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Summary Minutes of the 2007 Annual Meeting of S-1007 

National Center for Agricultural Utilization Research (NCAUR), ARS, USDA, Peoria, IL

September 24-25, 2007

Present:

Administrative Advisor:  Roland Mote, Univ. Tennessee

USDA Representative:  Carmela Bailey, USDA CSREES

Officers:  Chair: Kent Rausch, Univ. Illinois; Vice-Chair: Julie Carrier, Univ. Arkansas; Secretary: Dennis Wiesenborn, North Dakota SU. 
Other Attendees:  Arizona (UA):  Joel Cuello; Hawaii (UH): Qing Li; Illinois (UI): Mike Tumbleson; Indiana (Purdue): Bernie Tao; Iowa (ISU): Tom Brumm; Kansas (KSU): Susan Sun, Donghai Wang; Kentucky (UK): Sue Nokes; Louisiana (LSU): Yan Chen; Dorin Boldor; Michigan (MSU): Carl Lira; Minnesota (UMN): Roger Ruan; Montana (MSU): Chengci Chen; Nebraska (UN): Milford Hanna; North Carolina (NCSU): Jiayang (Jay) Cheng; Oklahoma (OSU): Mark Wilkins; Oregon (OSU): Michael Penner; South Dakota (SDSU): Kasiviswanathan Muthukumarappan; Tennessee (UTK): X. Philip Ye; Texas (TAMU):  Cady Engler; Utah (USU): Sridhar Viamajala; Virginia (VT): Zhiyou Wen.
Member stations not present:  California, Florida, Georgia, Mississippi, South Carolina, Washington, West Virginia, Wisconsin. 
Roland reminded the group that this is the 5th and final year of S-1007, and that the group has received authorization to function as a development committee, SDC 325.  SDC 325 will develop the next 5-year project and will exist from Oct. 1, 2007 to Sept. 30, 2009.  Roland also reminded us that the purpose of these meetings is to plan multistate research and accomplish research tasks through the shared use of resources.  S-1007 members who wish to continue as members of SDC 325 should have their station directors authorize them as members.  The termination report for S-1007 is due Mar. 1, 2008 and will mirror the format and length of annual reports.  A 1-page impact statement is due Dec. 1, 2007.  The new 5-year project should be submitted by Apr., 2009 to ensure approval by Oct. 1, 2009.

Mike Cotta welcomed attendees to NCAUR and provided an overview of NCAUR and ARS.  Minutes for the 2006 meeting were approved with minor corrections.  Kent reminded station representatives to send him their written annual reports, either by direct e-mail or by posting these to the S-1007 list serve.

Carmela reported on recent developments at CSREES, USDA and the Farm Bill.  Carmela and Hongda Chen both serve as CSREES representatives to S1007.  Under Secretary Buchanan will be consolidating resources currently distributed across ARS, CSREES, ERS and NAS.  A strategic planning workshop resulted in a draft report that is expected to be released in mid-October.  The report sets targets for the next five years and has three themes:

Greater emphasis on a systems-based approach

Sustainability

Life cycle assessment (tools for economic & environmental assessment of biobased products/technologies)

A recent workshop of ARS stakeholders identified three priorities for renewable energy:

Feedstocks development, especially optimal feedstocks for ethanol and biodiesel

Sustainable production

Economics of conversion

This provides a helpful guide to SDC 325 as it prepares the next 5-year project.

Site visits for biomass research and development projects are now administered by Rural Development.  NREL has been hired to study the metrics of these projects, and S1007 will probably no longer conduct site visits.

The federal procurement program for biobased products has not progressed as rapidly as hoped.  A pilot program is underway to test biobased products in the USDA cafeteria (Whitten Building, D.C.), which should provide an incentive and publicity for biobased products.  Carmela’s report was followed by a productive question and answer session.
Kent reported on progress and plans for development of the new 5-year project via SDC 325.  Leaders have been identified for each of the four objectives:  Al Womac for Objective A, Milford for Objective B, Julie for Objective C and Sue for Objective D.  Julie will also be coordinating the writing of the overall proposal.  Julie and Milford reminded the group that the work proposed under each objective needs to be concisely stated.  Breakout sessions followed to discuss and clarify each objective for the SDC 325 proposal.  

Milford reported the following revision of objective B for SDC 325:
B.
Improve biofuel production processes 

B.1.
Biological conversion processes

Task 1: Develop pretreatment methods for biological conversion processes

Task 2: Develop conversion processes

Task 3: Improve methods for characterization of intermediate products and process control

B.2.
Thermochemical conversion  processes 

Task 1: Develop pretreatment methods

Task 2: Develop conversionprocesses

Task 3: Improve methods for characterization of intermediate products and process control

B.3.
Biodiesel production processes 

Task 1: Characterize new feedstocks

Task 2: Develop an understanding of fuel quality and performance issues

Task 3: Develop and characterize innovative processes for biodiesel production

Task 4: Utilize by-products

Bernie reported the following revision of Objective C for SDC 325:

C.
Identify, develop, and evaluate sustainable processes to convert biomass resources into biochemicals, biocatalysts, and biomaterials (non-fuel uses) 

Task 1.  Characterize biochemicals, biocatalysts, and biomaterials in biomass

Task 2.  Develop separation processes for biochemicals, biocatalysts, and biomaterials

Task 3.  Develop applications for biochemicals and biocatalysts with biological activity

Task 4.  Develop enabling technologies for biochemicals for materials productions

Task 5.  Develop and evaluate integrated process systems for commercial feasibility 

Station reports were given by:  AR, AZ, HI, IL, IA, KS, LA, NE, MI, MN, MT, NC, OK, OR, SD, TN, TX, VA.  Tours of the NCAUR facility and the biodiesel labs were conducted.  A biodiesel breakout session was also held.  

Sue Nokes was elected secretary for the 2008 meeting of SDC 325.  This meeting will be chaired by Julie; Dennis will serve as Vice Chair.

The 2008 meeting will be held in Washington, DC tentatively on the week of Sept. 15.  The 2009 meeting will tentatively be held at PNNL.  The location for 2010 is yet to be determined.

Accomplishments
Accomplishments: In this section focus on intended outputs and outcomes. This information should be built around the activity's milestones, as they were identified in the original proposal. The report should also reflect on the items that stakeholders want to know, or want to see. Also, describe plans for the coming year in no more than one or two short paragraphs.

Objective 1. Reduce the cost of harvesting, handling, storing and transporting biomass increasing the competitiveness of biomass as a feedstock for biofuels, biomaterials and biochemicals. 

Task 1.1. Feedstock quantification and characterization.
(MI) MSU has begun a study to grow 200 acres of canola in mid-Michigan and northern lower Michigan in the 2007-08 growing season.  The goal is to gain information on the actual costs of canola production in Michigan and to determine yields, losses, and potential challenges with canola as an energy crop for Michigan.

 (MT) Double cropping systems for biomass production:  Little corn grain is produced in Montana due to the cool climate and short growing season.  Therefore, alternative feedstock are being explored for fuel ethanol production.  There is an abundant but underutilized supply of agricultural residues and herbaceous grasses available in Montana.  Annual warm season crops have high biomass production and could serve as ethanol feedstocks.  A double-cropping system developed in this project produced 50% more total biomass than the traditional single-cropping system.  The double-cropping system developed is to plant winter triticale in the fall and harvest the crop for hay or silage in mid June.  After harvesting the winter triticale, sweet sorghum or sweet stem pearl millet is immediately planted into the same field and is harvested in late September.  
(MT) Feasibility study for early seeding canola and selection of cold tolerant varieties:  This project investigated the feasibility of early spring seeding of canola and screened cold tolerant cultivars for early seeding.  The results demonstrated moving the canola seeding date from May to early April increased canola yield by 43-63%.  The team continues to screen cold tolerant cultivars and develop a system to produce oilseed feedstock with less input. 

(MT) Camelina variety evaluation: Camelina sativa has potential to become a low cost feedstock for biodiesel production. However, this crop is relatively new to Montana. High yielding varieties and integrated production systems need to be developed for sustainable production of this biodiesel feedstock. We are working with breeders in Montana and Wyoming to develop and test germplasm and varieties for adaptability and yield potentials.  Yields ranged from 600 to 1700 pounds per acre in dryland production.  Cropping systems, as well as harvest and handling studies are underway.

(NC) Progress has been made in the joint research project with colleagues from Crop Science and Forestry departments on conversion of genetically-engineered switchgrass to ethanol.  Tissue culture experiments have been performed and obtained regenerated plants.  The selection scheme for transgenic callus and plants has been determined and is performing transformation experiments.  Researchers have collected actively growing switchgrass materials, extracted RNA, and building a cDNA library to clone the 4-CL gene is underway.  Acid and alkaline pretreatments for the three switchgrass varieties were conducted and the composition of the pretreated biomass was analyzed.  Two levels of microwave pretreatment for each switchgrass type were performed and the composition of the pretreated biomass was analyzed.  Sugar analysis on all pretreated and untreated biomass samples of switchgrass is ongoing.  Enzymatic hydrolysis of all these samples will be conducted in the near future.
Task 1.2. Harvest, process and handling.
(MI) Life-cycle Assessment: Michigan State University has assessed various parameters to improve the overall environmental performance of corn based ethanol and soy biodiesel production. We concluded agricultural practice and innovation affect the environmental performance of biofuels.

(ND) Biodiesel from canola having a high content of green seed: Straight cutting canola would reduce production costs and probably reduce shatter loss by at least 5% compared to current recommended practice.  However, canola seed is sharply discounted if green content seed is greater than 2%.  This study is attempting to determine if the discount could be waived for biodiesel use.  Canola samples having a high percentage of green seed resulted in high chlorophyll content in the oil; however, other oil quality factors (free fatty acid, peroxide value, and phosphorus content) were satisfactory.  When the oil is converted to biodiesel, about 90% of the chlorophyll goes to the glycerine co-product; therefore, the end use of glycerine will be key to establishing acceptability.  Furthermore, relatively low chlorophyll levels in the biodiesel may cause the biodiesel to fail the oxidative stability standard; this issue deserves further study.  

(ND) Improved canola varieties for biodiesel: A center was established in 2006 to develop new varieties of canola, primarily for biodiesel use.  A key objective was to develop capability for high-throughput analysis of canola seed samples harvested in summer 2007.  Canola plots (3800) were grown at five locations.  Cleaned samples were analyzed to guide sample selection for a winter nursery in Chile.  NIR calibrations were developed in collaboration with Perten.  An objective of the coming year will be to expand the NIR calibrations for characteristics such as glucosinolates and erucic acid.

(ND) Feedstock sensor development for in-field use: Investigations were conducted on developing the framework for a miniaturized cost-effective sensor system that can be used for characterizing constituents (sugar, protein, etc) in field conditions. Additional study was directed for preliminary proof-of-concept for a sensor for predicting viscosity of selected biofuel using a pressure sensor (contributes to Objective 2). 

(TN) The University of Tennessee, DOE Oak Ridge National Lab, and University of British Columbia are collaborating to comprehensively investigate size reduction processes of switchgrass, corn stover, wheat straw, and wood chips using instrumentation of a linear knife grid and rotary knife mill, hammer mill, and disk refiner to discover energy input conditions to produce preprocessed feedstock.  Particle sizing and separation of size-reduced materials have the aim of providing the maximum surface area for subsequent pre-treatment and conversion, and improved process targeting of anatomical plant components based on chemical traits.  UT tested linear action through a grid of interlocking knives is an alternative method of biomass size reduction.  A linear action knife grid device was used to determine size reduction characteristics of stover and switchgrass at several material and operating conditions.  Energy values using the linear knife grid device was much smaller than reported for similar biomass using other methods of size reduction.  Therefore, a pre-processing machine based on a linear knife grid principle would be an efficient first stage size reduction for biomass materials.

(TN) The University of Tennessee instrumented rotary size reduction equipment to identify operating parameters to minimize energy consumption.  Size reduction equipment included a knife mill, hammer mill, and disc mill. Results indicate that for size reduction with rotary equipment such as knife mills equipped with classifying screens, increased operating speed increases total specific energy likely through a mechanism of increased parasitic losses for the mill alone, not including losses associated with accelerating biomass input.  Results showed decreased size reduction energy as low-moisture switchgrass input rate increased for a knife mill. Operating the mill at reduced capacity increased the proportion of parasitic power requirements relative to power reaching the biomass.  A large increase in screen size required less energy.  Increased rotational speed required increased size reduction energy. An increase in size reduction energy was required for the smallest screen size, though the increase was small compared to energy associated with rotation speed. Most efficient operation may require reduced operating speeds.
(TN) The University of British Columbia identified bulk density of biomass as a major factor in determining the cost and logistics requirements of handling and moving biomass from farm to biorefinery.  Effect of particle length, moisture content, and particle density on bulk density was determined for wheat straw and switchgrass.  The bulk density of wet straw and switchgrass increased with moisture content and decreased with particle size.  Additional studies reviewed size reduction equipment uses and costs and identified a tub grinder for biomass operated at ~$3/ ton for size reduction.  

(VA)  Microalgae have been recognized as potential sources for fuel production due to high oil content and superior biomass productivity.  Currently, algae fuel production is limited by several problems encountered in the mass algal culture process, such as high harvesting costs and severe species contamination.  These problems result in a low oil yields and eventually a high production costs. We are currently focusing on developing an efficient harvesting method and a contamination control strategy for successfully establishing a cost-effective algal biofuel process. Our strategy is to develop a multiple stage multiple species algal culture process to reduce  the contamination of unwanted species, and to use an algal turf scrubber system to facilitate harvesting of algal biomass. 
Task 1.3. Modeling integrated feedstock supply and process systems.
(MN) Biorefining Approach to Utilization of Grains: Grains such corn and wheat have been used to produce ethanol. In order to capture the full values of these grains, processors are taking a biorefining approach. High value functional and health compounds such as anti-oxidants, vitamins, minerals, dietary fibers, polysaccharides, etc, can be extracted from the grains before they are processed to ethanol. Furthermore, many residues are left after the fermentation process, which can be further fractionated or converted bioenergy and biomaterials. The objective of this work is to develop models for different biomass systems and evaluate the technological and economic implications of these models.

Objective 2. Expand the scientific knowledge leading to significant economic improvements in biofuel production processes. 

Task 2.1. Pretreatment for bioconversion processes.

(KS) Sorghum bran has potential to serve as a low-cost feedstock for production of fuel ethanol. Sorghum bran from a decortication process was used for this study.  The objective of this research was to evaluate the effectiveness of selected pretreatment methods and combinations of those methods on enzymatic hydrolysis of sorghum bran. Methods for pretreatment and enzymatic hydrolysis of sorghum bran involved hot water treatment, acid hydrolysis, starch degradation, and enzymatic hydrolysis with cellulase and hemicellulose enzymes. Total sugar yield by using enzymatic hydrolysis alone was 9%, obtained from 60 h enzyme hydrolysis.  Hot water treatment facilitated and increased access of the enzymes to hemicellulose and cellulose, improving total sugar yield up to 34%. Using a combination of starch degradation, hot water treatment and enzymatic hydrolysis resulted in maximum total sugar yield of up to 75%.

(KS) Soybean hull is a potential feedstock for production of ethanol due to high carbohydrate content (nearly 37% cellulose).  Soybean hulls are abundant and require no special harvesting and additional transportation costs as they are already at the plant.  The objective of this research was to study the performance of dilute acid and steam-explosion pretreatment technology on degradation of soybean hulls, and to identify the optimum pretreatment and enzymatic hydrolysis conditions for converting soybean hulls into fermentable sugars. The effects of reaction time, temperature, acid concentration and type of acid on hydrolysis of hemicellulose in soybean hull and total sugars yield were studied. The combination of sulfuric acid and steam efficiently solubilized hemicellulose, giving a pentose yield of 96%, and made the material accessible to the cellulase enzymes used in the subsequent enzymatic hydrolysis. The combined pretreatment with enzymatic hydrolysis increased hexose yield (23 mg/ml) corresponding to 72% of theoretical.  Maximum total sugars yield, achieved with a combination of treatment and enzymatic hydrolysis, was 80% of theoretical. 

(OK) Hydrothermolysis pretreatment was applied to Alamo switchgrass to prepare grass for subsequent hydrolysis and fermentation.  Hydrothermolysis residence time and temperature was optimized on the basis of ethanol yield from  subsequent simultaneous saccharification and fermentation (SSF).  Pretreated solids were washed with deionized water prior to SSF to remove soluble sugars and inhibitory compounds.  Maximum ethanol yield was 0.41 g/ g glucan (16.8 g/L).  Pretreatment at 200°C for 10 min was determined to be the lowest temperature pretreatment condition that resulted in the greatest ethanol yield.
 (MI) In an integrated approach with other pretreatment researchers we are investigating cellulose fermentation pretreatments using a common set of analytical and economic methodologies to better compare and contrast these pretreatments.  We are working to understand how various enzymes act synergistically to hydrolyze the variety of cell wall polymers, with the objective of minimizing the total enzyme use to achieve high total sugar yields.  Another project is to determine how pretreatment conditions (acidic, basic, neutral) affect amount and distribution of small molecules that might build up in process recycle streams.  We are determining how best to modify plant cell wall composition (e.g., cellulose, lignin) for optimum response to pretreatment and enzymatic hydrolysis.  We are working to reduce the overall cost of biofuel production based on the ammonia fiber expansion (AFEX) process by analyzing overall process economics (including pretreatment, hydrolysis and fermentation) and directing our research to resolve key process economic issues as revealed by the analysis.  We optimized AFEX pretreatment condition for poplar feed stock.  In collaboration with Purdue University we have demonstrated the hydrolyzate can be fermented to ethanol with 93% efficiency.

(MI) We have been working on dried distillers grains with solubles (DDGS) both in wet and dry forms.  We have optimized the AFEX pretreatment and have demonstrated the fermentability of sugar to higher ethanol yield.  In addition we have shown the amino acid balance and feed value on enhanced DDGS (remaining after hydrolysis and fermentation).

(MN) We continued to conduct experiments on corn stover and cobs using a batch Parr high pressure reactor.  Furthermore, a new continuous high pressure reactor was designed and built in our lab.  The continuous reactor is being tested. 
(MT) Lignocellulosic ethanol has a great potential in Montana where corn grain is not available as a feedstock.  Pretreatment and enzymatic hydrolysis technologies were compared for effectiveness on converting wheat straw, triticale hay/straw, barley hay/straw, sweet sorghum hay, and sweet stem pearl millet hay to sugars and ethanol.  A proximate composition analysis indicated barley straw, triticale straw, and wheat straw had high acid insoluble lignin (AIL) contents.  Thus, alkali (NaOH) pretreatments were performed on these feedstocks.  Barley, millet and sweet sorghum hay had relatively low AIL and were subjected to acid (sulfuric) pretreatment.  Barley, triticale and wheat straw had the highest glucan contents of 59.13, 58.14 and 59.48%. Hydrolysis was initiated by adding cellulase supplemented with cellobiase.  In most cases, hydrolysis with cellulase activity of 40 FPU/g resulted in higher glucan conversion with conversion levels being higher in hay than in straw.  Effectiveness of ensiling technology as feedstock storage and in-situ pretreatment was also evaluated.  Two papers on this study were published.
(NE) The influence of grafting large aromatic molecules on the hydrolysis of cornhusk fibers and other lignocellulosic fibers was studied.  These studies are important for the application of lignocellulosic materials and for improved conversion of cellulose to fermentable sugars.  

(NC) Switchgrass is a lignocellulosic biomass for fuel ethanol production.  However, pretreatment of lignocellulosic materials is necessary to improve its susceptibility to enzymatic hydrolysis.  The feasibility of microwave pretreatment to enhance enzymatic hydrolysis of switchgrass has been studied to determine optimal pretreatment conditions.  Switchgrass samples immersed in water, dilute sulfuric acid and dilute sodium hydroxide solutions were exposed to microwave radiation at varying levels of radiation power and residence time.  Pretreated solids were enzymatically hydrolyzed and reducing sugars in the hydrolyzate were analyzed.  Microwave radiation of switchgrass at lower power levels resulted in more efficient enzymatic hydrolysis.  The findings suggest that combined microwave-alkali pretreatment is a promising method to enhance enzymatic hydrolysis.
(SD) Our focus was on the development of high shear bioreactor processing and studied factors influencing biofuel production.  Activities were to obtain samples of prairie cord grass, assemble equipment and initiate studies of screw speed, temperature, moisture content and chemical additive on hydrolytic conversion.  An initial screening of high shear bioreactor processing and reactor temperatures was evaluated on glucose yield of switchgrass and big blue stem was evaluated.  Extent of saccharification of the pretreated biomass samples using cellulase complex and enzyme complex were studied.  Saccharification of the biomass samples using cellulase complex showed significant differences in glucose levels among control and pretreated grass samples.  However saccharification of the biomass samples using enzyme complex did not show differences in glucose levels among control and pretreated grass samples.  
(TN) The University of Tennessee developed processes to solubilize biomass using ionic liquids that are environmentally friendly and can be effectively recovered for process reuse.  The purpose was to further the development of lignocellulosic biomass by investigating wet chemical compositional analysis techniques to be used to monitor changes in biomass composition resulting from size reduction and separation processes.  Numerous disadvantages to standard wet chemical analysis were identified as targets for improvements.  The overall objective was utilization of ionic liquids as green alternatives to the use of aqueous acidic solvents.  Results revealed solubilization of biomass occurred in ionic liquids, which allowed for rapid spectroscopic determination of lignin composition.  Enzymatic hydrolysis of cellulose occurred in an ionic liquid-rich solvent system, and quantification of the cellulolytic monosaccharide products was achieved using HPLC.  The analysis procedure was employed for quantification of lignin and cellulose in yellow poplar.  There was also a highly predictable conversion of cellulose to glucose and cellobiose by the cellulase in the ionic liquid reaction media.  An analysis procedure for quantification of lignin and cellulose was created and was observed to be consistent in comparison with the results from an NREL protocol  

(TN) The University of Tennessee developed a millisecond catalytic converter to rapidly and efficiently produce syngas and hydrogen.  

Task 2.2.  Biological conversion processes

(AR) The Mack Blackwell Transportation Center (MBTC) at the University of Arkansas  (www.mackblackwell.org/web/links.htm) has funded three projects related to biodiesel during the last three years.  MBTC is part of the US Department of Transportation’s program entitled University Transportation Centers (UTC) Programs (utc.dot.gov).  In addition to exploring alternative lipid sources for biodiesel production, efforts at the U of A are aimed at developing biocatalysts.  Specifically, Hyperthermus butylicus, Thermococcus litoralis and Sulfolobus acidocaldarius were identified as producers of both organic acids and solvents under a devised screening procedure.  Identification of additional biocatalyst activity represents an important step towards the realization of biotransformation potentials of extremophiles in bioprocessing.  Development of these biocatalysts may offer potential to overcome recalcitrance that biomass presents upon transformation to simple sugars.  Additionally, the utility of liposome microreactor systems for enzyme stabilization and recycle was tested and validated using amyloglucosidase and starch as model enzyme and substrate.  Results showed high potentials of the liposomal system to improve ability to providing efficient and economical ways of enhancing activity, stability and reusability of biocatalysts.

(IL) In a conventional dry grind corn process, starch is converted into dextrins using liquefaction enzymes at high temperatures.  A granular starch hydrolyzing enzyme (GSH) was developed by enzyme companies that converts starch into dextrins at low temperatures (<48 C) and hydrolyzes dextrins into sugars during simultaneous saccharification and fermentation (SSF).  In this study, a dry grind corn process using GSH enzyme was compared with two combinations of commercial liquefaction and saccharification enzymes (DG1 and DG2).  Dry grind corn processes for all enzyme treatments were performed at the same process conditions except for the liquefaction step.  All enzyme treatments resulted in comparable ethanol conversion efficiencies, ethanol yields and DDGS yields.  Sugar profiles for the GSH treatment were different from DG1 and DG2 treatments, especially for glucose.  When natural gas costs are high, use of GSH enzymes may be useful in reducing the costs of ethanol production.  GSH enzymes eliminates the use of jet cooking which has been reported to be 10 to 20% of the total process energy to produce ethanol.  Use of GSH enzyme could be implemented at dry grind plants, increasing the value of coproducts and decreasing the costs of ethanol production.  
(KS) The goal of this research is to understand the key factors impacting ethanol production from grain sorghum.  Seventy genotypes and elite hybrids, selected from approximately 1200 sorghum lines, were evaluated for ethanol production and used to study relationships among composition, grain structure and physical attributes that affect ethanol yield and fermentation efficiency.  Variations of 22% in ethanol yield and 9% in fermentation efficiency were observed among the 70 sorghum samples.  Genotypes with high and low conversion efficiencies were associated with attributes that may be manipulated to improve fermentation efficiency.  Major characteristics of the elite sorghum genotypes for ethanol production by the dry-grind method include high starch content, rapid liquefaction, low viscosity during liquefaction, high fermentation speed, and high fermentation efficiency.  Major factors adversely affecting the bioconversion process are tannin content, low protein digestibility, high mash viscosity, and an elevated concentration of amylose-lipid complex in the mash.

(KS) The identification of the key factors affecting bioconversion will substantially increase the utilization of processed sorghum for industrial uses.  Although fermentable starch has recently received growing attention as a valuable trait in corn, the concept is less well understood in sorghum.  Such genetic-structure-function-conversion analyses as proposed have never been performed for grain sorghum and may lead to breakthroughs for utilization via improved bioprocessing.  In addition, the results from this research would benefit grain producers and the bio-industry and lead to (1) capabilities to improve efficiency of sorghum processing; (2) improvement in sorghum conversion yield to industrial products; (3) information to assist in development of new and improved sorghum hybrids; and (4) enhancement of economic rural development, especially sorghum growing states.  Biomass conversion research will allow testing of the potential impact of using sorghum biomass and soybean byproducts on biofuels production.  Results will lead to capabilities to improve the utilization of sorghum biomass for biofuels production and improvement in biomass conversion yields.
(KS) Effects of amylose, protein and fiber contents on ethanol yields were evaluated by using artificially formulated media made from commercial corn starches with different contents of amylose, corn protein, and corn fiber, as well as media made from different cereal sources, including corn, sorghum, and wheat with varying amylose contents.  Second-order response-surface regression models were used to study the effects and interactions of amylose, protein and fiber contents on ethanol yield and conversion efficiency.  Results showed that the amylose content of starches had a effect on ethanol conversion efficiency.  No effect of protein content on ethanol production was observed.  This is probably due to the protein has been pretreated during processing.  Fiber did not show a effect on ethanol fermentation.  Conversion efficiencies increased as the amylose content decreased, especially when the amylose content was higher than 35%.  Fermentation tests on mashes made from corn, sorghum, and wheat samples with differing amylose contents confirmed the adverse effect of amylose content on fermentation efficiency.  High temperature cooking with agitation significantly increased the conversion efficiencies on mashes made from high amylose (35-70%) ground corn and starches.  A cooking temperature of 160 °C or higher was needed on high amylose corn and starches to obtain a conversion efficiency equal to that of normal corn and starch.  High temperature cooking and agitation may facilitate the disruption of high amylose starch and thus increase the efficiencies of hydrolysis and ethanol fermentation.

(MI) MSU continues to investigate reactive distillation as a energy efficient, low capital cost route to biorenewable fuels and chemicals.  We are focusing both on biodiesel production and on biofuel additives as products using reactive distillation technologies.  MSU is working to develop a continuous process that produces biodiesel and utilizes glycerol simultaneously.  Major efforts this year have been in construction of the reactive distillation column, characterization of kinetics in batch reactors, and measurements/predictions of the physical properties to be used in the continuous process design.

(MI) MSU is investigating the effect of fuel composition on its properties.  The main focus has been on improvements of the cold flow properties by altering composition, and have been successful in improving this property.  MSU is initiating a broader study of composition-property studies, including combustion properties among those to be studied. 
(MT) Genetic engineering Z. mobilis: Genetic engineering work was carried out for one year. The ethanol production genes were cloned and co-expressed in E. coli, resulting in production of ethanol. The pdc and adh gene co-expression in Z. mobilis has potential to lead to a high yield ethanol production. The future direction of this project will be further genetically engineering microorganisms for higher ethanol conversion from different forms of sugars generated from enzymatic hydrolysis, and apply the genetically engineered microorganisms to commercial production. A grant proposal was submitted to the North Central Sun Grant Center to identify and enrich extremophilic microorganisms for ensiling and ethanol production.
(ND) Fractionation of field peas into starch and protein fractions may provide added value to pea producers and processors while providing a supplementary feedstock for corn ethanol producers.  Bench scale fermentations were conducted to test the technical feasibility of supplementing corn with concentrated pea starch.  Initial results show that yields from pea starch supplemented fermentations are at least as high as those with 100% corn and ethanol production rates are higher.  A process model was developed to quantify process flows and compositions for a field pea fractionation plant under a variety of scenarios.  The model is being used to quantify energy and equipment costs, and will further determine the feasibility of corn and field pea ethanol plants for cooler, dryer climates (contributes to Objective 3).

(OK) K. marxianus IMB4 strains were compared to Saccharomyces cerevisiae for use in SSF of switchgrass at temperatures above 40°C to increase cellulase activity and cellulose hydrolysis rates.  Switchgrass was pretreated using pressurized hot water and washed with deionized water to remove soluble sugars and yeast inhibitors.  SSF was conducted with pretreated solids containing glucan, sodium citrate buffer, a minimal nutrient medium, and glucan cellulase.  The cellulase preparation also contained an unknown amount of cellobiase.  For SSFs with IMB4, temperature was 37, 41 or 45°C.  For the first 72 h, IMB4 ethanol productivity was greater than S. cerevisiae D5A.  However, IMB4 fermentation ceased after 72 to 96 hr.  It was thought that undissociated acetic acid produced during the fermentation inhibited the yeast.  When buffer pH was increased to 5.5, IMB4 at 45°C exhibited greater productivity than in pH 4.8 buffer and continued to produce ethanol after 72 h.  This result indicated the inhibitory effect of acetic acid at pH< pKa.  K. marxianus IMB4 shows promise as a thermotolerant yeast for ethanol production that could reduce enzyme costs and fermentation times.  However, strategies to decrease acetate inhibition through strain adaptation, pH control, or acetate removal are needed to improve the performance of the strain.

 (OK) K. marxianus IMB strains have shown a limited ability to ferment xylose to ethanol and xylitol under anaerobic conditions.  IMB 4 converts xylose to xylitol with low productivity, but good yield.  K. marxianus and other xylose fermenters have been shown to require small amounts of oxygen in order to grow on xylose.  Studies investigating growth and metabolite production of all 5 IMB strains on xylose under microaerobic conditions at various temperatures are underway.
 (OK) Inhibition of ethanol production by Zymomonas mobilis due to orange peel oil was evaluated.  A solution modeling enzymatic hydrolyzate of Valencia orange peel was used for fermentations.  Peel oil levels equaling 0.05% (v/v) inhibited cell growth and ethanol production as compared to control after 24 h.  Also, a patent application was filed in conjunction with the USDA-ARS and Renewable Spirits, LLC on a process to pretreat citrus peel and recover peel oil prior to SSF of the peel.

 (OK) Sweet sorghum has as a renewable energy crop, becoming a viable candidate for ethanol production.  Research at OSU has involved evaluation of in-field production of ethanol from sweet sorghum.  Due to seasonal production, it may be more cost effective to conduct ethanol fermentation in-field rather than transport the entire biomass to a central processing plant.  Areas of research have included feasibility of in-field fermentation and determination of sweet sorghum production yields across Oklahoma.  Fermentation of sweet sorghum juice was conducted at temperature extremes to determine whether yeasts could handle the temperature range expected in the fall in Oklahoma. Results with Turbomax thermotolerant yeast resulted in over 90% conversion, with fermentation time ranging from 3-6 days.  Another series of experiments was conducted to determine whether pH or nutrient adjustment of the sweet sorghum juice was necessary during fermentation.  The effects of pH, added urea and yeast type were investigated under ambient conditions. Ethanol conversion rates ranged from 91% to 98% for all samples, with few differences among treatments, indicating neither pH adjustment nor nutrient addition is likely necessary.
  To determine potential production yields across Oklahoma, four common sweet sorghum varieties were planted at six different locations in 2006.  Yields were determined at two different harvest times.  Sugar content data was collected for two months to monitor evolution of sugar during the potential harvest period.  Results indicated production yields look promising, with and without irrigation.  Sugar content appeared to remain above 15% for 8 to 10 weeks, depending on variety, suggesting that a prolonged harvest window is possible.

 (OK) Work was initiated using an acetogen, referred to as P11, a Clostridium strain, to convert CO, CO2 and H2 to ethanol.  It was found that P11 has a biphasic growth pattern, even when it was grown only on syngas.  It was found to grow well on glucose, reaching reasonably high levels of optical density within 24 hours.  However, on replacing the nitrogen filled headspace with syngas, glucose consumption, cell growth and product formation stopped completely. 
Task 2.3.  Development of improved thermochemical processes for biofuel production.

(NE)  Thermogravimetric analyses were performed at heating rates of 10, 30, and 50°C/min in nitrogen (inert) and air (oxidizing) atmospheres.  In a nitrogen atmosphere, there were three distinct stages of weight loss.  The second stage (active pyrolysis zone) was very close to a first-order reaction.  The activation energy of this stage was approximately 80 kJ/mol.  The weight losses in an air (oxidizing) atmosphere also had three stages.  The first stage (70-175°C) was similar to that in an inert atmosphere. The second stage, however, occurred very rapidly and contributed to most of the weight loss (around 90%). The third stage, which ranged from 540-620°C, contributed 2% of the weight loss.
 (NE)  Agricultural residues such as corn stover, animal wastes such as cattle manure and processing wastes such as distillers grains can be converted to heat and power, gaseous and liquid fuels using thermochemical conversion processes including combustion, pyrolysis and gasification.  Chemical and physical properties of corn stover, cattle manure and distillers grains were analyzed.  Thermogravimetric analysis (TGA) was used to determine the thermal degradation characteristics and kinetic parameters of these three biomass feedstocks during drying, pyrolysis and oxidation.  The technical and economical feasibilities of a novel integrated biomass gasification and fuel cell combined heat and power (CHP) system were analyzed for supplying heat and power in an ethanol plant from dried distillers grains with solubles (DDGS) and corn stover.  In a dry grind plant with an annual production capacity of 50 MGPY, the energy cost for ethanol production using natural gas at a price of 10 US$/MMBtu for processing heat and commercial grid at a price of 0.05 US$/kWh for electrical power supply was 0.435 US$/gal.  If the integrated CHP system using DDGS with 50% moisture (wb) at 100 US$/dry tonne and corn stover with 20% moisture (wb) at 30 US$/dry tonne as feedstock was used to supply heat and power in the ethanol plant, the energy costs for ethanol production would be 0.342 US$/gal and 0.202 US$/gal, which are only 79% and 46% of the current energy cost for ethanol production, respectively.  To meet the demand of processing heat and power in the ethanol plant, the integrated CHP system required 18.3 dry tonnes of corn stover with 20% moisture or 14.8 dry tonnes of DDGS with 50% moisture (wb) per hour, compared with the available 18.8 tonnes of dry DDGS per hour in the ethanol plant.  The energy cost for ethanol production using the integrated CHP system with corn stover and DDGS as the feedstock for supplying heat and power can be reduced further by increasing the ethanol production scale, decreasing the moisture content of biomass feedstock, and decreasing the thermal energy to electricity output ratio of the CHP system.  In terms of energy efficiency of the integrated CHP system and energy cost for ethanol production, moisture of feedstock entering the integrated CHP should be lower than 60% (wb). 

 (OK) A multiyear project was completed in which a fluidized bed gasifier was operated in three gasification modes: air, flaming pyrolitic and steam.  Switchgrass, bermudagrass and corn gluten feed were gasified at equivalence ratios from 0.0 to 0.35 and steam-to-biomass ratios of 0.4 to 1.25.  At each operating condition, synthesis gas and tar compositions were measured.  As expected, steam gasification generated higher levels of carbon monoxide and hydrogen compared to the air gasification modes.  At a steam-to-biomass ratio of 1.0, product gas measured over 30 mol% carbon monoxide and 35 mol% hydrogen.  Results showed quantitative and qualitative variations in tars, consisting of over 210 compounds, depending on the feedstock and reactor operating conditions. Of all three biomasses, switchgrass exhibited the highest gas compositions and lowest tar concentrations.  High ash content in bermudagrass and corn gluten feed induced bed agglomeration at reactor temperatures above about 800(C.  Steam gasification of corn gluten feed showed gas results equivalent to those of switchgrass. Tar atomic composition was constant over the range of reactor bed temperatures tested.
(OK) One of the activities for 2006-07 was to modify the downdraft (DD) gasifier system for low density biomass materials like chopped switchgrass and wheat straw.  This system has two major components; a gasification reactor where actual thermochemical reactions occur and a biomass feeding system which supplies the biomass material to the reactor.  The feeding system was modified to make it suitable for low density materials.  Two screw feeder units were modified to avoid material blockage.  The DD gasifier coupled with the modified biomass feeding system was subjected to gasification trials using chopped switchgrass and wheat straw as feedstocks.  The objective was to understand how the gasification reactor works for low density materials and to generate information for implementing necessary modifications.  A series of tests were conducted and modifications were incorporated in it.  The major modifications include increasing the volumetric capacity of the reactor to accommodate low density biomass and addition of a biomass stirring mechanism in the reactor to ensure proper flow of the material.  The system could consistently generate combustible gas. 

 (OK) Design details were developed for a new DD gasifier system capable of continuously operating using materials such as switchgrass.  The fabrication was completed and the system was installed in OSU’s gasification laboratory.  A motorized ash scraper on the grate unloads the ash into the ash chamber provided at the bottom of the reactor.  The system is being instrumented to automate the biomass feeding and ash removal operations. System testing and evaluation work is planned to produce syngas from switchgrass and similar materials. 

 (MN) A pyrolytic process for the recovery of fuel gas and liquid from agricultural wastes was developed.  This process is an environmentally friendly technique in which energy transfer to the waste occurs by microwave radiation; it has shown several advantages over conventional pyrolytic processes and represents a new opportunity to use pyrolysis to treat solid wastes as it overcomes the major difficulties that arise from other methods.  The microwave-assisted pyrolysis process can produce about 45% gas, 30% liquid and 25% carbon solid.  The organic liquid content will be cracked to produce liquid and gas hydrocarbon fractions that can be used in energy generation.  A pilot continuous microwave-assisted pyrolysis system was designed by us and built by a contractor. 

(MN) Our atmospheric low temperature liquefaction (ALTL) process utilizes biodiesel glycerol as liquefying agent.  Biodiesel glycerol, which is about 3 cents per pound, has a boiling point of 160C at atmospheric pressure which is necessary for the decomposition reactions to take place.  As a result of the reactions, biomass is converted to biopolyols, which are feedstock for making biopolymers. We will continue to optimize the process and characterize the chemical and physical properties of the resultant biopolyols.  This technology has two major advantages.  First, it is easy to set up and operate; second, the biodiesel glycerol is very cheap and its use as liquefying agent opens a new market to vast quantity of low grade biodiesel glycerol.

Objective 3. Develop, evaluate, and optimize integrated processes to convert biomass resources into biomaterials with commercial applications. 

Task 3.1. Raw feedstock evaluation

(NE) Initial screening results of hybrid hazelnuts grown in southeast Nebraska showed that the five-year average of the highest yielding selections produced 5.3 t/ha of husked nuts.  The 100 top producing shrubs at Arbor Day Farm, Nebraska City, NE had an average kernel oil content of 60%.  The oil had oleic and linoleic acids compositions greater than 90% of the total fatty acids.  It also has a higher oxidative onset temperature (by 40C) and much lower iodine value than soybean oil.  These analyses suggest that a significant opportunity exists for untapped genetic diversity for large scale hazelnut oil production, and to develop hazelnuts as an economically feasible, sustainable, and environmentally friendly feedstock for biodiesel and green chemicals. 
Task 3.2. Methodologies for producing biomaterials.
(IL) Combination of sieving and elutriation (air classification), known as the elusieve process, previously was shown to be effective in separating fiber from DDGS.  In an elutriation column, air was blown through DDGS fractions previously separated by sieve classification.  Material carried by air to the top of the column was the lighter fraction; material that settled to the bottom was the heavier fraction.  The process resulted in two products: 1) elusieve fiber with high neutral detergent fiber (NDF), which was obtained by combining lighter fractions; and 2) enhanced DDGS with reduced NDF and increased fat and increased protein contents, which was obtained by combining material remaining after separation of lighter fractions.  Elusieve fiber was evaluated for ethanol production; samples were pretreated using acid hydrolysis followed by enzymatic treatment.  The hydrolyzate was fermented using E. coli FBR5.  Phytosterol distributions were measured in each of the fractions.  Phytosterol contents were compared with phytosterol contents reported in previous studies for fiber from different corn processing techniques.  Ethanol yields were similar to ethanol yields from wet milling pericarp fiber.  Elusieve fiber conversion could result in 1.2 to 2.7% increase in ethanol production from dry grind plants.  It could be economically feasible to use elusieve fiber along with other materials in a plant producing ethanol from cellulosic feedstocks.  Phytosterol contents of oil from the lighter fractions were higher than or the same as the corresponding heavier fractions.  Phytosterol content of elusieve fiber was higher than wet milling endosperm fiber.  Enhanced DDGS had higher phytosterol content than dry milling fiber, wet milling endosperm fiber and conventional DDGS.  Wet milling pericarp fiber had higher phytosterol contents than elusieve fiber and enhanced DDGS.  Phytosterol extraction from elusieve fiber could increase revenues from elusieve process.

(KS) Amino groups of a protein have been considered as a major factor contributing to adhesion strength and water absorption.  Positively charged amino groups of soybean glycinin protein were replaced with negative charged carboxyl groups by using succinylation modification. The amino groups also were replaced with hydrophobic methyl groups by using methylation modification. Adhesion strength and water resistance were reduced when the amino groups were substituted with carboxyl groups. But adhesive performance was improved when the amino groups were replaced with methyl groups, which suggests that hydrophobic groups of protein contribute to adhesion, and that hydrophilic groups reduce adhesive strength. 
(KS) Soy proteins have shown potential for adhesive and resin applications.  This investigation characterized the thermal and adhesive properties of chemically modified major soy protein components conglycinin (7S) and glycinin (11S).  These globulins were separated from the defatted soy flour, then modified with either sodium hydroxide, sodium dodecyl sulfate or urea.  Modified 7S, 11S, or a mixture of 7S and 11S at varying ratios were evaluated for gluing strength with cherry plywood and for thermal denaturation using differential scanning calorimetry (DSC).  Adhesive strength and water resistance were improved for all proteins modified with sodium hydroxide. Gluing strength and water resistance were improved for sodium dodecyl sulfate- and urea-modified protein containing greater portions of 7S globulins and decreased for protein containing large amounts of 11S globulins.  The biobased adhesives developed from this program are in various stages of commercialization for wood veneer, feed packaging containers, foundry industry, packaging and labeling, children glues and paints.  USDA/SBIR funds were received, one of the products have been commercialized and two products are in the stage of commercial feasibility testing.  
(KS)Blending poly (lactic acid) (PLA) with wheat starch compatibized by maleic anhydride (MA) was performed with a lab scale co-extruder.  An initiator was used to improve compatability among PLA, starch and MA.  Interfacial adhesion between PLA and starch was improved. Mechanical properties increased markedly compared to the virgin composites of PLA/starch.  The PLA/starch composites at a ratio of 55/45 compatibilized by 1% MA and using the initiator resulted in the highest tensile strength and elongation.

(KS) Poly(lactic acid) (PLA) and its blends with starch and methylenediphenyl diisocyanate (MDI) were extruded in a twin screw extruder and compression molded.  The effects of starch types (rice, corn, wheat, and potato) on mechanical properties of the PLA/starch/MDI composites were evaluated.  Starch type and granule size had no effects on  mechanical properties of the composite.  But crystallinity of the composite decreased as the starch granule size increased.  Potato starch was used to study effects of granule size on mechanical properties of the PLA/starch composites.  Tensile strength and elongation of the PLA/starch/MDI composites were reduced slightly as starch granule size increased from 19 to 63 micron, while crystallinity of the composites was decreased as granule size increased.  Modulus of the composites remained the same regardless of starch type and granule size.

(KS) Biodegradable foams derived from poly lactic acid (PLA) and starch were prepared by extrusion using water as a blowing agent and talc as nucleation agent.  Foam cellular size and size distribution was affected by extrusion conditions (i.e., extruder temperature profiles, die diameters, and screw speed), and material compositions, (i.e., water concentration, PLA/starch ratio, and nucleation agent concentration).  Foam with a relatively fine cellular size and uniform cellular size distribution was obtained under optimized conditions of PLA/starch ratio at 40/60, 15% water, 195ºC temperature before the die, 3-mm die nozzle diameter, 200-rpm screw speed, and 2% talc.  The presence of PLA improved the water resistance of the foam and improved the foam recovery capacity, especially in high-moisture conditions.

(KS) A project is to develop marine-biodegradable low-density high-strength composite for packaging applications that will reduce solid waste accumulation and pollution from Navy ships discharging into the ocean. Results have been obtained from composite samples that compare well with a commercial composite sample.  We aim to further reduce solid weight per square unit area while maintaining the mechanical properties required for the application.  The biodegradable plastics developed from this program are currently being tested for agriculture mulch film.  USDA/SBIR funds were received in collaboration with plastic companies.  The bioplastics also are being tested for single-use and short-term molding products in collaboration with another company.  
(NE) One emphasis was on understanding the effect of lignin in cornhusk fibers and lignocellulosics on heat and light resistance and bleaching engineering.  Zein was extracted from corn DDGS with high yield.  Long cellulosic fibers were obtained from sorghum leaves and stems and switchgrass.  Protein fibers were made from wheat gluten and properties of chicken feather fibers were characterized.

(ND) High value products from oilseed meal must be developed to ensure economically viable biodiesel production from canola and other oilseeds.  Although work has been done on utilization of soy proteins for industrial applications, literature reports on use of canola proteins for such products are sparse.  Work has begun to separate protein fractions (albumins, globulins, glutelins and prolamins) from screw-pressed and hexane defatted canola meal.  Raw canola meal and individual protein fractions will be tested for functional properties and use in industrial bioproducts. 
(ND) A study evaluated the feasibility of integrating of an existing ethanol production facility with a 20,000 head cattle feedlot.  A portion of the wet distillers grains from the ethanol facility would be used as a feedstuff for the cattle feedlot.  Manure from the cattle feeding operation along with thin stillage from the ethanol plant would be used in an anaerobic digestion system to produce biogas.  In turn, the biogas would be utilized as a source of thermal energy for the ethanol plant or nearby electrical generating station.  Such a system is technically feasible, provided the cattle feedlot facility is designed to facilitate collection of manure which is largely free from soil contamination.  Assuming 40% equity and 7.5% interest rate, the project was projected to achieve positive net cash flows in year 2 with an internal rate of return of 18.92% for the first 15 years of operations.  

(ND) Canola-based resins were produced via epoxidation.  Yield was 84% and resins contained up to 5.8% oxirane oxygen, compared with a theoretical value of 6.5% for canola oil.  Epoxidation was also accomplished in the absence of toluene solvent; although high oxirane content was retained, such samples crystallized rapidly at room temperature.  Resins were blended with synthetic resin (F-82) at up to 20% to prepare both hardened resins and composite samples.  These initial blends decreased ability to withstand bending, but improved impact resistance compared to 100% synthetic resins.  The experience being gained with these materials will enable us to develop suitable product applications, project costs and transfer this technology to private industry.  

(MI) Corncob granules have been obtained using an AFEX and silane treatments and evaluated for biocomposites.

(MN) Most polymers used are petroleum-based.  Producing and using polymers from renewable biomass resources is one way to ease the environmental impact of and our dependence on petroleum-based products.  Currently, most biopolymers are derived from starch, oil, or proteins.  The goal of our research is to develop biopolymers from bio-oils produced from microwave-assisted pyrolysis and hydrothermal processing of biomass, and bio-polyols produced from total liquefaction of biomass.  Our analysis shows that both bio-oils and bio-polyols contain hydroxyl groups which can react with carboxylic acids or diisocyanates to form polyester or polyurethane.  In our study, we made polyester film and adhesive, and polyurethane foam.  The mechanical properties and biodegradability of these biomaterials are being investigated.
Task 3.3. Biomaterial applications.

(NE) Research and commercialization efforts continue on starch-based loose fill packaging technology.  This year’s efforts have concentrated on development of technology to compound the various ingredients for subsequent (extrusion) expansion, on the potential contribution of nanoparticles to the functionality of extruded starch-based foams, and on the nucleating and blowing agent requirements of commercially viable (low density and resilient) foams.  Another area of emphasis has been on understanding the plasticizer requirements of starch-based films.  High plasticizer contents and low moisture contents led to less than fully gelatinized starch during extrusion processing, resulting in good mechanical and functional properties.

(LA) With a greater concern for environmental protection, it is important for automakers to improve recyclability of vehicles.  Recycling auto interior parts is a major barrier to improving vehicle recyclability.  Use of natural fibers for producing biobased nonwoven composites for auto interiors has become a thrust point to remove this barrier.  Research helped promote utilization of US agricultural fibrous residues and fiber crops for automotive interior part production and investigate new processing technologies that can be adopted to enhance the biobased material performance and to lower production costs.  This research would reduce petroleum use, enhance environmental protection and stimulate rural economic growth.  This year’s research focus was on the process and application of biobased fiber composites.  A comparative study of hemp fiber for auto nonwoven composites was conducted.  The hemp/polypropylene nonwoven composite was produced by carding and needlepunching techniques and was thermo-bonded to form a hemp composite.  The study concluded that the hemp composite featured better thermal properties, while kenaf composite had better mechanical properties; ramie composite indicated a better acoustical property; and bagasse composite exhibited better wet properties.  Neither hemp nor bagasse fiber composite was capable of resisting termite attack.

(LA) Biobased fiber composites can neither be described as a completely linear elastic with large stress and small strain, nor be treated as a highly nonlinear flexible material like textile fabric with small stress and large strain, in terms of material mechanical behavior.  With these testing methods and an assumption that biobased composites could be considered as three-dimensional continuous and homogeneous sheeting materials with in-plane isotropy and symmetry, complex deformations of the biobased composites in two dimensions and three dimensions would be simplified and modeled.  As an example, a 70/30 kenaf/polypropylene nonwoven composite was used.  This approach for evaluating mechanical properties of fiber based composites would be affordable to many small enterprises. 

(MN) Catalytic reforming of syngas and biomass derived chemicals has become a useful way to produce high value chemicals and biofuels.  Conventional catalytic reforming usually requires high temperature and high pressure.  Our research demonstrated catalysts can perform well at low temperature and pressure with assistance of NTP. 

Objective 4. Expand the scientific knowledge for development of processes and systems for economical production of biobased specialty chemicals from agricultural feedstocks and residues. 

Task 4.1. Biochemical Identification, Characterization and Separation from Biofeedstocks.

(AR) In addition to making bio-diesel from vegetables oil, work was conducted on using light to make a nutraceutical [conjugated linoleic acid (CLA)] from soy oil.  Another focus of the research is centered on recovery of health beneficial phytochemicals prior to the dilute acid pretreatment step or prior to the production of syngas.  The phytochemical recovery must be done with solvents that interface well with the energy conversion step.  The use of organic solvents is not desirable because they would need to be removed before cellulase treatment or gasification steps.  
(NE) Lipid classes extracted from the stalk, leaves and whole kernels of nine sorghum parent lines were identified and quantified.  Analytical methods were used to identify and quantify the extracted triacylglycerides, diglycerides, policosanols, free sterols, phytosterols, free fatty acids, tocopherols and fatty aldehydes.  Extracts from leaves had higher amounts of soluble matter. Extracts from leaves contained more alcohols and sterols whereas extracts from stalks and whole kernels contained the greatest amount of free fatty acids and fatty aldehydes, respectively.  Trace amounts of tocopherol were detected by HPLC in all 27 samples.  Lipid profiles of extracts from the whole kernels, leaves and stalks from the same plant differed.  Lipid profiles of extracts from each anatomical part of the sorghum plant differed among the nine parent lines.

(NE) Total yields and compositions of sorghum DDGS lipids obtained by supercritical CO2 (SC-CO2) extraction were compared with those obtained by recirculated solvent extraction (RSE) using hexane.  The total yields of lipids obtained by SC-CO2 extraction were 150 g lipids/kg DDGS, while the yield obtained by RSE with hexane was only 85 g lipids/kg DDGS.  The profiles of phytosterols and FFA in the sorghum DDGS lipids were independent of the extraction methods and operating conditions.

(NE) Lipids were extracted from whole kernel and ground Macia, a food grade sorghum hybrid, with hexane by a Soxlet method, a refluxing method (RB), and a bench scale recirculated solvent (RC) method.  Comparisons of total lipid yield and lipid class yields extracted from the grain by each method were made.  Total lipid yield for the three extraction methods on the grain samples ranged from 0.04 to 3.59%.  The method of extraction affected total lipid recovered and extract compositions.  The Soxlet method yielded greater total lipid content and yielded greater amounts of policosanols than the RB and RC methods. 
(NE) Several dietary constituents of plant origin are effective cholesterol lowering agents, including plant sterols and policosanols.  Plant sterols and, to a lesser extent stanols, are present in plants as free and esterified sterols.  Policosanols are quickly oxidized to long chain fatty acids; the latter are thought to have the strongest influence on cholesterol metabolism.  Plants also contain phenolic compounds that decrease the risk of cardiovascular disease, apparently by improving endothelial function and inhibiting platelet aggregation. 
(TN) The University of Tennessee developed Fourier Transform near infrared spectroscopic analysis techniques to improve rapid assessment techniques of plant materials, along with wet chemistry validation.

Task 4.2. Process Development.
(KS) Soy protein has been considered as an alternative to partly replace petroleum based polymers for adhesive applications.  The weakness of protein based adhesive is poor water resistance which limits its outdoor applications.  The objective of this research was to improve the water resistance of soy protein adhesive by introducing crosslinkage among amino groups of amino acid residues.  Glutaraldehyde was used as the crosslinking reagent for SPI modification.  Adhesive properties of soy protein modified by glutaraldehyde, as well as thermal and morphological properties, were investigated.  Crosslinking induced protein conformation and structure changes through decreasing of amino groups and addition of hydrophobic groups, subsequently affecting adhesive performance of SPI.  At optimum glutaraldehyde concentration, dry, wet and soak strengths of modified SPI increased 31.5, 115, and 29.7%, respectively, compared with unmodified SPI.

(KS) Various chemical and enzymatic methods have been employed to improve the adhesive performance of soy protein.  This research studied effects of esterification on adhesive strength, thermal properties, solubility and conformational change of soy protein.  Free-carboxyl groups of soy protein were esterified with ethanol and varying concentrations of hydrochloric acid as catalysts. Esterification rendered protein molecules more hydrophobic by adding the ester groups.  With moderate esterification, soy protein showed the maximum increase in adhesiveness and water resistance.  The optimum esterification conditions were ten hours with no catalyst.  At the optimum condition, esterification increased tensile strength by 20.6, 61.6 and 48.1% for dry, wet and soak strengths, respectively.  Hydrochloric acid induced protein denaturation and unfolding by hydrolyzation and resulted in more ester groups attached on the unfolded structure of protein.  The hydrolysis and excess hydrophobic groups attaching might be detrimental to adhesive performance, especially to water resistance.
(MI) The Worden lab has developed nanostructured bioelectronic and biomimetic interfaces containing proteins produced and purified in the MSU Protein Expression Lab.  These proteins are incorporated into interfaces containing either polyelectrolyte multilayers or tethered lipid bilayers in such a way that the proteins’ activities are expressed.  The interfaces are being explored as transduction systems for biosensors, using electrochemical and fluorescence methods.  They are also being used as a platform for biocatalysis.  
(VA) Glycerol is a byproduct of the biodiesel industry.  Because it is prohibitively expensive to convert and purify this crude glycerol into material that can be used for the pharmaceutical, food and cosmetics industries, biodiesel producers must seek other methods for its disposal.  With the biodiesel production industry growing exponentially, there is an urgent need to develop new markets for large quantities of crude glycerol.  We propose to use crude glycerol as a carbon source for heterotrophic culture of microalgae, which can produce an omega-3 long chain fatty acid, docosahexaenoic acid (DHA).  DHA is an important fatty acid in the omega-3 family, with medically established therapeutic capabilities against cardiovascular diseases, cancers, schizophrenia and dementias.  Fish oils from wild marine catches are the major source of omega-3 fatty acids, but these products present limitations including odor and stability issues and seasonal and climatic variations of fish stocks.  Heavy metal and other compounds in wild marine catches also raise concerns relating to fish oil as potential conveyers of these contaminants.  Based on preliminary results, we have found crude glycerol can be used to grow DHA-producing alga Schizochytrium limacinum.  Using crude glycerol can reduce the cost of algal culture, making omega-3 fatty acid production more economical. 

Task 4.3. Product Application.

None reported. 
Objective 5. Identify needed educational materials, develop those materials in distance based delivery methods and develop a trained work force to support a biobased products industry. 

Task 5.1. Education and Outreach
(MN) In support of the development and implementation of the Biobased Products Engineering Laboratory, faculty and staff from the Department of Biobased Products, Biosystems and Agriculture Engineering and the Biotechnology Institute are submitting a proposal to the USDA Higher Education Challenge grant program.  The project seeks to augment laboratory capabilities and resources in biomass characterization, biochemical conversion, thermochemical conversion, effluent characterization, bio-based products manufacturing and products characterization.  In addition to training, augmented laboratory facilities will enhance the capability of faculty and staff across the University in conducting research in the biobased arena.  

Task 5.2. Development of Educational Materials in High-Priority Topic Areas

(MI) A course entitled "Green and Sustainable Engineering" is being offered.  The course brings a broad perspective to the challenge of replacing petroleum as the primary feedstock for fuels and chemicals.  Michigan State University is developing a Biorefinery Training Facility, funded by the Department of Labor, that will train Michigan workers to participate in the bioeconomy.  The Biorefinery Training facility will initially focus on biodiesel fuels and will include analytical and small scale production facilities.

(NE)  The Biological Systems Engineering Department at the University of Nebraska is participating in the development of a university wide bioenergy minor and in the development of a renewable fuels graduate program in the College of Engineering.  Bioenergy topics are becoming an integral part in selected undergraduate courses and modular courses are being developed on topics such as gasification and biodiesel production.  Undergraduate students are finding summer employment opportunities in the ethanol industry.

(OK) Two faculty are teaching a new graduate course on renewable energy in Biosystems and Agricultural Engineering.  The course combines wind, solar, hydroelectric, geothermal, and bioenergy technologies to give students an overview of renewable energy technologies.  A study abroad course focusing on renewable energy in Germany was conducted last May.  We are advising the development of and providing information to the Sun Grant BioWeb (bioweb.sungrant.org), a public, educational website providing current information about biomass resources.  BioWeb represents a joint effort of the five regional Sun Grant Centers of Excellence.  The University of Tennessee is coordinating the BioWeb to organize and deliver information regarding producing, preprocessing, pretreating, and conversion of biological materials into fuels and products. 

(TN) The University of Tennessee, in partnership with North Carolina State University and North Carolina A&T University is developing distance learning curriculum that will be in the public domain, and includes six graduate and two undergraduate courses. 

Impacts:  

· S-1007 has provided a pool of experts for various functions, such as site visits and proposal evaluations for the USDA/DoE Joint Solicitation on the Biomass Research and Development Initiative. 

· Research on use of biofibers in textile applications will contribute to infrastructure development needed for biomass collection and storage.

· Research showed that rice straw storage options reduced biomass feed costs by $4 to $10 per dry ton, while improving quality.

· Research has developed protocols to produce an environmentally-friendly bioplastic (PHA) from corn processing coproducts and has facilitated the design of processing protocols aimed at extracting nutraceuticals from corn processing streams.

· Ongoing research is identifying biomass-derived phytochemicals that can have health benefit value, developing technology that will enable biomass particle size reduction at the lowest possible energy costs, developing systems capable of sustaining algae cultivation for lipid and biomass production and developing expertise in solid-state fermentation. 

· Ongoing research is contributing to the overall goal of an economical process for conversion of cellulosic materials to ethanol.

· Research is contributing to the body of knowledge on algae derived ethanol which has become a topic of much discussion in recent months.
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