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Design of a biogas steam reforming Reactor: a modelling and experimental approach 

Results and discussion 

Both experimental and simulated predictions reveal that CH4 conversion 

as well as H2 concentration become significant at temperatures greater 

than 700°C. From the figure 2, it can be observed that high temperatures 

would favor the steam reforming reactions, reactions 1 and 2 according to 

their strong endothermic nature, lead to higher conversion of methane in 

the reactor. The increase in the CO amount and the decrease in H2/CO 

ratio with increasing the temperature are consistent with the fact that water 

gas shift reaction is not favored thermodynamically at higher 

temperatures.  

Conclusions and future challenges 

Simulation studies aimed at investigating the biogas steam reforming reaction have been successfully performed. A 2D model of the reactor has 

been set up, including mass transport, heat transfer, and fluid flow in order to provide insight information for optimizing operation parameters 

comparing with experimental data.  

Simulation data showed that the agreement between the experimental and theoretical results was remarkably well, evidencing the appropriateness 

of the theoretical model. 

The model can be used to predict the experimental data for the products distribution and the reactor performance description as well as tool to 

advance in the reactors design for fuel reforming technology. 

The design of a biogas (CH4=60%, CO2=40%) reactor is the key aspect for 

the performance and efficiency of a hydrogen generator: weight and volume 

should be minimized and the heat management system optimized for 

different operating conditions. A mathematical model has been developed in 

order to describe, the performance of the above-cited  steam reforming 

reactor (packed bed). The aim of the model is to investigate the process 

performance of the reactor in order to enhance optimization and control of 

the steam reforming unit. The model plays a key role in overcoming the 

issues of system design, by evaluating the temperature and the gas 

concentration profiles in the reactor. The model was validated by comparing 

the calculated data with the experimental data obtained with a proprietary 

Ni/CeO2 based catalyst [1] in packet bed micro-scale reactor at different 

T=700-900°C, S/C=1-5 and GHSV= 30000h-1. 
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The simulation of the processes is achieved through the description of 

transport phenomena by Partial Differential Equations (PDEs), numerically 

solved through the Finite Element Methods. The model is able to couple 

fluid flow, heat and mass transport and chemical reactions occurring in the 

reactor. Momentum, energy, and mass balances have allowed to define the 

pressure, the linear velocity, the temperature and the products profiles along 

the length of the reactor.  

According to the literature the following reactions are the prevailing reaction 

routes [2]: 

 

R1: CH4+H2O↔CO+3H2 

R2: CH4+2H2O↔CO2+4H2 

R3: CO+H2O↔CO2+H2 

 

A the first two reactions are highly endothermic, excessive amounts of heat 

have to be supplied to the reactor in order to maintain the desired high 

temperature.  

The reactor is simplified and modeled as a non-isothermal plug flow reactor. 

Figure 2: Influence of Temperature on  CH4 conversion, products gas compositions,  

H2/CO molar ratio for Biogas SR at S/C = 3 and GHSV = 30000h-1. 

Figure  3: Influence of S/C on CH4 conversion, products gas compositions,  

H2/CO molar ratio for Biogas SR at T = 900°C and GHSV = 30000h-1. 

Introduction 

Due to the increasing concern on the global climate problem, more attention 

has been paid to hydrogen production by renewable Bio-fuels. In this 

respect, there is an increasing interest for small scale locally distributed 

hydrogen production units, based on reforming processes, to serve as 

sources of hydrogen for fuel cells. 

Addition of steam (figure 3) resulted in an increase in H2/CO ratio due to 

the contribute of WGSR. Also in  this case, simulation predictions and 

experimental results agree very well for the concentration values of the 

reaction products. 
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Figure 1: Geometry of the Steam Reforming reactor 


