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Greenhouse gas emission mitigation potential of chemicals produced from biomass
Making common industrial chemicals from plants instead of oil could lower greenhouse gas emissions by up to 94%.
The Science
An advanced biofuel refinery could produce chemicals and other products currently manufactured in an oil refinery with a lower cost to the environment. To provide more information on making environmentally conscious choices regarding the types of products made in such a biorefinery, Great Lakes Bioenergy Research Center (GLBRC) scientists modeled the production system of 25 industrial compounds, comparing estimated greenhouse gas (GHG) emissions in a biorefinery to the known GHG costs of making them in a petrochemical facility.
The Impact
Results showed 24 out of the 25 modeled chemicals could be made in a biorefinery at a lower GHG cost than a typical oil refinery, cutting GHG emissions by 88% at the low end of efficiency and up to 94% under ideal manufacturing assumptions. Estimating the energy use necessary to take raw plant materials and turn them into biochemicals, the researchers found that products with high ratios of hydrogen to carbon and low ratios of oxygen to carbon tended to generate lower emissions in a biorefinery. This work allows potential biorefineries to optimize production and product choice for maximum GHG mitigation.
Summary
An efficient cellulosic bioenergy refinery would produce a wide range of chemicals using as much plant biomass as possible, while reducing the climate impacts. GLBRC scientists compared GHG emissions for the industrial production of 25 chemicals in a biorefinery versus a traditional oil refinery. The team evaluated the GHG emissions in each step of the process of converting plant matter into chemicals, including biomass pretreatment and hydrolysis, and conversion of sugars into final products. They then established three scenarios of biochemical production emissions, at low (25%), medium (50%), and high (75%) microbial conversion efficiency, and compared them to known GHG impacts stemming from production in a petrochemical facility. Results showed that even at a production efficiency of 25%, making these chemicals in a biorefinery represents an 88% reduction in GHG emissions over traditional petroleum sources. While this study modeled corn stover as its bioenergy crop, future iterations could include dedicated bioenergy crops such as switchgrass or poplar.
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