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energy. Alternative energy will likely come from a multiplicity of sources. Biodiesel has the potential to be 
a significant portion of that solution. This symposium was dedicated to understanding the possibilities of 
biodiesel. We designed the symposium to stimulate discussion about what it would take for biodiesel to make 
significant contribution to the energy supply pool. 

Throughout the day, in addition to the expert speakers, participants contributed to the dialogue on challenges 
and the potential of various feedstocks used to create biodiesel. The symposium was divided into three tracks: 
Algae, near-term, and long-term. These represent significant conversations in the biodiesel industry. Algae, 
the most recently studied feedstock, has several benefits such as minimal land use and fast production rate. 
In the near-term feedstock track, we evaluated feedstocks that are currently commercially viable, such as 
soybean oil and vegetable oil from ethanol plants. Our long-term track explored feedstock technologies that 
have possibility for use in biodiesel production, yet require further research and infrastructure development. 
The conference breakout sessions were key components to achieving the symposium outcomes. During these 
breakout sessions, participants discussed several pertinent questions that face the biodiesel industry in terms 
of policy, research and innovation. Participants discussed order of magnitude for production, gaps to address 
in research and policy in order to achieve ideal production, the path forward to biodiesel.

The following is a summary of the discussions during “High Yield Pathways for Production:  
A Center for Evergreen Symposium on Biodiesel Feedstock”.
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constantly changing the face of industry. Research using algae as a feedstock for biodiesel is very recent, and 
there is still a great deal of research and infrastructure to be established before algae would be a commercially 
viable feedstock. The algae breakout group discussed several ways of how best to harvest innovation to work 
efficiently. Both an open source process for basic, fundamental research, and  a traditional transactional  
patent-driven development effort once private equity is placed at risk makes a great deal of sense. The biofuels 
industry must learn to strike a balance between raw basic innovation, open source, and the focused effort on 
capital investment to most rapidly advance this new discipline. 

Magnitude.
The working group began by reminding the participants that a permanent energy solution requires the capture 
of solar energy by one method or another. The group reflected on the perspective that 20,000 terawatts fall 
on the earth in the form of sunlight. The current domestic energy use rate is slightly greater than five terawatts, 
and the global energy use rate is about four times greater or 20 terawatts. The amount of light energy that 
strikes the earth surface depends on reflectivity of the atmosphere, and changes slightly with varying global 
weather conditions. If three-percent conversion efficiency exists, and one uses three-percent of the earth’s 
surface area for solar energy capture, the resulting 18 terawatts of power would be sufficient to meet the 
world’s energy use rate demands through roughly 2030. According to the breakout group the only scalable 
approach to achieve sustainable energy is through some type of direct conversion of solar energy. No other 
approach is scalable. For example, it would take over 1,200 new large nuclear powerplants at the scale of 
the Calloway plant to meet the domestic energy needs of the United States, and even if this were possible we 
would run out of fossil fuels within a century, unless breeder fuel cycles (that are currently illegal for domestic 
nuclear power production) were utilized.   

The breakout group worked under the assumption that algae currently is three-percent efficient energy capture 
when converted into liquid fuel. According to the presentation of Dr. Sayre (Director of Enterprise Rent-A-Car 
Institute for Renewable Fuels, Danforth Center) a maximum efficiency of ten-percent may be achieved by,  
1) changing the optical antenna of algae to better impedance-match to sunlight, and 2) shifting non- 
photosynthetically active light frequency to photosynthetically active radiation. A land area about the size of 
the state of Maryland would be required to support the national energy need given this three-percent energy 
conversion efficiency. Another technology, i.e., solar cells, is up to forty-percent efficient. However, solar cells 
are not yet a robust technology, and efficient storage of that energy is still a problem given present-day battery 
technologies. All of these illustrate the ‘order of magnitude’ perspective determined by the algae breakout 
group that must incorporate direct solar conversion either by a plant or by engineered technologies. Of these 
two options, only the plant approach can actually sequester atmospheric carbon on scale-up, providing a 
huge environmental sustainability advantage. 

The following outlines the ‘gaps’ needed to achieve ideal biodiesel production from algae, 
as determined by the algae breakout group:

      • Public understanding and perception. Societal risk assessment for biodiesel is not generally 
          well understood by the government and public. There is a downside for most new technologies,  
          which makes public acceptance of new technology problematic. Researchers, industry professionals,  
          and policy makers must use creative solutions to engage the public. Germany, for example,  
          is very effective in converting public attention to a positive adoption of renewable energy sources.  
          The group discussed the idea for the U.S. to place algae ponds on the in-fields of interstate highway  
          systems. In this way, the algae will grow where there is a great deal of CO2 production and          
          is readily visible by the public. The algae could also be converted to biodiesel along the roadway  
          where it can be delivered and blended with conventional mined diesel, greatly reducing distribution  
          costs. The way to garner mass interest in a renewable fuel adoption is to make the solutions  
          publicly visible.   
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d       • Local Environmental change.  Growing biomass, especially algae, for use as an alternative 
          fuel requires new uses of water. Ultimately, new water and land uses may change arid lands to more  
          riparian areas. Environmental impacts need to be considered fully before there will be widespread  
          public adoption of biofuels.   One must consider transgenically modified algae and how the public  
          may perceive its use. For example, transgenic algae species may flood into public waterways  
          and the public needs to understand the possible risk of such events. It was noted that several  
          technologies are being developed in parallel to limit or eliminate environmental risks. For example,  
          a technology in development looks to genetically modify organisms for a ‘terminator’ function,  
          so if modified strains leave the intended environment (pond) they strains would die.  

      • Open vs. Closed systems. The algae breakout group discussed the economics of open versus 
          closed systems for algae growth and harvesting and mass production. These large scale systems  
          need to be advanced to further understand the economic advantages of open versus closed systems. 

Below is a summary of the ‘Path Forward’ for algae production as determined by the 
breakout group: 

      • Alternative energy needs a “systems engineering approach” that considers multiple feedstocks 
          and multiple byproducts that can potentially be complimentary with other aspects of bioenergy  
          production. As the process becomes clearer, one must address how new products can work  
          synergistically with other aspects of bioenergy production. Additionally, the industry, research  
          and policy representatives must consider a bridge between current commonly-used feedstocks  
          and more long-term feedstocks. 

      • Learn to convert waste products to value-added co-products. This is the key to a cost-effective system, 
          especially in algae production.   For example, glycerin has, unexpectedly, become a value-added  
          product from using algae as a feedstock for biodiesel. The algae plant of the future may be co-located  
          with public waste treatment plants to obtain nitrates and other nutrients, and near coal-fired power  
          plants to help sequester the carbon dioxide that is produced during combustion.  

      • A broad research base is important in for all new fields of research, including for algal-based 
          biofuels. Basic processes must be understood to accurately determine their scalability,  
          and to enable accurate investment choices. This will require engagement from a very broad base  
          of technical experts. 

      • Impact public policy at the local, state, and federal level. There is public denial about the need 
          for alternatives energies, considering their impact on carbon-sequestration in the environment.  
          How best does an industry create the level of public awareness needed to adopt alternative fuels?   
          This will require a great deal of concentrated and creative effort. An idea, for example, is that each  
          state chooses a plant or algal strain and has a “bioenergy shoot-off” to identify the plant, or plants, 
          that are the most efficient in production of renewable biofuels, and use for the intended product.  
          Ideas that are creative can bring about increased public engagement.  

      • The use of algae as a source for biofuels brings with it the possibility for innovative solutions 
          to environmental problems, such as permanent carbon sequestration. The non-lipid biomass  
          byproduct from algae can be used to create a product like charcoal that can permanently  
          interns carbon from the atmosphere, or can be fermented for methane production with the  
          residual biomass used as an animal feed. 
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d       • Arid lands that are not presently involved in carbon sequestration are often on top of saline water 
          and cannot be used for any other economic means. Expanding into the arid regions may be  
          appropriate and fulfill a role in solving the controversial issue of land use change while increasing  
          the total amount of cultivated land that helps sequester carbon. 

      • Identify “optimal fuel molecules” and consider all possible new choices. Researchers, industry 
          representatives, and policy makers must work together to identify optimal molecular targets to better  
          plan for the bioprocessing and research of these feedstocks. These industry targets must be widely  
          accessible for researchers. For example, researchers can learn more from the automotive and engine  
          manufacturing industry about the target molecules needed to combust in an engine. For example,  
          DARPA’s program specifically identified JP8 as a target, and identified as such in their solicitation.   
          There is currently a lot of investment from the military in the more basic research that can be utilized  
          for civilian applications. 
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was identified as 2030, the reason provided that agriculture moves in an evolutionary standpoint, not a 
revolutionary standpoint. The near-term breakout group discussed how current technologies and practices 
are currently being modified to achieve ideal biomass yields. The near-term breakout groups’ perspective 
was further away than what some would consider short-term, but it keeps in mind some of the challenges  
associated with agriculture and agricultural technology. 

The near-term group expressed the value of increased yield as the crux of creating viable biodiesel feedstock, 
which is to produce more with fewer resources. And yet, there were other feedstocks with potential. In addition
to creating virtual acres, it is important to create real acres. There is an opportunity for land, in particular, around 
15 million acres in the middle of roads to be used for oil seed crop production. There are some restrictions 
for this idea, but it is amenable for growing crops on land that is not used for another purpose. It was also  
suggested that this CRP, under-utilized or fallow land could be repartitioned to grow oilseed crops, some 
which may even remediate poor soils. Provided that the economics is strong, there were also suggested  
opportunities in parts of the country for “double cropping.” 

The economics of biodiesel production must be sound and compelling for all stages of the production process 
through to commercialization. This requires an infrastructure that can provide necessary support throughout 
the process, e.g. capital to crush or extract the oil, storage, harvesting costs. There must also be a regulatory 
system developed in parallel met with strong customer acceptance. Finally, it was expressed that the “food 
versus fuel” debate must be resolved with sound scientific practices in order to gain public acceptance of 
biofuels, specifically biodiesel. 

Below is a summary of the discussion of the possible  
magnitude of production for near-term feedstocks:

The near-term group recognized an opportunity to double yields for some major crops, based on productivity 
gains after investment within the immediate past. Some crops with less investment could also improve yields. 

The near-term presentation focused on corn and soybeans, and yet the near-term breakout recognized that 
there are a number of different feedstocks to consider, which is important in a global marketplace. These are 
outlined below with expected yields for specific feestocks:

Crops/Magnitude (yield by year 2030)
	 Corn will have a double yield			   85 Million acres
	 Cotton will have a double yield			   11 Million acres
	 Soy will have a double yield			   70 Million acres
	 Canola expected 1.5x yield increase		  1 Million acres
	 Camelina					     20,000 acres
	 Winter canola – 1.4 yield of Canola		  5 Million acres
	 Safflower					     100,000 Million acres
	 Peanuts						     1-2 Million acres			 
	 Palm						      20 Million acres

The near-term group noted that there is a potential to expand the areas where productive crops are grown, 
either through the introduction of traits that would provide cold tolerance or water tolerance. 
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ideal biodiesel production for near-term feedstocks:

      • There must be focus on an entire agronomic system, rather than just specific feedstocks. 
          Herbicide registration is necessary to protect the crop once it is in the field. State and land grant  
          universities have played a major role in agronomic protection guards and regulatory approval  
          for the byproducts, which is important for supporting the agronomic system. This needs to continue  
          in an orchestrated fashion that addresses all parts of the process. 

      • There is a need for consistent policy that can lead to capital investments. This policy must make 
          sense from the whole value chain, i.e. from the perspective of farmer all the way to market. 

      • There is a gap between capital for infrastructure to extract oil, and producing enough raw biomass 
          to use as input to the system.

      • There is a need for increased basic research funding.

Below is a summary of the ‘Path Forward’ for achieving ideal yields  
on near-term feedstock:

      • Biofuel’s growth and acceptance will be dependent upon the ability to produce sufficient supplies           
          to meet the needs of edible markets as well as feed, fiber, and energy needs. This is important  
          economically, as well as to illustrate to the public that it is possible to satisfy all markets. 

      • It would be useful to have a common place to store information from land grant university 
          breeding programs in order to conduct genetic analysis. Breeders everywhere could benefit  
          from marker-assisted breeding. This requires investment in both analytics as well as information  
          technology. There is a research disparity between some popular commercial crops and crops  
          that are not as profitable to breed. Ideally, there should be a global conversation about ways  
          to diversify the crop base that is economically viable for biodiesel production. 
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and more long-term technologies, which crops and technologies can increase investment? And moreover, 
how can these options eventually lead to successful commercialization of biodiesel?  In essence, we know 
a lot about producing biomass and seed-oil extraction, but of the many current and projected fundamental 
problems, the major problem is cost.

As an exercise, the group asked “What does a successful biomass to fuel system  
look like?”  Below are some of the attributes:

      • A truly renewable system, that accounts for long-term and global implementation
      • Environmentally responsible leading to soil carbon capture and CO2 neutral fueling
      • Sustainable in terms of supply and security. The target is to eventually displace unsustainable 
          products with sustainable products. Create and use modulated designs to increase mobility  
          and universal use of products
      • Create products that are economically competitive 
      • Utilize resources that are plentiful but currently unproductive, i.e. arid and marginal lands, salt, 
          waste and brackish waters.
      • Develop a system and scientific methods that resolves the ‘food versus fuel’ debate
      • Use a diversity of resources as single source dependence will cause it to become 
          a constrained resource.
      • Education of the public for the  acceptance of biofuels 

The enormity of global energy needs will require unprecedented biomass production,  
strategies and production targets.

The long-term breakout group determined that researchers, industry, government, and policy makers must 
work together to set  goals for solutions much like the Apollo Mission and work backwards to achieve it. 
This breakout group also thought it was essential to not focus too much on one or two feedstock as the only 
solution. If single source investments are chosen too soon, future options may be limited. However, new or 
modifications to infrastructure and market development requires a great deal of foresight and planning.  
Additionally, it was noted that there will most likely be many different solutions on a regional basis. 

“Paths Forward” for biodiesel and biofuel usage: An Outline. 
In articulating paths forward, the long-term group raised a number of questions/suggestions for further study. 
The questions and suggestions incorporated several different topics and were compiled into three different 
categories:

      1. Technology/Science/Research
      2. Policy/Sustainability/ Compliance
      3. Business/Infrastructure/Commercial barriers
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those barriers while moving forward to a sustainable biomass-oil-based fuel source. The three categories and 
related comments are listed below:

Path forward: Technology/Science/Research

Potential Barriers:
      • Dysfunction in relationships amongst parties
      • Lack of recognition and understanding equals lack of funding
      • Genetics that drive improvements (seed and hybrid-plant)
      • Crop introduction (boom or bust)
      • Processing
      • Scalability
      • Acceptance by public and environmental groups

Ideas to address specific barriers:
      • Utilize a “Systems engineering approach” that incorporates all sectors: public, government 
          and private partnerships, cooperation across party lines and among research institutions
      • Plan, promote and execute pilot projects that can give a visible edge to public acceptance.
      • Decide on a goal, or set of goals, and make it happen, rather than being bogged down by 
          all the fighting between disparate organizations.
      • Recognize that there are “champions” at all levels of the process, i.e. basic research, advanced, 
          applied and field research, policy, public, government, financial institutions etc. 
      • Complete supply chain management which complements the systems approach
      • Engage existing infrastructure
	 • Desalination (RO)
	 • Power Generation
	 • Transportation 
	 • Manufacturing 
	 • Agriculture and Aquaculture
      • Seek policy support for issues such as soil and waste water remediation that biomass can resolve
      • Plan around non-scalable technologies

Paths Forward: Policy/Sustainability/ Compliance

Potential Barriers:
      • Public Private Partnerships are lacking, which are needed to propel the speed of technology 
          development. Need to overcome paralyzing “intellectual property” issues. 
      • Awareness of long term solutions and resources required for those solutions
      • Government funding solutions
      • Lack of acceptance by environmental groups, and difficulty in gaining public acceptance
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      • Use identified barriers to create policy solutions. 
      • There is no focal point for policy makers. If there is an established goal for magnitude of production, 
          it may be easier to implement policy that benefits biodiesel. Additionally, the long-term group felt  
          that no one is taking ownership at the policy level for lipids, or for biomass in general. Use identified  
          barriers to create policy solutions
      • Change defensive mentality to an offensive mentality as an industry
      • Create incentives that help move research forward, other than government solutions
      • Look at ways to not rely on government support
      • Emphasize biomass benefits on climate change initiatives
      • Streamline government grant processes through target agencies 
      • Inform NGOs and environmental groups of profit and benefit of biofuels
      • Harness growing market and public demand

Paths Forward:  Business/Infrastructure/Commercial Barriers

Potential Barriers:
      • The fuel industry is dominated by coal, gas and oil, and these industries have a great deal of global 
          lobbying power. It illustrates the need to form a critical mass to maintain influence in policy.
      • Each is region defined by what resource and wastes that they use and produce. A universal solution 
          seems unlikely.

Ideas to address specific barriers:
      • Induce change for “captive” markets to adopt renewable energy sources. Of the five major 
          renewable energy approaches, wind, drilled geothermal, solar photovoltaic, solar thermal and  
          Biomass sourced from non-competitive food or freshwater resources, biomass/biofuels are unique  
          to providing heavy transportation fuels. 
      • Induce change to engender a big market (an achievable stretch goal)
      • Carbon taxing is a big, but artificial, market that can create a momentum, but not sustain it as 
          carbon neutral renewable energy sources come on line. 
      • Using renewable fuels to create electricity/energy
      • Capitalize on NIH  innovator awards
      • Determine how to get those who are profiting from current industries to include renewable sources 
          and implement changes
      • Supply chain management
      • Successful crops (champion at all levels, producer, processor; some exclusivity, 
          tie the system together)
      • Create impressive demonstration to illustrate feasibility and to educate public and skeptics
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There were several cross-cutting themes in all of the breakout groups:  Research, Industry & Products,  
Public Perception & Policy, and Systems Analysis. These categories represent both barriers in achieving ideal 
biodiesel production as well as ideas to address these barriers. 

Research
      • The importance of investing in basic research was discussed in each breakout group. Participants 
          recognized that basic and applied research in various feedstock options for biofuel use must continue  
          because there is still uncertainty about what innovations will lead to long-term solutions.

      • Participants recommended that there exist a central place for information on feedstocks and a focus 
          to coordinate efforts with new crop development. One example was the need for a common place to 
          store information from land grant university breeding programs in order to conduct genetic analysis. 
	

Industry & Products
      • Focus on genetics that drive improvements. Much of the improvements in biofuels will come about 
          with increasing crop yield, which is done with focused genetic improvements. The key is to produce  
          more while using fewer resources. For more long-term feedstock’s this may mean genetically  
          modifying plants through conventional breeding or biotechnology to survive in areas of heavy  
          drought, cold, or saline. 

      • Develop ways that feedstock can have value-added co-products, such as glycerin and protein 
          in the processing of algae. This may help solve the food and fuel debate by illustrating that various  
          feedstocks can be used for several. 

	
Public perception & Policy
      • Societal risks of biofuels are not generally well understood, and public acceptance is key in driving 
          a feasible market for biofuels. Some suggestions to do this involve large-scale investments in pilot  
          projects that give visibility to energy issues and solutions.

      • Environmental acceptance of biofuels is needed to build large-scale markets. Some solutions 
          to addressing the apparent disconnect between biofuels and environmental issues are:
	 • Emphasize biomass benefits on climate change initiatives
	 • Determine sound methodology for biofuels impact on the environment
	 • Determine unique ways to sequester carbon from the atmosphere

Systems Analysis
      • There must be champions at every level of implementation.
      • Gathering people from all sectors of the process may lead to breakthroughs in process, 
          such as environmental problems being solved by inventive biomass uses. 
      • We must recognize that energy solutions may differ by region and work to establish solutions 
          that are best for each region. 
      • Using systems analysis to help evaluate the potential of various feedstocks for different regions, 
          and soil types, could be helpful in developing a national strategy on biofuels.
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HIGH YIELD PATHWAYS FOR PRODUCTION
A Center for Evergreen Energy Symposium on Biodiesel Feedstock

Symposium Agenda

7:30 – 8:00  Breakfast / Registration / Breakout Group Sign-up    Lower Atrium

8:00 – 8:15  Welcome & The Center for Evergreen Energy Introduction    Auditorium      
  Dr. Roger Beachy, President, Donald Danforth Plant Science Center 

  Plenary Speakers    Auditorium
8:15 – 8:35  Algae
  Dr. Richard Sayre, Director, Enterprise Rent-A-Car Institute for Renewable Fuels 

8:35 – 8:55 Creating Virtual Acres Near-term Feedstock Opportunities
  Dr. Mike Edgerton,  Ethanol and Quality Traits Technical Lead, Monsanto Company

8:55 – 9:15 Feedstock Opportunities on the Horizon 
  Robert Hendricks, Senior Technologist, NASA Glenn Research Center

9:15 – 9:30  Break

9:30 – 9:50  Explain breakout group objectives and roles/questions    Auditorium
  Dr. Roger Beachy

9:50 – 10:05 Presentation from National Biodiesel Board    Auditorium
  Sustainability Task Force

10:05 – 11:45 Three Track Breakout Session
  Algae Auditorium
  Facilitator: Dr. Robert Duncan, Vice Chancellor of Research, University of Missouri

  Creating Virtual Acres Near-term Feedstock Opportunities     Conference Room 59
  Facilitator: Beth Calabotta, Manager Oilseeds Technology, Monsanto

  Feedstock Opportunities on the Horizon    Conference Room 61
  Facilitator:  Lawrence Taylor, Director, Aziotics LLC

11:50 – 12:30 Boxed Lunch Provided    Upper Atrium

12:40 – 1:10  Breakout groups present outcomes    Auditorium

1:10 – 2:10  Questions regarding presentations

2:10 – 2:30 Closing
   
Bus leaves for airport on the hour, beginning at 12PM

November 21, 2008 | Donald Danforth Plant Science Center The Center for Evergreen Energy 
will host a symposium on the future 
of feedstock for biofuel,with an 
emphasis on biodiesel. The biofuel 
industry is at an important cross-
roads in order to fulfill an 
increasing demand for alternative 
energy. The symposium is designed 
to address barriers in feedstock 
research and production based 
on current practices and pricing 
models. This interactive sympo-
sium — led by energy leaders in 
research, industry, and policy — 
will examine the most salient 
issues that the biofuel industry 
must address in order to reach 
future sustainable biodiesel 
goals. Discussion topics include 
feedstock production, oil content, 
and innovation. The symposium 
outcome will be industry recom-
mendations that will help fulfill 
future biodiesel goals.
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For more information contact:
Meredith Turk
mturk@stlrcga.org
www.centergreen.org
314.444.1112

The Center for Evergreen Energy is a national center linking global research, business and 
policy issues �to improve products, processes, environmental acceptance and public adoption 
of sustainable energy solutions.

The Donald Danforth Plant Science Center is a not-for-profit research institute with a global 
vision to improve � the human condition. Research at the Danforth Center will enhance the 
nutritional content of plants to � improve human health, increase agricultural production to 
create a sustainable food supply, and provide �the scientific ideas and technologies that will 
contribute to the economic growth of the St. Louis region and �of the State of Missouri.
�
RCGA’s Mission Statement:
“To unite the region’s business community and to engage dynamic business and civic  
leadership to develop and sustain a world-class economy and community.”
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