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Overview 
 
This Small Business Technology Transfer (STTR) Phase I project will analyze the 
feasibility of the catalytic conversion of methane to propane via a gas discharge plasma. 
Methane can be produced by the anaerobic digestion of organic matter and gasification of 
biomass, thus this novel process could enable the beneficial production of ‘biopropane’ 
from waste biomass in rural communities.  
 
Intellectual Merit 
 
Research into the conversion of biomass, coal and natural gas into other useful 
hydrocarbons via plasma discharges has been ongoing around the world since the 1960s. 
The Propane Education and Research Council (PERC) suggests that new technologies 
may enable the commercial production of biopropane within three years. However, many 
of the current processes for the production of biopropane rely on energy-demanding, 
supercritical processes or expensive catalysts and have not proven successful at a 
commercial scale.  
 
Early work in the study of the potential commercial value of the chemical processes that 
occur in gas discharge plasmas was described by the Institute for the Synthesis of 
Petrochemicals of the Academy of Sciences, U.S.S.R. in the late 1960s. Specifically, 
methods were discussed for the rapid quenching of the reactions produced by a plasma jet 
to yield desired products. The production of acetylene from methane in a hydrogen gas 
discharge plasma was detailed and a sound energy balance was noted. Recent work 
performed at the Idaho National Laboratory (INL) was successfully able to repeatedly 
yield acetylene gas with high selectivity from the recombination and rapid quenching of 
methane gas plasma species in a fast quench nozzle, resulting in US Patent 5,935,293.  
 
Recent studies have detailed the free active species (CH3

-, CH2
-, CH- and H+) produced by 

the decomposition of methane in both atmospheric plasma jets and dielectric barrier 
discharges. Many of these processes again favored the production of acetylene and often 
yielded unwanted C2 reaction products (soot), with various amounts of ethylene, ethane, 
propylene and propane produced as secondary reaction products. The decomposition 
effects of a gas discharge plasma favors the stable production of shorter chain 
hydrocarbons, as longer chain molecules are quickly disassociated into smaller, more 
stable molecules. 
 
This proposal seeks to determine a novel method to yield propane as the primary reaction 
product from the decomposition of methane in an atmospheric gas discharge plasma, via 
controlled catalytic hydrogenation of the active species, resulting in a practical and 
efficient process for the production of propane from organic feedstocks. 
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Broader Impact  
 
Propane has nearly double the energy density of ethanol per kg (46.2 MJ/kg vs. 26.9 
MJ/kg). It can be utilized in conventional internal combustion engines (as autogas) and 
generally burns cleaner than gasoline, resulting in longer engine life. Worldwide over 13 
million vehicles use propane autogas. Federal, state and local governments and schools 
are converting their fleet vehicles to less expensive and cleaning burning propane 
autogas.  
 
According to the U.S. Energy Information Administration, propane is the most common 
heating fuel in rural areas and in mobile homes. About 83% of households with propane 
heating are located in rural areas that are typically beyond the reach of the natural gas 
pipelines. In the Midwest, the rural share is greater than 90%. In many areas of the 
country, these consumers of propane who do not have immediate access to natural gas 
distribution infrastructure are co-located with large amount of excess forestry biomass, 
corn stover and other agricultural waste.  
 
This process would allow methane, produced form either the anaerobic digestion of 
organic matter or the gasification of biomass, to be converted into a more useful product 
– biopropane. Thus rural and remote communities around the world could produce 
biopropane from locally available waste biomass for transportation and heating, thereby 
reducing their dependence on fossil fuels, while yielding a cleaner environment and a net 
reduction in CO2 production. 
 
 
Research Topic Name and Subtopic: 
Accelerating Sustainability using Enabling Technologies (ASET); Sustainable Energy 


