Title:
Biomethanogenesis: A potentially renewable geologic biofuel
Statement of Problem:   Natural gas generated from microbial activity in organic deposits such as coals and black shales represents an increasingly important natural resource.  Gas production from microbially derived natural gas accumulations, especially from coal beds, now accounts for almost 10% of U.S. natural gas production.  Because this gas is biologically produced, it represents a possible renewable, sustainable energy resource – a geologic biofuel.

Much research exists on the biology of methanogenesis, but relatively little is known about the microbially mediated conversion of geopolymers to methane.  Methanogenesis involves large consortia of microorganisms, including not only the methane producers, but fermenting bacteria, decomposition bacteria, and more.  Small-scale laboratory experiments are being conducted to study various microbial consortia and examine the processes involved in microbial methane production, as well as how methane production could be enhanced, either through biostimulation, such as the addition of nutrients, or through bioaugmentation, the introduction of microorganisms to the existing consortia.

Objectives:   The principal objective of this effort would be to conduct field test(s) in natural organic deposits (coal, black shale) in order to understand details of the process by which a complex consortia of anaerobic microorganisms produces methane.  Current laboratory studies need to be significantly enhanced, to truly understand the controls on methane production.  Once a base understanding of the controls is reached, a large scale field test needs to be performed to see if methane can actually be generated in the field on a viable and commercial scale.  
Work Strategy:   Field studies will evaluate hydrologic and biogeochemical processes that are involved in biogenic gas generation within coals and other organic deposits, evaluate the distribution of biogenic gas resources across a region, and evaluate the microbial ecology associated with organic deposits.  Focus would be on those coalbed gas reservoirs that contain methane of biogenic origin and identifying and understanding the factors that influence microbial methanogenesis from coal, which will then serve as a predictive basis for stimulating microbial methanogenesis, which might prove ultimately to provide a dependable domestic supply of natural gas as an energy source.  A test well will be drilled, with surrounding control wells, that can monitor changes in microbial assemblage, water chemistry (organic and inorganic), and coal chemistry.
Relevance and Impact:   Energy consumption, and thus production, is expected to increase substantially.  Renewable energy sources will need to be an important component of the Nation’s energy mix as demand increases.  A renewable fossil energy source is highly desirable, since fossil energy is the most efficient energy source and most of the current infrastructure is set up for fossil energy.  Methane also emits less carbon dioxide than other fossil fuels when used, and so is more desirable from an environmental stand point as well. 
This work builds on existing USGS expertise in studying natural attenuation (and concomitant methane production) of hydrocarbon contaminant plumes, and supports the draft Bureau Science Strategy’s (BSS) Statement of Operational Direction by fostering research in Geomicrobiology.  Further, this prospective effort is aligned with two of the draft BSS strategic science directions: this work would improve our understanding of “previously unexploited energy resources, including renewable resources such as biofuels” (Energy and Minerals) while also enhancing our knowledge and understanding of metabolic pathways within microbial ecosystems (Ecosystems).
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