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      Executive Summary 
 
 

Biofuels have gained considerable attention as a strategy for reducing dependence on foreign oil, 
enhancing energy security, supporting rural economic development, and mitigating greenhouse 
gas emissions associated with fossil fuels.  The emerging bioeconomy offers the potential for 
creating jobs, new sources of income, and investment opportunities that can revitalize rural 
America while reducing the need for migration of the labor force to urban areas.  The reliance on 
corn-based ethanol, however, has created considerable controversy about its impact on food 
prices and its environmental benefits.  Specifically, scientists have questioned its potential to 
reduce greenhouse gas (GHG) emissions when forests in other countries are converted to 
agricultural land, releasing carbon stocks as the world replaces the food diverted to U.S. biofuels. 
 

Concerns have also been raised about the water requirements for growing biofuel crops 
and for biorefineries as well as about the impacts of expanding fertilizer-intensive corn 
production on nitrate run-off, soil erosion, and water quality in the Mississippi River.  These 
concerns have stimulated interest in next-generation cellulosic biofuels, using crop residues and 
perennial grasses that have the potential to mitigate the competition for land between food and 
fuel and achieve larger reductions in GHG emissions than corn-based ethanol.  The use of 
cellulosic feedstocks is not devoid of concerns either.  The collection of corn stover for biofuel 
production has implications for soil quality and soil erosion, and monocultures of perennial 
grasses can impact wildlife habitats and biodiversity. 

 
In October 2008, researchers and policy makers participated in the third in a five-

conference series, Transition to a Bioeconomy.  This conference focused on environmental and 
rural development impacts of biofuels.  The conference was held on October 15 and 16, 2008, in 
St. Louis, Missouri.  Conference participants examined the GHG emissions, water quality, and 
domestic and global land use implications of biofuels.  Other sessions focused on the impacts of 
the bioeconomy on jobs and rural economic development and the role of public policies and 
green technologies in helping to meet our energy and economic development needs sustainably.  
Session topics included: The Bioeconomy and the Environment; Rural Development in the 
Bioeconomy; Resource Impacts of the Bioeconomy; Lifecycle Carbon Footprint of Biofuels; 
Green Technologies for Rural Regions; and, Local Opportunities and Challenges: The Next 
Decade. 
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 In the opening session, Bill Hohenstein, USDA Global Change Program Office, 
discussed the direct and indirect GHG emissions associated with biofuels, and technological and 
policy strategies for reducing those emissions.  Considerable variation in the lifecycle GHG 
emissions associated with ethanol occurs due to the fuel used for biofuel production and the 
feedstock used.  Emissions reduction, relative to gasoline, range from 20% with corn ethanol 
produced using coal, to 90% with cellulosic ethanol.  Emissions due to indirect land use changes 
could be substantial if biofuel production in the United States leads to an expansion of crop 
production through deforestation in other countries.  This could be countered through yield-
increasing innovation, policies to restrict deforestation, and rehabilitation of degraded lands. 
 

John Reilly, of Massachusetts Institute of Technology, continued the discussion on the 
effects of land use on climate change, focusing on the role that cellulosic ethanol may play in 
reducing emissions and the threat to food security.  Reilly also emphasized the need for 
intensification of agriculture, increasing yields from each acre in order to meet growing demand 
for both food and energy.  Based on his analysis, he concluded that supplying domestic fuel 
needs with biofuels would likely lead the United States to become a significant net food 
importer, and that either climate policy or high oil prices would be needed to make cellulosic 
biofuels competitive. 
 

Robert Larson, of the U.S. Environmental Protection Agency, described the EPA's efforts 
at implementing the Renewable Fuels Standard (RFS).  The RFS requires that by 2022, 60% of 
the 36 billion gallons in renewable fuels must come from “advanced biofuels,” such as cellulosic 
ethanol, which should reduce GHG emissions by at least 50%.  He discussed the boundaries 
being used to estimate direct and indirect GHG emissions associated with biofuels from 
alternative feedstocks, and described the use of several economic models to establish consistent 
parameters for these estimations.  

 
Jimmy Daukas, of American Farmland Trust, discussed using water quality trading to 

create incentives for adopting improved land management practices.  He emphasized how such 
incentives may also address other environmental problems, such as GHG mitigation, through 
practices that store carbon in the soil.  Daukas noted the agricultural sector should view these 
incentive-based solutions to environmental problems as an economic opportunity and get 
involved in their development as a way to pre-empt increased public pressure for regulation. 
 

The second session examined the impact of the bioeconomy on jobs and the rural 
economy and strategies to enhance those benefits.  The bioeconomy, as explained by Andrew 
Isserman of the University of Illinois, goes far beyond traditional agriculture, and includes the 
biotechnology and biosciences industries.  According to Isserman's data, jobs in the bioeconomy 
have grown at a rate of 5.7% since 2001, compared with 3.1% overall, and received an average 
salary of $71,000 in 2006 compared to $42,000 in the private sector overall.  However, only 23% 
of these jobs are in rural areas.  Moreover, biosciences jobs in food and agriculture, the “Green 
Bioeconomy,” have decreased by 25,000 since 1998; other sectors of the bioeconomy have 
added more than 500,000 jobs during this time.  For rural areas to capitalize on the opportunities 
offered in this new bioeconomy, governments and citizens in rural regions will have to work to 
entice businesses to their areas. 
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Thomas Dorr, Under Secretary for Rural Development, USDA, and Mark Drabenstott, of 
the RUPRI Center for Regional Competitiveness, University of Missouri, highlighted the need 
for the government to provide incentives for businesses to set up shop in rural areas, and for 
education that would ensure these businesses have a pool of talented potential employees from 
which to draw. Drabenstott reiterated Isserman’s point that rural communities can succeed in the 
new bioeconomy if they think beyond traditional agriculture and seek new partnerships to 
increase employment through different kinds of job creation. Wind energy and “Farmaceuticals” 
are two innovative examples of industries in the bioeconomy with potential for new investments, 
rural wealth, and job creation through regional partnerships.  

 
Sara Wyant, of Agri-Pulse Communications, gave the rural perspective in her speech at 

lunch on “Public Perceptions of the Bioeconomy.” Too often, agricultural activities are seen as 
causing negative impacts on ecosystems, with some suggesting a decrease in area devoted to 
farmland in favor of purposes such as recreational preserves.  But as Jimmy Daukas and others 
pointed out, sound agricultural practices can produce food and provide environmental benefits. 
The next session of the conference continued this message in looking at the resource impacts of 
the bioeconomy. 
 

The third session of the day focused on the bioeconomy’s impacts on the use of land and 
other resources vital for the agricultural sector.  Noel Gollehon of USDA's Natural Resources 
Conservation Service estimated that 15% of current ethanol capacity is in counties where more 
than 50% of the corn is irrigated, while another 11% is in counties where more than 85% of the 
corn is irrigated.  While it is unclear how much of the corn for ethanol is produced using 
irrigation, constraints on ground water availability in many locations will limit the extent to 
which irrigated crop production can be used to expand biofuel production.  

 
Madhu Khanna, Energy Biosciences Institute (EBI) at the University of Illinois, 

examined the economic potential and land use implications of cellulosic biofuels from perennial 
grasses, switchgrass and miscanthus; and crop residues, corn stover.  While these are currently 
estimated to be more expensive than corn ethanol, their economic viability differs across 
feedstocks and across locations depending on yields per acre and the opportunity cost of land.  
Khanna showed that existing biofuel targets are likely to lead to a trade-off between reduced 
GHG emissions and increased nitrogen use due to expansion of corn production.  Steve Del 
Grosso of Colorado State University continued that discussion by noting that these 
environmental impacts depend on the type of land use prior to conversion to biofuel crop 
production.  For example, conversion of Conservation Reserve Program (CRP) land to corn for 
ethanol production could result in little net GHG savings compared to gasoline, greatly increase 
nitrate leaching, and constrain other benefits of CRP land such as wildlife habitat. 

 
The conference offered two sessions of selected papers, which are included in their 

entirety in these proceedings.  One session focused on the effects of biofuel production and 
policies on land use and lifecycle GHG emissions.  James Kaufman, University of Missouri-
Columbia, showed that significant benefits may be possible from corn yield increases and 
reductions in energy use for corn and ethanol production with biotechnology.  However, the 
realization of these benefits will depend on government policies and market structure.  The next 
three papers examined the GHG effects of biofuels.  According to Wyatt Thompson, also of the 
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University of Missouri-Columbia, the indirect land use expansion effects in Brazil of biofuel 
production in the United States may be tempered by the likely reallocation of existing cropland 
in Brazil among crops and by the change in ethanol consumption in Brazil; factors that were 
underestimated in the widely cited paper by Searchinger et al (2008).  Deepak Rajagopal, EBI, 
University of California, Berkeley, discussed methodologies for estimating the GHG emissions 
associated with biofuels while accounting for direct and indirect land use changes.  Using 
historical estimates of the acreage elasticity with respect to agricultural production, he concluded 
that Searchinger et al (2008) are likely to have overestimated the indirect land use effects caused 
by US biofuel production. Christine Lasco, EBI, University of Illinois, showed that existing 
biofuel policies in the United States that provide a tax credit and import tariff for ethanol, result 
in negligible GHG savings and high economy-wide costs, because they cause substitution 
towards the relatively carbon-intensive and costly domestic corn ethanol and away from 
imported sugarcane ethanol.  Subbu Kumarappan, Michigan State University, offered possible 
strategies for integrating biofuels within a GHG trading program by using life cycle analysis to 
estimate emissions credits and by granting GHG property and trading rights to biofuel producers.  
His estimates indicate considerable revenue generating potential of these carbon credits for 
biofuel producers. 

 
Other presentations centered on more localized impacts of biofuels: on water quality, jobs 

and community development.  Scott Malcolm, USDA Economic Research Service, illustrated the 
trade-offs associated with the use of crop residues from corn for biofuel production. While these 
residues can help meet the mandate for cellulosic biofuels, their removal will require more 
fertilizer to maintain soil health and productivity with negative implications for water quality and 
the carbon footprint of biofuels.  The use of perennial grasses instead of corn for biofuels has the 
potential to reduce soil erosion and phosphorus run-off as discussed by Silvia Secchi, Southern 
Illinois University.  However, considerably high prices would be needed to induce a substantial 
switch to switchgrass production in the Midwest.  Unlike the Midwest, Michael Popp, University 
of Arkansas, showed that considerable acreage could be devoted to switchgrass and sorghum in 
Arkansas due to their relatively lower cost of production in that state relative to the Midwest.  
Larry Leistritz and Nancy Hodur of North Dakota State University, estimate the economic 
impacts of cellulosic ethanol with those associated with corn ethanol production.  They find that 
the former will have economic impacts that are three times larger and employment effects that 
are two times larger than those of corn ethanol.  Jurgen Scheffran, EBI, University of Illinois, 
showed that the optimal location of cellulosic biorefineries in Illinois is likely to be close to 
feedstock production sources and their economically viable size is expected to be larger than that 
of corn ethanol plants due to their high capital costs.  

 
The second day of the conference focused on emerging biofuels technologies that may 

help development in rural regions.  Steve Moose, EBI, University of Illinois, discussed the 
potential for biotechnology to produce sustainable, carbon-positive systems for agricultural 
biomass.  He described a new hybrid feedstock, sugarcorn that can provide sugar yields similar 
to U.S. sugar beets and be grown without supplemental nitrogen.   Doug Lamond, Sanimax 
Energy, described innovations occurring in his company as it makes a transition from rendering 
to producing biodiesel and biogas. 

 
David Laird, of USDA's National Soil Tilth Laboratory, raised concerns about the 
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negative impacts of removing crop residues from the field for soil quality, future crop yields, and 
water quality.  A potential solution would be to return the residues from the pyrolysis process, 
called “char,” to the soil to maintain soil structure and possibly reduce the need for chemical 
fertilizers.  This session illustrated the technological challenges to be overcome to provide usable 
renewable energy in a sustainable manner. 

 
The Honorable Ed Schafer, U.S. Secretary of Agriculture, addressed the group, 

discussing efforts of the federal government to aid in the transition to a bioeconomy. 
 
The final session of the conference centered on local opportunities and challenges.  The 

2007 RFS has stimulated substantial research and investment in cellulosic ethanol development, 
but more is still needed to ensure that emerging technologies become practical applications.  
Cole Gustafson, North Dakota State University, echoed contentions made earlier in the 
conference that the more local the ownership of ethanol refineries, the more local jobs are 
created.  He described the challenges facing the biofuel industry in the United States due to lack 
of capital, concerns regarding future prospects of the industry, and general uncertainty in U.S. 
financial markets.  At the same time, foreign competitors in Brazil and Mexico are positioning 
themselves to meet U.S. mandates for advanced biofuels. 

 
Joe Black, of Southern Financial Partners, discussed the overall mission of his company 

to invest directly in rural communities and the use of biofuel enterprises as one tool in long-term 
economic development in southern Arkansas. Harry Baumes, of the USDA Office of Energy 
Policy and New Uses, closed the conference by discussing what is known and what needs to be 
known about biofuels.  He re-emphasized the need for investment in research and development 
to provide the infrastructure and technologies needed to ensure a successful and sustainable 
transition to a bioeconomy. 
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