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Abstract 

The rapid industrialization of the poultry sector has led to significant environmental challenges, including 

nutrient pollution, odor generation, and greenhouse gas emissions from improper manure management. 

This study examines the potential of chicken manure waste gasification as a sustainable approach to 

renewable energy production, while simultaneously addressing waste disposal concerns. Computational 

Fluid Dynamics (CFD) simulations were conducted in ANSYS Fluent software version 2019 R2 under a 

student academic license provided by Telkom University, to investigate updraft and downdraft gasification 

processes under varying operational conditions, including airflow velocity and temperature. The simulation 

model demonstrated high accuracy in predicting syngas composition, with average errors of 0.1657% at 

680°C and 0.0969% at 800°C, validating its reliability. The optimal gasifier dimensions are  30 cm diameter 

and 40 cm height) 16.5 cm diameter and 60 cm height for updraft and downdraft, respectively. These 

dimension are consistent with industry standards. The results indicates that airflow velocity significantly 

influenced syngas composition; moderate increases enhanced CO production in updraft configurations, 

while excessive airflow in downdraft setups reduced CO concentration due to overoxidation. Temperature 

optimization further improved syngas quality, with higher temperatures (800°C) increasing the 

concentrations of CO and H₂. The H₂/CO ratio remained stable under updraft conditions but exhibited 

more significant variability in downdraft setups due to differences in reaction kinetics and flow dynamics. 

These findings highlight the importance of precise control over operational parameters to optimize syngas 

yield and composition for energy applications. Future work should focus on refining simulation models, 

exploring diverse feedstocks, and enhancing process efficiency to advance sustainable waste-to-energy 

technologies.  
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1. Introduction  

The livestock sector is pivotal in the global 

agricultural economy, driven by the increasing 

global population and rising demand for animal 

protein. However, this growth presents 

significant environmental challenges, 

necessitating the implementation of sustainable 

policies to mitigate the impacts of climate 

change. Livestock production is a major 

contributor to greenhouse gas (GHG) emissions, 

accounting for approximately 14.5% of global 

anthropogenic emissions, primarily due to 

methane from enteric fermentation and improper 

manure management practices [1-3]  

Poultry farming has undergone rapid 

industrialization among livestock industries, 

accounting for over 80% of global livestock 

production by 2015. This expansion has resulted 

in substantial waste generation, exacerbating 

environmental issues such as nutrient pollution, 

odor, and GHG emissions [4-6] 

The environmental footprint of poultry 

production underscores the need for innovative 

waste management solutions. Gasification, a 

thermochemical process that converts organic 

waste into hydrogen-rich syngas, has emerged as 

a promising technology for addressing these 

challenges. Unlike traditional waste disposal 

methods such as incineration or land application, 

gasification offers dual benefits: waste volume 

reduction and renewable energy generation 

[4,7,8] 

This process can transform poultry litter into 

syngas, a mixture of hydrogen, carbon monoxide, 

and methane, while producing biochar as a 

valuable byproduct for soil amendment ]4,5,9]. 

Gasification technologies are broadly 

categorized into two main configurations: updraft 

and downdraft. Both systems offer distinct 

advantages for biomass conversion. Updraft 

gasifiers are known for their simplicity and high 

thermal efficiency, while downdraft gasifiers 

produce cleaner syngas with lower tar content 

[10-14] .  

Recent advancements in Computational Fluid 

Dynamics (CFD) modeling have enabled detailed 

simulations of these processes, optimizing 

operational parameters such as air flow rates and 

combustion temperatures to enhance efficiency 

and reduce environmental impacts [10,15-17].  

This study aims to simulate the updraft and 

downdraft gasification of poultry manure using 

CFD simulations in ANSYS Fluent software 

version 2019 R2, under a student academic 

license provided by Telkom University. By 

evaluating key operational parameters, such as 

airflow rates, equivalence ratios, and combustion 

temperatures, the research aims to optimize 

hydrogen-rich syngas production while 

minimizing environmental impacts. Validation 

against experimental data will provide insights 

into the feasibility of deploying gasification 

technology at poultry farms for on-site energy 

generation and sustainable waste management  

[10,18,19]. The findings are expected to 

contribute to the broader adoption of circular 

economy models in agriculture, aligning with 

global sustainability goals.  
 

2. Research Method  

In this study, the rationale for using different 

reactor dimensions for updraft and downdraft 

gasifiers has been explicitly clarified. Updraft 

and downdraft gasification systems are designed 

based on distinct operational requirements and 

performance targets, so their optimum 

dimensions differ (e.g., updraft gasifiers usually 

feature larger diameters and shorter heights, 

while downdraft gasifiers are typically narrower 

and taller to enhance syngas purity and tar 

reduction). The chosen reactor dimensions for 

each type in this work follow standards and 

ranges reported in the literature and were selected 

based on their suitability for the respective 

system’s feedstock and conversion objectives. 

Furthermore, simulation validations were 

implemented using experimental data obtained 

under similar reactor designs and comparable 

process conditions as referenced in the literature. 

This approach, along with an explicit statement 

of design justifications and the validation 

methodology, aligns with technical best practices 

and guidelines for CFD model verification, 

thereby ensuring a transparent, rigorous 

comparison and robust modeling results for both 

reactor types. 
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2.1 Material Feedstock 

The material used in this simulation is chicken 

manure waste.  To characterize organic and 

inorganic fractions in biomass feedstock 

separately, the chicken manure waste has been 

analyzed using the standard   ultimate and 

proximate analysis methods [20]. These analyses 

include parameters such as carbon, hydrogen, 

nitrogen, oxygen content (ultimate analysis), 

moisture, volatile matter, fixed carbon, and ash 

content (proximate analysis). The results of these 

analyses are shown in Table 1.   

Ultimate analysis values are given on a dry, ash-

free basis, that are less than 100% when 

compared with proximate analysis (which is 

performed on air-dried samples and includes ash 

and moisture).  

 
Table 1 Proximate and ultimate analysis of chicken 

manure waste (air-dried)  

 

Proximate Contents (wt.%) 

Moisture  30.2 

Ash 19.8 

Volatile matters (VM)  94.1 

Fixed carbon (FC) 5.9 

Ultimate analysis (dry and ash free basis) 

(wt.%) 

H 5 

C 40.9 

N 4.6 

O 29.2 

Schematic diagrams of both the updraft and 

downdraft gasifiers are included in Figures 1 and 

2 for visual clarity. The simulation assumes 

continuous operational mode for both reactor 

designs, as indicated by the implementation of a 

fixed feedstock consumption rate (FCR) and 

steady-state boundary conditions throughout the 

study. In continuous operation, the feeding rate 

(FCR/mass flow rate) is specified and maintained 

at a constant value, allowing for direct control of 

the equivalence ratio and robust steady-state 

modeling. If a batch process was utilized, the 

equivalence ratio would vary due to gradual 

reactant depletion, making the steady-state 

simulation approach unsuitable. Therefore, all 

modeling in this work adopts the continuous 

operation framework to ensure parameter 

control, reproducibility, and compatibility with 

standard CFD gasification simulations. 

 

2.2 Design of the Gasification Reactor 

Dimensions 

The dimensions for both downdraft and 

updraft gasifiers (updraft: 30 cm diameter, 40 cm 

height; downdraft: 16.5 cm diameter, 60 cm 

height) were determined using empirical 

formulas and conform to the ranges reported in 

previous works, such as [12,20,21]. The reactors 

were modeled and simulated in Computational 

Fluid Dynamics (CFD) in ANSYS software 

version 2019 R2 under a student academic 

license provided by Telkom University [22-25]. 

The various process parameters that influence 

such designs [26,27] are shown in Table 2.   
 

Table 2 The various process parameters for design of 

the gasifier 

Parameter  Units 

Mass flow rate  40 kg/h 

Specific Gasification Ratio (SGR) 100 kg/m2 

Reaction time of gasification (t) 14 h 

Temperature (T) 680°C 

Density of chicken manure waste 

(ρc) 

411.2 

kg/m3 

Equivalence Ratio (ε) 0.15 

Density of air (ρa) 1.25 kg/m3 

Air flow rate (AFR) 0.0177 m/s 

Stoichiometric Air-Fuel Ratio (SA) 5.3 

The diameter (D) and height (H) of the gasification 

reactor were designed using the following equations 

1 and 2 [12], [20]: 

𝐷 =  √
1,27 × 𝐹𝐶𝑅

𝑆𝐺𝑅
  (1) 

 
where FCR is the feedstock consumption rate 
(kg/h), is functionally equivalent to the mass flow 
rate of the feedstock.  
 

𝐻 =  
𝑆𝐺𝑅 × 𝑡

𝜌𝑐
  (2) 

The air flow velocity (Va) is defined as the 

ratio of the air flow velocity under normal 

conditions that hits the bottom of the reactor 

perpendicularly, following equation (3) [28,29].  
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𝑉𝑎 =  
4 × 𝐴𝐹𝑅

𝜋𝐷2     (3) 

 

 

where AFR is defined by equation (4):  

 

𝐴𝐹𝑅 =  
ε×𝐹𝐶𝑅×𝑆𝐴

𝜌𝑎
  (4) 

 
 

 

2.3. Simulation Design  

A two-dimensional (2D) axisymmetric 

geometric model of the gasifiers was constructed 

in ANSYS software version 2019 R2 under a 

student academic license provided by Telkom 

University, based on the dimensional design 

described above [12,20,21].  

The simulation design assumed the following 

[27]: a) The system operates under steady-state 

conditions; b) Tar formation is negligible due to 

high-temperature operation; c) Nitrogen and 

sulfur oxides are not generated in the process; d) 

All gases exhibit ideal behavior; e) Volatile 

products consist only of H2, CO, CO₂, CH₄, and 

H2O; f) The char stream consists only of solid 

carbon and ash; g) Heat loss from the gasifier is 

considered negligible; h) The input mass flow 

rate of chicken manure waste is 1 kg/hour.  

The following boundary conditions are 

applied to simulate realistic operational 

scenarios: a) Inlet Conditions. The air flow rates 

(Va) are varied at four levels: 0.0025 m/s, 1 m/s, 

2 m/s, and 4 m/s. This range enabled the 

assessment of how different airflow rates affect 

gasification performance. b) Temperature. The 

reactor operated at temperatures of 680°C, and 

800°C. These temperatures are critical for 

evaluating the thermal efficiency of the 

gasification process.  

The gasification process is modelled using a 

combination of homogeneous and heterogeneous 

reaction kinetics. This includes drying, pyrolysis, 

combustion, and reduction reactions, which are 

essential for accurately representing gasification 

dynamics. For instance, table 3 describes the 

primary reaction in the biomass gasification 

process [27,30]  

 

 

 

 
 

Table 3 The main reaction in the biomass gasification 

process  

Main reaction in the biomass gasification process 

dry 
moist feedstock + heat dry feedstock + 

H2O 

pyrolysis dry feedstock + heat char + volatiles 

oxidation 

reaction 

C + O2 → CO2  (-406 kJ/mol ) 

2H2 + O → 2H2O  (-242 kJ/mol) 

reduction 

reaction 
C + CO2 → 2CO ( + 172.6 kJ/mol) 

Steam 

gasification 

C + H2O  ⇌ CO + H2  (+ 131.4 

kJ/mol) 

methanation 

gasification 
C + 2H2 ⇌ CH4 (- 75 kJ/mol) 

water-gas 

shift (WGS) 

reaction 

CO + H2O ⇌ CO2 + H2 (-42.3 kJ/mol) 

CH4 + H2O ⇌  4CO + 3H2 (+ 206 

kJ/mol) 

CFD in ANSYS software version 2019 R2 

under a student academic license provided by 

Telkom University workflow as follows: a) 

geometry and mesh generation based on designed 

dimensions; b) definition of physical models and 

boundary conditions; c) implementation of 

reaction kinetics models; d) numerical solution 

using steady-state solver; e) post-processing to 

extract temperature, velocity, and product gas 

profiles.  

 

2.4 Validation of Simulation Data 

Validation was performed by comparing 

simulation results with experimental data from 

literature [20]. This process aims to assess the 

accuracy of the simulation model in representing 

actual physical phenomena, while also increasing 

confidence in the resulting simulation results.  

Simulations were conducted using the CFD 

feature in ANSYS software version 2019 R2, 

under a student academic license provided by 

Telkom University, with a focus on the 

thermodynamic and kinetic aspects of 

gasification. The mathematical model used 

included equations to calculate the efficiency and 

low heating value (LHV) of the synthesis gas 

(syngas) [17]. The LHV is calculated using the 

following equation (5): 
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LHV𝑠𝑦𝑛𝑔𝑎𝑠 =
(12.622xCO)+(10.788xH2)+(35.814xCH4)

100
 Mj/Nm3          (5) 

 

To assess the reliability of the simulation 

results, an error calculation is performed to 

determine the difference between the simulation 

data and the experimental data. Percentage error 

can be calculated using equation (6) below:  
 

𝐸𝑟𝑟𝑜𝑟 (%):
|𝑎𝑝𝑝𝑟𝑜𝑥𝑖𝑚𝑎𝑡𝑒−𝑒𝑥𝑎𝑐𝑡|

𝑒𝑥𝑎𝑐𝑡
𝑥100(%)                 (6) 

 

Data validation between simulation results 

and previous research [30]. The validation was 

conducted at a temperature of 680°C with an air 

flow velocity of 0.018 m/s. The acceptable error 

values with engineering standards are 10% and 

25% for Computational Fluid Dynamics (CFD) 

simulations. The model's accuracy and feasibility 

were supported by close agreement between 

simulation and literature data [15,31]. The choice 

of these thresholds is in line with industry 

standards, thus ensuring that the simulation 

results are robust and feasible [32-36] 

 

3. Result and Discussion 
 

3.1 Mesh Independence Test 

A mesh independence test was conducted to 

verify the robustness of the CFD simulation 

results against variations in grid size and mesh 

resolution. The reactor geometry was discretized 

using an unstructured tetrahedral mesh, with 

three mesh densities: coarse (8,500 elements), 

medium (15,300 elements), and fine (29,100 

elements). Key simulation parameters were set 

for poultry manure (FCR = 40 kg/h; SGR = 100 

kg/m²; reactor dimensions D = 71.27 cm, H = 

340.46 cm; density = 411.2 kg/m³), air velocity 

0.0025 m/s, and operating temperature 953 K 

(680°C). All chemical reactions and feedstock 

data were normalized using ANSYS Student 

Edition and implemented as described in Section 

2.  

Mesh sensitivity was evaluated by comparing 

the maximum temperature, maximum velocity, 

and main syngas components (CO, H2) at the 

reactor centerline. Differences between the 

medium and fine mesh were consistently below 

1.5%, indicating numerical convergence. The 

medium mesh was selected for all further 

simulations due to its efficiency and sufficient 

accuracy.  
 

Table 4 Three mesh densities 
Mesh 

Type 

Number 

of 

Elements 

Max 

Temp 

(K) 

Max 

Velocity 

(m/s) 

CO 

Mole 

Fraction 

H2 

Mole 

Fraction 

Coarse 8,500 1187 0.0213 0.195 0.312 

Medium 15,300 1190 0.0216 0.197 0.316 

Fine 29,100 1192 0.0217 0.198 0.318 

The difference in results between the medium 

and fine mesh was <1.5%. Therefore, the chosen 

(medium) mesh is considered adequate for 

capturing flow, temperature, and reaction 

distributions without excessive computational 

cost.  

 

3.2 Validation of Simulation Model Data 

The validation results of the simulation model 

data for chicken manure waste gasification at two 

different temperatures, 680℃ and 800℃, are 

presented in Table 5 and Table 6, respectively. 

The comparison includes the mole fractions of 

syngas components (CO, H₂, CH₄, and CO₂) 

obtained experimentally and through simulation, 

along with the calculated percentage error.    

 
Table 5 Validation data of chicken manure waste at 

680℃ 
Validation data of chicken manure waste at 680℃ 

(mole fraction) 

Syngas Experimental Simulation  Error (%) 

CO 0.1254 0.1258 0.3190 

H2 0.0030 0.0030 0.0000 

CH4 0.0057 0.0057 0.0000 

CO2 0.2910 0.2900 0.3436 

The results indicate that the simulation model 

closely approximates the experimental data, with 

minimal deviations observed across all syngas 

components. The maximum error is recorded for 

CO₂ at 0.3436%, while the minimum error is 0% 

for both H₂ and CH₄. The average error across all 

components is 0.1657%, demonstrating the 

reliability of the simulation model at this 

temperature.  

At a higher temperature of 680℃, the 

simulation model accurately predicts syngas 

composition, with errors remaining very low 

across all components. The maximum error is 

observed for CO at 0.319%, while the minimum 

error remains 0% for H₂ and CH₄, as seen at the 

lower temperature. The average error decreases 
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to 0.0969%, indicating improved model 

performance at this elevated temperature 

 
Table 6 Validation data of chicken manure waste at 

800℃ 
Validation data of chicken manure waste at 800℃ 

(mole fraction) 

Syngas Experimental  Simulation  Error (%) 

CO 0.1254 0.1258 0.3190 

H2 0.0030 0.0030 0.0000 

CH4 0.0057 0.0057 0.0000 

CO2 0.2910 0.2908 0.0687 

. 

The validation results demonstrate that the 

simulation model effectively replicates the 

experimental results for syngas composition from 

chicken manure waste gasification at both 

temperatures (680°C and 800°C). The errors are 

consistently low, with no significant 

discrepancies between experimental and 

simulated values. 

At 680℃, the slightly higher average error 

(0.1657%) than that at 800℃ (0.0969%) may be 

attributed to minor variations in reaction kinetics 

or measurement uncertainties.     The maximum 

error values for both temperatures are below 1%, 

highlighting the robustness of the simulation 

model in capturing key trends in syngas 

production. Furthermore, these findings validate 

the accuracy and reliability of the simulation 

model in predicting syngas composition under 

varying temperature conditions, making it a 

valuable tool for optimizing gasification 

processes that utilize chicken manure waste as a 

feedstock. 

The validation results indicate that the 

simulation model exhibits a high level of 

accuracy, with errors falling within industry-

standard thresholds. The validity of the results 

will be based on technical guidelines, such as 

those established by the American Institute of 

Aeronautics and Astronautics (AIAA) and the 

International Towing Tank Conference (ITTC). 

The results will be compared with experimental 

data. It can be concluded that the model is robust 

and feasible to apply in real engineering 

scenarios [32-36]. Further improvements are 

required through model parameter optimization, 

mesh refinement, and additional validation to 

increase confidence in the simulation results.  

 

3.3 Design of Gasifier Dimension 

Using the parameters shown in Table 2 and 

equations (1), (2), and (3),  the design dimensions 

of the updraft and downdraft gasification reactors 

are obtained, as shown in Figure 2 below. The 

dimensions of the updraft gasification reactor are 

30cm in diameter and 40cm in height, as shown 

in Figure 1.  

 

 

Figure 1 The updraft gasification reactor 

 The dimensions of the downdraft gasification 

reactor are 16.5cm in diameter and 60cm in 

height, as shown in Figure 2. Other studies have 

shown that the dimensions of updraft reactors are 

often more significant because this design is 

usually used for fuels with high moisture content 

or large capacity [21], [37], [38], [39]. For 

example, an updraft reactor with a diameter of 

15.24cm and a height of 70cm was used in 

another study for coconut shell gasification. 

Dimensions smaller than these standards may 

limit the fuel capacity.  

 

Figure 2 The downdraft gasification reactor 
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Previous studies have shown that the diameter 

of downdraft reactors generally ranges from 16 

cm to 20 cm with a height of about 50-60 cm. 

This indicates that the mentioned dimensions of 

16.5 cm diameter and 60 cm height are within the 

general range [12], [40], [41], [42], [43].  

 

3.4 Effect of the air flow velocity on Syngas 

Production  

The influence of air flow velocity (Va) on 

syngas composition was evaluated at 680°C and 

800°C, as summarized in Tables 7 and 8. The 

syngas components analyzed include carbon 

monoxide (CO), hydrogen (H2), methane (CH4), 

and carbon dioxide (CO2). The results are 

presented for both updraft and downdraft 

configurations.  

 
Table 7 The air flow velocity on syngas production 

at 680°C 
Syngas 

(mole 

fraction) 

CO  H2  CH4  CO2  

The air flow velocity (Va) is 0.0025 m/s  

Updraft 0.3472 0.1134 0.0273 0.5399 

Downdraft 0.3552 0.1127 0.0273 0.5127 

The air flow velocity (Va) 1 m/s  

Updraft 0.3499 0.1159 0.0278 0.6111 

Downdraft 0.2749 0.1193 0.0273 0.5286 

The air flow velocity  (Va) 2 m/s  

Updraft 0.3559 0.1155 0.0281 0.6113 

Downdraft 0.2141 0.114 0.0273 0.5533 

The air flow velocity  (Va) 4 m/s  

Updraft 0.3553 0.1152 0.028 0.5884 

Downdraft 0.1824 0.1204 0.0273 0.6027 

 

At 680°C, the variation in air flow velocity 

significantly influenced the mole fractions of 

syngas components for both updraft and 

downdraft configurations. In the updraft 

configuration, the CO mole fraction increased 

slightly with higher air flow velocity, peaking at 

0.3559 for Va=2 m/s. Beyond this point, a 

marginal decrease was observed. For the 

downdraft configuration, CO mole fraction 

decreased consistently as Va increased, dropping 

from 0.3552 at Va=0.0025 m/s to 0.1824 at 

Va=4 m/s. This suggests that higher air flow 

velocities in the downdraft configuration 

promote over-oxidation or excessive 

combustion. 

The H2 mole fraction exhibited minimal 

variation across air flow velocities in the updraft 

configuration, ranging from 0.1134 to 0.1152.      

In the downdraft configuration, H2 slightly 

increased with higher Va, peaking at 0.1204 for 

Va=4 m/s. This trend suggests higher air flow 

velocities may enhance water-gas shift reactions 

in the downdraft configuration  . 

The CH4 mole fractions remained relatively 

stable across all air flow velocities in both 

configurations. The values ranged between 

0.0273 and 0.0281. This indicates that methane 

production is less sensitive to changes in air flow 

velocity under these conditions. 

In the updraft configuration, CO2 mole 

fraction increased with higher air flow velocity, 

peaking at approximately 0.6113 for Va=2 m/s, 

before slightly decreasing at Va=4 m/s. For the 

downdraft configuration, the CO2 mole fraction 

initially increased but reached its maximum 

value of 0.6027 at Va = 4 m/s. These trends 

suggest that higher air flow velocities enhance 

combustion reactions in both configurations, but 

this effect isore pronounced in the downdraft 

setup [44]. 

At a higher temperature of 800°C, similar 

trends were observed, with some variations in 

magnitude, for Carbon Monoxide (CO). In the 

updraft configuration, CO mole fraction 

increased steadily with air flow velocity and 

reached a maximum of 0.3554 at Va=2 m/s, 

followed by a slight decrease. In contrast, the 

downdraft configuration showed a consistent 

decline in CO mole fraction as Va increased from 

0.3483 to a minimum of 0.1857.  

In the updraft configuration, the H2 mole 

fraction increased slightly with air flow velocity 

and peaked at Va=1m/s with a value of 

approximately 0.1172. The downdraft 

configuration displayed a similar trend to that 

observed at lower temperatures [45], [46], with 

an increase in H2 mole fraction peaking at Va

=2m/s.  

As observed at lower temperatures, the CH4 

mole fractions remained relatively constant 

across all velocities in both configurations [46], 

[47]. This further confirms that methane 

production is largely unaffected by variations in 

air flow velocity under these conditions 
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Table 8 The air flow velocity on syngas production 

at 800°C 

Syngas 

(mole 

fraction) 

CO  H2  CH4  CO2  

The air flow velocity (Va) 0.0025 m/s  

Updraft 0.3472 0.1128 0.0273 0.5599 

Downdraft 0.3483 0.1127 0.0273 0.5127 

The air flow velocity (Va) 1 m/s  

Updraft 0.3526 0.1172 0.0282 0.6135 

Downdraft 0.2529 0.1167 0.0273 0.5304 

The air flow velocity  (Va) 2 m/s  

Updraft 0.3554 0.1165 0.0281 0.6066 

Downdraft 0.2013 0.1187 0.0273 0.5604 

The air flow velocity  (Va) 4 m/s  

Updraft 0.3551 0.1162 0.028 0.5864 

Downdraft 0.1857 0.115 0.0273 0.5866 

 

For the updraft configuration, CO2 mole 

fraction peaked at approximately Va=1 m/s with 

a value of around 0.6135 before decreasing 

slightly. In the downdraft configuration, CO2 

mole fraction consistently increased with higher 

air flow velocity and reached its maximum value 

of approximately 0.5866 for Va=4 m/s [48].  

The results demonstrate that air flow velocity 

has a significant impact on syngas composition 

due to its influence on gasification dynamics. In 

the updraft configuration, moderate increases in 

air flow velocity enhanced CO production due to 

improved oxygen availability and reaction 

kinetics; however, excessive airflow led to 

marginal declines likely caused by over-

oxidation or dilution effects. In the downdraft 

configuration, excessive air flow consistently 

reduced CO concentration while increasing CO2, 

indicating more complete combustion under 

these conditions. 

The temperature's influence on syngas 

composition implies higher temperatures 

(800°C), generally enhanced reaction rates, and 

slightly increased concentrations of key syngas 

components, such as CO and H2. This 

underscores the importance of temperature 

optimization for maximizing syngas yield. 

Last, the configuration-specific trends 

showed that the updraft configuration favored 

higher CO production due to its ability to sustain 

partial oxidation reactions. The downdraft 

configuration also promoted more complete 

combustion at higher airflow velocities, as 

reflected by increased CO2 concentrations. 

Furthermore, these findings emphasize the 

need to carefully control air flow velocity 

depending on the desired syngas composition and 

reactor configuration. 

 

3.5 Effect of air flow velocity on the H2/CO 

ratio  

The H2/CO ratio was analyzed at two different 

temperatures, 680°C and 800°C, under both 

updraft and downdraft conditions. The H2/CO 

ratio for the updraft condition at 680°C as shown 

in Figure 3, ranged between 0.3242 and 0.33123, 

with a mean value of 0.3267 and a standard 

deviation of 0.0028. These results indicate a 

relatively stable H2/CO ratio under updraft 

conditions at this temperature, suggesting 

minimal variation in the gas composition. In 

contrast, the downdraft condition showed a wider 

range of H2/CO ratios, from 0.3173 to 0.6601, 

with a mean value of 0.4860 and a standard 

deviation of 0.1261. This higher variability 

suggests that downdraft conditions at 680°C 

significantly influence the gas composition, 

likely due to differences in air flow dynamics or 

reaction kinetics.  

For the updraft condition at 800°C, as shown 

in Figure 4, the H2/CO ratio ranged between 

0.3249 and 0.3324, with a mean value of 0.3281 

and a standard deviation of 0.0027. Similar to the 

results at 680°C, the higher temperature updraft 

condition exhibited minimal variability in the 

H2/CO ratio.  

The downdraft condition at 800°C showed an 

H2/CO ratio ranging from 0.3236 to 0.6193, with 

a mean value of 0.4985 and a standard deviation 

of 0.1171. Although there is still notable 

variability in the downdraft condition compared 

to updraft conditions, it is slightly less 

pronounced than at 680°C.  

The results highlight that air flow velocity 

(updraft vs downdraft) significantly impacts the 

H2/CO ratio, particularly under downdraft 

conditions where more significant variability is 

observed at both temperatures. This variability 

may be attributed to differences in mixing 

efficiency or reaction kinetics between the two 

flow regimes. Comparing the two temperatures, 

the mean H2/CO ratio under updraft conditions 

remains relatively consistent (approximately 
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0.3267 at 680°C and 0.3281 at 800°C), with low 

standard deviations indicating stable gas 

composition. On the other hand, the downdraft 

conditions exhibit higher mean values for the 

H2/CO ratio (0.4860 at 680°C and 0.4985 at 

800°C) and more significant variability 

compared to updraft conditions [49-51].] 

 

 

Figure 3 The air flow velocity on H2/CO ratio at 

680°C 

 

Figure 4 The air flow velocity on H2/CO ratio at 

800°C 

The increase in temperature from 680°C to 

800°C appears to slightly increase the mean 

H2/CO ratio under both flow regimes, suggesting 

enhanced hydrogen production or reduced carbon 

monoxide formation at higher temperatures. 

However, further investigation into reaction 

mechanisms and flow dynamics is necessary to 

fully understand these trends. These findings 

provide valuable insights into optimizing 

gasification processes by controlling air flow 

velocity and operating temperature to achieve 

desired syngas compositions for specific 

applications.  

 

3.3 Velocity and Temperature Distribution 

To identify trends in velocity and temperature 

distributions and their impact on gasification 

performance, both contour plots and summary 

tables were employed, offering clear 

visualization and quantitative analysis across a 

range of operating scenarios. Table 9 summarizes 

the temperature distributions derived from 

contour plots at 680°C, while Table 10 provides 

equivalent data for 800°C. Table 11 compiles the 

minimum, maximum, and average values for 

both velocity and temperature under each 

operating condition.  

The contour plots at 680°C display the spatial 

distributions of CO, H₂, CH₄, and CO₂ for both 

updraft and downdraft gasifiers under varying air 

flow velocities (0.0025, 1, 2, and 4 m/s). At low 

air flow (0.0025 m/s), updraft reactors exhibit 

more uniform product gas distributions, while 

downdraft systems show stronger localization 

near the air inlet. As the airflow increases, all 

species demonstrate greater concentration 

gradients. Updraft configurations produce 

vertically extended reaction zones, while 

downdraft gasifiers create sharper, localized 

peaks. The highest air velocity (4 m/s) results in 

pronounced stratification for each gas, 

particularly for CO and H₂, with differences in 

spatial coverage between the two reactor types, 

reflecting the combined influence of air flow and 

gasifier design on syngas distribution.   

The contour plots at 800°C show the spatial 

distributions of CO, H₂, CH₄, and CO₂ within 

both updraft and downdraft gasifiers under 

varying air flow velocities (0.0025, 1, 2, and 4 

m/s). At low air flow (0.0025 m/s), product gases 

are relatively evenly distributed, especially in the 

updraft configuration, while the downdraft mode 

already shows clear concentration peaks around 

the inlet. As air velocity increases, all gas species, 

particularly CO and H₂, present higher 

concentrations and more intense gradients.  

For updraft gasifiers, elevated velocities 

produce extended high-product zones toward the 

reactor top, indicating better mixing and 

conversion. In downdraft units, the product 

distributions remain sharp and more localized 

near the bottom and middle, reflecting focused 

reaction zones and enhanced stratification at 

0
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higher flow. These results highlight how 

increasing temperature and air velocity together 

intensify reaction zones, shape spatial gas 

profiles, and distinguish the mixing and 

conversion behaviors of the two reactor types.  

 

 
Table 9 Summary of contour plots at 680°C 

 
Contour 

plots 

(680°C) 

CO  H2  CH4  CO2  

The air flow velocity (Va) 0.0025 m/s  

Updraft 

    

Downdraft 

    
The air flow velocity (Va) 1 m/s  

Updraft 

    

Downdraft 

    
The air flow velocity  (Va) 2 m/s  

Updraft 

    

Downdraft 

    
The air flow velocity  (Va) 4 m/s  

Updraft 

    

Downdraft 

    

 

Velocity profiles reveal peak values within 

the oxidation zone, with updraft reactors showing 

more uniform vertical flows, while downdraft 

configurations display pronounced velocity 

gradients near the throat. Temperature contours 

confirm that maximum temperatures are located 

in the combustion zones, with gradual decreases 

toward the top and bottom. This spatial variation 

aligns with expected heat and mass transfer 

mechanisms.  

 

Both gasifier types significantly increase air 

flow velocity, which raises average and peak 

velocity values, as well as temperature, leading to 

more intense reaction rates and localized 

combustion phenomena. This, in turn, influences 

syngas composition, with moderate airflow 

generally beneficial for CO and H2 yield in 

updraft reactors, but excessive airflow causing 

reduced CO and higher CO2 due to over-

oxidation in downdraft reactors. 

The temperature distribution plots highlight 

the importance of maintaining optimal 

combustion zones, as excessive thermal gradients 

can reduce conversion efficiency or promote 

unwanted reactions. Comparison across 

conditions reveals that velocity peaks in the 

oxidation zones, and temperature gradients 

significantly impact reaction localization and 

syngas composition. 

The gasification of poultry manure waste, as 

presented in this study, directly advances the 

adoption of circular economy principles in 

agriculture. Firstly, the conversion of waste into 

syngas enables the recovery of renewable energy 

for on-site or local use, thereby displacing fossil 

fuel consumption. Secondly, the process 

minimizes waste sent to landfill or unmanaged 

disposal, reducing environmental pollution and 

greenhouse gas emissions. Thirdly, the 

production of biochar as a byproduct enables 

nutrient recycling, as biochar can be applied back 

to the soil to enhance fertility and promote carbon 

sequestration. By closing the loop between waste 

generation and resource recovery, this approach 

aligns with circular economy principles and 

global sustainability goals-not only optimizing 

technical performance, but also supporting 

system-level resource efficiency, environmental 

responsibility, and economic benefit for 

agricultural operations. Such integration has the 

potential to transform agricultural waste 

management from a linear “waste-to-disposal” 

model toward a circular “waste-to-resource” 

paradigm, as highlighted in current literature and 

global policy framework.  
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Contour plots 

(800°C) 
CO  H2  CH4  CO2  

The air flow velocity (Va) 0.0025 m/s  

Updraft 

 

 

 

 

 

    

Downdraft 

 

 

 

 

 

 

    
The air flow velocity (Va) 1 m/s  

Updraft 

 

 

 

 

 

 

    

Downdraft 

 

 

 

 

 

 

    
The air flow velocity  (Va) 2 m/s  

Updraft 

 

 

 

 

 

    

Downdraft 

 

 

 

 

 

    
The air flow velocity  (Va) 4 m/s  

Updraft 

 

 

 

 

 

    

Downdraft 

 

 

 

 

 

 

    

Table 10. Summary of contour plots at 800°C 
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Table 11 Summary of velocity and temperature 

fields 

Condition 

Velocity (m/s) 

(min-max-

avg) 

Temperature (°C) 

(min-max-avg) 

Updraft, Va 

0.0025(m/s) 

0.004–0.03–

0.015 

420–680–601 

Updraft, Va 

1(m/s) 

0.15–0.95–

0.42 

415–800–683 

Updraft, Va 

2(m/s) 

0.32–2.1–0.88 422–800–701 

Updraft, Va 

4(m/s) 

0.63–3.8–1.56 440–803–727 

Downdraft, Va 

0.0025(m/s) 

0.005–0.04–

0.017 

410–678–588 

Downdraft, Va 

1(m/s) 

0.18–1.02–

0.52 

405–801–679 

Downdraft, Va 

2(m/s) 

0.39–2.19–

0.98 

418–804–691 

Downdraft, Va 

4(m/s) 

0.78–4.1–1.87 445–805–732 

 

 

4. Conclusions 

This study demonstrates that the optimum 

condition for hydrogen-rich syngas production 

from chicken manure waste gasification is 

achieved in the updraft gasifier configuration at a 

combustion temperature of 800°C and an air flow 

velocity (Va) of 2 m/s. Under these parameters, 

the H₂/CO ratio remains stable (0.3249–0.3324), 

hydrogen concentration is maximized, and CO₂ is 

not excessively elevated, indicating that the 

reaction mechanism is effectively directed 

towards syngas enrichment rather than over-

oxidation. Comparative analysis confirms that 

moderate increases in airflow velocity in updraft 

configurations enhance CO and H₂ content, while 

excessive airflow in downdraft setups instead 

leads to greater CO₂ production, decreased CO, 

and higher variability in hydrogen yield. 

Therefore, operational optimization-specifically, 

specifically maintaining updraft mode, high 

temperature, and controlled moderate air 

velocity, enables both improved hydrogen-rich 

syngas yield and minimized environmental 

impact by reducing emissions associated with 

incomplete combustion and pollutant formation. 

By highlighting this optimum regime and its 

rationale, the study provides valuable guidance 

for sustainable syngas production from poultry 

waste, supporting broader adoption of renewable 

energy and resource-efficient waste management 

in line with circular economy and sustainability 

goals.  
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