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Meeting Minutes:
The second annual meeting of S-1007 was held in the CSREES, USDA headquarters in Washington, DC on November 2, 2003. Hongda Chen, USDA representative, opened meeting at 8:30 AM after continental breakfast

Bill Gibbons, President, presented structure of meeting

Roland Mote is introduced as the new Chairman of the S1007 multistate project

Dave Brune, previous president, discusses completion of the annual report – members must submit a paragraph that describes activities from each state involved

· committee decides to submit this in November following the meeting

· summary of minutes of annual meeting, impact report, publications

· current draft will be sent to members for additions

Gibbons suggested NREL facility in Golden for next meeting site

· NREL  site approved

· meeting time discussed, get blackout dates between Aug and Nov

· 2005 meeting place discussed

Nominations for next president to follow Milford Hanna are made. Terry Walker from Clemson University is nominated by Roland Mote; no other nominations or volunteers presented themselves and Terry Walker was elected. K. Muthukumarapaan from SDSU volunteered for secretary position and was elected.

The Website for S1007 was presented by Mark Worden who has volunteered his time to create and maintain this site through MSU facilities. Website shows members by objective I-V. A new proposal section was added and will be password protected in the future. A public posting of executive summaries will accommodate the site. Addition of photos to improve publicity was suggested. Federal and State funding opportunities, RFP's were suggested to be posted in this category. Highlighted accomplishments was suggested. A website committee was proposed and volunteers included Terry Walker and K. Muthukumarapaan.

Terry Nipp presented lobby activities for the Sun Grant initiative. Plans for future funding from $25M-$100M  potential appropriation within the next year. Bill Gibbons suggested funds were approved at $750K for this year to complete roadmap, which is regional. Sun grant issues included role of CSREES extension involvement, new areas and technologies to attract funding, entrepreneurship involvement, greater land-grant institution involvement and the need for leadership roles. Nipp presented the new model, which Sen. Daschel is now minority and Sen. Frist is now targeted as majority leader. Focus on policy to demonstrate usefulness (EERE). DOE biomass roadmap need to provide scientific basis (how much biomass acreage, how much product, and value before and after processing); resources need to be provided to DOE/USDA for next Farm Bill and other bills that affect national biomass initiatives. There is  a need to show adding value to existing programs. Several workshops over the next summer will address economic issues. Lonnie Ingram suggested turning to existing materials short-term to provide information for long-term initiatives. Authorization and appropriation of initiatives were discussed for future funding potential. Sun grant was granted authorization which allows the next step of appropriation to take place for greater funding potential.

After break, the group was asked to break into groups based on objectives I-V. After reconvening, USDA updates were presented. Hongda Chen introduced USDA speakers. Carela Bailey presented Farm Bill implementations. The materials program including hatch, special research grants and biodiesel program. Market access program targeting foreign Ag services. Rural Business Coop Service targeting value-added product market. Ag Innovation funded at $10M for non-food related products. Title IX Energy targeted biorefinery concept: Section 9004 Biodiesel Fuel Education program $1M, Section 9006 renewable energy (wind, anaerobic digestors, etc.) $21.2M in collaboration with DOE, Section 9008 Biomass Research Development $23M with DOE (19 proposals out of 333 were funded in 2003); $5M for bioproducts with hope to increase in next year's cycle; Section 9002 Fed. proc. of biobased products – most innovative to create market potential with USDA certified Biobased product label containing environmental and economic scores and ASTM standards to assess products

Chavonda Jacob-Young presented the USDA NRI programs. 71.1 Improve food quality; 73.0 Wood/fibers; 71.2 Biobased products/bioenergy production with 111 proposals in 2003 with process engineering subsection receiving highest probability of funding. For 2004 $160M approved for $300-1.5M 2-4 year projects for issue-based funding, submission dates announced for December and January 2004

Charles Cleland from SBIR programs presented a handout stating biobased products where ideas are investigator initiated in the areas of forest and  related resources, plant and animal production in phase I $80K and phase II $300K. University involvement encouraged with 1/3 of Phase I and up to 1/2 of phase II subcontracting. Funding in 2003 from $17.6M up from $11.4 M in 1997 resulted in 88/656 phase I proposals and 38/67 phase II proposals funded. 2005 solicitations will be released 6/1/04. SBIR homepage is www.reeusda.gov/sbir
Don Erbach introduced ARS activities. ARS is base-funded research and is a good source for collaboration, but not a direct funding source.

After lunch break, Bruce Hamilton from NSF related BES, CTS, and SBIR/STTR, metabolic engineering and biohydrogen ($6M dedicated in the near future) updates to the group. Biosensor area open to Ag/BioE. 20% of budget was put into CAREER awards.

The workgroups gave their summaries from the morning session. Alvin Womac reported for the feedstock group, Objective I, with several key issues including delivery of feedstock, conversion processes, present commodities, considering feedstock issue side by side with all other integrated processing issues, and not enough funding sources available for this key area. Sue Nokes represented the biochemical conversion to fuels group, Objective II, separating these into thermochemical conversions and bioprocessing. Susan Sun represented the biomaterials group, Objective III. Demands, current R&D challenges and bottlenecks were addressed. An example of 550 MMT grain with 500 MMT residues could produce 56 B lb bioplastics, 20 B lb adhesives and 75 B lb composites. Presently grain converts to 15% food, 40% feed and 50% residues with conversion of 275 MMT to 10 Quad BTU. Terry Walker presented update on Objective IV, specialty biochemicals with greater emphasis on integrated team approach that crosscuts other objectives. Mark Worden presented the educational subgroup objective V addressing educational bottlenecks, novel approaches including National Resource Center for Biomass Education (NRCBE), which would work with industry ties, encourage collaboration, organize workshops, assist with assessment of training materials and interface with federal and state agencies. First four objective ideas would funnel through NRCBE to public. Comments were how will this small group contribute to this center with Mark's reply that the center will serve as a starting point and will grow as needed and as funded.

After a coffee break, the group convened with Flora from USDA presenting policies to introduce biobased products including biopharms in Canada, industrial crops research in EU and combination of marketed policy force with consumer education making biobased products stronger for the future demand. Conway discussed USDA and office of energy related issues with emphasis on rural development and energy benefits, creating federal preference for biobased products such as a fleet of vehicals operating on biofuels with emphasis on biohydrogen. Renewable fuel standards with emphasis on biodiesel, wind, ethanol should be further sought with tax credits creating a paradigm shift to bioproduct use.

Bill Gibbons said the final words for the day and suggested the last few weeks of September for the next meeting. A summary of project ideas for each group was suggested for presentation to DOE groups for the next morning. Comments and compiled results was suggested to be sent to group leaders from each member to be drafted in finalized annual report  by Brune and/or Gibbons. 

The subgroups met to compile brief summary for presentation to DOE the next morning. The meeting is adjourned for the day. Subgroups were encouraged to continue discussion over dinner.

Hongda Chen opened the meeting the next morning after continental breakfast. Bill Gibbons discussed possible next meeting dates to be on Wed-Fri in late October.

Jim Fischer discussed his new role at DOE and EERE renewable energy programs. He emphasized energy education to shift petroleum based economy to biobased economy. Eleven programs were in place including biomass, wind, hydro, solar and geothermal. Distribution and recent blackouts were seen as major issues with petroleum-based power in its current form. $1.7 B toward hydrogen economy was in place with future intent of commercialization decisions by 2015 and hydrogen automobiles or "hydrogen highway"  anticipated for 2020 if sufficient  progress is made through research and development of storage and distribution issues, etc. NREL conference June 24-25 will discuss issues of hydrogen gas alternatives.

John Ferrell of DOE National Biomass Coordination Office discussed Biomass R&D act 2000, 25th symposia for Biotech of Fuels, Sun Grant initiative and DOE Peer review meeting. Don Erbach discussed the joint DOE/USDA solicitation for FY2004 with a 2-3 pp pre-proposal suggested with emphasis on thermochemical conversion and partnerships stressed. Appropriation of funds $24M will be by June 30, 2004 after announcement of winners in March. $60M to build cellulose to ethanol facility by 2008 in place linking biorefinery concepts with petroleum refinery for switch to renewable fuels.

Kevin Craig from DOE NREL lead discussion of why biomass? with energy security, economics and environment as key issues. 

Breakout sessions were initiated at 9:30 with Session A conducted by Richard Hess, DOE Idaho laboratory, Session B – sugars platform conducted by Todd Werpy, DOE Pacific NW lab, and Session C – Thermochemical platform lead by Kevin Craig, DOE NREL. After break, open discussion on the Platforms were discussed: 2.0 sugar platform – biological pretreatments need large quantities of air – expensive, but advanced concepts of fungi and enzyme combinations possible, 3.0 thermochemical platform – black liquor gasification from forest products (gasification or pyrolysis), 4.0 products – fuels from thermochemical platform to run biorefinery and new products from glycerol byproduct needed, 5.0 integrated biorefinery – sugar, thermochemical and integrated analysis, 6.0 program management – partnership and education outreach. Goals were to obtain 10% of all energy needs from biomass – primarily forest products or energy crops, which could lead to rural development. Blended fuels for near term uses was discussed. Technical challenges included feedstock, pretreatment, enzymatic (goal of 10 fold reduction in current prices of cellulase mixtures) and fermentation issues with emphasis on SSF, dilute acid and AFEX pretreatment options.

Bill Gibbons spoke the final words with reminder that project proposals with 2-3 sentence review should be sent to group leaders and to send any proposal ideas to be posted on new website by the following week due to solicitation dates for USDA NRI and DOE biomass initiatives in the near future. Final copy of S1007 copy should be posted on web once complete. 

Meeting adjourned at noon.

MULTISTATE RESEARCH PROJECT 

FY 03-04 PROGRESS REPORT

Project Title:  THE SCIENCE AND ENGINEERING FOR A BIOBASED INDUSTRY AND ECONOMY (S-1007)

Project Duration:  Five years (October 2002 to September 30, 2007)

Executive Summary:

Issue:  Fossil based fuels, power, and products are critical to the current economy of the United States and much of the rest of the World. Continued reliance on fossil hydrocarbon reserves presents serious energy security and environmental quality issues for the United States. Scientific and engineering breakthroughs currently being made suggest the potential for transferring much of the current reliance on fossil hydrocarbons to biobased fuels, power, and products that will do much to improve energy security, rural economic development, and environmental quality.

· New technologies of genomics/proteomics will allow us to decipher and manipulate plant genomes to produce both quantitative and qualitative changes in organic constituents. These techniques can also be used to develop microorganisms that produce novel biocatalysts that will permit development of more efficient biomass conversion processes and bio-industrial systems. 

· Engineering advances in fractionation and bioprocessing of bio-based resources have isolated constituents that can serve as building blocks for synthesis of new products.  

· Developments have also progressed in the field of biological conversion processes (enzymatic, microbial, and physical/chemical processes). Bioprocesses tend to have higher reaction specificity, milder reaction conditions, and produce fewer toxic byproducts; characteristics that are consistent with the goal of sustainable development.

The Land-Grant University system provides a mechanism for leadership and technology development to transform our fossil fuel economy into a solar-driven, biomass-based economy. Scientists and engineers at Land-Grant Universities have expertise in all areas related to the capture of solar energy and its transformation into food, chemicals, biomaterials, and energy.   

Resolution: The multi-state research project S-1007 is committed to exploiting these new breakthroughs in the development of efficient and economical technologies to convert biomass into fuels, biomaterials, and bio-based chemicals as replacements for fossil fuels.  The project brings together multidisciplinary teams of scientists and engineers with nationally recognized expertise from 30 Land Grant institutions. The teams have organized themselves into five functional groups with objectives as follow:
Feedstock Supply Group: Biomass offers a tremendously large feedstock resource, but the following characteristics cast uncertainty on the orderly flow of biomass from field to biorefinery: a) low bulk density, b) spoilage due to high moisture, c) variability in physical and chemical characteristics, d) geographical and seasonal variations, e) conflicting demands on farm labor and machines, f) combustibility, g) competition with need to maintain soil fertility and tilth, h) local regulations on storage and transport, and i) sensitivity to price structure for other farm commodities. The objective of Feedstock Supply Group is to address these issues, while reducing the cost of harvesting, handling, storing and transporting biomass resources. 

Biofuel Production Group: Current US production of corn ethanol supplies less than 2% of our automotive fuel needs. This percentage could rise substantially if our abundant supplies of lignocellulosic materials could be efficiently and economically converted to biofuels. Technologies currently are available for all steps in the bioconversion of lignocellulose to ethanol, but these processes must be improved and new technologies developed to produce this renewable fuel at a competitive price. Key targets include pretreatments to improve bioconversion, production of enzymes for carbohydrate depolymerization, liquid/solid separations, and capital costs for bioconversion. The objective of the Biofuel Production Group is to expand scientific knowledge leading to significant economic improvements in biofuel production processes.

Biomaterials Group: The wide range of biomass resources may be used “as is” to create new biomaterials, but more typically they will be processes for use in biomaterial manufacture. This will require an intimate understanding of the composition of raw materials so that desired functional elements can be isolated. This may also afford the opportunity to recover other potentially valuable components (biofuels, biochemicals) from these raw materials. Production of biomaterials will entail three steps: process design, system optimization, and model development. Processing will involve various biological, thermochemical, and/or physical methods to bioconvert, recover, and purify the various products. Linking the various steps into an integrated, optimized processing system is the next challenge. System models will then be developed to permit sensitivity analyses of process variables. The objective of the Biomaterials Group is to develop, evaluate, and optimize integrated processes to convert biomass resources into biomaterials with commercial applications.

Biobased Chemicals Group: A number of processing tools must be developed or improved to handle the demands of bio-based biochemical production systems. Reactor systems capable of efficient handling of biomass materials require development. These systems should be capable of supporting growth of a wide range of bacteria, filamentous organisms, and algae to enable optimization of microbial growth, enzyme production, and product formation. There is also an urgent need for efficient and economical large-scale bioseparation techniques, especially to recover bioactive compounds. An example is aqueous two-phase extraction, in which proteins may be partitioned between two immiscible phases in an aqueous system. The objective of the Biobased Chemicals Group is to expand the scientific knowledge for development of processes and systems for economical production of biobased specialty chemicals from agricultural feedstocks and residues.

Education and Outreach Group: The Final Report of the 2001 National Workshop on Biomass Education and Outreach identified several action items needed to meet the training needs of a fledgling biobased economy (Energetics, 2001). Highest priority action items for universities included holding workshops and developing virtual academic programs related to biomass education to facilitate broad dissemination. Educational programs should also integrate expertise from industry and agricultural producers to ensure relevance. The objective of the Education and Outreach Group is to identify needed educational materials, developing those materials in distance based delivery methods and developing a trained work force to support a biobased products industry.
Broader Impact:  The scientists and engineers who have recently come together to form the multi state project S-1007 will build upon their previous individual contributions in areas such as metabolic engineering of plants and microbes, design of chemical and biological reactors, downstream processing and recovery, and education/training of scientists and engineers to advance the transition to a biobased economy.  Transition to a solar-driven biobased economy can be expected to be accompanied by improvements in U.S. energy security, rural economic development, and environmental quality.
Accomplishments and Impacts (03-04)

Specific outcomes of this project will be engineering and process data for supporting sustainable, low cost collection, handling, processing and conversion of biobased feedstocks into high value biofuels, biomaterials, and biochemicals. Analytical and economic descriptions of the various systems will play an important role in this effort. Specific accomplishments for each of the five functional groups follows.  

Feedstock Supply Group: In Task 1 (Feedstock Supply) researchers in Puerto Rico obtained sugarcane yields of 120 t/ac and developed growth models. In Task 2 (Harvest, Process, and Handling) a team from the U Tenn and ORNL evaluated corn stover dry matter over time and observed a typical yield of 5.2 tons/ac. Approximately 50% of dm is stalk; biomass in leaf tissue degrades rapidly. Various factors affect dirt contamination of baled stover. They are also evaluating hammermilling methods to densify stover. In Task 3 (Modeling Integrated Feedstock Supply and Process Systems) S Carolina researchers are modeling an energy farm that produces animal feed, produces energy and nutrients from an anaerobic digestor, then returns the nutrients to the field. They have designed a low temperature digestor and are determining operational parameters and costs. 
Biofuel Production Group: In Task 1 (Pretreatment for bioconversion processes) U Florida researchers used dilute sulfuric acid pretreatment (121 C, 0.6-1.5% acid, 30-90 min) of rye straw and bermudagrass to increase enzymatic digestibility. Higher acid levels and time increased hemicellulose and cellulose digestion. They are also evaluating detoxification of certain byproducts. Kansas State researchers found that ethanol yields from grain sorghum could be increased by 2.2% by conventional extrusion or by 5.56% by supercritical fluid extraction. In Task 2 (Biological conversion processes) Montana State scientists have begun a project to ferment glycerin (from biodiesel production) into ethanol or citric acid. Louisiana State and Michigan Biotechnology Institute are beginning a collaboration to produce ethanol, succinate, arabinose and xylitol from sugarcane bagasse. Clemson (SC) scientists, anaerobically digesting algal slude, have found: methane production is proportional to biomass loading, and adding 50% waste paper doubles methane production by providing the optimal C:N ratio. U Florida scientists are genetically modifying microbes for ethanol production and have developed strains that can utilize cellulose/hemicellulose oligosaccharides without added enzymes. These strains also have reduced nutrient requirements. Work is underway to develop strains that can produce other products (acetic acid, l-lactic acid, d-lactic acid, and pyruvic acid) at 80-95% of theoretical yield (50 g/L) in mineral salts medium. In Task 3
 (Development of improved thermochemical processes for biofuel production) OK State is gasifying perennial grasses and fermenting the syngas to ethanol. Work is progressing on optimization of gasification and determining why the syngas reduces microbial numbers. WV University is thermochemically converting hog and poultry manure into a tar-like fuel that can be blended up to 20% into diesel fuel. Tar yields are 2/3 of initial biomass, and the tar contains 12,000-18,000 BTU/lb.U Nebraska researchers are investigating microemulsion techniques to develop stable fuel blends of ethanol, biodiesel, and diesel. 

Biomaterials Group: In Task 1 (Raw feedstock evaluation) U Minn scientists continue to optimize their HRC process for lignocellulose pretreatment. They are also developing a low temperature, total liquefaction process to convert biomass to bio-polyols, which are then converted to biopolyesters or biopolyurethanes. U Nebraska scientists are evaluating starch based foams as replacements for non-degradable expanded polystyrene (EPS) as loose-fill packaging material. However, starch’s hydrophilicity, poor mechanical properties and dimensional stability limit their applications. Research is thus directed at evaluating the effect of acetylating the starch, as well as type of starch, solvent (water vs ethanol), and extrusion conditions. In Task 2 (Methodologies for producing biomaterials) scientists at U IL are investigating improved methods of fractionation that ultimately enhance efficiency of bioprocessing and conversion of biomass to biobased products. Investigators at SD State are developing processes to produce microbial gums (gellan, pullulan, scleroglucan, polyhydroxyalkanoate) from condensed corn solubles (CCS), a byproduct of ethanol production from corn. Scientists are also developing methods to recover the gums from cell biomass (ethanol precipitation and supercritical fluid extraction). In Task 3 (Biomaterial applications) researchers at KS University are developing biobased plastics from PLA and starch with improved properties for disposable applications. This team is also developing biobased adhesives from plant protein and byproducts. MS State has developed processes to recover chitin from crustacean shell waste and produce chitosans with various degrees of deacetylation using low temperatures and low concentrations of caustics. These substances may have biomedical applications in supporting bone/tissue growth. Louisiana State scientists have produced non-woven composites (both uniform and sandwich structures) from bagasse and other agricultural fibers (50-70% fiber) using thermal and liquid bonding methods. They are investigating mechanical, wet, thermal, and acoustical properties for automotive applications. U Nebraska scientists have developed a unique process to extract high quality textile fiber bundles from corn stover. This process maintained fiber length and strength at levels comparable to cotton and flax fibers. U Nebraska scientists have blended cellulose fibers (from corn stalks, wood fiber and oat fiber) with starch acetate to make biodegradable packaging foams via extrusion. Fiber incorporation at lower concentration enhanced the physical properties of the foams.
Biobased Chemicals Group: In Task 1 Biochemical Identification, Characterization and Separation from Biofeedstocks Washington State scientists have found that pretreatment of diary manure with concentrated acid, followed by dilute acid hydrolysis produced higher glucose yields than enzyme hydrolysis. U Arkansas researchers are developing a hot water (100-160 C) based extraction process to recover flavonolignans from milk thistle seed. Higher temperatures reduced extraction time. They are also investigating extraction with organic solvents and have found that 60 C ethanol works best. They are also extracting lycopene from watermelon flesh using CO2 supercritical fluid extraction. Investigators at Virginia Tech studied aqueous two-phase extraction (ATPE) to purify a model protein, lysozyme, from tobacco protein extract. The PEG/sodium sulfate system was most suitable for lysozyme purification, with a predicted lysozyme yield of 87%, a purification factor of 4 and concentration factor of 14. Future work will explore other model proteins to demonstrate the scalability of the technique in processing large quantities of biomass. U Nebraska scientists employed hot hexane or hot ethanol extraction of grain sorghum kernels and sorghum dried distillers grains to recover long-chained lipids. Major components in whole grain were policosanols (37-44%), aldehydes (44-55%) and acids (4-5%). Long-chained lipids from DDG contained 52% policosanols, 23% aldehydes, 6.4% acids and 17% wax esters/steryl esters. Clemson researchers grew the filamentous fungi Pythium irregulare on rice and fiber flax byproducts to produce -3 enriched oils, which were extracted with supercritical CO2. Room temperature growth yielded the highest growth rate and oil production. A mammalian cell tissue culture laboratory has being used to test bioavailability of the extracts through Caco-2 monolayer system. The particle size of both rice bran and fungal biomass were important for extraction kinetics. Rice ash is being tested as an absorbent compound for primary purification and fractionation of rice bran oil subjected to supercritical carbon dioxide. In Task 2 Process Development U Arkansas scientists are investigating the biocatalytic potential of microbial extremophiles, including: (1) evaluation of physiology of extremophiles and their extremozymes in conjunction with medically and industrially relevant biotransformations, in particular, glycoside hydrolase activities, cellulase activities, and (2) design and evaluation of extremophilic bioreaction systems for conversion of renewable biological wastes, i.e., starch, cellulosic materials, to high value products. In Task 3 Product Application U Illinois researchers are investigating nutrient flows in the dry grind corn process to provide a basis for modifying streams and improving coproduct quality. Syrup (concentrated thin stillage) had 2.2%(db) phosphorus, roughly twice the level in distillers dried grains with solubles (DDGS). A 40 million gal/y plant produces 2,000 tonne/y DDGS and 16.5 tonne/y phosphorus. U Nebraska researchers evaluated the oxidation of aldehydes to acids in the wax of grain sorghum (Sorghum bicolor). Aldehydes were oxidized to acids over 4 months in storage at room temperature, with acid content increasing from 5-7% to 42-51% after 135 days. 

Education and Outreach Group: No activity was reported for Task 1 Development of an Advisory Board for the National Resource Center during the reporting period. For 
Task 2 Development of Educational Materials in High-Priority Topic Areas U Nebraska developed a joint undergraduate/graduate course in the Spring 2004 semester entitled Computations in Biological Systems.  Course objectives were 1) combining engineering fundamentals with principles from biochemistry and biology for investigating unit operations of bioprocesses, plant systems and animal systems, 2) applying engineering mathematics, numerical methods and programming (spreadsheets and MATLab) for analyzing transport phenomena and reaction kinetics in biological systems and 3) modeling and simulating of unit operations of bioprocesses, plant systems and animal systems.  Students’ comments were positive. Several S1007 members are interested in synthesizing and transferring to stakeholders new technical information concerning conventional forestry systems for sustainable production of bioenergy. The work includes sharing research results, stimulation of new research directions in national programs of participating countries, and technology transfer to resource managers, planners and industry. The emphasis is on an integrated approach to biological, economic, environmental and social components of forestry systems. Multi-disciplinary partnerships of key stakeholders in forest biomass production research, planning and operations are fostered. One of the primary outputs of this effort in 2002 was a publication that synthesized available ecological, physical, operational, social and economic information, and identified gaps in knowledge related to sustainable biomass production and harvesting systems (Richardson, et al. 2002). It emphasized guiding principles and state of the art knowledge in a concise and distilled form, rather than providing a detailed ‘how-to’ handbook covering every possible situation. No activity was reported for Task 3 (Development of National Resource Center for Biomass Education) during the reporting period.

Plans for FY 2005

S1007 scientists will hold their annual meeting September 29-October 1 at the National Renewable Energy Laboratory, Golden, CO. This meeting site was chosen to establish direct linkages with NREL scientists and develop collaborative research projects. The annual meeting will also provide an opportunity for S1007 scientists to continue development of multi-university research projects. S1007 scientists will also continue to provide support for implementation of Sun Grant Initiative Activities. 
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PROGRESS REPORT

Objective 1.
Feedstock Supply   

Task 1. Feedstock quantification and characterization

In Puerto Rico, investigators have been working with a sugarcane variety, US 67 22 2, that is very promising for biomass production.  In local trials we have obtained yields of 120 ton/ac-yr with this cane and would like to use it to keep our coastal agricultural land in production and away from Section 404 of the clean water act.  The work has been mostly in phenology and simulation model development.  Future plans are to grow it under enriched CO2 atmosphere this year and incorporate CO2 response to the model. 

Task 2. Harvest, process and handling
Collaborative research between the University of Tennessee and Oak Ridge NL evaluated moisture relations of corn stover and the allocation of biomass to above ground components of the corn plant over time with an aim of biomass densification. They evaluated in-field dry down and biomass availability in two corn hybrids, Pioneer 32K61 and 32K64 Bt. Stalks had the highest moisture content and made up half of the dry plant material, excluding the grain.  By the end of the study period, 213 days after planting, all vegetative components of the corn plant reached nearly the same 10-13% MC (wb) when plants were left standing in the field. Moisture content of the stover could be estimated by doubling the grain moisture content provided that grain moisture was between 18 and 31% (wb).  After physiological maturity, the dry matter content of the stalk and husk fractions declined steadily.  The leaf fraction sustained substantial loses (about 74%) very rapidly, mainly due to weathering (wind and rain damage).  The amount of dry stover was about 50% of the total dry plant material over the monitoring period with stalks comprising 50% of the stover dry matter at the time grain was harvested.  Overall, the grain and stover each accounted for 11.6 t/ha of dry matter (5.2 t/ac), further confirming the practicality of using a 1-to-1 ratio for estimating stover dry matter from grain dry matter. They also observed that baling method/ baler affected the level of dirt contamination in baled stover. Another study suggested that mowing contributed to more dirt contamination of biomass than raking.  

Tennessee scientists also made progress in methodology to systematically identify biomass size reduction factors with an aim of biomass densification. Methods relate to quasi-static tests for comparison to published data, and dynamic strength tests aimed to improve hammermill technologies for fiber-rich biomass (switchgrass) and sponge vascular tissue-rich biomass (corn stover).

Task 3.  Modeling integrated feedstock supply and process systems
In South Carolina, the basic components of an energy farm were studied including (1) production of animal-based food, (2) on-farm anaerobic digestion and utilization of biogas, and (3) enhanced production of biomass feedstock using the nutrients from digester effluent. The objectives of the initial phase of the research were to: 1) Design and construct a low-cost anaerobic digester to be used for the treatment of swine manure, 2)Measure gas production and the amount of treatment provided by the anaerobic digester as a function of ambient temperature,3)Demonstrate the use of biogas energy for water heating, and 4)Determine the cost of manure treatment and gas production for commercial scale units based on project data. Manure samples were collected from the Clemson University swine farm and were analyzed for TS, VS, and plant nutrients. These data were used to design the low-temperature digester. An existing model of unsteady, psychrophilic anaerobic digestion was modified to include more detail on the impacts of sludge management schemes on maximal allowable loading rate and operational performance. These results were used to finalize the design of a planned anaerobic reactor. 

Objective 1 Publications:
None

Objective 2.
Biofuel Production Systems and Processes
Task 1.
 Pretreatment for bioconversion processes

University of Florida scientists investigated dilute sulfuric acid pretreatment of rye straw and bermudagrass before enzymatic hydrolysis of cellulose. These grasses have good potential for fuel ethanol production because they have a relative high cellulose and hemicellulose content. The biomass at a solid loading rate of 10% was pretreated at 121(C with different sulfuric acid concentrations (0.6, 0.9, 1.2 and 1.5%, w/w) and residence times (30, 60, and 90 min). Total reducing sugars, arabinose, galactose, glucose, and xylose in the prehydrolyzate were analyzed. In addition, the solid residues were hydrolyzed by cellulases to investigate the enzymatic digestibility. With the increasing acid concentration and residence time, the amount of arabinose and galactose in the filtrates increased. The glucose concentration in the prehydrolyzate of rye straw was not significantly influenced by the sulfuric acid concentration and residence time, but it increased in the prehydrolyzate of bermudagrass with the increase of pretreatment severity. The xylose concentration in the filtrates increased with the increase of sulfuric acid concentration and residence time. Most of the arabinan, galactan and xylan in the biomass were hydrolyzed during the acid pretreatment. Cellulose remaining in the pretreated feedstock was highly digestible by cellulases from Trichoderma reesei. Toxins associated with dilute sulfuric acid hyrolysates of rice straw and bagasse were also investigated, and studies have focused on approaches to detoxification.  

Kansas State University researchers studied grain sorghum for biobased-products and bioenergy production. Sorghum is a starch-rich grain similar to corn, but it has been under-utilized due to low digestibility. The objective of this research was to increase sorghum bioconversion rate using extrusion technology. Both conventional extrusion and supercritical fluid extrusion were used as pretreatment methods. Morphology, chemical composition, and thermal properties of extruded flour were characterized. Extruded sorghum demonstrated increased measurable starch content, free sugar content, and almost completely gelatinized starch. Both conventional and supercritical fluid extruded sorghum showed increased ethanol yield and fermentation efficiency. The fermentation efficiency increased 2.2% by conventional extrusion and 5.56% by supercritical extrusion, respectively.

Task 2.
Biological conversion processes

Investigators at Montana State University have initiated research using crude glycerin and yeast or bacterial fermentation to produce alcohols and citric acid for commercial application. Currently, yeast stocks have been ordered as well as a small bioreactor for fermentation purposes. This project is new and is a part of an effort to make biodiesel production economically feasible. Other byproducts of biodiesel production are being developed for industrial applications such as dust suppressants, concrete release agents and hydraulic oils.

Investigators in Louisiana have been busy setting up a joint program with Michigan Biotech Institute for the production of ethanol and value-added products from sugarcane bagasse. The program will use MDI”s technology for cellulose pretreatment and production of C-5 sugars, and LSU’s expertise for separations and fermentation production of ethanol, glycerine, succinate, arabinose and xylitol. The process is in the final stages of approval by LSU Agricultural Center Administrators and a white paper is being prepared by MBI. 

Studies at Clemson University (South Carolina) were directed at investigating the feasibility of using anaerobic digestion as a technique to recover solar energy embodied in the excessive algal biomass production harvested from Clemson University's high rate algal based Partitioned Aquaculture System (PAS) as a replacement fuel to support the PAS operations. The three major issues restricting the economic and technical feasibility of anaerobic fermentation of algal sludge are: 1) The low energy density of the dewatered sludge as obtained from algal removal techniques, 2) Green algal sludge is relatively resistant to anaerobic biodegradation 3) The high nitrogen content of algal biomass leading to ammonia toxicity in the anaerobic digester environment. In this study, four different substrates and eight experimental trials were designed, in singular or in combination, to ascertain the optimal combination of operational variables and effect of algal or modified algal substrate upon methane production rate. Analysis of the data obtained from this study suggested the following conclusions; 1) For algal sludge digestion, the methane production rate was proportional to the loading rate within the experimental range at 10 days HRT. The observed values of methane production rate were 180, 573 and 818 ml/l day CH4 at 2, 4 and 6 g VS/l day loading rate. 2) Adding paper to adjust the feedstock C/N ratio increased the methane production rate from 573 CH4 ml/l day at algal sludge digestion alone to 1170 CH4 ml/l day with co-digestion of algal sludge and 50% paper fraction. The C/N ratio of 20 to 25/1 was the observed optimal range producing high methane production rate in digesters with algal sludge and paper at 10 days HRT.

Investigators at the University of Florida have developed an integrated approach for the genetic engineering of new biocatalysts for ethanol production.  New strains of bacteria have been isolated from nature. These strains grow optimally under conditions that optimize the effectiveness of fungal cellulases (pH 5; 50 C). Genetic exchange systems have been developed for one of these with a goal of inserting a new set of thermostable genes encoding the alcohol pathway. Complementing studies have cloned and characterized additional pyruvate decarboxylase genes which are expressed well in gram positive bacteria. Thermotolerance in these is being improved by using methods for protein evolution. A thermostable alcohol dehydrogenase is already available from prior work and will be used to complete the ethanol pathway. Modifications and improvements continue to be made on the ethanologenic derivates of E. coli and Klebsiella oxytoca.  Klebsiella genes for cellobioside transport and hydrolysis have been integrated in to ethanologenic E. coli together with endoglucanase genes and secretion genes from Erwinia chrysanthemi. Xyloside uptake and hydrolysis gene from Klebsiella have also been integrated into E. coli.  The resulting strains of E. coli and K. oxytoca can convert oligosaccharides from partial degradation of xylans and cellulose into ethanol without any enzyme supplements. 

Complementary studies at the University of Florida are investigating the partitioning of carbon between biosynthesis and products in genetically engineered strains. Modifications of native pathways have been shown to reduce nutrient needs, improve growth, and improve volumetric productivity.  Additional studies have isolated new gram positive bacteria from nature that metabolize xylans and xyloglucuronic acids.  A large cluster of these genes has been cloned and sequenced during the past year.

Co-product development will be essential to ensure economic competitiveness for fuel ethanol. At the University of Florida, we have engineered bacterial strains for the production acetic acid, l-lactic acid, d-lactic acid, and pyruvic acid at 80-95% of theoretical yield in mineral salts medium.  Final titres are around 50 g/liter in these strains.  Related studies are investigating tolerance to these products with the goal of achieving over 100 grams per liter of product

Task 3.
 Development of improved thermochemical processes for biofuel production

Researchers at Oklahoma State continue to focus on gasification of perennial grasses and agricultural byproducts, utilizing the resulting gases in a bioreactor to produce ethanol.  Significant achievements were made in the optimization of the gasification system including a more accurate tar and ash sampling system, and the installation of a new system for cleaning the producer gas. Numerous experiments have been made to investigate the effects of feedstock properties on system operation and performance with the most recent being gasification of high-moisture switchgrass. The impact of syngas composition on chemical productivity and cell growth in the bioreactor is being evaluated. Compressed gases with CO, CO2, and H2 compositions similar to the producer gas contained in storage tanks were used to initiate bioreactor experiments. Following the maintenance of a steady cell concentration, the feed gas to the bioreactor was changed from compressed gases to the producer gas. The first two experiments showed a rapid drop in cell concentration two days after the producer gas was introduced. This was associated with a rapid rise in pH. The decrease in cell concentration occurred above pH 6.0. Instituting an upper pH control did not eliminate the problem of cell concentration reduction following the introduction of producer gas.  Current work is seeking to determine the cause of cell decline. Composition of the stored producer gas is approximately: 18% CO, 5% H2, and 16% CO2.

The West Virginia University is focused on direct, thermochemical conversion of biomass into fuel. Fresh hog manure (600 g dry matter per batch) has been reacted with water at high-temperature and high-pressure producing 350 to 400 g of tar-like material that has an energy density of about 12,000 B.t.u./pound. Similar reactions using poultry litter as a substrate yield a tar with 18,000 B.t.u./pound. Sawdust without poultry excreta is less reactive and tar, suitable for blending with diesel fuel, have not been obtained.  Reacting a mixture of sawdust and manure yields a suitable tar. Tars made from hog manure and poultry litter have been blended with diesel fuel. The blend (20% manure tar) successfully powered a diesel engine operated under a load.

Scientists at the University of Nebraska have investigated ethanol-diesel fuel blends, referred to as E-diesel, which have several advantageous over regular diesel. The oxygenation capability of E-diesel significantly reduces formation of particulate matter and toxic gases like CO and NOx during combustion. The ethanol part of the blend is a renewable resource and reduces the dependency of non-oil producing countries. However, a major drawback with E-diesel is that ethanol is immiscible in diesel over a wide range of temperatures. Preliminary studies indicated that, at a temperature of 25oC, ethanol and diesel mixtures separate into two distinct layers. In this study, using soybean based bio-diesel (soybean methyl esters) as an amphiphile to form a stable ethanol-biodiesel-diesel microemulsion was investigated. A ternary phase diagram was developed to represent the phase behavior of the ethanol-biodiesel-diesel pseudo three-component system. The instantaneous phase behavior indicated that the system formulates stable microemulsions over a wide area in the phase triangle, depending on the concentrations of different components. The single-phase area of the three-component system was widest at higher biodiesel concentrations. The phase diagram indicated that in order to formulate a stable microemulsion, the ratio of biodiesel to ethanol in the system should be greater than 1. The phase diagram developed can be used to determine viable formulations for future biofuel blend studies. This study reveals that bio diesel can be successfully used as an amphiphile in a ethanol-biodiesel-diesel (EB-diesel) fuel blend. The biodiesel component of EB diesel is expected to further improve the effectiveness of EB-diesel by improving lubricity and increasing the cetane number when compared with E-diesel having similar regular diesel concentrations.
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Objective 3.
Biomaterials

Task 1.
Raw feedstock evaluation.

University of Minnesota researchers continue to modify and optimize their HRC process for pretreatment of lignocellulosics. This pretreatment is intended to open up the tightly structured fibers, substantially increase the micro-surface areas of the materials, and hence provide increased accessibility of the fibrous materials to enzymes. Another major effort has been to develop processes for converting biomass to biomaterials. We have developed a total liquefaction process that converts biomass to bio-polyols. We have evaluated a several types of raw feedstocks including corn stover, starch, soybean hulls, sunflower hulls, beet pulp, wheat straw, pineapple pulp, and ethanol plant fermentation residues and byproducts such as syrup, wet cake, and DDGS. Our process is able to liquefy all those biomass at relatively low temperature. The bio-polyols produced from these biomass were made into biomaterials such as biopolyster and biopolyurethane for various applications such as adhesives, and industrial and consumer products. We continue to optimize our liquefaction process, and develop new efficient and cost-effective liquefying agents and systems.

University of Nebraska (NU) scientists are evaluating starch based foams as replacements for non-degradable expanded polystyrene (EPS) as loose-fill packaging material because of starch’s total degradation and low cost. However, starch’s hydrophilicity, poor mechanical properties and dimensional stability limited their applications. Acetylated starch with a high degree of substitution (DS) is an alternative. Starch acetates with DS 1.11, 1.68, and 2.23 were extruded with either water or ethanol as solvents. The effects of DS and type of solvent on the starch acetate foam’s water absorption index (WAI), water solubility index (WSI), thermal behavior (glass transition temperature [Tg], melting temperature [Tm], and thermal decomposition temperature), and biodegradability were investigated. There was a significant interaction (P<0.05) between solvent type and DS on WAI and WSI of the foams. As DS increased from 1.11 to 2.23, WAI and WSI increased when ethanol was used as solvent and decreased when water was used as solvent. The Tg values of starch decreased with acetylation and with increasing DS, but increased with extrusion. Acetylation and extrusion increased the thermal stability of the foams. The rate of biodegradation of the foams decreased with increasing DS. The foams, extruded with ethanol, had higher degradation rates than those with water.
Starch acetates with degrees of substitution (DS) of 0.57, 1.11, 1.68, and 2.23 were prepared and extruded by NU scientists with either water or ethanol. The microstructure, physical properties (radial expansion ratio [RER] and unit density), mechanical properties (spring index [SI] and compressibility), and crystalline structure of the foams were investigated. The functional properties were a function of the DS and solvent type. When water was used as the solvent and the DS increased, the foams were pale yellow, with rough and uneven surfaces. The cells were dense, with thick cell walls.  Lower RER and SI with higher DS were associated with high unit density and compressibility. When ethanol was used as the solvent, contrary results were observed.  The snow-white foams had smooth surfaces, uniform cells, and smooth cell walls. High RER and SI, and low unit density and compressibility were observed. The changes in SI and compressibility with RER also were examined and found to depend on the type of solvent. A crystalline pattern was observed because of the formation of well-ordered structures during extrusion.
NU researchers prepared biodegradable composite foams by extruding starch acetate, with degree of substitution (DS) 1.78, with poly (tetramethylene adipate-co-terephthalate) (EBC). The foams’ chemical structures, thermal behaviors, and microstructures were investigated by Fourier transform infrared spectroscopy (FTIR), differential scanning calorimetry (DSC), and scanning electron microscopy (SEM). By measuring these properties, it was found that low EBC contents in the blends favored the miscibility of the two polymers, as characterized by (1) disappearance of EBC carbonyl peak and appearance of hydrogen-bonded EBC carbonyl groups in FTIR spectra; (2) an increase in Tg of starch acetate and the decreases in Tm values of starch acetate and EBC in DSC thermograms; and (3) formation of a homogeneous morphology in SEM. However, high amounts of EBC decreased the miscibility of these two polymers, as reflected by the foams’ physical and mechanical properties. With a small amount of EBC, the foams had high radial expansion ratios (RER) and spring indeces (SI) and low unit densities and compressibilities. Biodegradation rates of the composite foams decreased with the addition of EBC to starch acetate.

Different genetic and botanical sources of starches are available for use in hydrophobic starch-based packaging materials. NU researchers evaluated the effects of the type of acetylated starch and the presence of PLA and ethanol on the functional properties of extruded foams, and compared the specific mechanical energy requirements for preparing these foams. Acetylated starches prepared from potato and native (25% amylose) and high amylose (70%) corn starches were extruded with 0, 7.5, or 15% polylactic acid (PLA) and 8, 13, or 18% ethanol using a twin-screw extruder with a 160 °C barrel temperature and 180 rpm screw speed. Response surface methodology was employed to study the acetylated starch, PLA, and ethanol effects on radial expansion ratio, bulk density and compressibility of the extruded foams and the specific mechanical energy required to extrude the acetylated starch-PLA blends. The acetylated potato and native and high amylose corn starches had degrees of substitution (DS) of 1.09, 2.05, and 2.65, respectively. Acetylated 70% amylose cornstarch agglomerates had the highest hardness whereas acetylated potato starch had the lowest. Higher DS acetylated starch had higher radial expansion ratio, compressibility, specific mechanical energy requirement, and lower bulk density than acetylated starch-PLA foam. Ethanol functioned as a blowing agent to expand the foams and as a solubilizing agent to depolymerize the PLA and starch to form a homogeneous dough. Foam expansion increased with addition of PLA. 
Starch acetate, with degree of substitution of 2, was blended with 0, 7.5 and 15% polylactic acid (PLA), Eastar Bio Copolyester® 14766 (EBC) or Mater-Bi® ZF03U (MBI) and 10, 13 or 16% (d.b.) ethanol and twin-screw extruded at 160°C barrel temperature.  Univ. Nebraska scientists measured physical characteristics of the extrudates, such as radial expansion ratio, unit and bulk densities; and mechanical properties, including unit spring index and bulk spring index. Type of polymer, polymer content and ethanol content significantly affected the physical characteristics and mechanical properties. The sample extruded with 7.5% PLA and 13% ethanol had the highest expansion ratio and bulk spring index. The sample with 13% ethanol and no polymer had the highest unit and bulk densities. The highest unit spring index was expressed in the sample containing 7.5% PLA and 10% ethanol.

Extrusion of polysaccharide-based polymers, like starch acetate, is quite different from that of ordinary synthetic polymers.  To understand how physiochemical properties of blowing agents affect plasticization and expansion processes, NU researchers extruded starch acetate with water, ethanol, and ethyl acetate.  Properties and factors studied were; evaporation rate, surface tension, boiling point (B.P.), solubility index, latent heat of vaporization (hv) of blowing agents, extrusion temperature, and nucleating and blowing agents concentrations.  Properties of blowing agents and operating conditions affected solubility of matrix polymer, the nucleation process, and cell growth, which affected foam density and specific volume.  High temperature increased cell density and specific volume when water and ethanol were used, since high temperature increased solubility of starch acetate in water and ethanol and promoted nucleation.  Ethyl acetate already had high solvency to starch acetate and high evaporation rate.  High temperature reduced melting strength, thereby reducing cell density and specific volume. Water evaporation was greater, in spite of high hr and B.P., than the average volumes of ethanol and ethyl acetate evaporated. Blowing agent efficiency was a function of solvency, blowing agent evaporation rate, and operating conditions.   

There are three consecutive processes involved in extrusion foaming: extrusion (mixing and melting), cell initiation and cell growth, and cooling. Extrusion of polysaccharide-based polymers with a single blowing agent is limited by cost, safety, and the various physical chemistry requirements of the three processes in extrusion. Balancing or comprising between requirements of various processes should be maintained in the optimization process. Secondary blowing agents such as pentane, ethyl acetate, and sodium bicarbonate were used in water and ethanol-based foaming processes. The introduction of secondary blowing agents of low surface tension or, in other words, of high evaporation rate such as pentane and ethyl acetate, increased cell density while the addition of high surface tension secondary blowing agents reduced cell density. The specific volume of foams can be increased by secondary blowing agents by increasing nuclei density, increasing solvency, and increasing the amount of vaporized blowing agent.

NU researchers extruded starch acetate (DS2) in a Brabender twin-screw extruder with ethanol and propanol, as blowing agents, at concentrations of 0, 2, 5, 10, 15 and 25 % at a constant temperature of 150 oC, at a constant screw speed of 140 rpm and through a die nozzle with diameter of 4.0 mm and length of 16.2 mm to study the role of blowing agents on the expansion of the extrudates. Extrudates with 0 % blowing agent shrunk considerably after exiting the die as the cells collapsed drastically after expansion. Radial expansion of the extrudates increased with increase in the ethanol concentration to an optimum value of 18.0 at 5 % (db) ethanol content and decreased with further increase in the ethanol content. Radial expansion increased to a maximum of 17.0 as the concentration of propanol was increased to 25 % (db), though the rate of increase in expansion decreased with the increase in propanol concentration beyond 10 %.  Blowing agents aided in releasing the heat and pressure generated during extrusion by flashing off. The faster the extrudate cools, the less likely it is to shrink. Scanning electron micrographs were used to observe the effects of blowing agents concentration on cell morphology. Various phenomena involved during the expansion are discussed. To obtain an extrudate with high expansion and lower density, propanol at 15 - 25  % (db) was found most suitable.

Task 2.
Methodologies for producing biomaterials

Scientists at the University of Illinois are investigating improved methods of fractionation that ultimately enhance efficiency of bioprocessing and conversion of biomass to biobased products. Currently, there is an urgent need for economic feasibility of biobased products which can be met through improvement of value in coproducts accomplished during bioprocessing. Improved fractionation of raw materials, such as corn, is key to increased coproduct value since concentrations of carbohydrates, protein, oil and fiber are increased. Improved fractionation technologies also may reduce environmental impact of coproducts. Current coproducts from corn processing are high in phosphorus (0.7 to 1.0% db) which presents an environmental burden on lakes and streams.  
Investigators at South Dakota State University are developing processes to produce microbial exopolysaccharides from condensed corn solubles (CCS, a byproduct of ethanol production from corn). We have acclimated various microbes to produce exopolysaccharides on CCS and are working adjust the medium formulation to optimize productivity. The organisms and their products include: Sphingomonas paucimobilis (gellan), Aureobasidium pullulans (pullulan), Sclerotium glucanicum (scleroglucan), and Pseudomonas resinovorans and P. putida (polyhydroxyalkanoate, PHA). Another goal of the project is to develop and optimize downstream processing operations for recovery of the exopolysaccharides. With the exception of PHA, these exopolysaccharides can typically be recovered using a relatively simple process that involves lysing the cell, precipitating the gums with isopropanol or methanol, then centrifugation or filtration, followed by drying. We have modified the basic recovery process to utilize ethanol as the precipitating agent, since this material is available in corn ethanol plants. For recovery of PHA we are evaluating supercritical fluid extraction with carbon dioxide, since this gas is also produced in large quantities in ethanol plants. We found that adding 15% ethanol modifier produced a highly purified PHA product. We are also investigating accelerated solvent extraction as another recovery mechanism. For both techniques we will explore a matrix of temperatures, pressures, and mole fractions of carbon dioxide and ethanol for recovery of PHA. 

Task 3.
Biomaterial applications

Kansas State University researchers developed biodegradable plastics from poly(lactic acid) (PLA) and starch. The stiffness of PLA, especially above its glass transition temperature was significantly improved. The goal of this research was to improve mechanical properties of PLA/starch bioplastics that could be used in a broad range of disposable applications. We have one patent issued and three peer reviewed journal articles published.  The technology developed from this project has great potential for manufacturing biodegradable plastics from renewable materials. The disposable plastic products will be increased to about 42 billion lb by year 2007 based on the statistics by Environmental Protection Agency.  These applications include packaging containers, foams, service utensils, single-use items, shopping bag, films, trash bag, agriculture mulch films, soil retention films, and many other short-term applications.  

Kansas State researchers also developed biobased adhesives from plant proteins and by-products.  Adhesives have potential applications for plywood, particleboard, veneer, lamination, packaging, labeling, edible food adhesives, children glues, etc.  In collaboration with large resin industrial partners, some of the adhesives are in progress toward commercialization.  One patent was issued and transferred, two patents are pending. 

Work at Mississippi State University has begun to evaluate mechanisms to make and produce chitosans of specific degrees of deacetylation (DDA) from chitin in crustacean shell waste material. The process involves the use of low concentration caustics and temperatures to de-proteinize and demineralize chitin. Time factors are being used to control DDA and MW of the processed material. DDA is determined via liquid phase NMR, and MW, via viscometric techniques. 

Additional work by Mississippi State researchers has been carried out to develop chitosans for biomedical applications. Research has been performed demonstrating techniques for making porous scaffolds for supporting growth of chondrocyte cells for tissue engineering of cartilage. Films of chitosan have been chemically bonded to titanium substrates as a bioactive coating for dental/orthopaedic implant devices. In cell culture studies have shown that the coatings and porous scaffolds are able to support the growth and elaboration of extracellular matrix of bone and cartilage cells. Additional work is underway to begin to relate biological outcomes (e.g. cell proliferation, elaboration of extracellular matrix, cell/tissue differentiation, wound healing and inflammation) with chitosan physical properties (MW, DDA, moisture content, degradation). This information is crucial to establishing known, predictable outcomes of chitosan materials in biomedical applications. Future work being considered is to identify genes that code for chitin assembly and for control of chitinases. This information may be used to genetically modify fungi to produce custom chitosans of known DDA, MW, and organization. 

The research progress at Louisiana State University includes production of automotive non-woven composites from waste bagasse and agricultural fibers (kenaf and ramie) and evaluation of these biobased non-woven composites in terms of mechanical properties, wet properties, thermal properties, and acoustical properties. Carded and airlaid non-woven techniques for web formation were investigated. Thermal bonding and liquid bonding methods were also applied in the fabrication of the biobased composites. The produced composite products had different natural fiber contents (50-70%) and different composite structures (uniform and sandwich structures). Weight for these products ranged from 983 to 1370 g/m2. Composite thickness was controlled between 2.22 and 3.73 mm. Comparative study indicated that the uniform structures have higher tensile strength and modulus and higher flexural yielding stress and modulus than the sandwich structures. For the wet properties, the uniform composites had less water absorption but higher swelling rate than the sandwich composites. This revealed that the sandwich structures would possess dimensional stability as they were used for the automotive application. Thermal analysis showed that the uniform composites featured a higher softening temperature (140(C) and melting temperature (160(C). For the sandwich composites, the softening point was 120(C and melting point was around 140(C. Within the uniform structure group or sandwich structure group, the thermal mechanical properties did not differentiate very much because of the different natural fibers used. 

High quality textile fibers have been extracted from corn stover in University of Nebraska laboratories. These fibers have properties between cotton and flax and are suitable for all textile applications. Physical, mechanical and morphological properties of the corn fibers are different from the natural cellulosic fibers from fiber crops. Textile products can be made using corn fibers by blending with other common textile fibers such as cotton and polyester. Products made from corn fibers could have unique properties and will be biodegradable. Producing textile fibers from a currently useless and annually renewable byproduct of a major food crop will reduce the dependence on fiber crops and benefit the farmers and the environment. About 3.6 million tons of the fiber can be produced every year from the annually renewable byproduct. Assuming a selling price of $ 1.00 per pound of the fiber, competitive to the current cotton and flax prices, the new fiber offers a potential sale value of $ 7.9 billion every year with a value addition of $ 5.5 billion. 
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Figure 1 (a): Hydrolyzed single corn fiber 

           1 (b): Bundle of fibers suitable for textile applications, extracted using our unique 


method

           2 (a): 7s Ne, open end spun corn: cotton yarn (35% corn: 65 % cotton)

           2 (b): 26s Ne, ring spun corn: polyester yarn (35% corn: 65 % polyester)

           3 (a): Knitted garment made from corn fibers (35% corn: 65 % cotton)

The existing methods of fiber extraction from the stalk of plants were not suitable for production of high quality fibers from corn stover. Those methods hydrolyzed the corn stover, making the fibers too short and too weak for textile applications (Fig 1 a). University of Nebraska researchers developed a unique process to extract the fiber bundles (Fig 1b) from corn residues with the length, strength and elongation required for textile applications. Table 1 compares the properties of the corn fiber with cotton and flax fibers, two of the most popular natural cellulosic fibers. It can be seen that corn fibers have properties similar to the common textile fibers.

Table 1: Comparison of the properties of corn fiber with cotton and flax fibers.

	Fiber or Fiber Bundle
	Length

(cm)
	Denier
	Tenacity

(g/den)
	Breaking

Elongation (%)
	Color

	Corn Fibers

Cotton
Flax (Linen)


	2-20

1.5-5.5

20-140


	≥12.0

1.0-3.3

1.7-17.8


	2.3

2.7

5.8


	9.0-12.0

6.0-9.0

2.0-3.0


	Yellowish

Off-white

Grey




Moisture re-gain of cornhusk fibers at 65 % relative humidity and 70º F is about 9 %, similar to that of cotton (about 8 %). Fibers produced by our unique method have been spun into yarns by blending them with cotton and polyester (Fig 2 a, 2 b). The cotton/corn blended yarn has been knitted into a garment (Fig 3 a) which demonstrates the usefulness of corn fiber for textile applications.

Annual world textile fiber consumption is 60 million tons, in which 26 million tons are cellulosic materials. The consumption of 3.6 million tons of cornhusk fiber means a share of 6.0 % on the current fiber market, or a share of 13.8 % on the current cellulose fiber market. Due to the unique properties of the cornhusk fiber and the generation of the fiber from an almost useless byproduct of a renewable resource and a possible solution to the decrease in already insufficient arable lands, this fiber will be acceptable in the fiber market. Being a natural cellulosic fiber, corn fibers can be easily processed on the conventional textile machinery and will be comfortable to wear. 

University of Nebraska scientists blended cellulose fibers (extracted from corn stalks) with starch acetate to make biodegradable packaging foams. Starch acetate corn fiber foams were prepared by extrusion. Corn starch was acetylated (DS 2) to introduce thermoplastic properties. Corn stalk was treated with sodium hydroxide to remove the lignin and to obtain purified cellulose fibers. Starch acetate was blended with treated fiber in concentrations of 0, 2, 6, 10 and 14 % (w/w) and extruded in a twin-screw extruder with 12 to 18 % ethanol content as a plasticizer and 5 % talc as a nucleating agent. The samples were extruded at 150 C and selected physical and mechanical properties were evaluated. Micrographic properties also were analyzed using SEM to observe the interaction of fiber and starch. Fiber incorporation at lower concentration enhanced the physical properties of the foams. With fiber content greater than 10 % expansion decreased and foams were denser and had higher shear strength. Good compatibility between starch and corn fiber was observed. 

University of Nebraska researchers also extruded starch acetate with wood fiber, oat fiber and cellulose in a C. W. Brabender twin screw laboratory extruder at 160 ˚C barrel temperature and 225 rpm screw speed. Ethanol was used as a blowing agent. Starch acetate-fiber foams were subjected to a post-extrusion steaming process to recover or re-expand the collapsed cells after exiting the die nozzle. The cell morphology of steamed and unsteamed starch acetate-based fiber foams were compared to conventionally expanded polystyrene foams and native starch-based loose-fill foams. More uniform cell distribution was observed in starch acetate-fiber foams than native starch-based loose-fill foams. Nearly hexagonal cells were formed in starch acetate-cellulose foams as compared with expanded polystyrene foams. Relations between cell morphology and foam functional properties also were investigated. Recovery with post-extrusion steaming and well-developed hexagonal cell structure enhanced the mechanical properties increased the expansion and lowered the unit and bulk densities. Overall, post-extrusion steaming recovered collapsed cells after the starch acetate-fiber dough exited the die nozzle.
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Objective  4.
Biobased Chemicals

Task 1. Biochemical Identification, Characterization and Separation from Biofeedstocks

Washington State University scientists are studying pretreatment of diary manure with acid and enzymes. Concentrated acid hydrolysis followed by dilute acid hydrolysis has been demonstrated as the most effective approach that produced the highest glucose yield. Last year’s work has been focused on enzyme production. Optimal conditions were identified for the growing fungi in waste medium for the production of a suite of enzymes for hydrolysis of lignincellulosic materials. Detailed analysis of chemical compositions of animal manures were conducted. Manures analyzed included dairy, beef, poultry and swine manures. Parameters include cellulose, hemicellulose, lignin, amino acids, N,P,K, and other major elements.

University of Arkansas researchers are developing a water based extraction process using a model system, which consists of milk thistle. The flavonolignans contained in milk thistle seed can be extracted with 100 C water. However, we have assembled a hot/liquid water extraction oven based on the idea of Miller and Hawthorne (1998) (Analytical Chemistry 70: 1618-1621), which can extract the biobased matrix with up to 160 C water. Our preliminary results show that increasing the temperature of the water does not increase the compound yields, but shortens the extraction time. A reduced extraction time may prove essential, as we are seeing evidence of compound loss. As a comparison to the water system, we are also investigating the effect of organic solvent composition and temperature on the yields of flavonolignans. Our preliminary results indicate that milk thistle products are best extracted in 60 C ethanol. The German pharmacopeia recommends that milk thistle seed meal should be first extracted with petroleum ether, a step aimed at removing the ca.  20% lipid from the meal. Preliminary results indicate that maceration of the meal in water or dilute acid, prior to 60 C ethanol extraction is an alternative to petroleum ether defatting.  In a separate arena, we are also working on the extraction of lycopene from watermelon flesh using a CO2 supercritical fluid extraction process. We are also working on the extraction of compounds from biobased crops such as sericea, kudzu and mimosa prior to their transformation into energy. Preliminary results show that we have extracted a quercetin based compound from mimosa foliage. This compound displays, compared to controls, a high oxygen radical absorption capacity.

Investigators at Virginia Tech studied the applicability of using aqueous two-phase extraction (ATPE) to purify a model protein, chicken egg white lysozyme (Molecular mass 14400, pI ~11), from tobacco protein extract. Separate experiments with PEG/salt/tobacco extract, and PEG/salt/lysozyme were carried out to determine the partition behavior of tobacco protein and lysozyme respectively. Two level fractional factorial designs were used to study the effects of factors such as, PEG molecular mass, PEG concentration, the concentration of phase forming salt, sodium chloride concentration and pH, on protein partitioning. The results showed that, among the studied systems, PEG/sodium sulfate system was most suitable for lysozyme purification. Detailed experiments were conducted by spiking lysozyme into the tobacco extract. The conditions with highest selectivity of lysozyme over native tobacco protein were determined using a response surface design. The purification factor was further improved by decreasing the phase ratio along the tie line corresponding to the phase compositions with the highest selectivity. Under selected conditions the lysozyme yield was predicted to be 87% with a purification factor of 4 and concentration factor of 14. Future work will apply the technique to purify other model proteins with different size and pI and to demonstrate the scalability of the technique in processing large quantity of biomass. Moreover, processes for the purification of a model protein will be developed based on either initial ATPE isolation or traditional protein extraction and initial column chromatographic isolation to achieve the typical protein purity required for biopharmaceuticals.  The economics of the processes will be evaluated to examine the suitability of using ATPE in protein purification from plant expression systems.
University of Nebraska scientists have determined the content and composition of policosanols in long-chained lipids extracted from grain sorghum kernels and sorghum dried distillers grains (DDG), a by-product of ethanol production. Long-chained lipids were extracted using hot hexane or hot ethanol. The major components of the long-chained lipids extracted from grain sorghum kernels, as determined using HPLC, were policosanols (37-44%), aldehydes (44-55%) and acids (4-5%). Long-chained lipids from DDG contained 52% policosanols, 23% aldehydes, 6.4% acids and 17% wax esters/steryl esters. Composition of policosanols in DDG matched the composition in grain sorghum kernels, as determined by GC, even though the content of policosanols in DDG was greater than the content in grain sorghum kernels. Policosonal composition ranges of 0-1% C22:0, 0-3% C24:0, 6-8% C26:0, 1% C27:0, 43-47% C28:0, 1-2% C29:0, 40-43% C30:0 and 1-4% C32:0 were observed. 

Clemson University investigated byproducts from rice and fiber flax that have demonstrated excellent potential as a substrate for the filamentous fungi, Pythium irregulare capable of producing these -3 enriched oils when grown at optimal conditions. The oils are easily extracted with supercritical CO2 and are essentially odor-free compared to fish oils containing similar fatty acids (Walker et al., 1999). The initial phase of the supercritical fluid extraction study on rice bran oil and fungal oil was completed. Results showed that particle size of both rice bran and fungal biomass were important for extraction kinetics. The kinetic study indicated that oil extracted more slowly from the fungal biomass than from the rice bran control samples. Other parameters determined included optimal growth conditions of Pythium irregulare on rice bran including temperature, time of batch culture, and C/N ratio. Room temperature growth yielded the highest growth rate and oil production. Significant losses of omega-3 fatty acids were evident after 7, 9 and 11 days for growth at 25, 19 and 14 (C, respectively.  Another investigation is underway to assess the potential use of rice ash as an absorbent compound for primary purification and fractionation of rice bran oil subjected to supercritical carbon dioxide. This work is being conducted at LSU, Baton Rouge, LA under direction of the same investigator. A mammalian cell tissue culture laboratory has been implemented at Clemson to test bioavailability of the extracts through Caco-2 monolayer system. This is being scaled to a 3-dimensional tissue system with use of cell-printing technology. Impact: Potential market value could exceed the nutraceutical value of rival oils such as fish, flax (linseed) and borage oils currently sold at approximately $7-10 per 100g (100 tablets). Value-added uses for the byproducts from sources such as rice, sweet potato and sugarcane have great economic potential in contrast to the high waste treatment costs incurred from disposal of these materials.

Task 2. Process Development

University of Arkansas scientists are currently investigating the hidden biocatalytic potentials of the vast natural abundance of untapped microorganisms in conjunction with industrially and medically relevant biotransformations. In particular, organisms that thrive in extreme environments are of interest in the production of highly stable enzymes and in the development of innovative bioprocesses. Individual organisms may live at temperatures near boiling or under high pressures, in the presence of high salt or in highly acidic environments. Most of these extremophiles belong to a recently defined domain of microbes known as the Archaea. Much of these works require evaluations of microbial physiology using molecular biology, microbiology, classical cellular physiology, and bioprocess design as tools of discovery. In addition, substantial works at genomic and proteomic analyses, and genetic engineering of relevant biomolecules are necessary to elucidate their roles in metabolic processes. On-going research includes: (1) evaluation of physiology of extremophiles and their extremozymes in conjunction with medically and industrially relevant biotransformations, in particular, glycoside hydrolase activities, cellulase activities, and (2) design and evaluation of extremophilic bioreaction systems for conversion of renewable biological wastes, i.e., starch, cellulosic materials, to high value products. 

Task 3. Product Application

Researchers at the University of Illinois are collecting needed data on nutrient flows in the dry grind corn process to provide a basis for modifying streams and improving coproduct quality. Nine dry grind corn processing plants participated in collecting samples from 11 locations within the process. Samples were collected so that material represented one commercial fermenter batch; sampling was repeated during three weeks and four sampling periods (12 replicates per plant). Syrup (concentrated thin stillage) had 2.2%(db) phosphorus, roughly twice the level in distillers dried grains with solubles (DDGS). From a mass balance, we determined most phosphorus in the process appeared in the syrup stream. A 40 million gal/y plant produces 2,000 tonne/y DDGS and 16.5 tonne/y phosphorus. Based on these data, applying new technologies and processing techniques to the syrup could be one alternative to decrease phosphorus in DDGS.  
Grain sorghum (Sorghum bicolor) wax is composed mainly of aldehydes, alcohols and acids. Aldehydes, comprising about one-half of the wax, are readily converted to acids in presence of air. In past work at the University of Nebraska, whole sorghum wax and an aldehyde fraction from sorghum wax were subjected to oxidative conditions. Changes in the major components and thermal transition temperatures were determined using HPLC and DSC, respectively. The aldehyde fraction was oxidized markedly to acids over 4 months in storage at room temperature. Acid content, in the fraction, was initially 5 to 7% and increased to 42 to 51% after 135 days in storage. Consequently, thermal transition apex and end temperatures of the fraction, which were initially 73 to 74°C and 76 to 77°C, respectively, increased to 80 to 81°C and 83 to 85°C, respectively, after 135 days. Whole sorghum wax, composed initially of 55% aldehydes, 37% alcohols and 7% acids, slightly increased acid level to 8 to 12% during storage over 5 months under various conditions. Thermal transition temperatures of the wax changed little over all storage conditions during 5 months of storage with 83 to 84°C for apex temperatures and 86 to 87°C for end temperatures. 
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Objective 5.
Education and Outreach

Task 1.
Development of an Advisory Board for the National Resource Center

No activity on this task during the reporting period.

Task 2.
Development of Educational Materials in High-Priority Topic Areas

At the University of Nebraska a combined undergraduate and graduate course was developed and offered in the Spring 2004 semester entitled Computations in Biological Systems.  The course objectives were 1) combining engineering fundamentals with principles from biochemistry and biology for investigating unit operations of bioprocesses, plant systems and animal systems, 2) applying engineering mathematics, numerical methods and programming (spreadsheets and MATLab) for analyzing transport phenomena and reaction kinetics in biological systems and 3) modeling and simulating of unit operations of bioprocesses, plant systems and animal systems.  Students’ comments for the course were very positive.  They stated that a wide range of topics was covered and they considered it to be a valuable educational experience.

Several S1007 members are interested in synthesizing and transferring to stakeholders important knowledge and new technical information concerning conventional forestry systems for sustainable production of bioenergy. This effort encompasses natural forestry systems and single-stem plantation systems that can provide a source of biomass for energy. The scope is worldwide, including boreal, temperate, sub-tropical and tropical forest regions. The work includes sharing of research results, stimulation of new research directions in national programs of participating countries, and technology transfer from science to resource managers, planners and industry. The emphasis is on an integrated approach to biological, economic, environmental and social components of forestry systems. Multi-disciplinary partnerships of key stakeholders in forest biomass production research, planning and operations are fostered. 

One of the primary outputs of this effort in 2002 was a publication that synthesizes available ecological, physical, operational, social and economic information, and identifies gaps in knowledge related to sustainable biomass production and harvesting systems (Richardson, et al. 2002). The book is organized around the criteria for sustainable forest management:  productivity, environment, social, economic, and legal and institutional framework. It emphasizes guiding principles and state of the art knowledge in a concise and distilled form, rather than trying to provide a detailed ‘how-to’ handbook covering every possible situation. The scale of resolution for the information is primarily at the ‘forest region’ level. The basic philosophy was to provide information or interpretations on generalizable principles that span forest regions, such as effects of management on soil carbon. The primary audience for the publication is forest resource managers and planners to enable them to evaluate the ability of specific forest regions to sustainably meet bioenergy production demands. 

Task 3.
Development of National Resource Center for Biomass Education

No activity on this task during the reporting period.
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