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Highlights 

 Plasma reforming is applied to waste generated syngas for biofuel production 

 More than 95% of tars are reformed, along with the majority of other hydrocarbons  

 Reformed gas free of hydrocarbons is more suitable for catalytic transformation 

  

1. Introduction 

Waste gasification has received increasing attention in the past two decades due to the growing demand for 

clean fuels and chemical feedstocks, as well as the need for reducing dependency on fossil fuels, lowering 

green house gas emissions and disposing of existing wastes [1]. The syngas produced by gasification 

contains high levels of condensable organics (or tars) and gaseous hydrocarbon species (acetylene, 

thiophenes, etc.) which can be problematic in subsequent catalytic stages for chemical synthesis. This is 

because metal based catalysts for chemicals and biofuels synthesis are extremely sensitive and can be easily 

poisoned or deactivated by these pollutants [2]. A particularly advantageous way to reform tars to simple 

gaseous products, thus contributing to the net calorific value (NCV) of the cleaned gas, is the use of 

secondary plasma refining. When used at high temperatures (thermal plasmas) the heat does also contribute 

to vitrify the ashes producing an inert and non-leachable product for use in pipe-bedding and construction, 

thus favoring the exploitation at large scales [3]. This work explores syngas plasma reforming at industrially 

relevant conditions for the purpose of process up-scaling and simplification, and investigates the potential for 

obtaining a gas product suitable for chemical transformation and high quality biofuels synthesis. 

2. Methods 

The experimental effort was directed at controlling the critical parameters and operating ranges of plasma-

assisted tar reforming as they directly relate to the design of an industrial process. In order to avoid excessive 

boundary layer effects and provide realistic fluid, mechanical and thermal behavior of tars in commercial 

plant, experimental tests were performed in a moderately large scale demonstration plant (APP plant in 

Swindon, UK). Refuse Derived Fuel (RDF) from municipal solid waste was thermally treated in a steam-

oxygen fluid bed gasifier at 700-800 ˚C to produce a raw quality syngas. The gas is then directed to the 

plasma arc, which is generated by a directly-transferred system (graphite electrode) positioned at the center 

of a cylindrical vessel. During operation, the power to the plasma arc is controlled in order to keep the slag in 

a molten state and maintain the temperature of gases exiting the unit to the desired temperature. Refined gas 

is then cooled to below 200 ˚C, and analyzed by continuous FTIR, and GC/MC analysis on filtered samples.    

3. Results and discussion 

Hydrocarbon gas conversions obtained after cracking tar vapors in a plasma converter reactor are shown in 

Fig. 1 for a residence time of ~2 s at different temperatures. The conversions are expressed on the basis of 

the raw/crude syngas fed to the converter and include hydrocarbons produced during the first stage of the 

gasification process. At 700 °C (gasifier exit temperature) very little cracking occurred, so apart from small 

increases in CH4, concentrations of other species remain stable. As the plasma intensity is raised, 

hydrocarbon conversions increased rapidly, predominantly alkenes and to a lesser extent C6H6, and C2H2. At 

800 °C the tars conversion rate passed through a maximum and eventually declined, with the result that at 

1200 °C the major products are the pure syngas constituents, i.e. CO and H2. 



 

          

Figure 1.  Plasma arc (left) and behavior of tars and C2-C3 olefins at different plasma intensities and thermal levels (right) 

A key element of this work was to establish that the syngas from waste resources was of sufficient quality for 

catalyst operation. A single methanation stage (8%wt. Ni/Al2O3 catalyst) was operated on a continuous basis 

using refined syngas (<1% CH4) as shown in Fig.2. This demonstrated, once stabilised, consistent catalyst 

activity over the period with CO conversion of 29% with consistent methane (~ 7% vol.) being produced. By 

way of a control, the same configuration was operated with the addition of untreated, raw syngas from the 

gasifier at 50% vol., upon condensation of tars and H2S/HCl in conventional scrubbers, but with no plasma 

treatment. Methane yield initially increases due to presence of waste-derived alkanes at the inlet, but 

catalytic activity dropped significantly within 10h 15 minutes after testing had commenced. This 

demonstrated that, as expected, poisoning from trace contaminants (thiophenes) and carbon deposition 

causes swift deactivation of the catalyst, providing confidence that the gas quality achieved from waste 

derived syngas in this process is of sufficient quality for sustained synthetic natural gas (BioSNG) production 

in a multistage catalytic process. 

        
Figure 2.  Methane production in methanation catalytic stage with and without plasma treated feed gas  

4. Conclusions 

H2 and CO are observed to be the major products of plasma reforming, and formation of methane, and C2 

hydrocarbons such as acetylene and ethylene, generally predicted by thermal kinetic models, was negligible. 

All these factors contribute to an almost complete conversion of tars to H2 and CO, resulting in high syngas 

yield, low hydrocarbons products and nearly 100% carbon conversion efficiency at the plasma stage. This 

also ensures smoother and longer operation of subsequent catalytic processes for biofuel production.  
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