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ABSTRACT: Since more than 75% of the world's energy needs are currently met by fossil fuels, 

the growing worry about climate change as well as the depletion of hydrocarbon resources has com-

pelled scientists worldwide to discover alternative sources of renewable and sustainable energy. 

Hence, it has become necessary to reduce depilation of poultry manure in addition to meeting en-

ergy demands. By extracting energy from the feedstock through the thermal gasification process, 

this research aims to address waste management and reduce environmental impact. High-hydrogen 

feedstock is widely available. Waste poultry (biomass) and steam were used as the gasification agent 

in Aspen PLUS®  version V 11.0 software modeling and simulation of the process. According to the 

outcome, 1000 kg/h and 2500 kg/h of the poultry litter and steam were able to yield 1220 kg/h of 

hydrogen and electricity of 2,500kwh, this identified that a poultry litter as a promising candidate 

to reduce fossil fuel dependency. 
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1.0. INTRODUCTION 

Unsettling sustainable energy issues are brought on by an increase in energy de-

mand, the quick depletion of non-renewable energy sources and harmful environmental 

issues brought on by greenhouse gas emissions (GHE). aims for development. Projections 

of the world's energy needs show an expanding pattern. According to estimates, annual 

consumption amounts from 2035 to roughly 778 EJ (Singh & Tirkey, 2022). These issues 

encourage scientists all over the world to focus on alternate energy sources rather than 

traditional fossil fuels. The earlier inquiry shows that several novel technologies were de-

veloped, many of which can convert used biomass into heat, electricity, and chemicals 

with additional value (Martínez et al., 2020) and (Khan et al., 2021). Biomass gasification 

is one of the finest methods for converting biomass into syngas (mostly CO and H2) among 

all of these novel approaches (Singh et al., 2015) and (Oruc et al.,2021). The thermochem-

ical conversion of biomass into gaseous fuels is known as gasification (Mohammadidous 

et al., 2022) and (Al-Qahtani et al., 2021). CO, H2, CH4, N2, and water vapor are among the 

components of the producer gas produced by the gasification (H2O). The four stages of 

the gasification process include drying, pyrolysis, combustion, and reduction zone.  

2.0. MATERIALS AND METHODS 

2.1. Materials  

The materials used for this research work are as follows: 

Citation: Correspondence:; author: 

aminuwa.pg@atbu.edu.ng Ahmed 

Mohammed INUWA1a*, Isaac JATO1 

and 2 Saidat Olanipekun GIWA1. Eng. 

Proc. 2023, 4, x. https://doi.org/10.3390/xxxxx 

Published: 5 May 2023 

Publisher’s Note: MDPI stays neu-

tral with regard to jurisdictional 

claims in published maps and institu-

tional affiliations. 

 

Copyright: ©  2023 by the authors. 

Submitted for possible open access 

publication under the terms and con-

ditions of the Creative Commons At-

tribution (CC BY) license (https://cre-

ativecommons.org/licenses/by/4.0/). 



Eng. Proc. 2022, 4, x FOR PEER REVIEW 2 of 4 
 

 

Table 1. Materials and Their Uses in This Research Work. 

Materials Uses  

1. Aspen plus version 11.0 

 

2. Data sheet of poultry litter 

Aspen plus is a chemical engineering simulator used for the 

modelling and simulation of the design process 

This consist of the feed specifications,3 ultimate, proximate 

and composition analysis of poultry litter from online 

literature review 

 

2.2 . Methods 

Modelling and simulation is an integrated tool used by process engineers to design 

and gain insight into an existing or expected system. Aspen plus version 11.0 was used to 

model and simulate the abundant poultry litter biomass via drying, decomposition and 

steam gasification to produce hydrogen fuel and electricity. 

2.2.1.  Process description 

Poultry litter (biomass) processing using the Aspen Plus design model and simula-

tion to create hydrogen and power as shown in Figure 1, the procedure is divided into 

four parts: the dryer, decomposition, steam thermal gasification/electric generation, and 

hydrogen production. To reduce the moisture content, the wet poultry letter was put into 

a dryer. The dry biomass was then transferred to a pyrolizer, where decomposition took 

place and produced the breakdown products C, H, N, S, and O. To raise the temperature 

of the gasification process by passing via the heat exchanger's tube, the disintegrated 

product was combined with steam. The syngas-and-other-solid-particle-containing gasi-

fication product travels through the gas turbine to produce electricity before returning to 

the heat exchanger's shell and passing via a valve to the cyclone, where the fine syngas is 

separated from the solid. After cooling and compressing the syngas, hydrogen was ex-

tracted from the other gases using a separator. 
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Figure 1. Aspen Plus Design Process Flow Diagram for The Production of Hydrogen and Electricity 

Using Poultry Litter Biomass. 

3.2.2. Modelling and Simulation 

Modelling and simulation was carried out using the following steps as it was de-

picted in Figure 2. Also, Table 1, 2 and 3 showed the ultimate and proximate analysis of 

poultry litter biomass, feed entering specification and reaction involved in the gasifier re-

spectively. 

Component data 
base

Thermodynamic 
Model solver

Flowsheet builder

Unit operation
Block builder

Data output
generation

Flowsheet solver

Select thermodynamic model

Select chemical 
component

Input  flowsheet topology

Select output display option
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and run simulation

Select unit and select feed 
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Select equipment parameters

 

Figure 2. Basic Modelling and Simulation Steps (Source: Inuwa et al. 2023). 

Table 2. Ultimate and Proximate Analysis Results of Waste Poultry Litter (Singh et al., 2022). 

Ultimate analysis (wt. %) Poultry litter  

Carbon 

Hydrogen 

Nitrogen 

Oxygen 

Sulphur 

43.98 

5.16 

4.63 

31.98 

0.75 

Proximate analysis (wt. %)  

Volatile matter 

Fixed carbon 

Moisture content 

Ash 

63.6 

15.3 

7.6 

13.5 

 

Table 3. Feed Entering Specifications. 



Eng. Proc. 2022, 4, x FOR PEER REVIEW 4 of 4 
 

 

Feed Amount 

Biomass (Poultry litter) 

Temperature 

Pressure 

1000 kg/h 

25 0C 

1 atm 

Steam 2000 kg/h 

 

Table 4. Chemical Reaction Involved in The Poultry Litter Biomass Steam Gasification (Hussain et 

al., 2018). 

Reaction 

no 

Reaction name Reaction equation Heat of reaction 

H(KJ/mol) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Combustion reaction 

Combustion reaction 

Bourdouard reaction 

Methanation reaction 

Methanation reaction 

Water gas shift reaction 

Water gas shift reaction 

H2S formation reaction 

Steam reforming 

𝐶 + 𝑂 → 𝐶𝑂 

𝐶 + 𝑂2 → 𝐶𝑂2 

𝐶 + 𝐶𝑂2 → 2𝐶𝑂 

𝐶 + 2𝐻2 → 𝐶𝐻4 

2𝐶 + 2𝐻2𝑂 → 𝐶𝐻4 + 𝐶𝑂2 

𝐶 + 𝐻2𝑂 → 𝐶𝑂 + 𝐻2 

𝐶𝑂 + 𝐻2𝑂 → 𝐶𝑂2 +𝐻2 

𝐻2 + 𝑆 → 𝐻2𝑆 

𝐶𝐻4 +𝐻2𝑂 → 𝐶𝑂2 + 3𝐻2 

-111 

-283 

+172 

-75 

+103 

+131 

-41 

-170.5 

+206 

 

3.0. RESULT AND DISCUSSSION 

A hypothetical process model for the creation of hydrogen and energy utilizing 

poultry litter as feedstock was successfully created using Aspen PLUS®  version V 11.0 

software, as illustrated in Figure 1. The most persuasive parameters are the high rate of 

syngas composition and the temperature of gasification. The consistency of the syngas 

depends on the temperature at which gasification takes place. However, the results of a 

different study by Singh et al. (2022) are consistent with the findings of the current study 

on gasification temperatures of 850 OC. According to Mohammadidoust et al. (2022), they 

found that as the temperature climbed, CO and H2 concentrations rose while CO and CH4 

concentrations fell. Additionally, the target products' results revealed that at a gasification 

temperature of 850 OC, 1000 kg/h of poultry litter (biomass) and 2500 kg/h of steam, 

respectively, were able to produce 1220 kg/h (99.43%) of hydrogen in contrast to the 

highest optimum hydrogen yield obtained by Singh et al. (2022), which is 93.2%, and 2,500 

kwh of electricity. This identified chicken litter as a promising candidate to lessen reliance 

on fossil fuels. 

4.0. CONCLUSIONS 

The results obtained from the modelling and simulation of the production of hydro-

gen and electricity using poultry litter as feed stock production process revealed that the 

developed model was successful and was able to converge when simulated with Non- 

Random Two Liquid as fluid package and gasification temperature 850 OC gives the best 

yield of Hydrogen 1220 kg/h and 2500 kWh of electricity generated. 
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CONTRIBUTIONS TO KNWOLEDGE: The following are the knowledge gained from this re-

search work 

The results obtained from this work showed that a commercial-scale plant design 

that will convert poultry litter to hydrogen and electricity is a possibility  

The work established that the hydrogen and energy yields of 1220 kg/h and 2500 

kWh respectively can be obtained with biomass to steam ratio of 1:2 (1000 kg/h:2000 kg/h) 
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