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ABSTRACT: Gasification is a thermochemical process that converts solid fuels into gas through combustion 

with a limited air supply. This process consists of four main stages, namely drying, pyrolysis, oxidation, and 

reduction. Drying, pyrolysis, and reduction are endothermic processes that require energy, while oxidation is 

exothermic and acts as a heat source for the other three stages. This study examines the biomass gasification 

process using horse manure as raw material and oxygen as a gasification agent. The gasification reactor used 

has a diameter of 600 mm and a height of 1500 mm. The study was conducted using the thermal decomposition 

method, where the flow rate of the oxygen gas agent was varied at 10, 15, 20, and 30 L/min. This study aims to 

analyze the effect of variations in the flow rate of the gas agent on the composition of the gas produced in the 

gasification process. The results showed that increasing the flow rate of the oxygen gas agent caused an 

increase in hydrogen gas levels of 8.5%, an increase in oxygen gas of 16.7%, and an increase in hydrogen 

sulfide gas of 7.3%. 

Keywords: gasification, syngas, oxygen, hydrogen, flow rate 

----------------------------------------------------------------------------------------------------------------------------- ---------- 

Date of Submission: 23-03-2025                                                                            Date of acceptance: 04-04-2025 

----------------------------------------------------------------------------------------------------------------------------- ---------- 

 

I. INTRODUCTION 

Global energy needs continue to increase along with population growth and industrial development. 

However, dependence on fossil fuels causes various environmental problems, such as greenhouse gas emissions 

and air pollution [1]. Therefore, the development of more environmentally friendly alternative energy is very 

important. One promising method is biomass gasification, which can convert organic waste into gas fuels that 

have high calorific value [2]. 

Gasification is a thermochemical process that converts solid fuels into synthesis gas (syngas) through 

reactions with gasification agents, such as air, oxygen, or water vapor. This process consists of several main 

stages, namely drying, pyrolysis, oxidation, and reduction {3]. Biomass as a raw material for gasification has 

great potential because of its abundant availability and renewable nature. One type of biomass that can be 

utilized is horse manure, which is a livestock waste with a high enough carbon content to support the 

gasification process [4]. 

An important factor affecting gasification efficiency is the flow rate of the gasification agent. The 

oxygen flow rate, for example, can affect the reactor temperature and the reactant ratio, which ultimately affects 

the composition of the gas produced [5]. Therefore, this study aims to analyze the effect of variations in oxygen 

flow rates on the composition of syngas produced from horse manure gasification. Horse manure (feces) has 

various shapes and sizes as well as fine grain sizes. In addition, horse manure also has a high water content. As a 

gasification feed, if used directly, horse manure will be difficult to process and can interfere with gasification 

performance. Therefore, initial processing of horse manure needs to be done. The initial processing is in the 

form of reducing the water content of horse manure. While the ratio of horse manure (feces) waste production 

reaches 5.5 tons/year/head with an energy conversion coefficient of 14.9 Gjoule/ton [6]. 

The coconut shell gasification process using an updraft gasifier produces combustible gas CO = 

13.32%; CH4 = 1.52%; H2 = 4.68%; N2 = 37.09% and CO2 = 38.21% [7]. Research on coconut shell gasification 

using an updraft gasifier was also conducted by Yuono [8] at an AFR of 15%, the composition of the syngas 

produced was H2 = 2.67%; CO = 40.70%; CH4 = 1.7% and LHV of 5.53 MJ / m3. Therefore, the resulting 

calorific value can be used as a substitute for conventional fuels. Research on the gasification process of coconut 

shells and palm oil shells using a downdraft fixed bed reactor with variations in material size found that the 

composition of syngas at a material size of 11 mm with a combustion temperature of up to 900 ° C in coconut 

shells was H2 = 13.3%; CO = 17.4%; CO2=16.7% and CH4=4.23% [9]. 

The study was conducted to compare coconut shell and oil palm frond biomass fuels in terms of 

flammability and tar content. The fuel was burned in an updraft type gasification reactor until syngas was 

produced. The results of the study showed that the flammability of coconut shell biomass lasted for 43 minutes 
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14 seconds while oil palm frond biomass lasted for 10 minutes 26 seconds. The dry tar weight from the 

gasification process weighed using a digital scale on coconut shell biomass was 8.99 grams, while on oil palm 

frond biomass was 4.62 grams. The mass of tar in each liter of gas sample of Coconut Shell Biomass was 0.064 

grams/liter while Oil Palm Frond Biomass was 0.034 grams/liter [10]. 

Numerical simulation of biomass steam gasification (oil palm empty bunches) using a thermodynamic 

equilibrium model. From the simulation, it can be seen that hydrogen production increases with increasing 

temperature. At low temperatures, hydrogen production is low and increases with increasing temperature until it 

reaches a peak and then hydrogen production decreases again [11] 

The composition of syngas varies depending on the biomass raw material, but on average it can 

produce syngas with H2 content of 18-20%, CO of 18-20%, CH4 of 2-3%, CO2 of 12%, H2O of 2.5% and the 

rest N2, with a gas calorific value of around 4.7 - 5 MJ / m3 [12]. The gasification that we have known so far is 

gasification with coal and agricultural waste feed, but gasification with livestock waste feed, especially horse 

manure (biomass) has never been done, even though horse manure has great potential to be developed as a 

gasification raw material. In this study, the use of horse manure will be developed as a feed material in the 

gasification process by considering the fine grain size, carbohydrate content, fat and crude fiber which are quite 

high so that it can increase carbon production which will indirectly increase the production of methane and 

carbon monoxide gas. 

 

II. MATERIAL AND METHODS 

The research method that will be used to achieve the research objectives is to test the potential of horse manure 

as a feed material in a gasification reactor using the thermal decomposition method with oxygen as a gas agent, 

then test the composition of syngas. 

In this study, the variables used are: 

Fixed variables 

 Syngas composition consisting of a mixture of H2, O2, H2S gases 

 Updraft type gasification reactor 

Changing Variables 

 agent gas flow rate: 10 lt/minute (fuel A); 15 lt/minute (fuel B); 20 lt/minute (fuel C); 30 lt/minute (fuel D) 

 agent gas: oxygen 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Gasification reactor test installation 

 

The gasifier used in this study has a reactor diameter of 600 mm, and a reactor height of 1500 mm 

(figure 1). The main material needed in this study is horse manure, horse manure has a high water content. As a 

gasification feed, if used directly, horse manure will be difficult to process and can interfere with gasification 

performance. Initial processing of horse manure needs to be done through a drying process first. The study was 

continued with the process of making syngas with horse manure as feed material, in this case an updraft type 

gasification reactor was used and using a thermal decomposition method with a gas agent media in the form of 

oxygen and flowed using a compressor. The gas agent flow rate was varied at 10, 15, 20 and 30 lt/minute 

respectively. Furthermore, the composition of the resulting syngas will be studied. 

 

III. RESULTS AND DISCUSSION 

The results of the research that has been conducted show that during the gasification process, an 

endothermic chemical reaction occurs. This reaction requires external heat during the process. The temperature 

that occurs in the gasification reactor increases along with the increasing rate of oxygen flow to the gasifier. 

Increasing the air flow rate increases the temperature in the reactor, gas composition, gas flow rate and 
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gasification efficiency. High temperatures of around 900oC will result in the combustion process of horse 

manure biomass in the gasifier becoming more perfect [13]. Figure 2 shows the relationship between the flow 

rate of the gas agent (oxygen) and the percentage of hydrogen gas (H₂ ) content produced in the gasification 

process. It can be seen that the higher the oxygen flow rate (from 10 to 30 L/min), the percentage of H₂  in the 

gasification gas increases. At a flow rate of 10 L/min, the H₂  content is in the range of 16%, then increases 

gradually to reach around 21% at 30 L/min. This pattern shows that increasing oxygen supply can increase the 

gasification reaction that produces hydrogen, possibly due to optimization of the reduction reaction that breaks 

down carbon compounds more effectively. However, this increase may have a certain limit before reaching the 

saturation point or conditions that are no longer favorable for H₂  production. The greater the flow rate of the 

gas agent, the more hydrogen gas (H₂ ) produced. The increase that occurs is around an average of 8.5%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Relationship between gas agent flow rate and hydrogen gas composition (H₂ ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Relationship between gas agent flow rate and CO2 gas composition 

 

Figure 3 shows the relationship between the flow rate of the gas agent (oxygen) and the percentage of 

oxygen content (O₂ ) in the gasification gas. From the figure, it can be seen that the higher the oxygen flow rate 

(from 10 to 30 L/min), the O₂  content in the gasification gas also increases. At a flow rate of 10 L/min, the O₂  

content is around 1.2%, then increases gradually to more than 2% at 30 L/min. This increase indicates that some 

of the oxygen injected into the system does not fully react with the raw material, so it remains in the product 

gas. This may indicate that at higher oxygen flow rates, there is an increase in the amount of unconverted 

oxygen in the gasification reaction, which can affect the overall process efficiency, an increase in oxygen gas by 

16.7%. This result is consistent with the results of research [14]. They said that high air velocity results in an 

increase in O2 gas content. 



The Effect of Variation of Agent Gas Flow Rate on Hydrogen Production in Biomass .. 

23 

Relationship between gas agent (oxygen) flow rate and hydrogen sulfide (H₂ S) content in gasification 

product gas (Figure 4). Increasing oxygen flow rate (from 10 to 30 L/min) causes an increase in H₂ S 

concentration in the product gas. At a flow rate of 10 L/min, the H₂ S content is around 420 ppm, then increases 

gradually to around 520 ppm at 30 L/min. The increase in hydrogen sulfide gas by 7.3% is due to the high 

availability of oxygen which accelerates the decomposition of sulfur compounds in the raw material, producing 

more H₂ S. This shows that increasing oxygen flow rate not only increases the production of primary gas such 

as H₂ , but can also increase the content of impurity compounds such as H₂ S, which can affect the quality of 

syngas and require further cleaning process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Relationship between gas agent flow rate and CH4 gas composition. 

 

IV. DISCUSSION AND CONCLUSION 

Based on the results of the study on the effect of variations in oxygen flow rates in the horse manure 

biomass gasification process, it can be concluded that increasing the oxygen flow rate has a significant effect on 

the composition of the gas produced. Increasing the oxygen flow rate from 10 to 30 L/min causes an increase in 

hydrogen gas (H₂ ) content of up to 8.5%, indicating that a higher oxygen supply can optimize the reduction 

reaction in gasification. In addition, the oxygen content (O₂ ) in the gasification gas also increases with 

increasing flow rate, indicating that there is oxygen that is not fully reacted in the process. However, increasing 

the oxygen flow rate also causes an increase in hydrogen sulfide (H₂ S) levels in the product gas to 7.3%. This 

shows that in addition to increasing the production of primary gas, high oxygen flow can also increase the 

amount of impurities that have the potential to reduce the quality of syngas and require additional purification 

processes. Therefore, in optimizing the gasification process, it is necessary to consider the balance between 

increasing hydrogen production and the potential for increasing impurities in order to obtain more efficient and 

quality results. 
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