting thermal decom-
position or conversion through secondary reactions, such as the formation of dinitrogen, hydro-
gen, or NOₓ, which are less stable under such conditions.

It is also worth noting that the use of an inert nitrogen gas (e.g., nitrogen) in the py-
rolysis reactor, commonly employed to prevent oxidation, may interact under extreme condi-
tions. Although theoretically inert, nitrogen can react at high temperatures with radical species 
formed in the reactor or recombine with nitrogen-containing fragments from plastics, slightly 
influencing NH3 formation.

Finally, among the plastics studied, tires exhibit the highest potential for NH3 produc-
tion, which is due to their richer composition in nitrogenous compounds, such as vulcanizing 
agents, organic additives, or reinforcing fillers.

Conclusions

Pyrolysis represents a promising route for the energy and chemical recovery of plastic 
waste, enabling its conversion into high value liquid, gaseous, and solid products. In this study, 
a modelling of the pyrolysis and gasification processes was carried out using ASPEN PLUS 
V14 software, applied to three common polymers: PE, PET, and end-of-life tires.

The model was validated by comparing simulation results with the work of [12]. 
Although there were differences in the formulations of the tires used, the consistency of the 
observed trends between the two data sets confirms the model’s reliability in predicting the 
thermochemical behavior of the studied materials.

The simulations highlighted that the gasifier temperature is a key parameter in con-
trolling the yields and composition of the resulting products. The conclusions are as follows.

	y The mass-flow rates of liquid products decrease with increasing temperature, particularly 
beyond 800 °C, where PET undergoes almost complete conversion gas. Tires, on the other 
hand, retain better liquid production capabilities at high temperatures.

	y Simultaneously, the gas yield increases significantly with temperature, indicating a shift 
toward gas-phase production, which is particularly advantageous for syngas generation.

	y The hydrohen production is enhanced at high temperatures, especially from PE, reaching a 
plateau after 800 °C.

	y The CO increases with temperature at the expense of CO2, mainly due to the Boudouard 
reaction, which becomes more active at elevated temperatures.

	y The CH4 mass fraction decreases continuously, eventually vanishing at 1000 °C, converted 
into hydrogen and CO through steam reforming.

	y The NH3 is generated in low quantities, with a peak around 800 °C, influenced by the nitrogen 
content of tires and potentially by interactions with the inert gas nitrogen used in the reactor.

In conclusion, the results indicate that the optimal temperature for maximizing gas 
production while maintaining an acceptable liquid yield is around 800 °C. This equilibrium 
point is essential for adjusting the gasifier’s operating conditions depending on the desired ob-
jectives (e.g., biogas production, liquid fuels, or energy vectors), and it highlights the value of 
simulation as a decision-support tool in plastic waste recovery processes.

Although the present study provides valuable insights into the thermochemical be-
havior of plastic waste under equilibrium conditions, it is important to acknowledge certain 
limitations. The equilibrium-based Aspen Plus model neglects reaction kinetics, residence time 
effects, and gasifier hydrodynamics, which may influence real reactor performance. 

Future work will therefore, focus on integrating kinetic and dynamic modelling ap-
proaches to capture transient process behavior and improve the predictive accuracy of the mod-
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el. In addition, experimental validation under controlled operating conditions will be pursued 
to further confirm the simulation results and extend the applicability of the proposed model to 
pilot-scale and industrial gasifiers.

In addition, a pilot-scale experimental installation for the pyrolysis-gasification of 
plastic waste is currently under development by our research team. Future experimental results 
will be used to validate and refine the present equilibrium model.
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