III.
Objectives and Methods


Objective 1.
Feedstock Supply   

This objective will focus on reducing the cost of harvesting, handling, storing and transporting biomass increasing the competitiveness of biomass as a feedstock for biofuels, biomaterials and biochemicals.


Task 1.
Feedstock quantification and characterization.

Work in this area will seek to quantify the amount and quality of biomaterial that can be collected using innovative collection equipment and techniques including development of precision farming tools for biomass management.


Work at NDSU and NE will concentrate on development of portable/field scale sensors for rapid, non-destructive and accurate characterization and quantification of feed stocks.  This will assist on-farming processing, selective harvesting and efficient management of feed stocks supply. This work will target development of intelligent and non-destructive sensing techniques for portable/on-the-go sensors for rapid and quick quantification as well as characterization of different desirable attributes of feed stocks.


Task 2.
Harvest, process and handling.

The overall objective will be to deliver premium quality feedstock at a low cost to bioconversion facilities.  To this end, new systems are needed to harvest and fractionate the entire whole plant into its valuable components: grain, stalk, cobs (in the case of corn), and leaves in order to maximize the value of the entire plant.  New techniques for increasing the bulk density are also critical to the success of the bioenergy systems. High density granulated biomass can be handled using conventional bulk handling equipment thus making handling of the biomass safe and inexpensive. 


Researchers in California and NE will target 1) development of improved on-combine attachments for cutting and handling of residue to reduce the total number of equipment operations required in biomass harvesting and to improve the yield and quality of biomass, 2) characterization of field and economic performance of alternative grain and biomass harvesting techniques used to replace the combine harvester, 3) evaluation of techniques to vary the composition and quality of the biomass by adjustments to the harvesting system to yield different plant fractions, and 4) identification of safe storage techniques for biomass at different harvest moisture levels.  The research will be focused on rice straw, wheat straw and cornstover, but has application to other cereal crops and herbaceous energy crops. Work in KY will focus on collection of corn stover and investigations into the opportunities of using precision ag to harvest specific areas of a field and changes during storage in quality and dry matter 


Workers in Tennessee and NE will attempt to 1) experimentally determine the energy requirements for densifying biomaterials using pressure compaction and friction compaction, 2) quantify material characteristics, i.e., particle size, moisture content, chemical composition, and their effect on quality of compacted material and energy requirement for compacting, 3) identify process parameters, i.e., temperatures, steam quality, pressures, and hold time and their effect on quality of compacted material and energy requirement for compacting, 4) develop and validate an engineering mathematical model to be used for analysis, and optimization of compacting machines and processes.


Task 3.
Modeling integrated feedstock supply and process systems.                                        
Workers in Tennessee will conduct sensitivity analysis on the cost of feedstock collection and quantify the magnitude of change in the collection cost of residue due to change in operational variables (yield, density, hours of operation, speed), investigate the current logistics of harvesting and processing operations for high density herbaceous and woody products as potential models for feedstock supply logistics, and development of operational research data (performance, service, timeliness) for field operations and for off-field operations applied to feedstock handling.


Workers in South Carolina will develop the database required to evaluate the potential of using animal manure to produce biomass crops, develop a model of an energy farm that would include animal production, manure treatment to mineralize organic nutrients (i.e. anaerobic digestion), utilization of plant nutrients to produce biomass energy crops, dewatering and drying of indigestible solids for biomass energy, and develop a model to be used to determine the economically optimum manure handling, treatment, and utilization options for energy biomass production on swine, dairy, and poultry farms. 

Objective 2.
Biofuel Production Systems and Processes

This objective will seek to expand the scientific knowledge leading to significant economic improvements in biofuel production processes.


Task 1.
Pretreatment for bioconversion processes.


Virtually all of the sugars in plant and forestry residues are sequestered in two structural polymers, cellulose and hemicellulose.  These must be depolymerized to a form which allows biological transformation into fuel ethanol.  Although both hemicellulose and cellulose can be degraded with enzymes, the high cost of producing large amounts of cellulase enzymes remains a barrier to commercial production of bulk chemicals such as fuel ethanol.  Under this task, physical, chemical and biological pretreatments will be investigated to increase the ease of enzymatic digestion (FL, KS, MI, MN, NC, TX, WA).  These methods will explore the full spectrum of process options: grinding and chopping, thermal/pressure treatments with acid or base, biological treatment with fungi, and chemical fractionation.  Substrates which will be initially explored include wheat straw and bran, corn fiber, swine waste, switchgrass and coastal Bermudagrass.  Pretreatment methods will be evaluated for their ability to improve the yield of soluble sugars with reduced loadings of cellulase enzymes, thereby reducing projected costs.  Additional studies will investigate methods to improve sugar yields from hemicellulose.  Results from this work should have broad application to other lignocellulosic feedstocks. 


Task 2.
Biological conversion processes.

Bioconversion of lignocellulose to ethanol and other chemicals has two distinct components: 1) production of enzymes for the depolymerization of cellulose (and hemicellulose) into soluble saccharides which can be metabolized by microorganisms; and 2) development of improved biocatalysts to convert these soluble saccharides into fuel ethanol.  Combinations of both genetic abilities (cellulase production and ethanol production) into single organisms are also potentially of importance.  Research groups in AR, FL, KY, NC and WA will compare the production of fungal, bacterial, and archaeal (extremophile) cellulase/hemicellulase enzymes by both native and recombinant organisms.  Cost and effectiveness of enzyme productivity will be tested in submerged culture and using solid-state fermentation with the goal of minimizing the cost of depolymerization. Agricultural residues such as wheat straw, wheat bran, corn fiber, cane bagasse, and rice hulls will serve as test substrates. The effectiveness of enzyme preparations will be evaluated both for sugar yields and for ethanol production using yeasts and bacteria. Montana State University will  develop a  bioreactor to convert glycerol to usable alcohol products for recycling into the further biodiesel production or utilization as biofuels
Additional studies will focus on the development of improved biocatalysts for the conversion of saccharides into fuel ethanol and other bulk chemicals (FL, GA). Workers in FL will develop strains of  Zymomonas mobilis with an enhanced potential for genetic and metabolic engineering for fuel ethanol production, and will be involved in the area of 
optimizing existing biocatalysts and generating new biocatalysts for the conversion of sugars to ethanol. These studies will include natural ethanologenic microorganisms such as Zymomonas, Klyveromyces and Saccharomyces, currently engineered enteric bacteria with the Zymomonas ethanol genes, and new biocatalysts which function at pH 5 and 50oC (optimal conditions for fungal cellulases). Approaches to improve these biocatalysts include micro-array analysis of transcripts, directed evolution, and the integration and functional expression of cellulase enzymes in the ethanol-producing biocatalyst.


To improve the economics of ethanol production from renewable resources, UIUC will quantify the composition of byproducts and process streams from several corn processing plants. At present the value of byproducts, such as distillers' grains and corn solubles, is unrealized due to their variability. A detailed understanding of the magnitude and sources of variability in ethanol coproducts will be gained and opportunities for higher valued coproducts are expected to be uncovered. The research group at the University of Kentucky will evaluate the feasibility of producing plant carbohydrate-degrading enzymes in solid state culture using anaerobic thermophilic bacteria.   


In California, thermophilic batch and fed batch anaerobic digestion processes will be studied for converting high solids agricultural residues into energy.  The Anaerobic Phased Solids Digester System (APS-Digester) previously developed at UC-Davis will be used as the model anaerobic digestion system.  Both bench scale and pilot scale APS-Digester Systems available at UC Davis will be used for carrying out this study.  Animal bedding materials, such as wheat straw manures, will be used as the feedstock.  Molecular tools will be developed to characterize the microbial communities in these bioprocesses.  These tools will utilize DNA encoding for the small ribosomal subunit RNAs (SSU RNA).  Real-time quantitative PCR assays using either fluorogenic probes that bind to a target DNA sequence or a double stranded DNA binding dye will be developed for identifying specific organisms or groups of organisms in the bioprocesses.  Cooperators in California and South Carolina will target efforts on development of fermentation processes for conversion of micro algae biomass into hydrogen and methane biofuels.


Task 3.
Development of improved thermochemical processes for biofuel production.


Thermochemical conversion of biomass as an energy resource can be accomplished by a variety of processes.  The goal of each approach is to develop a process that can use waste biomass or high-yielding energy crops as a feedstock that is competitive with fossil fuels with regard to both economics and scale.  Three basic thermochemical conversion approaches to be evaluated include direct combustion (CA, NE), gasification (CA, OK, NE) and direct conversion to liquid fuel (WV).  Direct combustion studies will investigate kinetics of fuel leaching to overcome limitations related to ash, alkali, and chloride content of biomass.  Problems of fouling, slagging, and boiler efficiency associated with co-firing biomass with coal will be studied (CA).  A close-coupled fluidized bed biomass gasification and direct combustion system will be investigated for reduction of NOx emissions through reburning (CA).  Other gasification studies will optimize production of syngas for use as a substrate for fermentation to fuel alcohol (OK).  The reaction of biomass with water under conditions of high temperature and high pressure will be optimized with respect to reaction time, temperature, and water content for different types of biomass (WV).  


Objective 3.
Biomaterials

The objective is to develop, evaluate, and optimize integrated processes to convert biomass resources into biomaterials with commercial applications.


Task 1.
Raw feedstock evaluation.


KS and NE will characterize the rheological and thermal behaviors of starch and protein polymers as affected by their structure. These behaviors are important to processing and product quality control, since polymers may change from the amorphous to rubbery to liquid state as temperature increases (with concomitant changes in rheological properties). SC investigators will work to evaluate traditional farm equipment for flax production and to develop and test an enzyme-retting method to replace dew-retting.  Fibers retted by various formulations will be tested for yield and for properties required in the textile and composites area.  Scientists from MN will pretreat lignocellulosics, followed by low temperature liquefaction to generate a mixture of hydroxyl-rich lignin and carbohydrate residues. These will be co-polymerized with other chemicals to form polyurethane, that can subsequently be processed into foamed, molded, or sheet materials. Solutions from liquefaction will be cast to form high strength edible films or coatings (NE).


Task 2.
Methodologies for producing biomaterials.

Current chemical procedures for extracting chitin from crustacean shells and deacetylating to chitosan, while relatively simple, result in poor yield, non-uniform product, and generate significant quantities of hazardous waste. These problems have limited development of chitin-based materials, consequently MS scientists will investigate bio-chemical processes to extract and produce chitosan.


Distillers' grains and corn solubles byproducts from grain-based fuel ethanol production will be used by SD researchers to produce microbial exopolysaccharides such as gellan, scleroglucan, and polyhydroxyalkonoate.


UIUC scientists will investigate a modified dry grind ethanol technology to make corn ethanol production more efficient. By initially removing corn embryo, oil, and cellulosic material, the efficiency of the subsequent carbohydrate fermentation is improved. Moreover, oil can be recovered from the embryo, while the cellulosic fraction contains nutraceutical compounds with potential for reducing serum cholesterol.


Scientists from KS will develop cost-effective, formaldehyde-free, protein based adhesives for producing plywood and agricultural fiber particle boards and will evaluate the adhesives for use in commercial construction. Chemical and enzymatic modification methods and grafting technology will be used to unfold proteins to make hydrophobic components to enhance water resistance and adhesive strength.

 Workers in South Carolina will evaluate, adapt and further develop a recently patented algal culture technology for production of high value aquatic plant and animal biomass.


Task 3.
Biomaterial applications

KS and NE will investigate the chemical and mechanical properties of blends of polylactic acid (PLA) and other commercially available biodegradable polymers with industrial grade starch, and will seek to enhance their compatibility to produce low cost, durable, and degradable plastics. Adding starch will not only reduce costs, but will increase water absorption and biodegradability. However, since the polymers may be immiscible, mechanical strength can be greatly reduced if over 10% starch is added. To avoid petroleum based chemicals, organic compatibilizers and plasticizers will be studied.


SD scientists will evaluate the mechanical properties (strength, elasticity, flexibility, etc) of microbial exopolysaccharides (gellan, scleroglucan, and polyhydroxyalkonoate) produced by fermentation of corn byproducts. Additional evaluations will be performed on mixtures of these gums with various organic fibers, with potential use in forming erosion control products.


SD scientists will evaluate the use of C-4 (warm season native grasses, i.e. switchgrass, big bluestem, etc.), soybean hulls, and other natural fibers as reinforcing fiber sources for use in blended plastic composites.

Objective  4.
Biobased Chemicals
The objective will seek to expand the scientific knowledge for development of processes and systems for economical production of biobased speciality chemicals from agricultural feedstocks and residues.


Task 1.
Biochemical Identification, Characterization and Separation from Biofeedstocks

(WA) Chemical analysis will be conducted to determine detailed composition of dairy manure in terms of carbohydrates, proteins, and minerals.  Manure samples will be analyzed to determine carbohydrate monosaccharide content, and molecular weight distribution, non-protein nitrogenous compounds (ammonia, urea, etc.), and elements elements (S, P, K, Ca, Mg, Na, Fe, Zn, Mn, Cu, Si, Al, Ni, Cr, Mo, Ru ) using HPLC and ICP-MS.  Manures will be separated into particulate and dissolved materials.  The dissolved materials will be separated into five groups; carbohydrates, proteins, nitrogen, phosphorus, and other compounds and elements.  The first four groups will be recovered as by-products.  The particulate matters including colloidal particles, mostly fecal material containing undigested fibers, proteins, and carbohydrate will be further processes through hydrolysis to release molecular level chemical building blocks.


 Botanicals and nutraceuticals often regulated through the Dietary Supplement Health Education Act.  At present, the authorities are struggling to ensure that the botanical and nutraceutical products available to the consumers do not contain harmful components. Workers in AR and NE will study the botanical and nutraceutical extraction systems. Extraction of speciality chemicals will be scientifically documented, similar to that of edible oils, sugar, coffee and gelatin extractions.  


Researchers in Hawaii will develop economical and efficient extraction methods for nutraceuticals and other bioproducts using supercritical fluids and pressurized fluids.  A successful extraction system will allow selective components to be extracted in minimum volume to simplify and facilitate the subsequent purification, characterization and bioactivity screening.  Metabolomic and proteomic profiling will be conducted, in conjunction sequencing and bioinformatic platforms, to elucidate metabolic pathways and significant biological and environmental regulating factors.


Investigations on how to separate or extract silymarins from milk thistle seed matrix and wax, tocols, phytosterols and polieusanols from grain sorghum will be conducted. The extraction techniques that will be evaluated consist of: traditional leaching, supercritical fluid extraction and subcritical water extraction. To evaluate extraction conditions, diffusion coefficients will be determined, setting the stage for the scale-up of possible extraction strategies.  Compounds will be authenticated by Mass Spectrometry and routinely analyzed by High Pressure Liquid and Gas Chromatography.


Task 2.
Process Development.


Extraction and purification of biobased chemicals, such as PUFA’s and enzymes, from raw and bioconverted agricultural byproducts using superficial fluid extraction and adsorption techniques will be studied at lab and pilot-scale (LA).  Enhancement of the extraction and fractionation using enzymes, adsorbents or co-solvents will be pursued.  Adsorbents will be developed from agricultural wastes, such as rice hulls and shellfish waste.  Steps to the design include determination of growth, decay and product formation kinetics, selection of reactor configuration (batch vs CSTR, simple CSTR vs cell recycle system) based on simulations, design optimization to maximize product formation rate or product concentration, and finally lab-scale and pilot-scale reactor operation based on design.  


Investigators in Washington State will evaluate the hydrogenation process using a semi-batch reactor system equipped with continuous hydrogen feed in collaboration from the Pacific Northwest National Laboratory (PNNL) located in Richland, Washington.  Products from the reactor will be analyzed by chromatography. Feedstocks and products will be analyzed by high-pressure liquid chromatography using a sugar column and a refractive index detector.  


Investigators in Washington will also study processes for lactic acid production from agricultural feedstock. The initial investigation will focus on using cull potatoes.  Specific research topics include (1) developing simultaneous scarification and fermentation (SSF) process for lactic acid production with Rhizopus oryzae, (2) evaluating the performance of suspended and immobilized reactors with biomass recycle and retention, (3) improving product separation, and (4) optimizing the system efficiency based on SSF kinetics, and reactor and separation process modeling. Workers in KY will study foam fractionation, which takes advantage of the surface-active characteristics, hydrophobic/hydrophilic nature, of the protein of interest, as a means to recover, separate, and/or concentration proteins and enzymes.

Innovative catalytic processing approaches will be developed that convert dissolved sugars into a variety of valuable chemical products (WA).  These processes utilize aqueous-phase catalysts to perform hydrogenation or hydrogenolysis reactions under mild thermal conditions of 100 – 150 oC at elevated pressures.

  
The University of Arizona will be involved in: (1) enhancement of extraction of biobased chemicals from raw and bioconverted agricultural byproducts using adsorbents and co-solvents; (2) determination of growth, decay and product formation kinetics; (3) selection of appropriate reactor configuration; and (4) lab-scale reactor operation based on design.


The applicability of using aqueous two-phase extraction (ATPE) in isolating recombinant proteins from various plant expression systems (such as tobacco and corn) will first be studied at lab-scale (VA).  The partitioning of plant native proteins will first be characterized under various ATPE conditions (system inherent factors).  Model proteins with various size and charges will be used to study the influence of protein inherent factors on their partitioning.  The purification of a particular model protein from a plant system will be optimized, and the process will be scaled-up to demonstrate the scalability.  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.


Task 3.
  Product Application.

Odor and visual quality (color, clarity) of PUFA-enriched oil produced from fungal fermentation will be evaluated using headspace analysis using GC/MS and/or sensory panels and colorimeter measurements.  These oils will be compared to currently-marketed oils extracted from fish and vegetable products (LA).

Investigators at Virginia Tech will characterize fractional pyrolysis products using GC-MS, HPLC, FTIR, and NMR.  The fractional pyrolysis product will be used as phenol substitute in the preparation of phenol-formaldehyde type of resins.  A multi-stage cook will be investigated to end-point viscosity and pH.  The resins will be evaluated on yellow poplar plywood (9” x 9”) panels to evaluate the performance of the resins, using conventional commercial fillers and extenders. Researchers in NE will access the suitability of wax recovered from grain sorghum distillers’ dried grains (DDG) in a cosmetic product, such as lipstick, compared to other commercial waxes.  To accomplish this, a generic formula and process for a lipstick product will be used.  Lipsticks prepared using DDG wax will be compared to lipsticks prepared using carnauba and other natural waxes.  Properties to be measured for all lipsticks will be spreadability, melting point, hardness, color and aging.  Preliminary work already completed at NE will serve as the basis for the process of production and analysis.


A unique fractional catalytic pyrolysis technique being developed at Virginia Tech will be further investigated for the production of phenols and cresols from biomass feedstocks, which would be used as phenol-formaldehyde adhesive substitute (Virginia Tech).   This process uses catalysis to selectively convert biomass components in situ to defined product slates without necessarily going through secondary extraction and upgrading processes.   Investigators will use lab scale fluidized bed reactors to investigate woody biomass and biomass-to-ethanol residues for the production of these chemicals. Worker in LA will use agricultural residues (bagasse, rice straw, corn stover, etc.) and plant fibers (kenaf, flax, etc.) to produce biodegradable mats and composite materials. And also will promote end-use applications of these biobased
materials in diverse industrial sectors.


Objective 5.

Education and Outreach


Three education and outreach tasks will be directed at identifying needed educational materials, developing those materials in distance based delivery methods and developing a trained work force to support a biobased products industry.


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

An NRCBE Advisory board will be established, whose makeup represents the major stakeholders in the biobased economy, including representatives from the biobased-products industries as well as agricultural producers.  The roles of the Advisory board will be to advise NRCBE staff on topics for which educational materials are needed, to help assess educational materials and trained students, to help arrange educational enrichment opportunities such as student internships and faculty sabbaticals, and to help place trained students in biobased industries.  


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

New, multi-disciplinary, educational materials will be developed to widely disseminate knowledge related to biobased products via distance-education methods.  Examples of relevant technical topics include an overview of engineering principles for scientists, an overview of biotechnology principles for engineers, modeling of biological systems, sustainable chemical processing, bioseparations, and bioprocess engineering and design.  In addition, courses will bedeveloped to teach professional skills of particular relevance, including effective methods for distance education, and skills for working in multidisciplinary teams.  The use of distance-educaiton technologies will also allow industrial expertise to be more fully integrated into the training process.  For instance, videoconferencing will enable virtual collaborations to be conducted between academic and industrial experts, regardless of physical proximity.  


Task 3.
Development of National Resource Center for Biomass Education.

A National Resource Center for Biomass Education (NRCBE) will be established to facilitate development of a trained work force for the biobased products industry.  Anticipated services to be provided by the NRCBE include identifying key areas in which training materials are critically needed, encouraging experts to create training materials in key areas, fostering educational collaborations between experts having complimentary expertise, organizing workshop/training on effective delivery methods for distance education, assisting in assessment and quality assurance of biomass-related training materials, serving as an information clearinghouse for biomass-related training materials interfacing with other organizations involved in higher education (ASEE, USDA, DOE), and organizing short courses and conferences related to biomass education.  

