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Energy Crop Supply Chain 

Demonstrate the establishment of a 
dedicated biomass energy crop supply 
chain with farmer 

Cellulosic Ethanol Biorefinery 

Demonstrate the pre-commercial  
production of ethanol from switchgrass 

Commercialization 

Develop a viable, sustainable, long-term 
path to commercialization of cellulosic 
biofuels in Tennessee 

Biofuels, Bioproducts R&D 

Establish premier RD&D capabilities and 
capacity in biofuels and bioproducts 

$70.5 Million  
State Commitment 
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Tennessee’s Comprehensive Approach 

Presenter
Presentation Notes
Four years ago, the State of Tennessee, under Governor Phil Bredesen’s leadership, made an unprecedented commitment to invest in building a bioenergy industry in Tennessee. The State committed $70.5 million in 2007 to fund the University of Tennessee Biofuels Initiative, a comprehensive farm-field-to-filling-station approach. The  UT  Biofuels  Initiative  addresses  the  land  grant  missions  of  research,  economic   development  and  teaching  students  for  future  jobs  while  addressing  the  national  demand  for   sustainable energy and enhanced  security. The  UT  Biofuels  Initiative  is  using  cutting-‐edge  research  to  develop  a  new  industry  for  the   state, literally, from the ground up.    The  new  industry  has potential to  provide  thousands  of  new  jobs  that  could  drive   local  economies—particularly in rural parts of the state--with  hundreds  of  millions  of  dollars  annually  in  new  farm  and  business   revenues.   The  state’s  initial  $70  M  investment  has  already  returned  more  than  $225  M  in  new  federal  and private investments in bioenergy in Tennessee. Establishing a biofuels industry in Tennessee is a four step process:Creating an energy crop supply chain (switchgrass production);Securing research and development capabilities (ORNL, Bioenergy Science Center, and Center for Renewable Carbon)Demonstrating pre-commercial production capabilities (DDCE, Genera biorefinery)Building the infrastructure for a self-sustaining commercial biofuels industry (Genera and Tennessee)Genera Energy is the for-profit company formed to implement the business operations of the Biofuels Initiative, wholly owned by the UT Research Foundation.
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Tennessee’s Comprehensive Approach 

Presenter
Presentation Notes
Through research and partnerships with UT AgResearch and UT Extension, switchgrass has been identified as an ideal initial energy crop in this region to support a large-scale, commercial biofuels industry.As part of the UT Biofuels Initiative, UT biofuels specialists work with local farmers to develop switchgrass production and provide  one-on-one technical assistance through UT Extension and wide-ranging research related to all aspects of the feedstock supply chain. Currently, about 5,200 acres have been planted under the UT Biofuels Initiative’s incentive program. The UTBI has the largest plantings of switchgrass on private farms in the United States.Another key element of the UTBI feedstock program is the emphasis not just on field production of energy crops, but on the entire biomass feedstock supply chain. It is critical to focus not just on growing the crop, but all of the related activities like storage, transportation, and supply chain management that are required to supply a biorefinery.
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•  Well suited to the Southeast 
— Currently, ~6-10 tons/acre in TN 

— Potential for 12+ tons/acre 

•  Warm season, native, perennial grass 

•  Tolerates poor soils, flooding, drought 

•  Highly resistant to many pests, diseases 
— Low use of chemicals or fertilizers 

•  1-2 year establishment 
— Weed control critical in establishment 

•  Works with existing infrastructure 

•  May be removed, improves soil quality 

• UT research focus for 20+ years 

Switchgrass as an Energy Crop 

Presenter
Presentation Notes
Why switchgrass? Switchgrass is well-suited to the Southeast for a number of reasons, not the least of which is its high yield potential. It tolerates poor soils, flooding and drought. It can be grown on more marginal cropland that may not be competitive for row crop production. Switchgrass is a warm season, native perennial grass that is highly resistant to many pests and diseases. It requires minimal use of chemicals or fertilizers, particularly compared to other major row crops. To establish a fully mature switchgrass crop, it takes one to two years and weed control is essential during this timeframe. Currently, we’re seeing 6-10 tons of switchgrass yield per acre with the potential for 12 plus tons per acre. Switchgrass can be removed easily and it improves soil quality. Switchgrass also works with existing infrastructure which is important because farmers aren’t required to make huge capital investments just to get started in switchgrass production. Of course, much of our existing equipment was not designed to handle such a high yielding crop, and we have a large research program and work with equipment companies to develop better tailored equipment for switchgrass, but that’s not a barrier to getting started in switchgrass production.
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•    Contracting with local farmers to produce 

6,000 acres of switchgrass 
–  Nearly 3,000 acres harvested in 2009 
–  Added >3,000 acres in 2010 
–  1,000 acres improved varieties 

•   UT/Genera contract with local farmers 
–  ~$450/ac/yr for 3 years 
–  We provide seed, technical expertise 
–  Separate storage contracts 
–  Yield-based component in 2010 

•   Averaging about 8 tons/ac by 3rd year 
–  Harvesting ~2 tons in year 1 
–  ~5 tons in year 2 
–  ~8 tons year 3 and beyond 

 

Tennessee Switchgrass Experience 

Presenter
Presentation Notes
One of the biggest challenges in developing a biomass based industry is the chicken-or-egg-first problem: how do you get farmers to produce switchgrass before there is a biorefinery ready to sign long-term contracts for it, and how do you get investors to build a very expensive biorefinery that relies on biomass before you have the crop in the ground?The UTBI addresses this stalemate by doing both switchgrass production and biorefinery development simultaneously.In East Tennessee, the University of Tennessee and Genera Energy have contracted with local farmers to produce nearly 6,000 acres of switchgrass. Now in our third year of production, farmers in our Switchgrass Farmers’ Incentive Program are seeing average yields of about 8 tons per acre. Under the program, farmers receive $450 acre per year for three years. They are also provided with high quality seed and technical expertise and separate storage contracts. The program has evolved some over time so that the 2010 contracts included a declining fixed payment per acre and an increasing yield-based payment over time.



  

Switchgrass Contract Farms 

• 2008 SFIP Contract 
• 2009 SFIP Contract 
• 2010 SFIP Contract 
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Knox 

Biorefinery 
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Presenter
Presentation Notes
Switchgrass contract farms are located within a 50 mile radius of the Vonore demonsration-scale biorefinery. Counties include: Rhea, Meigs, Roane, McMinn, Loudon, Monroe, Polk, Bradley, and Blount. This map shows all the farm locations and proximity to the biorefinery and they are listed by operation year.The participating farms were selected based on a number of criteria to represent a wide cross-section of factors including: location, soil type, previous cropping history, weed pressure, size, equipment available, soil productivity, farmer experience. The canvas of switchgrass farms has been an important research opportunity for a wide range of agronomic and economic research.
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Tennessee’s Comprehensive Approach 

Presenter
Presentation Notes
Another important component of the comprehensive Biofuels Initiative is the research being conducted by the University of Tennessee, Oak Ridge National Laboratory, and other research partners on the conversion of biomass to fuels and other valuable chemicals, materials, and products.The University of Tennessee, the SunGrant Initiative (The SunGrant Initiative is a national network of land-grant universities and federally funded laboratories working together to further establish a biobased economy); the Bioenergy Science Center and the Oak Ridge National Laboratory are working together to establish research development and demonstration capabilities and capacity for biofuels and bioproducts.
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• Coordinate R&D in 
renewable carbon systems 

• Create new conversion 
technology 

• Support technology 
demonstrations 

• Educate and train the new 
workforce 

• Transfer science and 
technology to a broad client 
base 

UT Institute of Agriculture, Knoxville, Tennessee 

New Crop 
Development 

Sustainable 
Production 

Feedstock 
Supply 

Biorefinery 
Systems 

Co-products & 
Materials 

UT-CRC Research Focus 

Presenter
Presentation Notes
Within the University of Tennessee, much of the research in the bioenergy area is conducted under the umbrella of the Center for Renewable Carbon (CRC) in the UT Institute of Agriculture. CRC is a relatively new organization that coordinates  the research and demonstration of renewable carbon systems, drawing from a wide range of fields and disciplines within the university.The CRC’s goal is to create and improve conversion technologies; support technology demonstrations; educate and train the new workforce; and transfer science and technology to a broad client base.The major areas of research focus include:New crop developmentFeedstock supply systems and managementSustainable feedstock productionBiorefinery systemsCo-products and materials
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Tennessee’s Comprehensive Approach 

Presenter
Presentation Notes
A key element of the integrated Biofuels Initiative is the large-scale demonstration of converting biomass to fuel in a biorefinery.UT and Genera have partnered with DuPont Danisco Cellulosic Ethanol (DDCE) in the construction and operation of a demonstration-scale biorefinery in Vonore. DDCE brings world-class biorefinery technology that has helped Tennessee become a national leader in biorefining.
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Cellulosic Ethanol Biorefinery 
• Collaboration between Genera Energy and 

DuPont Danisco (DDCE) 

• Vonore, Tennessee: Niles Ferry Industrial Park, 
Monroe County, 32 acre site 

• 250,000 GPY demo plant and Process 
Development Unit (PDU) pilot plant 

• Optimized as precursor to commercial facility  

• Started operations December 2009 

• Multiple feedstocks: cob & switchgrass 

• Long-term operation as an RD&D facility 
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Presenter
Presentation Notes
The Genera/DDCE demonstration-scale cellulosic ethanol biorefinery began construction in late 2008 and officially began production in December 2009. The facility celebrated its grand opening in January 2010. Located in the Niles Ferry Industrial Park in Vonore, the 74,000 square foot facility is capable of producing 250,000 gallons of cellulosic ethanol per year. The biggest benefit of the Vonore biorefinery is the ability to demonstrate that the technology is ready in every way – science, economics, engineering, efficiency – to support commercial scale investments and to continue to improve the process and the economics over time.While Genera owns the biorefinery, our partner DDCE is responsible for operating the facility. Currently, the demonstration-scale biorefinery is processing cellulosic ethanol from corn cobs and stover; ethanol production from switchgrass will begin in 2011. The facility houses production, laboratories and a process development unit for running pilot tests.



DDCE Proprietary Conversion Technology 
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DDCE 

• Pre-processed (chopped & milled) biomass arrives at the biorefinery 

• DuPont-developed pre-treatment technology opens the polymers for greater enzyme access 

• During enzymatic hydrolysis (or saccharification), Genencor-developed enzymes break down 
cellulose and hemicellulose into component sugars 

• DuPont-developed fermentation technology converts sugars to alcohol 

• Alcohol is distilled into fuel-grade ethanol & co-products are recovered 

• Lignin can be burned for energy or used for other chemical and material products 

Presenter
Presentation Notes
DuPont Danisco Cellulosic Ethanol operates the demonstration-scale biorefinery in partnership with Genera.DDCE has a proprietary conversion process for converting biomass (switchgrass) to cellulosic ethanol: the box in the center of the diagram.The process includes:Pre-treatment technology that opens the polymers in biomass for greater enzyme access.Ezymatic hydrolysis (saccharification) of enzymes to break down cellulose into sugars.Fermentation technology to convert sugars to alcohol.Alcohol is then distilled into fuel-grade ethanol and co-products are recovered.Lignin (co-product) can then be burned for energy or used for other materials.UT researchers and Genera are focused on the biomass supply chain upstream of the biorefinery and also on the use of the lignin co-product.
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Demonstration-Scale Biorefinery 

Presenter
Presentation Notes
Inside the biorefinery:This is a photo of the production floor of the biorefinery. You’re looking at the saccharification and fermentation tanks in this photo.
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Demonstration-Scale Biorefinery 

Presenter
Presentation Notes
This is a close up view of the top one of the saccharification tanks you saw in the previous picture that uses specially tailored enzymes to break down the plant matter into simple sugars that can then be fermented into fuel.
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Demonstration-Scale Biorefinery 

Presenter
Presentation Notes
This is a photo of the distillation tanks that are located on the outside of the biorefinery. (Note: you may want to point out that the worker in the red hat in the middle of the picture gives you a sense of the scale of the facility and equipment.)
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World Class Lab Facilities 

Presenter
Presentation Notes
The biorefinery houses four separate state-of-the-art labs for research and analysis.
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Training a New Industry Workforce 

Presenter
Presentation Notes
In addition to establishing a cellulosic ethanol product at the demonstration-scale facility, we are also training a new industry workforce that will be ready to manage the commercialization of cellulosic ethanol.
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• Feedstock cost (prior to entering conversion process) is >50% of total cost 

• Enzymes are the most significant processing cost 
– Recent advances have reduced costs >50% 

• Currently, ~85 gallons ethanol/dt biomass 
– Target is 100 gallons/ton 
– Converting both C5 & C6 sugars 

• Biorefineries are capital intensive,  
~$6 per installed gallon 
– Target is $4/gallon 
– At 50 MGY, capital cost is $200-$300 M 

• Cost of manufacturing currently ~$2/gal 
– Target is $1.50,  competitive with crude 

oil at $75/bbl, without subsidies 

Technology Status & Key Indicators 
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Presenter
Presentation Notes
The target for the technology is to produce cellulosic ethanol for $1.50 a gallon, which would be competitive with crude oil at $75/barrel, without ANY subsidies. Today, we are at a cost of manufacturing of about $2.00/gallon and expect to meet our cost targets in the first commercial scale biorefinery by 2013.Biorefineries are capital intensive. It costs ~$6 per installed gallon to construct a commercial scale biorefinery today. Our target is $4 gallon. But that’s still $200-$300 million to build a biorefinery that would produce 50 million gallons annually.One dry ton of biomass currently yields about 85 gallons of ethanol per ton. This is up from about 67 gallons of ethanol per ton just two years ago. Our target is 100/gallons per ton. Using the 100 gallons of ethanol per ton conversion rate, and a switchgrass yield of 10 tons per acre, switchgrass has the possibility of generating about 1,000 gallons of ethanol per acre.
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Tennessee’s Comprehensive Approach 

Presenter
Presentation Notes
 How do we develop a viable, sustainable, long-term path to commercialization of cellulosic ethanol in Tennessee? Genera Energy and the State of Tennessee have partnered to commercialize the cellulosic biofuels industry in Tennessee with the expectation that in the near future, a commercial-scale biorefinery will be built in Tennessee based on the research and data provided from the demonstration-scale biorefinery in Vonore.
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Expanded Renewable Fuels Mandate 

Presenter
Presentation Notes
The Renewable Fuel Standard (RFS) was expanded under the Energy Independence and Security Act of 2007 (in an effort to reduce dependence on foreign oil, promote biofuel use, and stabilize transportation fuel prices, among other goals.) Over a 15-year period, the RFS seeks to establish a market for biofuels in the transportation sector by requiring that increasing amounts of biofuels—36 billion gallons by 2022—be blended into transportation fuel. The mandate is to be accomplished with an assortment of advanced biofuels, including cellulosic biofuels—fuels produced from cellulosic materials including grasses, trees, and agricultural and municipal wastes. The federal renewable fuels mandate requires that 16 billion gallons of the total renewable fuel requirement must come from cellulosic sources by 2022. 
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• 21 billion gallons of advanced biofuels required by 2022 to 
meet the RFS2 requirements (16 billion from biomass) 

• Per USDA Biofuels Roadmap (June 23, 2010): 
– Majority of cellulosic biofuels will be from purpose grown energy 

crops (13.4 billion gallons) 
– Southeast will contribute half of total industry (49.8%) 
– Significant capital investment required to meet mandates ($83.8 

billion to build 263 biorefineries in the Southeast) 

• Biomass also has comparative advantage for providing 
renewable electricity in the Southeast 
– While SE does not currently have state Renewable Electricity Standard 

(RES) mandates, potential for new federal mandates  
– Federal RES would put SE at a disadvantage due 

to dependence on coal 

 

Market Opportunity 

Presenter
Presentation Notes
The Federal Renewable Fuels Mandate creates a market opportunity for Tennessee.The majority of cellulosic biofuels will be from purpose grown energy crops and the Southeast will contribute half of the total industry.A significant capital investment is required to meet the federal mandates. $83.8 billion to build 263 biorefineries in the Southeast.Biomass also has an advantage for providing renewable electricity in the Southeast.
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Biomass Geothermal 

Solar (PV) Wind 

Renewable Energy Options 

Presenter
Presentation Notes
From this map, you see that the Southeast is well-suited to biomass production. (Refer to blue on map 1).We’re not as competitive as other regions for geothermal, solar or wind. Wind is more conducive to the middle of the country; geothermal the West and solar primarily the Southwest. Biomass will be the primary opportunity for the Southeast to meet new demands for renewable electricity, as well as renewable fuels.
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Integrated Biomass Supply Chain 

Biomass Production & Harvest 

Handling, Storage, Transportation 

Pre-Processing & Densification 

Value-Added Pre-Treatment 

Industrial Processing 

Presenter
Presentation Notes
It is important to recognize that the entire biomass feedstock supply chain is highly interdependent. With this in mind, the research and commercialization programs of the University of Tennessee and Genera Energy are heavily focused on the pieces of this integrated biomass supply chain, includingbiomass production and harvesting (farmers); handling, storing, and transporting of switchgrass ; pre-processing and densification; Value-added pre-treatment of biomass; andindustrial processing.
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Biomass Production & Harvesting 

 

• Crop genetics 

• Improved establishment 

• Technical expertise 

• Tailored equipment 

• Seed availability 

• Risk management 

 

Presenter
Presentation Notes
UT’s Biomass Production and Harvesting research programs include:crop genetics; switchgrass seed availability; risk management; tailoring production and harvesting and handling equipment; and technical expertise.
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Biomass Handling, Storage & Transporation 

 

• Year-round supply 

• Minimize handling 

• Maximize bulk handling 

• Minimize storage loss 

• Maintain quality 

• Manage moisture 

• Increase bulk density 

 

Presenter
Presentation Notes
UT’s Biomass Handling, Storage and Transportation research programs include:Working to minimize handling and reduce costs; establishing an efficient, high-quality year-round supply; maximizing bulk handling; maintaining quality; managing moisture and increasing bulk density.
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Biomass Pre-Processing 

 

• Particle size – coarse 
chop to flour 

• Conveyance & 
flowability 

• Energy intensity 

• New systems, systems 
integration 

• Multiple feedstocks 

• Packaging & 
transportation 

 

Presenter
Presentation Notes
Biomass Pre-Processing focuses on biomass conveyance and flowability; new integration systems; multiple feedstocks; energy intensity and particle size (coarse chop to flour).
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Value-Added Pre-Treatment 

 

• Better tailor feedstock to 
downstream conversion 
process 

• Improve handling 
efficiencies 

• Improve energy balance 

• Use same feedstock to 
supply multiple markets 

• Reduce storage 
requirements, costs 

 

Presenter
Presentation Notes
Value Added Pre-Treatment of the biomass reduces storage requirements and costs; improves handling efficiencies; tailors feedstock to downstream conversion process; and uses the same feedstock to supply multiple markets.
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• World-class RD&D campus 

• Integrates entire biomass supply chain 
• Harvest, handling, storage, densification, logistics 
• Pre-processing 
• High throughput screening   

and analysis 
• Agronomics, plant genetics, production 
• Intermediate processing and conversion 

• Multiple feedstocks 

• Site for $5M DOE-funded high tonnage 
bulk handling demonstration 

• Operational by end of 2010 

• Strategic partnership opportunities 

• Template for regional biomass depots 

Tennessee Biomass Innovation Park 

Conceptual Rendering: July 2010 

Presenter
Presentation Notes
One way we’re establishing an integrated biomass supply chain is through the development of a Biomass Innovation Park. Genera broke ground in late July on a 22-acre site adjacent to the biorefinery. The Biomass Innovation Park is where all of the harvesting, handling, storage, pre-processing, production and conversion of biomass (switchgrass) will occur. The Biomass Innovation Park will be able to handle additional feedstocks besides switchgrass. Slated to be fully operational in 2011, this conceptual rendering of the Biomass Innovation park highlights storage buildings and silos.
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Biomass Depot (hub and spoke) model for 
supplying, storing, and pre-processing biomass 

feedstock integrates well with Genera’s 
New Generation Processing Cooperative  

(federated cooperative model) for organizing  
and aggregating biomass and retaining 

value closer to the farm gate 

Depot Products for Downstream Conversion 

Presenter
Presentation Notes
The Biomass Innovation Park can also serve as a model for organizing a cost-effective efficient biomass supply business model for the industry going forward.The Biomass Innovation Park can be a template for developing and optimizing a series of biomass aggregation and pre-processing centers (depots) that serve farmers in a local region and collectively supply a large-scale biorefinery.The Biomass Depot supply model can be a good fit with a New Generation Processing Cooperative, such as the Tennessee Biomass Supply Cooperative recently formed by Genera Energy.
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www.GeneraEnergy.net 
www.UTbioenergy.org 

 
 
 
 

Institute of Agriculture    Office of Bioenergy Programs 

Tennessee Leading by Example 

Presenter
Presentation Notes
For more information about Tennessee’s developing biofuels industry, visit generaenergy.net or Utbioenergy.org.Thank you for your time. Are there any questions?
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