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Current NCSU Biofuels Activity
•$20+ million in current grant funding

•60+ faculty and professional staff

•50+ projects currently funded

•Numerous existing centers involved- for 
example
•Bioinformatics Research Center

•Biomanufacturing Training and Education Center 

•Forest Biomaterials and Biotechnology Center

•Kenan Institute for Engineering, Technology and 
Science 

•Functional Genomics Research Center 

•Genome Research Laboratory

•Fungal Genomics Laboratory

•Center for Computational Biology



Departments of Crop Science and Plant Biology, 

Materials Science and Engineering, and Chemistry

Center for Lignocellulose Structure and Formation - a DOE EFRC

Mesophilic filamentous cells

Dramatically increasing our fundamental knowledge of the physical structure of bio-polymers in plant cell walls will provide a basis for improved methods for converting

biomass into fuels.To achieve its objective, this EFRC will study the physical structure of lignocellulose at the nanoscale level and the rules and principles by which

lignocellulose is created. An interdisciplinary team that includes plant and microbial molecular biologists, chemists, physicists, material scientists, engineers and

computational modelers will utilize advanced, cutting-edge approaches and methodology to bring about desperately needed advances in the fundamental understanding

of the “rulesof assembly”of plant cell wall. Specifically, the focus will be placed on understanding the cellulose synthesis, lignocellulose assembly, and the relationship

between nanoscale structure and macroscale properties such as porosity and mechanics of the plant cell wall.

Background  and  Objective

NCSU Approaches

1) Freeze fracture TEM, interfaced with genetics and biochemistry, to reveal protein 

constituents and nanostructure of the CSC 

2) Computational modeling and molecular dynamics to establish the theoretical framework of 

possible CesA size and membrane topology as well as CSC structure and function 

3) Nanobioengineering: Reconstitution of CesA protein fragments (and eventually the entire 

protein and potential partners) in a lipid nanotube array, followed by structural and 

biochemical assays of the protein and its products

Fully understanding the structure and function of this nanomachine is one of natureôs

grand challenges and represents a major opportunity to add value to the future

carbohydrate based economy.

Outcome

Project  Team
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PI & CoPIs: Daniel Cosgrove (PI)1, Candace Haigler, Percival Zhang3; Senior personnel: Jeffrey Catchmark1, John Carlson1, Tom Richard1, Doug Archibald1, 

Virendra Puri1, Alexi Smirnov2, Yaroslava Yingling2. 1Penn State, 2NCSU, 3Virginia Tech.



Departments of Chemical and Biomolecular Engineering, 

Mechanical and Aerospace Engineering, Biological and 

Agricultural Engineering,  Plant Biology, and Botany

Mesophilic filamentous cells

The goal of this proposal is to demonstrate the feasibility of converting marine microalgae into high value transportation fuels using both innovative and 

transformative approaches. The NCSU EFRI-HyBi team will capitalize on our existing work in catalytic processing of fats/oils/lipids into transportation fuels, culturing 

marine microalgae, and synthetic biology to demonstrate the technical viability of our proposed approach.

Background  and  Objective

Approaches

1. Selection of the highest yielding strains of salt-water microalgae (Dunaliella spp.) with the most 

desirable FA/lipid composition and genetic characterization and modification (through synthetic 

genes) to further increase FA yield in the most desirable chain lengths and stability of the culture;

2. Development of techniques to maximize lipid/FFA extraction with minimal energy input, innovative 

low-energy dewatering and lipid extraction and transformative approaches including artificial FFA 

“sinks” for sequestering secreted FFAs in continuous bioreactors, and limiting of extraction and/or 

removal of contaminating compounds that can poison downstream catalysts;

3. Optimization of catalysts for decarboxylation and reforming of FFAs into the desired hydrocarbon 

fuels, to include yield, selectivity, resistance to deactivation, maximization of rates while 

minimizing hydrogen requirement, regeneration pathways;

4. Optimization of entire biorefinery architecture to maximize thermodynamic efficiency, yield of 

desired transportation fuels, and quality of co-products.

Successful completion of the proposed EFRI HyBi project will contribute directly to transformative technology for producing a broad range of high-energy 

density, clean-burning transportation fuels derived from renewable marine algal oils which do not have any of the unattractive qualities of the

current first generation biofuels, leading to reduced dependence on foreign oil, conservation of freshwater resources, no increased stress on the food 

supply, reduced emission of greenhouse gases, and ultimately, establishing a new economic engine for the US.

Outcome

Project  Team

PI & CoPIs: William Roberts, Henry Lamb, Heike Sederoff, JoAnn Burkholder, Larry Stikeleather.
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Department of Forestry and Environmental Resources
Forest Biotechnology Research Group

Lignin is a phenolic polymer, an irreversible end point in the metabolic pathway, in cell walls of all vascular plants. Its quantity and structures are intimately associated

with vascular transport and with defense against herbivory and pathogens. Lignin quantity and structures are also major barriers to the utilization of biomass for energy,

pulp/paper products and food. This project seeks to use the model woody plant, Populus trichocarpa (genotype Nisqually-1), and a systems biology approach to build

models to quantitatively illustrate how the entire pathway is organized and regulated and to reveal regulatory and metabolic flux control mechanisms, leading to lignin

quantity and structures.

Background  and  Objective

funded by the NSF Plant Genome Program

Approaches

(1) Systems Platform: Systematic transgenic perturbation of all known pathway and regulatory

genes involved in lignin biosynthesis.

(2) Data Generation: Quantification of all transgenics with transcriptomics, mass spectrometry

proteomics, enzymology, metabolite profiling, and of lignin quantity/structures by 1D & 2D NMR.

(3) Data Integration: Correlation matrices and path analysis to formulate mechanisms of regulatory

and metabolic pathway interactions.

(4) Systems Modeling: Refinement and validation of statistics-based mechanisms by a signaling

graph to provide specific regulatory constrains to flux distribution analysis and lignin structural

predictions for a quantitative lignin biosynthesis model.

We will provide new and comprehensive knowledge of regulatory and metabolic flux control mechanisms of lignin biosynthesis, for greater understanding of the plant

response to environmental stress and for more precise strategies to improve plant productivity and the production of energy, materials and food.

Outcome

Project  Team

PI & CoPIs: Vincent Chiang (PI)1, Ron Sederoff1, John Ralph2, Joel Ducoste1, Fikret Isik1; Senior personnel: Cranos Williams1, David Muddiman1,

Chris Smith1, Reza Ghiladi1, Hou-min Chang1, Rui Shi1, Ying-Hsuan Sun1, Quanzi Li1, Ewellyn Capanema1, Mikhail Balakshin1, Judy Jakobek1, Tom

Easley (outreach)1, Mark Melton (outreach)3, Valerie Brown-Schild (outreach)4; 1 postdoc2, 3 lab technicians1, 6 graduate1 and 8 undergraduate1

students. 1NCSU, 2UW-Madison, 3St. Augustine College, 4The Kenan Institute.



Research Centers Program

Center for Integrated 

Biomass Refining

(CIBR)

Center for BioEnergy 

Research and Development

(CBERD)

Biomass to Biofuels and 

Bioproducts Pilot Facility

(B2B2)

Center for Plant Breeding 

and Applied Plant Genomics 

(CPBAPG)
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Center for BioEnergy Research 

and Development (CBERD)

NSF- Administrative

Funds

A National Science Foundation Industry 

University Cooperative Research Center (I/UCRC)

Industry- Research

Funds

Universities



CBERD I/UCRC Member Universities

NCSU

SDSMT

KSU

SUNY-SB

UH



CBERD Mission

To conduct industrially relevant 
research directed at developing 
methods and technologies for the 
cost effective production of fuels and 
chemical feedstock through the 
bioprocessing of renewable materials 
such as grains, crop residues, 
grasses and wood biomass.
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CBERD Research Portfolio
• The Role of Sorghum in the Production of Biofuels

• Development of a Thermostable Enzyme Cocktail for Rapid Release of 
Fermentable Sugars from Lignocellulosic Materials

• Development of an Industrial Yeast Strain Expressing Lignocellulolytic 
Enzymes in Conversion of Biomass to Ethanol

• Catalytic Subcritical Hydropyrolysis of Waste Biomass and Selective 
Enrichment of Hydrocarbon Fuels

• Investigation of Lignocellulose Derived Lignin Co-product as a Matrix and/or 
Reinforcement for Biocomposites

• Development of Novel Oxidative Pretreatment Technologies for 
Lignocellulosic Ethanol Production

• Membrane Separations to Enable a More Profitable Biofuels Industry

• Biogas Upgrading Using Membranes Templated with Supercritical (Sc) CO2

• Ultra-Deep Sulfur Removal from Biomass-Derived Fuels

• Development of Anaerobic Systems for Biofuel Production from Gas Streams 
Using Latex-Film-Immobilized Microbes

• Highly Efficient Catalytic Synthesis of Biomethanol

• Life Cycle Analysis of Dedicated Biomass Production Systems

• Life Cycle Analysis of Biofuels Production

• Impurity-Specific Water Purification Technology and its Implication in Biofuel 
Distribution Systems



CBERD Associated Companies
• POET

•Syngenta

• GM

• ADM

• ICM

• Conoco Phillips

• Chevron

• Office of Naval Research

• EPA

• NYSERDA

•DOE - Biomass Power

•Brookhaven NL

• Argonne NL

•National Grid

•E-Renewables

•AERTC

•Zymetis, Inc.

•KL Energy Inc.

•Lallemand Ethanol Tech.

•Hawaii Bioenergy LLC

•SunFuels Hawaii

•NC Forestry Foundation

•NC Solar Center

•Biofuels Center of NC

•Kansas Bioscience 
Authority



•Ceres

•Separation Kinetics

•Black and Veech

•Tate and Lyle

• International Harvester

•Ford

•Caterpillar

• Idaho NL

•Genencor

•Pioneer

•Novozymes

•Monsanto

•Agrivida

•Zeachem

•BASF

•Bayer CropScience

•John Deere

•Progress Energy

•Duke Energy

•Metabolon

CBERD Recruited Companies



Center for Integrated Biomass 

Research (CIBR)
•Legislative Initiative - 3 years
–$3,900,000 congressionally-directed project

•Project Objectives
–Develop Biofuels and Bioproducts Research 

Laboratory (BBRL)

–Enhance biomass to biofuels/bioproducts (B2B2) pilot 
facility

–Evaluate novel energy crops for biofuels production

–Develop biomass conversion systems for fuels and 
products

–Formulate practical models for biomass cultivation, 
collection, transportation and utilization



New Facility Development

•Biofuels and 

Bioproducts 
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Uses for Flex Module Space

•Support congressionally mandated 

initiative (CIBR)

•Support Industrially-sponsored research 

collaborations (CBERD)

•Provide temporary laboratory space for 

funded projects

•Act as a “storefront” for visitors (Federal, 

State, industrial)



Biomass to Biofuels/Bioproducts 

(B2B2) Pilot Plant

•Initial Funding - $1.5 million from Golden 

LEAF Foundation

•Follow-on funding

–$300,000 from Syngenta

–$300K - $600K through CIBR



Biomass to Biofuels/Bioproducts 

(B2B2) Pilot Plant

•Process a variety of feedstocks

–Industrial sweet potatoes, switchgrass, pine/poplar

•Evaluate developing technologies

–Extraction, membrane separation, mixed culture 

fermentations, new enzymes, supercritical solvents

•Make products other than ethanol!

•10 - 20 lb/hr

•All utilities and process interconnects are quick 

connect to allow for “plug and play” interchange 

of equipment



GLF/NCSU B2B2 Site







NCSU Biomass Program

•CBERD/CIBR/B2B2

–Plant molecular biology

–Breeding

–Wood processing

–Process engineering

–Secondary products

–Integrated across colleges, universities, 

industry


