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The United States has become increasingly dependent in 
recent decades on imported petroleum to meet its energy 
needs. A portfolio of more diverse and domestic feedstocks 

for our nation’s energy and chemical supply must be found to reduce 
our dependence on fossil fuels and to secure future energy supply. 
Biomass resources are a sustainable and environmentally friendly 
feedstock that can contribute significantly to a diverse energy 
portfolio. 

The Biomass Research and Development Technical Advisory 
Committee (Committee) developed the Vision for Bioenergy and 
Biobased Products in the United States and the Roadmap for 
Bioenergy and Biobased Products in the United States to define a 
set of achievable quantitative goals and develop an R&D strategy 
to enable those goals. Developed in 2002, these documents have 
since been used to guide the joint research solicitation issued each 
year by the U.S. Departments of Agriculture and Energy.  Important 
progress has been made since that time and in 2005, the Committee 
was asked by the Secretaries of Agriculture and Energy to update 
its Vision and Roadmap.  The Vision was updated in November 2006 
and contained aggressive goals for the role that biobased fuels, 
power and products can have in the U.S. economy. 

The Roadmap was updated based on a series of regional meetings 
held across the United States to ensure that region-specific issues 
and opportunities were adequately addressed.  The Committee 
established Regional Roadmap Workshop chairs for each of the 
Western, Eastern, and Central Regions to guide the updating of 
the Roadmap. At each of the workshops facilitated discussions 
helped local experts identify feedstocks, production, infrastructure, 
and market-related barriers to achieving Vision goals.  Workshop 
participants then mapped technical and policy strategies to 
overcome those barriers.  

The updated Roadmap for Bioenergy & Biobased Products in the 
United States will continue to be used as a reference document 
for industry, academia, and policy makers to implement the steps 
necessary to achieving the Vision goals. The Roadmap identifies 

a concrete strategy of research and policy measures for decision-
makers. It identifies measures needed to advance biomass 
technologies and enable an economically viable, sustainable and 
economically desirable biobased industry. 

Regional Opportunities - Several important barriers to biomass 
R&D technologies were identified during the Regional Roadmap 
Workshops.  Most important are the key regional differences in the 
United States that must be addressed.  The Western U.S. contains 
large amounts of land which are underutilized, and could otherwise 
be used to grow alternative biomass feedstocks. Also, because 
the Western U.S. is so large, the feedstocks currently available 
are widely dispersed and are a challenge to harvest.  The Eastern 
U.S. is comprised of many small land owners, which presents 
significant challenges in economies of scale for production of 
biomass feedstocks. Additionally, most Eastern biomass feedstocks 
are woody, which are not as easily convertible into fuels, power, 
and products as other high starch feedstocks. The Central U.S. has 
a significant amount of feedstock that can easily be converted into 
fuels but it lacks the necessary infrastructure to transport finished 
products to large population areas in the Eastern and Western U.S.  
Distributed configurations where feedstock production, conversion 
facilities and end-markets are in close proximity could help in making 
biomass technologies competitive.

Feedstocks - Significant research breakthroughs are needed in a 
number of key areas including advances in plant science to improve 
the cost effectiveness of converting biomass to fuel, power, and 
products.  In addition, R&D in geographical information systems will 
help the U.S. more accurately identify biomass availability. R&D 
should focus on advanced harvesting methods such as single pass 
harvesters and precision forest residue machinery. This will enable 
greater amounts of biomass feedstocks to be harvested at a lower 
cost. Whether the feedstock is agricultural residue, forest residue, 
or urban waste, there are several barriers that must be overcome. 
Biomass can be expensive to collect, store, and transport; which the 
current infrastructure is not equipped to handle. 

Executive Summary
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Processing and Conversion - Efficiencies need to be made in 
the processing and conversion of biomass feedstocks.  Science 
should strive to replicate processing systems found in nature.  Major 
breakthroughs are needed to demonstrate that oil, sugar, and protein 
platforms can displace petrochemical platforms. Greater efforts are 
needed to utilize byproducts of biomass conversion and add value. 
Although improvements have been made in enzyme technology, 
significant improvements must still be made to further cut enzyme 
costs, increase the speed of reactions, and increase the cost ef-
fectiveness of fuels and products manufacture. Siting of modular, 
decentralized processing and conversion facilities in proximity to 
both feedstocks and retail markets will reduce transportation and 
distribution costs.

Infrastructure - R&D is critical in transportation and infrastructure 
of biomass products. The most cost effective method of transporting 
products in fluid form is through pipelines. However, currently biofu-
els cannot be transported through the same pipelines as petroleum 
fuels – this barrier must be overcome. 

End-Use Markets - To develop end-use markets, targeted research 
is needed to evaluate biofuels and develop biofuels that are suitable 
for mass markets.  Continued research also is needed to identify new 
uses for co-products.

Non-R&D Measures - A mix of policies and incentives support-
ive to biobased fuels, power and products should be pursued in 
combination with education of both decision makers and the public 
on their benefits.  Workforce education also will be required as the 
U.S. lacks the technical workforce to harvest, handle, and integrate 
biomass into existing infrastructure.  

With increased national interest in bioenergy, the Roadmap can also 
provide strategic guidance to other national initiatives that seek to 
increase energy security and reduce dependence on oil.  In particular, 
the Roadmap can provide guidance to help achieve the President’s 
“Twenty in Ten” goals which established an even more aggressive 
goal for biofuels than the Committee’s Vision. Although “Twenty in 
Ten” was announced after the completion of the Regional Roadmap 
Workshops, the Committee has coordinated with the interagency 
Biomass R&D Board and submitted fifteen recommendations to the 
Board and to the Departments of Energy and Agriculture to consider 
when implementing the President’s “Twenty in Ten” goals.  Those 
recommendations are included in Section 2.0 of this Roadmap. 
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The United States has become increasingly dependent on 
imported petroleum to meet its energy needs. A more diverse 
portfolio of feedstocks for our nation’s energy and chemical 

supply must be found to reduce our dependence on fossil fuels 
and secure future domestic energy supply. Biomass resources are 
a sustainable and environmentally-friendly feedstock that can 
contribute significantly to a diverse energy portfolio. Electricity, 
transportation fuels, chemicals, and materials currently produced 
from petroleum and natural gas can instead be produced from 
biomass. 

The Roadmap for Bioenergy and Biobased Products in the United 
States identifies research and policy measures needed for 
converting our nation’s biomass resources into economically and 
environmentally desirable biobased fuels, power, and products. It 
represents the collective assessment of the Biomass Research and 
Development Technical Advisory Committee, as well as experts 
from industry, academia, and government. The research strategies 
outlined in the Roadmap will help achieve the goals established by 
the Committee’s Vision for Bioenergy and Biobased Products in the 
United States.  

Achieving the Vision will result in the following key benefits for the 
United States:

•	 Improved balance of trade from reduced dependence on 
petroleum imports;

•	 Spur in economic growth, particularly in rural America, from the 
newly developing bio industries;

•	 Reduced carbon emissions; and

•	 A more diverse energy portfolio and greater energy security.

The Roadmap also supports the President’s “Twenty in Ten” objective 
of offsetting 20 percent of gasoline consumption by 2017 with 
alternative and renewable fuels and vehicle efficiency; and outlines 
specific technology, infrastructure, and policy recommendations to 
accelerate biofuel’s contribution toward the “Twenty in Ten” goal. 

1.1  Biomass R&D Technical Advisory 
Committee
The Biomass Research and Development Technical Advisory 
Committee was established by the Biomass R&D Act of 2000 {P.L. 
106-224}. Its responsibilities include advising the Secretaries of 
Agriculture and Energy on the technical focus and direction of 
requests for proposals issued under the Biomass R&D Initiative 
(The Initiative), and evaluating and performing strategic planning of 
program activities relating to the Initiative {P.L. 106-224, Sec. 306}.  
The Committee represents experts from wide-ranging backgrounds 
relevant to biomass resources, technologies, and markets. A list of 
2007 Committee members is provided in Appendix A. 

1.2  Roadmap Update Process
The original Vision for Bioenergy and Biobased Products in the 
United States was established by the Committee at the request of 
the Secretaries of Agriculture and Energy in 2002. The Vision set 
aggressive goals for the use of biobased fuels, power, and products 
in the U.S. for the years 2010, 2020, and 2030. The Committee 
followed its Vision with the Roadmap for Bioenergy and Biobased 
Products in the United States.  Since then, the Vision and Roadmap 
documents have helped guide research under the joint solicitation 
issued annually by the Departments of Agriculture and Energy.  

The Energy Policy Act of 2005 required that both the Vision and 
Roadmap documents be updated.  To begin this process, the 
Committee assessed progress in achieving its Vision goals and held a 
Vision update workshop in November 2005. Following the workshop, 
the Committee developed its updated Vision which went through 
extensive review by the Committee, Biomass R&D Board, and 
independent peer reviewers. The updated Vision was released in 
November 2006.

In order to update its Roadmap, the Committee decided to hold 
a series of regional meetings across the United States to ensure 
region-specific issues and opportunities were adequately addressed.  
The Committee established a Vision and Roadmap subcommittee, 
and identified Regional Roadmap Workshop chairs for each of 
the Western, Eastern, and Central regions to shepherd Roadmap 
development.  Each chair organized a roadmap workshop comprised 

1.  Introduction
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of local experts who, through facilitated discussion, identified 
feedstock, production, infrastructure, and market-related barriers 
to achieving Vision goals.  The Regional Roadmap workshops 
and Roadmap development were facilitated by BCS, Incoporated. 
Regional workshop participants are listed in Appendices B-D.  
Workshop participants then mapped technical and policy strategies 
to overcome those barriers.  Many of the barriers facing biomass 
technologies are common across the U.S., so workshop discussions 
addressed both national and region-specific barriers and strategies. 
Summaries of each of the workshops were developed and provided 
to workshop participants for review. The results of those summaries 
were then evaluated and used to develop this Roadmap document.

1.3  Roadmap Structure
The updated Roadmap provides research recommendations in the 
following categories:

1.  Feedstock System (Section 4.1)

	 •	 Plant Science Research

	 •	 Harvesting & Treatment

	 •	 Resource Management and Sustainable  
 Development

	 •	 Economic Analysis 

2. Processing and Conversion (Section 4.2)

•	 Analysis of Processes Found in Nature

•	 Oils, Sugars, and Protein Platforms

•	 New Approaches to Separations

•	 Modular and Decentralized Preprocessing and Conversion 
Systems

•	 Biodiesel Production

•	 Conversion Processes (Biochemical and  
Thermochemical)

3. Transportation, Storage, and Distribution  
 Infrastructure (Section 4.3)

•	 Pipelines

•	 Rail, Barge, and Highway

•	 Systems Integration

•	 Regional Markets

4. End-Use Markets (Section 4.4) 

5. Crosscutting Processes and Technologies (Section 4.5)

•	 Biorefinery Demonstration and Deployment

•	 Transportation Studies

•	 Modular/Distributed Systems

•	 Integrated Systems Analysis

•	 Metrics Development 

•	 Other Analytical Studies

In addition to R&D recommendations for all stages of biomass tech-
nology, this Roadmap update discusses policy measures and related 
efforts to assist with market penetration of biofuels biopower and 
bioproducts (Section 5). 
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1.4 Progress in Achieving 2002 Vision Goals
In updating its Vision, the Committee first assessed progress made in achieving the goals the 
Committee set in its 2002 Vision, and in particular, the likelihood that the goals set for 2010 would 
be met. The Committee used this assessment to evaluate and update its Vision goals.  In the case of 
biofuels, the results were positive. However,  progress in biopower and biobased products was not as 
promising. Rather than modify its goals for 2010, the Committee decided that its updated Vision would 
keep the same goals that were originally established in 2002. The Committee acknowledged where 
progress had been made in meeting 2010 goals and where progress was lacking. The Committee did, 
however, set interim goals for 2015 and modified its goals for 2020 and 2030 as follows:

Biofuels – The 2002 Vision set a target of 4 percent market share for biofuels by 2010.  
Since then, strong support by Federal and state lawmakers to increase the use of biofuels has caused 
a sharp increase in demand and production of ethanol and biodiesel. Biofuels will reach 4 percent 
of market share before 2010, surpassing the goal set by the Committee in 2002. The Committee 
recognizes this important accomplishment and did not modify its goals for 2010; however, the Vision 
updated in 2006 established more aggressive goals for 2015, 2020, and 2030. 

Biopower – The 2002 Vision set a goal of 4 percent market share for biopower by 2010. The United 
States is not on track to meet this goal.  As stated, the Committee did not modify its 2010 goal when 
it updated its Vision in 2006 and recognized the lack of progress in this area. It increased its market 
share goals for biopower for 2015, 2020, and 2030.

Biobased Products – Due to lack of publicly available data on production of biobased products, it 
is uncertain how close U.S. industry is to achieving the original Vision goal of capturing 12 percent 
market share of products by 2010.  Baseline estimates are that biobased products increased from 
about 5 percent of the market in 2002 to about 8 percent of the market in 2005.  In its updated Vision, 
the Committee modified the units used in its goal for biobased products, changing from market share 
to a volumetric-based goal (pounds).   

A full description of progress made on the Committee’s 2002 Vision goals  
as well as the Committee’s updated Vision goals can be found in  

the updated Vision released in November 2006, and is available at  
www.biomass.govtools.us 
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There has been rapid growth in biofuels markets since the 
Committee first set to update its Vision and Roadmap 
beginning in late 2005.  In his 2007 State of the Union 

address, the President established his aggressive “Twenty in Ten” 
goal to offset 20 percent of gasoline consumption by 2017. This 
is anticipated to be met through a combination of renewable and 
alternative fuels as well as vehicle efficiency, with ethanol playing 
a significant role in displacing gasoline demand. The Administration 
has also increased its focus on pursuing methods for making cost-
competitive cellulosic ethanol. 

The Committee fully supports the President’s aggressive objective 
of “Twenty in Ten.”  Although the Committee’s Vision document and 
its Regional Roadmap Workshops were prior to the launch of the 
“Twenty in Ten”, achieving the President’s goal will require major 
advances in the same categories of research and policy as outlined 
by the Committee in this Roadmap.  This includes advances in plant 
sciences and conversion technologies to make cellulosic ethanol cost 
competitive. It will require infrastructure development to harvest, 
store, transport, and treat feedstocks, as well as advances in 
technology and infrastructure to produce and distribute biofuels. 

At the request of the Biomass Research and Development Board, 
the Committee has identified priority measures which the Federal 
agencies should evaluate and consider as they work toward the 
“Twenty in Ten” goal. These key recommendations complement 
the technical and policy strategies outlined in later sections of the 
Roadmap.

2.1  Feedstocks
1. Government should provide funding for R&D to increase 

crop yields of existing crops that are producing, or can 
be used to produce biofuels. This should include funding 
for conventional crop breeding, genetic modification of 
crops, improved agronomic practices, and the efficient and 
enviromentally conscious use of chemical and natural inputs. 
The focus should be primarily on grain and oilseed crops that 
help with creation of petroleum substitutes used in biobased 
fuels, power, and products.

  2. Since working toward the “Twenty in Ten” goal will require 
continued reliance on grain-based ethanol and soybeans 
for biodiesel, a study is recommended on the potential 

impact (as well as mitigation strategies) on the food sector 
(availability of feed, cost of food, etc.) and the environment. 

  3. USDA should explore measures to streamline access to 
wood waste on both private and public lands, provided 
appropriate environmental safeguards are retained. 
Increasing access to wood products and waste will be 
essential to the long-term development of biofuels.   

2.2  Processing and Conversion
 4. Accelerate R&D in production of biofuels from cellulosic  

feedstocks to reduce costs.

5. Thermochemical research must be accelerated to produce 
renewable gasoline, diesel, and higher-value chemicals 
(i.e. propylene, ethylene, and other short carbon chain 
compounds). The focus must be on total enterprise value, 
not single product (fuel) costs, and on byproducts that have 
value in displacing petroleum and improving conversion 
costs. 

6. The government should create policies that will support the 
scale-up of the first 2 billion gallons of cellulosic biofuels, 
including the establishment of several million acres of 
energy and bioproducts crops (non-food) and the building 
of plants capable of producing 2 billion gallons per year of 
cellulosic biofuels from the feedstocks across the nation; 
this will help these industries to develop themselves for 
future success. 

7. Faculty must be engaged in the research and development of 
the feedstocks and collection and conversion technologies if 
they are to be effective in developing the workforce that this 
rapidly growing industry will need over the next 10 years. It 
will be challenging to produce the scientists, engineers, and 
technological operations workforce if research universities 
and community colleges are not actively and fully engaged 
in this endeavor. It is also necessary to establish a program 
that helps community colleges develop the necessary 
technical training programs for associate degree students 
who will likely operate the biorefinery facilities.

2.  Key Recommendations for 
Achieving “Twenty in Ten” Goal
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2.3  Infrastructure
8. Focus is required on resolving infrastructure issues includ-

ing the challenges in transporting biomass to refineries and 
in transporting biofuels from refineries to distributors/end 
points. These efforts should include infrastructure require-
ments for: 

•	 Transportation of feedstocks and biofuels (including 
railroad car inventory and traffic control, trucking, 
highways, etc.).

•	 Dedicated bioliquid pipelines from the Midwest to 
East Coast, Florida, and West Coast products termi-
nals. These could be organized like the Colonial and 
Plantation pipelines, as an industry consortium, with 
100 percent U.S. Treasury loan guarantees, eminent 
domain, and tariffs to repay debt service and allow for 
future privatization.Bioliquids would include fuels that 
substitute gasoline and diesel, vegetable oils that are 
used for food/feed and for industrial bioproducts, and 
chemicals derived from oilseeds. 

 Analyses should be conducted to determine how the 
existing infrastructure can be best utilized—retrofit 
pipelines or use pipe-in-a-pipe, upgrade rail and 
water transport systems, increase load limits on key 
highways—and its results taken into account to build 
new infrastructure as necessary. 

9. The government should begin a significant national initia-
tive, reminiscent of the U.S. space program of the 1960s to 
land the first man on the Moon, to ensure that the needed 
infrastructure, human resources, research and develop-
ment support, and policies are in place to enable the level 
of growth in biomass-based fuels, products, and power as 
proposed by the President and as contained in the Commit-
tee’s Vision statement. 

2.4  End-Use Markets
10. E-85 Blend Actions: 

•	 Fund or provide new incentives for fuel retailers to 
install E-85 fueling infrastructure. Target 30 percent of 
U.S. stations in five years.

•	 Provide policy incentives to drive 50 percent of spark 
ignition engine vehicles to be E-85 flex-fueled vehicles 
by 2012. Further policy incentives to drive 90 percent 
of spark-ignited engine equipped vehicles to be 
E-85 flex-fueled vehicles by 2017 are required; easy 

identification of flex-fueled vehicles to consumers 
through use of yellow fuel cap and/or badging would 
also be beneficial.

•	 Provide equal tax and policy treatment for renewable 
gasoline and any other non-fossil fuel gasoline as for 
ethanol.

11. It is important to treat all biobased fuels, power, and 
products equally to encourage the development of 
petroleum substitutes. Bioproducts and biopower should 
be included along with biofuels in any policy by setting 
voluntary private and mandatory public preferences for 
use of renewable bioproducts and biopower based on the 
USDA Biopreferred product labeling initiatives. Market 
economics and sustainability should be key considerations, 
not political rationalizing. The Federal government should 
not set preferences for suitable transportation fuels and 
should encourage the development of:

•	 Other diesel substitutes including renewable diesel 
and biodiesel; and

•	 Other liquid transportation fuel substitutes – all fuels 
generated from renewable feedstocks should be 
included along with ethanol and biodiesel incentive 
programs. 

12. The Federal government should maintain support for 
existing incentives and apply these same incentives 
for bioproducts and biopower. Current incentives for 
biodiesel and renewable diesel are set to expire on 
December 31, 2008. Extension and expansion of these 
incentives through the year 2017 are needed to continue 
to encourage nascent technologies and stimulate R&D.  
A permanent extension of volumetric ethanol excise tax 
credit (VEETC) subsidies for ethanol and biodiesel (and 
any other domestic biofuel) at current rates, or higher if 
crude prices fall, should be considered. This is an absolute 
must for continued financing of the industry. The extended 
subsidies should be expanded to include bioproducts and 
biopower. 

13. The rapid increase in production and utilization of renew-
able fuels in the last few years has created a strong need 
to revise the 10 percent blend level for biofuels (i.e., 
ethanol) to a more aggressive goal approaching 20 per-
cent. To ensure that the mandated blend level will be an 
acceptable fuel, there is an immediate need to undertake 
and fund a comprehensive study of the impact of E12, E15, 
and E20 blends on the U.S. car parc (fleet) and the U.S. 
small engine parc in service since 1990. This study should 



Roadmap for Bioenergy and Biobased Products in the United States     7

engage automakers, small engine manufacturers, ethanol 
industry, petroleum industry, and their trade associations 
in the planning and execution through the Coordinating 
Research Council (CRC). 

14. The Internal Revenue Service (IRS) should establish tax 
credits (not subject to the Alternative Minimum Tax) equal 
to 20 percent on all flex-fuel, biodiesel compatible, and hy-
brid vehicles (cars, trucks and buses) produced in the U.S. 
Also, tax credits should be established for industrial and 
transportation machinery that use renewable petroleum 
substitutes for lubrication and energy transfer fluids. 

15.  The Federal government needs to develop a 
comprehensive communications and outreach program 
that creates an industry/government voice to support 
the aggressive market goals of “Twenty in Ten”; such 
a program should focus on developing consumer and 
industry awareness, reducing barriers resulting from 
lack of understanding, and addressing misperceptions on 
issues such as net energy balance, impact on food prices, 
and net cost of subsidies to government. While “Twenty 
in Ten” addresses substitutes for automotive gasoline, 
this program should also build awareness for bioproducts 
and biopower because they can synergistically support 
“Twenty in Ten” goals by creating greater understanding 
of areas such as harvesting, collection, and processing 
of biomass feedstocks. It may take a new organization to 
provide such a cross-biomass industry voice.
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3.  Barriers to Vision Goals

Achieving the Vision goals will require that various 
barriers be overcome in all stages of the life cycle of  
developing biomass feedstocks and converting them to 

biobased fuels, power, and products. The major technical and non-
technical barriers identified that impede greater use of bioenergy 
and biobased products in the United States are briefly discussed 
below.  

3.1  Feedstock Barriers
The quantities of biobased fuels, power, and products sought by the 
Biomass R&D Technical Advisory Committee’s Vision will require that 
biomass feedstocks be produced at low cost, in significantly higher 
quantities and with properties suitable for efficient conversion. 
Moreover, feedstocks must be produced in an environmentally sound 
manner. Greater use of lower-cost feedstocks (i.e. crops, agricultural 
plant and animal residues) must also be pursued. These objectives 
require overcoming barriers in the following areas: 

3.1.1  Plant Science, Genetics and Genomics

Significant breakthroughs, as well as changes in public perception 
and protection of intellectual property rights are needed to overcome 
barriers in genomics research. 

•	 Scientific Challenges in Genetic and Genomic Research 
– The cost-effectiveness of fuels, power, and products can 
be improved through genetic research to identify and develop 
crops with properties suitable for conversion to those end-
uses.  In addition to genetic research, genomic research to 
modify plant genes to produce specific traits such as resistance 
to pests, high and low temperatures, and drought. The lack 
of understanding in plant biochemistry and in particular, the 
biochemistry of lignin is inhibiting greater use of biomass 
resources for advanced applications. Other barriers include the 
need to reduce hemicellulose content and develop yeast that 
will ferment it effectively. 

•	 GMO Acceptance – It is important for the biomass industry 
to develop new feedstocks that will be easier to grow, produce 
higher yields of biomass, and be efficiently processed into fuel, 
power, and products. These new materials will be developed 

through scientific advances in genetic engineering or genetical-
ly modified organisms (GMO). Research results must convince 
the public that GMOs are safe and strategically important to 
U.S. energy and economic security. The biomass industries and 
scientific community should work together with environmental 
organizations and communities concerned about GMOs to 
communicate relevant issues more effectively. There must be a 
clear and consistent policy on GMOs and GMO funding aimed 
towards near-term commercialization. Furthermore, there must 
be a requirement for GMO certification (i.e., require ISO 9000 
or similar type of quality control for GMO chain of custody).

3.1.2  Harvesting and Treatment 

In the area of harvesting and treatment, high priority technical 
barriers are the high cost of harvesting, pre-treatment and 
separations.  

An improved biomass collection infrastructure must be developed 
to support a wider variety and larger quantity of feedstocks. 
Feedstock handling and forest residue collection are inefficient making 
this resource costly to harvest. Harvesting equipment designed 
specifically for biomass to bioenergy is non-existent and will remain 
so until there is a market. 

Currently, feedstock purity is not sufficient to facilitate the Vision 
goals for biobased power, fuels, and products. In addition, the 
variety of potential biomass applications requires separation of 
useful oils, proteins, or carbohydrates.  Fractionation currently is 
not cost-effective, and there is a lack of cost-effective separation 
technologies.  Improved separation technologies and processes can 
create plant-based feedstocks for high-value products and end-uses.

Improvements in feedstock analysis and preparation technologies 
as well as mechanical harvesting practices should help to lower the 
cost of harvesting and storing biomass feedstocks.  
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3.1.3  Resource Management and Sustainable 
Development

Challenges remain in sustainable agriculture, feedstock diversity and 
processing, and analysis. Specific examples include:

•	 Feedstock Diversity – Currently there is not enough diversity 
in crops to meet the needs for bioenergy, food, and other uses. 
R&D needs to be conducted to develop a greater variety of 
feedstocks and ensure adequate year-round production. At 
this time, growers are resistant to growing a greater variety of 
crops and new crops for fuel, power, and products, such as soy, 
canola, and wood. 

•	 Sustainable Feedstock Production – Nutrient loss from soil 
and soil contamination are major challenges facing increased 
demand for biomass feedstocks.  For example, growers need to 
learn how to make more efficient use of nitrogen.  In addition, 
there is a lack of data on the limits of removal of residual 
biomass and whether or not it will ensure sustainability.  The 
availability of sufficient arable land and water resources are 
issues that must be addressed.  

More efficient agricultural and forestry practices can result in higher 
yields per unit of input. New methods in erosion control, fertilization, 
and pre-processing can result in improved life cycle performance, 
sustainable practices, and enhanced feedstock production.

3.1.4  Economic Analysis 

A lack of knowledge about biomass feedstocks as well as advanced 
biomass technologies leads to lack of willingness to invest in those 
technologies and in new crops.  

Full Systems Analysis – feedstock production to end-use will help 
both technology developers and investors identify viable applications 
of biomass for fuels, power, or products.  

Higher Quality Tools and Data such as global positioning systems, 
geographic information systems for biomass feedstocks, and better 
“on farm” analytical resources are needed on feedstock properties, 
production and harvesting costs, and transportation.  These data can 
improve quality analysis including risk management, analytical tools 
to perform large-scale biomass planning, fertilizer and pesticide 
inventory and tracking tools, and life cycle assessment tools.  

Additional data also are needed to evaluate the effectiveness of 
biomass conversion to fuels, power, and products. 

3.2  Processing and Conversion
Specific barriers identified in pre-processing and conversion include:

•	 Enzymes – Although improvements have been made in reduc-
ing enzyme costs, significant improvements must still be made 
to further cut enzyme costs, increase the speed of reactions, 
and decrease the cost of fuels, power, and products manufac-
ture. Advances have been made in enzymes for corn stover. 
However, they are not yet cost effective.  Pretreatment of 
lignocellulosics to support fermentation is being researched, as 
are methods for lime pretreatment. These may hold promise for 
processing and ultimately improving conversion efficiency. 

•	 Scalability – One of the major barriers facing growth in the 
development and large-scale production of biobased fuels, 
power, and products is scalability.  New and advanced conver-
sion technologies and facilities need to be tested, developed, 
and demonstrated at a production-level scale in order to prove 
commercial viability. Overall, higher refining capacities need to 
be reached to achieve economies of scale. Without adequate 
demonstration at commercial scale, financing may be difficult 
to obtain.

•	 Flexible Conversion Technologies – Advanced technologies 
are needed for mixed feedstocks (i.e. via enzyme hydrolysis; 
hydrolysis of cellulose) rather than one-feedstock facilities 
and technologies.  Moreover, conversion efficiencies need to 
be improved overall for both thermochemical and biochemical 
processes.  Conversion facilities should be developed and oper-
ated in an environmentally sustainable manner. For example, 
there may be opportunities to incorporate multiple renewable 
technologies at conversion facilities to improve overall energy 
efficiency of the facility (balance-of-plant). Water consumption 
is a key issue in both feedstock production and conversion.  
Conversion facilities requiring less water must be developed.

3.3  Transportation, Storage and Distribution 
Infrastructure 
The lack of infrastructure to transport and store feedstocks required 
to produce the quantity of biofuels and biobased products targeted 
by Vision goals, as well as to move finished fuels and products to 
market is a major barrier facing the biomass industries.  

Although improvements have been made in the transportation sector 
to mitigate long distance hauling of feedstocks, the collection and 
transportation of a year-round supply of large and often bulky feed-
stocks from the field to biorefineries remains an economic challenge.  
It will require expanding the infrastructure of rail, trucks, and barges 
to handle materials in the biorefinery processing chain. 
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Other high priority barriers include the loss of efficiencies in storage 
of wet and dry feedstocks. The storage of bulk material harvested 
in rural areas such as agricultural residue, forest residue, and new 
energy feedstocks, including switchgrass, remains a challenge due 
to the dynamic composition of these materials, which changes based 
on climatic conditions and biological makeup. The moisture content 
and low bulk density create problems for long-term storage because 
the chemical composition of the material can change.  The logisti-
cal challenges of building and maintaining massive warehouses to 
store the feedstocks are also problematic.  Barriers to handling and 
storing unique combinations of biomass, tailored for specific applica-
tions, need to be overcome without sacrificing the integrity of the 
feedstock.

Pipelines are one of the cheapest modes of distribution. However, 
finished products derived from biomass often are restricted from 
pipelines (as well as rail, barge, and highway) due to low volume 
and the cost of modifications to address the different attributes of 
finished biobased products. For example, ethanol is both hydrophilic 
and corrosive. Its hydrophilic properties make ethanol absorb water 
residue in pipelines and water is used in pipelines to separate differ-
ent grades of gasoline. Ethanol corrodes rubber, plastics, and metals 
at a greater rate than gasoline. Investments to equip pipelines and 
fuel pumps to handle the properties of ethanol are currently greater 
than the return on investment. 

A better model may be to enable distributed feedstock production, 
conversion, and fuel/product distribution systems. In this model, 
feedstocks are transported over shorter distances, and converted 
into fuels, power, or products for local use. Other high priority 
technical barriers are the high cost of permitting, and certification of 
finished products.

3.4  End-Use Markets
Major barriers in end-use markets, particularly in the area of 
biofuels, include the need to develop nationwide fuel specifications 
and performance standards for biofuels. In addition, different 
blend options that may lessen the impact on infrastructure for 
the deployment of biofuels (e.g., E-5, E-10, E-20, E-85, B-5, and 
B-20) need to be evaluated. There is a lack of national standards 
for biofuels specifications. Such standards would be necessary 
to ensure fuel compatibility, quality and performance.  Currently, 
there are too few retail outlets to dispense the biofuels production 
projected over the long term. While there have been improvements 
in Flex-Fueled Vehicle (FFV) technologies suitable for E-85, a larger 
number of FFVs must be produced. 
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3.5  Region-Specific Barriers
Biomass feedstocks, distribution and production systems, and retail 
markets for biobased fuels, power and products vary widely by 
region. The Regional Roadmap Workshops were designed to ensure 
that these regional variations were identified and addressed in the 
Committee’s Roadmap.  Region-specific barriers include:

Western U.S.

•	 Underutilized Resources in the West – There needs 
to be greater public education on the biomass resources 
available in the Western U.S.  There are limits on using 
Conservation Reserve Program (CRP) lands to grow biomass 
to produce biobased power, products, and fuels, while at 
the same time preserving conservation values. There are 
large portions of public land in the West that could be used 
for bioenergy production, but must compete with farming 
and ranching uses.  In addition to municipal solid wastes 
there are large quantities of underutilized waste matter that 
could be obtained if access was possible and profitable. 
These resources could be used for bioenergy rather posing 
a significant wildfire risk.  Wildfire suppression by removing 
forestry residue is expensive. To offset these costs, the 
residue could be used to produce energy.

•	 Accessibility to Feedstocks – The vast Western U.S. 
presents challenges in managing dispersed feedstocks. There 
is a lack of access to biomass resources in the region and a 
need for technology to deal with rugged landscape, to reach 
agriculture and forest residues. 

•	 Environmental Performance Data – In the West in 
particular, there is a lack of environmental performance data 
and life cycle cost analysis for western-specific biomass 
resources. 

Central U.S.

•	 Infrastructure – The Central U.S. possesses biomass 
feedstocks which can be easily converted into fuels, power, 
and products. However, the major areas of consumption are 
in the Western and Eastern U.S. and current infrastructure 
cannot support a cost effective movement of biobased 
products to these regions.  

•	 Environmental Issues – The effects are not yet clear of 
shifting agricultural production from food to fuel as well 
as harvesting massive amounts of forest and agricultural 
residues.  

Eastern U.S.

•	 Risk Management – Land ownership in the Eastern U.S. 
is characterized primarily by small landowners who cannot 
benefit from the economies of scale present in other regions. 
This increases the importance of risk evaluation tools and 
methods to offset or reduce financial risk.  

•	 Woody Biomass – Applications for woody biomass 
resources, more widely available in the East than in other 
regions, are needed to encourage eastern growers to produce 
feedstocks for biobased power, products, and fuels. 

3.6  Additional Barriers
Regional Roadmap Workshop participants identified a large number 
of crosscutting technical and institutional barriers that must be 
overcome in order to achieve Vision goals.  These include:

•	 Absence of Long-Term National Commitment to Biomass 
R&D – Historically, the U.S. has not made a long-term 
national commitment to R&D and, in particular, biomass-
related R&D.  This has been a disincentive for academia and 
research laboratories to invest in resources and equipment 
needed to make major research advances. It also has created 
a disincentive for universities to make major investments in 
biomass-related curriculum development. This consequently 
hinders the ability of both the industry and the academic 
community to attract strong researchers, reduces student 
enrollment in curricula such as plant sciences, and cuts the 
pool of technical and scientific personnel entering the industry.  

 Without adequate research funding, the technical break- 
throughs needed to make biomass technologies competitive 
will not occur. With little or no funding for exploratory R&D, re-
search on new or innovative concepts that are still in the very 
early stages and may help identify solutions to major barriers 
may be at risk.

 In terms of private sector R&D, industrial markets for biobased 
fuels, power, and products are not yet mature. Investigating 
fundamental biochemistry is still largely not profitable. The 
result is a lack of incentive to invest in research required to 
make feedstock advances for those products. Conversely, there 
is a high return on research directed to food crops and agricul-
tural systems. Similar returns and scope of research should be 
sought for biomass.

•	 Lack of Long-Term Consistent Energy Policy – Meeting 
the Vision goals of building a biobased industry crosscuts 
several areas of development including feedstock production, 
conversion, and distribution infrastructure.  Such wide-scale 
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efforts will require massive investment. This will not occur 
without a long-term national commitment. The short-term 
nature of energy policy and changing focus on favored energy 
resources and technologies has created a disincentive for 
industry to make long-term investments in new technology and 
research. The lack of a long-term consistent energy policy has 
also contributed to the absence of a sustained will among the 
public for sound and sustainable energy practices. Also, some 
existing farm policies provide a disincentive to grow, wasting 
a potentially valuable biomass resource. There is a need for 
a more level playing field in agricultural policy as it relates to 
biomass feedstocks for energy and products.

•	 Risk Management Techniques and Availability of 
Financing – A major barrier facing further development of 
biobased fuels, power, and products is that of financial risk.  
The capital costs required for achieving Vision goals include 
among others: costs associated with testing and developing 
new feedstocks; construction of production facilities for fuels, 
power, and products; and associated infrastructure costs. 
With significant uncertainty remaining in the viability of new 
feedstocks or conversion technologies, as well as uncertainty 
in end-use markets, many investors are averse to making the 
financial investment needed. Specific barriers include a lack 
of risk management techniques or risk sharing, as well as 
an absence of funding to bridge the gap between successful 
demonstration of a new technology and commercialization. In 

addition to the barriers facing facilities construction, there are 
no incentives or crop insurance policies for emerging biomass 
feedstocks used to produce bioenergy or biobased products.

•	 Regulatory Barriers – Roadmap Workshop participants 
identified several regulatory and policy-related barriers to 
biomass:  

	 -		Environmental Externalities – Most important was 
the failure to value and account for environmental benefits 
of these technologies in consumer markets. For example, 
the low purchase price of coal makes it difficult for many 
alternative power generation technologies to compete on 
a cost basis, as does the lack of a framework or require-
ment for incorporating environmental factors and other 
externalities into purchasing decisions. Tax credits and 
other incentives should be implemented for biobased fuel, 
power, and products. 

	 -			Permitting and Siting – These remain major 
obstacles to development of biorefineries. The overall 
permitting process is time consuming and complex. In 
particular, New Source Review programs are costly and 
delay facility development.  

	 -		Open versus Closed Loop – The Federal distinction 
between “open loop” and “closed loop” biomass has 
hampered development of widely available biomass 
resources, the use of which could contribute significantly 
to energy production. “Closed loop” biomass refers to 
dedicated energy crops such as corn and soy; “open 
loop” biomass refers to everything else used to produce 
finished products derived from biomass. Currently, power 
projects using “open-loop” biomass receive the production 
tax credit (PTC) at only one-half the rate for wind, solar, 
and geothermal energy projects. In addition, the PTC has 
a sunset (2008) clause which creates a disincentive for 
capital investments in biopower. 

•	 Education/Awareness – A major barrier facing biomass 
technologies is poor public perception or lack of consumer 
awareness.  Many Americans do not know what “biomass” 
means and how it can contribute to our nation’s energy and 
chemicals portfolio. This was one of the most significant 
barriers identified by Roadmap Workshop participants. 

	 -		Public Awareness – There is a need to educate 
growers, industry, retailers, and consumers about 1) 
biomass, 2) biomass products, and 3) energy security 
and environmental benefits of using biomass. Consumer 
acceptance of biofuels, for example, is still lacking due 
to a misperception regarding the impact of ethanol on 
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gasoline prices, vehicle performance, and other factors. 
There needs to be a greater resource of information on the 
benefits of biomass developed and given to consumers. 

	 - Voice for the Industry – One factor contributing to 
lack of consumer awareness is the absence of a single 
strong voice to represent the industry. Biomass industries 
and technologies are diverse, so while there are many 
industry organizations, associations, and others speaking 
on behalf of particular aspects of the industry, there is no 
spokesperson for the industry as a whole. This can lead 
to fragmented efforts to promote bioenergy, overcome 
ineffective policy, and educate consumers. Barriers to 
development of biopower include continued negative 
perceptions on the use of municipal solid waste (MSW) 
as a resource for power generation.  The lack of consumer 
knowledge is a barrier to biobased products.  Biobased 
procurement standards at the state level will help to 
increase market demand and consumer awareness and 
acceptance of the benefits of biobased products.  

	 -		Curricula – There is a need for curricula and training 
related to biobased fuels, power, and products. K–12 
education does not adequately inform students on the 
benefits of biomass. At the college level, there is a 
serious lack of students pursuing careers in the sciences 
as they relate to biomass – plant breeders, geneticists, 
agronomists, and engineers. In addition, vocational 
training is needed in the fuels, chemicals, and electric 
power industries on how biomass resources processes, 
products, and technologies can be integrated into those 
industries. Emergency first responders need to be trained 
on properties of biofuels so that they can respond to 
emergencies that may arise.

Wild Rose manure digester facility in Wisconsin, 
Dairyland Power Cooperative
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At the core of this Roadmap is a highly focused  
research and development strategy for achieving the   
Committee’s Vision goals and the President’s “Twenty in Ten” 

goal. The recommended R&D strategies to advance all the processes 
that comprise the biomass-to-biofuels chain are categorized as fol-
lows:

Feedstock Systems ................................Section 4.1

Processing and Conversion ....................Section 4.2

Transportation, Storage, and  
Distribution Infrastructure .....................Section 4.3

End-Use Markets ...................................Section 4.4

Crosscutting Processes and  
Technologies ..........................................Section 4.5

4.1  Feedstock Systems
Biomass feedstocks include forest resources and residues, agricul-
tural crops and residues, animal wastes, and municipal solid wastes. 
Since the development of the Committee’s original Roadmap, a 
number of important improvements have been made in feedstock 
production. For example:

•  The scientific community is learning more about the composi-
tion of switchgrass and the biochemistry of lignin.

•  Yields are improving in crops such as miscanthus, canola, soy, 
wheat, and other rotational crops.

• Siloed storage capabilities have improved. Five years ago, the 
general consensus was that long-term storage needed to be dry 
but recent research has shown that wet ensilage (45-50 percent 
moisture) is viable for 2+ years.

• Improvements have been made in the efficiency of cotton gin 
waste baling and storage.  

• Efficiencies in pulp and paper have resulted in smaller waste 
streams.  

• Diverse feedstocks and large quantities of underutilized waste 
matter represent strong opportunities for future energy and 
products development, including agriculture and forest resi-
dues, high Btu content distiller grains, hog/poultry/dairy/human 
manure, and municipal solid waste.

However, cost-effective production of biobased fuels, products, and 
power sufficient to penetrate markets significantly and attain wider 
market acceptance is still needed. An important element in reducing 
costs will be to reduce the cost of biomass feedstocks. This includes 
cost reduction throughout the field-to-plant chain of feedstock 
systems. 

Roadmap Workshop participants identified numerous strategies to 
overcome barriers in the feedstock system. Major objectives that will 
need to be achieved include: 

• Producing biomass feedstocks in large enough quantities 
 and with the desired properties that they can be more cost 
 effectively converted to useful fuels, power, or products;

• Reducing the cost of harvesting, transportation, and storage;

• Fostering the development of agricultural production   
 designed for the purpose of energy and products which will  
 involve education and risk management; and

• Ensuring sustainable, environmentally sound agronomic  
 practices.

This section provides research guidance in several key areas related 
to feedstock systems and also identifies region-specific R&D needs. 
Key areas for R&D in feedstock systems are: 

• Plant Science and Genomics

• Harvesting and Treatment

• Resource Management and Sustainable Development

• Economic Analysis and Workforce Development

4.  Research and 
Development Strategies
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4.1.1  Plant Science Genetics and Genomics 

There is a strong need to identify and develop feedstock crops that 
have the desired yield, properties, and growth cycles. However, the 
current lack of plant breeders willing to assume the associated risk 
is inhibiting major advances in plant sciences and new crop devel-
opment. Significant investment is therefore needed in basic and 
applied research to overcome barriers in plant science and genomics. 

Research needs range from gene mapping to demonstration and 
testing of new crops.  The following are specific research needs 
listed in descending order of priority:

• Feedstock Characteristics – Research must be continued 
to map the genomes of plant species, as well as in breed-
ing of new plant species. This research will allow designing 
plants that will provide improved yields, be more drought and 
temperature tolerant, and be disease and insect resistant. This 
research should also lead to improved plant characteristics such 
as composition, structure, yield, and other traits suitable for 
desired fuel, power, and product applications. Desirable traits 
may include high cellulose content, essential oils, tocopherols, 
and reduced lignin content. In the near term, researchers should 
identify the properties of crop oils that are desirable for indus-
trial use and work toward developing plant characteristics that 
will produce those oils. 

• Micro-Organisms – There is a strong need to understand the 
biochemistry of micro-organisms to control biochemical reac-
tions and to develop superior micro-organisms.  This will include 
chemical modification of proteins and harvesting high energy 
content micro-organisms in nature.

• Biodiversity – Greater understanding of the fundamentals of 
plant biochemistry will lead to increased biodiversity, improving 
chance of success. In particular, over the near term, the biomass 
industry needs basic research in carbohydrate, lipid, and protein 
chemistry and underlying genetics. 

• Rotational Crops – In the near term, more R&D is needed in 
winter canola, winter wheat, and grain sorghum to evaluate 
their potential as rotational crops.  Research is also needed to 
enable greater feedstock diversity.

• Breeding – There must be an integrated plant breeding ap-
proach across the biomass industry. 

• Field Trials – Over the long term, feedstock research should 
include multi-season and multi-location field trials (10 years). 

• Carbon Flow – There is a near-term need to improve the un-
derstanding of carbon flow and balance, as well as other input/
output relationships in biomass feedstocks to enable greater 
control of carbon and other properties. 

• Improved Photosynthesis – Basic plant science research 
should be conducted to increase photosynthesis efficiency from 
~3 percent to 4 percent (i.e., 25 percent increase). Basic organic 
chemistry research is needed on proteins, carbohydrates, oils, 
and C-1 photosynthesis. A greater understanding of basic 
platform chemistry and physical chemistry underlying the basic 
chemical structures will help in chemistry design activities. 

• Replication of Natural Processes – Processes found in 
nature should be analyzed to improve efficiency and increase 
yields. 

• Sustainable Harvesting – There is a need to study woody and 
grassy perennials and chemicals signaling for optimal harvest 
and transport of non-energy nutrients back to the rest of the 
system. 

• Eastern Feedstocks – R&D is needed to evaluate the potential 
of Eastern region feedstocks such as southern pine, willow, 
switchgrass, energy cane, sugar cane, hybrid poplar, and mis-
canthus to support varied fuel, power, and product applications. 

• Increase Yields and Production – The U.S. must gradually 
increase yields of current feedstocks used for fuel, power, or 
products (such as corn ethanol), while increasing cellulosic fuels 
produced from crop residue.

4.1.2  Harvesting & Treatment

The biomass/agricultural communities must identify, develop, test, 
and implement best practices for cost-effective and environmentally 
sound pre-treatment, collection, storage, and transport of plant and 
animal residue-based biomass feedstocks. This should lead to im-
proved plant and animal residue recovery, more effective separation, 
improved handling and storage technologies and procedures, and re-
duced environmental impacts. It will require research, development, 
and demonstration in a number of science and technology areas.

• Technologies to Reduce Harvesting Costs – One-pass 
harvesting and feedstock densification systems need to be 
developed to reduce harvesting time and cost. These systems 
should include technologies or methods for nutrient recycling. 
Similarly, there is a need for research to facilitate quick and 
cheap densification and demonstration of energy crops on CRP 
and marginal land. 

 Harvesting technologies are currently designed for food-
based agriculture. These technologies need to be retooled to 
address harvesting requirements specific to biofuels, power, 
or products. For example, new equipment is needed for small 
forestry and agriculture stover residue collection. In addition, 
to maximize the value received from crops, technologies should 
be developed to harvest more components than just the grain; 
resources valuable to the production of fuels, power, and 
products should also be extracted. 
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 Additional analysis and research needs include economic 
analysis of harvesting methods and technologies to identify 
how to reduce costs in a sustainable way. Also, harvesting 
technologies that simplify downstream processing and reduce 
those processing costs can help to reduce overall feedstock 
costs for fuels, power, and products.

• Separations – A number of advances are needed in separation 
technologies. These will require analysis and research, such as:

	 - Analysis to identify separation science and technology 
 needs;

	 - Analysis to develop a better understanding of the 
 composition of feedstocks;

	 - R&D in separation technologies that will enable pro- 
 duction of high-value products on a small scale; and

- Research to reduce particle size and enable fractional- 
ization of feedstocks such as nanotechnologies from  
National Science Foundation, as well as other science 
developed through Federal agencies needs to be 
incorporated into feedstock operations. 

• Field Trials – Long-term field trials are needed to test new 
crops, multi-cropping, new harvesting technologies, and 
sustainable agronomic practices. Over the next five years, field 
trials on new crops should be conducted to reduce risk, increase 
grower acceptance, and develop more efficient agronomic 
practices. Normalized field tests are needed specific to each 
U.S. geographic region to evaluate factors such as yield, soil 
impact, etc.  These tests should follow the U.S. EPA model. 
Moreover, analysis is needed to perform comparisons and to 
evaluate inputs/outputs of bioenergy crops in specific soils. In 
the near term, there is also a need for modeling and field trials 
to develop an understanding of soil and ecosystem impacts of 
biomass removal.

4.1.3  Resource Management and  
Sustainable Development

Attaining Vision goals will require increased feedstock diversity; 
a more sound understanding of the feedstock availability and 
analytical tools to evaluate land use options and feedstock potential 
throughout the U.S., and new, sustainable feedstock development 
practices.  Research and analysis needs include the following:

• Feedstock Availability – Current survey maps for feedstocks 
available in the U.S. do not provide sufficient information 
(Exhibits 1 to 4). Specific analytical needs related to feedstock 
availability include:

- Developing a comprehensive land-owner survey to 
inform policy makers on current land use, identify  
opportunities for additional biomass production, and  

to create a highly detailed feedstock availability map.  
This analysis should include a perspective regarding  
availability of biomass as a function of cost of the 
material. This is especially important with regard to 
forestry resources.

- In the Western U.S., analysis is needed to quantify  
biomass potential, which should include natural 
vegetation, water, availability of CRP lands, animal 
resources, municipal solid waste, and marine resources.  
The results should be used to identify large, reliable, 
and consistent sources of biomass or intermediates for 
the Western U.S. There is also a need to characterize 
bioenergy potential from forest/grassland residues. 

•	 Feedstock Diversity – There is a need for low-cost methods 
to diversify feedstocks if Vision goals are to be met. A diverse 
feedstock portfolio will help ensure supply security and 
reduce the impact of price swings for a single crop. A diverse 
feedstock portfolio should ensure that feedstocks are available 
nationwide and allow for a more localized and decentralized 
supply system. Feedstocks that more efficiently convert to 
fuels, power, and products should be developed so that growers 
can specifically supply those end uses. Analysis is needed to 
identify undesirable plant and animal species in the U.S. and 
surrounding countries and evaluate their use as a biomass 
resource. Impacts on wildlife and wildlife biodiversity must 
be included in any analysis related to feedstock diversity. 
Feedstock diversity analysis will need to be region-specific. 
Additionally, in the Eastern and Western U.S., analysis is 
needed to evaluate greater use of domestic (municipal) solid 
waste and sludge as a regional solution. This analysis should 
be conducted in the near term. 

•	 Sustainable Development Practices – In order to increase 
feedstock development for the future needs of the U.S., 
sustainable development practices, including reduced energy 
inputs, are necessary. Analysis is needed to evaluate the 
following: 

-	 Soil fertility issues; 
-	 Impact of residue removal; 
-	 Best practices for residue removal;
-	 Soil management and cultivation methods for ensuring soil 

quality;
-	 Sustainable feedstock production; and 
-	 Methods for increasing productivity, i.e., producing more 

feedstock per acre.  

In addition, both basic and applied research is needed to evalu-
ate opportunities for inter-cropping to establish multi-crop farms, 
and production practices for alternative crops.  This will require 
long-term growing programs and field trials. A common Federal 
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agency recommendation on sustainable practices will eliminate 
counterproductive practices and confusion among the public.  Finally, 
a mechanism for certifying sustainability should be investigated to 
help market biobased energy and products. 

In the Eastern U.S., new agronomic practices such as double crop-
ping are needed to increase land use efficiency. The objective is to 
produce more tons per acre per year as well as to develop cold-
resistant plants over the next five years. 

4.1.4  Economic Analysis 

A variety of economic analyses need to be performed and models 
developed/implemented to evaluate the impact on the agricultural 
sector of attaining Vision goals. Specifically, this includes economic 
modeling of new farm payment systems for bioenergy crops that 
must be conducted in the near term. The economic and social 
impacts on rural communities that would result from increased 
use of bioenergy and biobased products should be evaluated. This 
analysis will evaluate impacts on rural development and energy 
security. Finally, the implications of utilizing the billion ton annual 
supply described in the DOE/USDA report “Biomass as a Feedstock 
for a Bioenergy and Bioproducts Industry: The Technical Feasibility 
of a Billion-Ton Annual Supply” should be analyzed for the impact on 
economics, supply, and the environment. 

Exhibit 5 explains the progression of research and development 
activities needed for the feedstock system in order to achieve 
the Vision goals.  The pathways are organized into four different 
categories: Biofuels and Co-products, Bioproducts, Biopower and 
Co-products, and Crosscutting Research. They are also categorized 
under suggested timeframes when the research would need to be 
performed: near-, mid-, and long-term. 
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Exhibit 1: Total Logging Residue, 2005

Exhibit 2: Total Switchgrass, 2017
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Exhibit 3: Total Fuel Treatment Thinnings on Timberlands, 2005

Exhibit 4: Total Corn Stover, 2006
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Modeling and Analysis Precursors to R&D Recommendations
•	 Quantify	biomass	potential	(particularly	in	the	West)	from	all	sources,	including	region	specific:	natural	vegetation,	waste	water	

treatment	plants,	CRP	model,	animal,	and	marine
•	 Identify	large	reliable	consistent	sources	of	biomass	or	intermediates	for	Western	region
•	 Estimate	a	realistic	biomass	production	level	from	current	CRP	lands
•	 Characterize	bioenergy	potential	from	forest/grassland	residue

Near Term (2007-2012) Mid Term (2012 – 2020) Long Term (2020 forward)

Biofuels and Co-products

Existing Crops
•	 Sugar/grain	ethanol	and	biodiesel
•	 Residuals	(agriculture,	forest,	urban)
Agronomy
•	 GIS	and	remote	sensing	for	land	use	

planning	inventory	and	monitoring	and	
enforcement

•	 Gray	water/water	treatment
•	 Research	on	yield	–	pest-water	of	

polycultures	versus	genomics	of	
monoculture

Western-Specific
•	 Ensure	Western	biomass	assessments	

(sustainability)
•	 Year-round	feedstock;	R&D	to	stagger	

harvest	windows	for	different	regions	in	
the	West

•	 Develop	agronomy	for	Western	oil	seed	
crops	by	rainfall/climate	zone

•	 R&D	on	feedstocks	for	Western	states	that	
minimize	water	and	fertilizer	inputs

•	 Biomass	crops	systems	R&D	for	multiple	
conditions	unique	to	the	West

•	 Modification	of	feedstocks	to	reduce	
environmental	impacts	of	product

•	 R&D	to	develop	Western	energy	crops	
•	 Develop	/	improve	Western-specific	

feedstocks/crops	that	are	saline	and	
drought	tolerant	

•	 Dramatically	increase	crop	yields	and	
reduce	fossil	energy	inputs	

•	 Evaluate	competing	water	uses	and	
competing	energy	crops

Economics / Cellulosic Ethanol and
Green Diesel
•	 Research	on	the	production	of	less	

expensive	carbohydrates
•	 Improve	soil	productivity	and	

maximize	value	added	per	acre	in	low	
and	no-water	environments

Crop Adaptation Breeding and
Genetics
•	 R&D	in	feeds	(yield	increases,	

harvesting,	reducing	inputs,	
densification)

•	 R&D	on	biofuel	options	with	low	
water	demand

•	 Improve	the	utility	of	crop	residues
•	 New	crop	development

Advanced Feedstocks/Outputs
•	 Algae	feedstocks	(crosscuts	fuels	and	

products)
•	 Hydrogen	production
•	 Investigate	plants	that	contain	

cellulases	(crosscuts	fuels	and	
products)

Exhibit 5: Feedstock Systems R&D By End-Product
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Near Term (2007-2012) Mid Term (2012 – 2020) Long Term (2020 forward)

Bioproducts

Biochemistry
•	 Research	long-term	sustainability	of	

feedstock	production	(soil	health,	residual	
removal)

•	 Identify	opportunities	to	utilize	animal	
waste	as	bioproduct	feedstocks

•	 Biochemical	research	on	forest	resources,	
oils,	and	residues;	wood	fiber	products;	
and	animal	rendering/oils

•	 Utilize	fish/coastal	production	waste

•	 Investigate	plants	with	improved	oil	
characteristics/yields

•	 Modify	carbohydrate	composition	of	plants	
for	improved	utilization

•	 Research	mechanisms	to	transfer	water	
value	to	watersheds	for	bio	growth	and	
integration

•	 Study	methods	to	control	and	optimize	
use	of	GMO	crops	and	improve	public	
perception

•	 Optimize	soil	chemistry	by	
adding	c-60	carbon

•	 Develop	multi-trait	crops		
suitable	for	bioenergy	and	
bioproducts

•	 Develop	plants	that	are	suitable	
for	dual	uses	(grain	and	
cellulose	availability)

Biopower and Co-Products

•	 R&D	to	build	waste	water	treatment	plants	
as	better	biogas	/	bioenergy	producers;	
R&D	on	landfill	design	that	will	facilitate	
biogas	production	and	harvest

•	 Natural	vegetation
•	 Wood	and	biogas

•	 Develop	low	Si	feedstock
•	 Phytoremediation	and	energy	crop	co-

production

Crosscutting Research

Existing Crops
•	 Region-specific	feedstock	yield	research	

(i.e.	poplar,	willow,	etc.)	
Agronomy
•	 Normalized	field	tests	by	region	(yield,	

impacts)	with	EPA	modeling;	conduct	head	
to	head	comparison	of	inputs-outputs	of	
biocrops	in	specific	soils

Eastern-Specific
•	 Develop	new	agronomic	practices	(double	

cropping);	increase	land	use	efficiency	
(tons/acre/year);	cold-resistant	plants	for	
Northeast	region

•	 Develop	methods	for	increased	
productivity	per	acre	for	small	acreage	
growing	areas	

•	 Region-specific	feedstock	yield	research	
to	identify	which	species/crop	provide	
best	biofuel/	energy	for	a	specific	local	
condition	(max	Btu);	Eastern	region	
feedstock	(southern	pine,	willow,	
switchgrass;	energy	cane,	sugar	cane,	
hybrid	poplar,	miscanthus)

Agronomy
•	 Dramatic	improvement	needed	in	water	

use	efficiency
•	 Develop	standards	and	address	challenges	

with	using	new	feedstock	species	when	
there	are	invasive	species	and	pest	issues

Soil Ecosystems
•	 Study	impacts	of	soil	nutritive	and	

productivity	as	a	function	of	take-off	(data)
•	 Develop	understanding	of	soil/ecosystem	

impacts	of	different	types	of	biomass	
removal.	Modeling	and	field	studies	

Harvesting & Equipment
•	 Develop	new	equipment	for	harvesting	

one-pass	harvesting	of	small	forestry	and	
agriculture	stover	residues	

•	 More	economic	analysis	of	harvesting
•	 Develop	harvesting	technology	that	

facilitates	downstream	processing
Harvesting & Equipment (Eastern-

Specific)
•	 Enhance	/	support	“bio”	species	evaluation	

for	Eastern	region
•	 Investigate	other	bio	species	not	in	the	

East

Exhibit 5: Feedstock Systems R&D By End-Product (Cont.)
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4.2  Processing and Conversion
Processing and conversion includes a range of activities from enzyme 
development and separations in the pre-processing/processing 
stage to conversion of diverse biomass feedstocks into useful fuels, 
power, or biobased products and chemical intermediates. Conversion 
processes include thermochemical and biochemical conversion.

Technical advances in processing and conversion will improve 
production efficiencies and input/output ratios. Since the 
Committee’s 2002 Roadmap, several critical improvements have 
been made, dramatically reducing the cost of enzymes and improving 
conversion efficiencies. However, a number of technical barriers still 
exist to commercially viable and environmentally sound processing 
and conversion systems for a suite of biobased fuels, power, and 
products. Overcoming these barriers will not only increase the 
variety of feedstocks that can be converted into fuels and products in 
particular, but also reduce cost.

Roadmap Workshop participants brainstormed R&D needs to 
advance processing and conversion capabilities to achieve Vision 
goals. These R&D needs fell into six subcategories: analysis of 
processes found in nature; oils, sugars, and protein platforms; new 
approaches to separations; modular and decentralized preprocessing 
and conversion systems; biodiesel and biochemical conversion; and 
thermochemical conversion. While the majority of the identified 
R&D needs are not unique to any particular region of the U.S., 
region-specific measures are noted wherever applicable. Exhibit 6 
summarizes the R&D needs for thermochemical, biochemical and 
crosscutting processes.

4.2.1  Analysis of Processes Found in Nature 

Emphasis on agriculture and animal science research will decrease 
the cost of processing and conversion significantly. Specifically, 
analysis of processes found in nature will improve the knowledge of 
natural processes to enable efficient deconstruction of plant material 
in the same environment as it was manufactured. Natural processes 
convert plant matter into coal, petroleum, and natural gas over 
millions of years. R&D identified as high priority includes analyzing 
effective biological processors, such as in ruminants. R&D should 
seek to mimic these natural processes of converting biomass but on 
a much shorter time scale. By understanding how the natural world 
processes biomass, researchers can replicate effective biological 
processes in a laboratory and maybe eventually in an industrial 
environment. 

Additional research needs include:

• Establishing a clear route to commercialize genome 
technologies;

• Creating models to overcome intellectual property issues; 
fostering information sharing; and 

• Combining Federal research efforts to maximize knowledge 
exchange and effective, targeted funding.

4.2.2  Oils, Sugars, and Protein Platforms 

Major breakthroughs are needed to demonstrate that oil, sugar, and 
protein platforms can displace petrochemical platforms. Economic 
analysis and modeling is needed to identify opportunities for 
increasing yields in these areas, including incremental yields. 

The following R&D needs are identified as high priority: 

• Basic chemistry research on proteins, carbohydrates, and  
 lignin to provide the fundamental knowledge for developing  
 biobased processing;

• Research to develop commercially viable replacements for  
 petrochemicals – as petroleum prices increase, so does the  
 cost of petrochemicals; if the biobased industries can utilize  
 the existing manufacturing and/or distribution infrastructure  
 it will facilitate faster market entry; and

• Economic analysis to identify opportunities for oil and   
 proteins to displace petrochemicals.

Additional research needs include:

• Physical chemistry of biomass to understand basic 
 structures;

• Methods to use macro molecules already applied in 
 industry; and

• Technical and process improvements to increase yields of  
 corn ethanol, as well as increase cellulosic fuels production  
 from feedstocks other than energy crops (e.g. crop  
 residues).

Investments in biochemical research and development should be at 
much higher levels similar to investment in the petroleum industry.
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4.2.3 New Approaches to Separations 

Separations research must focus on new approaches that improve 
efficiencies and reduce cost. 

R&D needs identified as high priority are as follows: 

• Comprehensive economic modeling which includes all   
 aspects of processing and conversion to enable more   
 acccurate identification of appropriate feedstocks, process- 
 ing and conversion technologies, and end-products for the  
 consumer; and

• Identifying pathways for syngas fermentation and catalyst  
 separation process improvement. 

Additional research needs include:

• Identifying pathways for enzymatic mobilization process  
 improvement; 

• Filling gaps in materials science data – R&D needs to be  
 devoted to increasing our knowledge base on separations  
 which will help maximize processing and conversion;

• Reducing particle size and fractionalization to decrease  
 transportation, processing and conversion costs; and

• Advancing research devoted to biocomposite production  
 of new materials that can utilize biomass feedstocks must  
 be developed.

4.2.4  Modular and Decentralized Preprocessing and 
Conversion Systems 

A high priority for research is the development of modular pre-treat-
ment, processing, and fractionalization methods. These “on-farm” 
methods can reduce feedstock transportation and overall life-cycle 
costs as well as provide a new value stream for feedstock producers.  
Researchers should design economic, modular and/or distributed 
systems for pretreatment and processing/fractionalization.  Creating 
a new source of revenue for growers will encourage greater farmer 
interest in investing in feedstocks for fuels, power or products.  
Economies of scale issues will need to be resolved and systems 
will need to be designed to account for region-specific feedstock, 
harvesting, and market characteristics.  Researchers should evaluate 
highly distributed feedstock densification, transportation and trans-
formation systems (e.g., gasification or saccharification) to reduce 
transport and storage costs for decentralized applications. 

4.2.5  Biodiesel Production

Research should be performed to reduce the cost of biodiesel 
production and to increase biodiesel consumption.  In the near term, 
research should be conducted to identify applications for byproducts 
from biodiesel, identifying new value streams for biodiesel produc-
ers.  Over the mid-term, methods for recovering corn oil from dry 
mills should be developed to provide a new method for producing 
biodiesel. Also in the mid-term, research should identify alternative 
uses of biodiesel so that diesel facilities can remain economically 
viable if fuel markets move away from biofuels over the mid- to 
long-term.

4.2.6  Conversion Processes

R&D needs to advance biochemical and thermochemical technolo-
gies with projected timeframes are summarized in Exhibit 6, along 
with the needs for integration of the developed technologies into 
the broader fuels, power, and chemical production infrastructures. 
In addition, catalyst R&D is critical for catalysts that are used in 
thermochemical conversion processes.

Biochemical Conversion – Advances are needed in biochemi-
cal conversion processes to make production of biobased fuels and 
products more cost-effective and to increase the variety of products 
available. These technologies must be scaled-up to produce quanti-
ties needed to achieve Vision goals. 

Thermochemical Conversion – Biomass resources are currently 
used to produce heat and power for industrial and utility-scale appli-
cations. This is primarily in the form of direct combustion or co-firing.  
Advances in thermochemical conversion technologies are needed to 
reduce the cost and environmental impacts of converting biomass to 
useful fuels, power and products. 

Catalysts – Moreover, thermochemical technologies could be ap-
plied to the production of value-added fuels and products.  Several 
areas of catalysis R&D are important: more thermo-tolerant biologi-
cal catalyst, and highly selective catalysts to improve efficiency. 
Also, R&D is needed in catalytic substrates designed for specific 
fuels, power, and product applications so that less processing and 
conversion is required.



Roadmap for Bioenergy and Biobased Products in the United States     25

Exhibit 6: Thermochemical and Biochemical Conversion R&D Needs

Near Term (2007 – 2012) Mid Term (2012 – 2020)

Thermochemical

Syngas
•	 Demonstration	of	cutting-edge	syngas	technologies
•	 Gasification:	feeding	to	pressurized	reactors;	lower	tar	

production;		economics	at	smaller	scale
•	 Gasification:	gas	cleaning;	better	synthesis	catalysts
•	 Demonstrate	commercial-scale	gasification	of	biomass
•	 Demonstrate	clean	up	and	use	for	biopower
•	 Understand	catalytic	conversion	of	syngas	to	“optimal”	

transport	fuel
•	 Convert	syngas	to	fuel	and	products	at	appropriate	scale
•	 Demonstrate	commercial-scale	co-gasification	of	biomass	

with	coal.	

Pyrolysis Liquids
•	 Improve	qualities	of	biofuels
•	 Separations	by	or	after	pyrolysis
•	 Pyrolysis	oil	upgrading	and	extraction
•	 Maximize	development	of	anaerobic	digestion	for	fuels	

and	biopower
•	 Methods	for	using	pyrolysis	liquid	in	crackers
•	 Address	ES&H	issues	of	transporting	pyrolysis	liquids

Co-firing	–	Research	long-term	use	of	pollution	control	equipment.

Develop	methods	to	produce	diesel	from	lignin.

Power/Heat	-	Utilize	biorefinery	residues	for	CHP	to	contribute	to
biopower	goals.

Syngas
•	 Syngas	fermentation	
•	 Demonstrate	commercial-scale	co-gasification	of	biomass	

and	coal,	with	carbon	capture	and	storage

Pyrolysis Liquids 
•	 Characterize	environmental	properties;	transportability	and	

storage	issues
•	 Generate	higher	yields
•	 Utilize	more	varied	feedstocks
•	 Upgrade	to	transportation	fuels
•	 Use	in	direct	combustion		

Process	development	for	high	intensity	small-scale	facilities.
	
Develop	highly	selective	thermochemical	catalyst.

Develop	improved	mixed	alcohol	catalysts/	
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Crosscutting Needs 

Use existing infrastructure for:
•	 Co-processing	of	biomass	streams	in	

petroleum	refineries	(triglycerides,	bio-oil,	
deployment	and	development)

•	 Co-processing	(add	products)	to	pulp	and	paper	
mills

•	 Corn	mills
•	 Develop	ethanol	from	food	wastes
•	 Establish	R&D	team	focused	on	pulp	and	paper	

industry
•	 Demonstrate	integrated	biorefinery
•	 Create	model	biorefinery	for	Eastern	

feedstocks
•	 Develop	biorefinery	reactors	for	mixed/

blended	and	staged	feedstocks	(production,	
storage,	blending	and	logistics)

•	 Deploy	technologies	that	utilize	existing	
infrastructure

•	 Deploy	emerging		new		technologies	and	
demonstration	of	advanced	technology

•	 Use	co-products	as	chemical	feedstocks
•	 Diversify	conversion	technologies
•	 Conversion	processes	to	transform	

proteins	and	lignin’s	into	valuable	
co-products

•	 Conversion	technologies	for	multiple	
feedstocks	–	large	and	small	scale

•	 Improve	efficiency	and	cost-effectiveness	
of	separation	technologies

•	 Demonstrate	cost	competitive	cellulosic	
ethanol	

•	 Achieve	economy	of	scale	in	genomics	for	
bioenergy	

•	 Ionic	liquids	supercritical	
(sc)	fluid	membrane

•	 Improve	effectiveness	of	
conversion	technologies

•	 New	energy	sources	(i.e.	
hydrogen)

•	 Deploy	advanced	technology	
for	high	cost	feedstocks

•	 Integrate	processes	to	use	
bio	and	thermochemical	
conversion	for	multiple	
feedstocks

Biochemical Conversion

•	 Lower	cost	conversion	of	cellulose	to	monomer	
sugars;	develop	capability	for	low-cost	
hydrolysis

•	 Combine	corn		starch	and	cellulose	feedstocks	
in	ethanol	plants

•	 Optimize	enzyme	hydrolytic	efficiency	based	
on	rational	understanding	of	feedstock	
chemistry	and	pretreatment

•	 Begin	new	research	on	next	generation	
technologies

•	 Minimize	water	use	and	waste	water	
generated

•	 Fermentation:	improved	use	of	C-5	and	C-6	
sugars;	improve	efficiency	of	cellulosic	
ethanol	production	(enzymes,	process	
technologies)

•	 CBP	-	Consolidated	
bioprocess	one-stop	shop

Near Term (2007 – 2012) Mid Term (2012 – 2020) Long Term (2020 forward)

Exhibit 6: Thermochemical and Biochemical Conversion R&D Needs (Cont.)
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4.3  Transportation, Storage, and Distribution 
Infrastructure
Infrastructure issues include activities such as transportation and 
storage of feedstocks, as well as distribution of finished products 
such as biobased fuels, power, and products.

Technical advances in transportation and storage will improve bulk 
weight capacity of highway transport and rail, and improve storage 
efficiencies of dry and wet materials. Advances in the distribution 
of biobased materials such as biofuels have already begun with 
increased rail car capacity, highway trucking, and distribution 
through pump retail centers, i.e., fueling stations. However, to 
facilitate commercially viable infrastructure systems for biobased 
fuels, power, and products, a number of technical barriers must still 
be overcome. Overcoming these barriers will increase the variety of 
feedstocks and products that can be transported to processing and 
distribution centers. It will also improve the cost-effectiveness and 
increase the application of biobased energy and products.

The following sections describe the major barriers to increased 
storage, transportation, and distribution of biomass resources, as 
well as research and policy measures needed to overcome those 
barriers. The majority of these barriers and research and policy 
measures are not unique to any particular region of the U.S., but 
where there are region-specific measures, they are noted.

R&D fell into three categories: Pipelines; Rail, Barge, and Highway; 
and Systems Integration. Exhibit 7 summarizes the R&D needs for 
biomass infrastructure. 

4.3.1  Pipelines

Much of the research and development needed to improve 
infrastructure for deployment of biomass technologies lies in 
pipelines. Feasibility studies of larger pipelines and test loops 
are needed to test all aspects of design and manufacturing of 
pipelines to open the opportunities for biofuels. Working with 
Federal agencies such as the Department of Transportation will help 
invigorate economic research on pipeline transport of biofuels and 
stimulate innovation on corrosion protection and online analytical 
sensors. 

4.3.2  Rail, Barge, and Highway

Research and development is needed in multi-modal transport 
involving various sectors of industry to help manage bulk density 
and link preprocessing and transportation techniques. A greater 
understanding is needed of the ability of road, rail, and barge 
systems to handle a large increase of bioenergy feedstocks.

4.3.3  Systems Integration

It is necessary to use an integrated approach to the entire processing 
stream from harvesting to preprocessing, conversion, transportation 
and distribution, in order to maximize efficiency. An assessment of 
current technology is necessary to meet the Vision goals. Harvest, 
storage, and transport equipment must be optimized for each 
feedstock. Systems efficiency must be designed to focus on the 
transport stage in order to become competitive with petroleum. 

Efficient feedstock 
logistics is critical and 
requires research to 
optimize distribution 
systems at volumes which 
make economic sense. 
A specific research and 
development objective 
related to systems and 
product integration is to 
identify technology that 
will allow ethanol to be 
blended at the refinery 
site. 
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Exhibit 7: R&D needs for Biomass Infrastructure

Near Term  to Mid Term (1 - 10 Years) Mid Term to Long Term (10 - 20 Years)

Transportation and Distribution Related Research

•	 Research	to	reduce	transportation	costs	and	move	more	
tonnage	per	unit	of	energy	

•	 Study	methods	to	improve	rail	throughput
•	 Improve	logistics	and	equipment	for	rail,	barge,	and	truck	

transport	

•	 Develop	an	R&D	“test	loop”	for	biofuel	pipeline	
•	 Explore	the	transport	of	biomass	as	slurry/conduct	R&D	on	

slurry	movement	of	feedstocks	&	water
•	 LCA	studies	on	equipment	development	and	integration

Near Term (1 - 5 Years) Mid Term (6 - 10) Years

Storage Related Research

Wet Storage for Biomass
•	 Research	integration/densification	(bulk,	energy)
•	 Research	characterization,	purification,	separation,	and	

scalability
•	 Develop	advanced	equipment	for	material	handling
•	 Improve	processing	technologies	to	increase	density,	extend	

storage	life	and	address	wet/dry	storage	issues

Dry	Storage	of	Biomass
•	 Research	integration/densification	(bulk,	energy)
•	 Research	characterization,	purification,	separation,	and	

scalability
•	 Improve	stability	and	methods	for	quality	assurance,	water	

treatment	and	integration
•	 Develop	equipment	for	reclamation	and	densification
•	 Develop	ability	to	granularize	feedstocks	for	optimum	

performance

Wet Storage of Biomass
•	 Conduct	densification	research
•	 Improve	stability	and	methods	for	quality	assurance,	water	

treatment	and	integration
•	 Improve	ability	for	distributed	manufacturing	and	transportation
•	 Develop	technology	to	convert	biomass	to	easily	transportable	

form
•	 Develop	technologies	to	collect,	handle,	transport,	and	store	

diverse	feedstocks
•	 Develop	methods	for	feedstock	pretreatment	to	improve	ability	

to	utilize	diverse	feedstocks

Oil	Storage	for	Biomass	
•	 Research	integration/densification	(bulk,	energy)
•	 Research	characterization,	purification,	separation,	and	

scalability
•	 Develop	portable	pyrolysis	for	bio-oils
•	 Classify	feeds	by	“processibility”	or	conversion	type
•	 Separate	lignin	and	cellulose	or	hemi-cellulose	in	forestry	&	

agricultural	residues	
•	 Develop	portable	conversion	systems	for	field	use	to	enable	

higher	density	feeds	
•	 Ensure	compatibility	of	feedstock	blend	to	optimize	economics
•	 Develop	year-round	feedstock	capability
•	 Conduct	R&D	to	understand	process	robustness	for	different	

feeds	in	biochemical	conversion
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4.4  End-Use Markets
The Committee set aggressive goals for consumption of biobased 
fuels, power, and products in its 2006 Vision. These will require 
production improvements to lower costs as well as measures to 
increase demand for and viability of biobased fuels, power, and 
products in end-use markets. This section outlines research recom-
mendations to overcome those barriers.

In the near term, targeted research is needed to evaluate biofuels 
and develop biofuels that are suitable for mass markets.  Over the 
longer term, continued research is needed to identify new uses for 
co-products.  Exhibit 8 identifies research needed to increase the 
penetration of biobased fuels and products into end-use markets.  

Economic and market analysis should be performed to evaluate the 
cost and benefits of expanding biobased fuels, power, and products.

Additional research needs on market applications for biobased fuels, 
power, and products are as follows:

•	 Biotechnology	research	and	development	for	very	specific 
 market applications – clear routes to commercialization 
 should be developed;

•	 Methods	to	produce	hydrogen	from	biomass	for	fuel		 	
 cell applications must be developed, including stationary  
 hydrogen applications for distributed energy as well as fuel 
 cells for automotive applications;

Exhibit 8: Research Timeline to Increase Market Applications

Near Term 2007 - 2008 Mid Term 2008 - 2012

Market Application Research

•	 Conduct	research	to	stabilize	biofuels	markets
•	 Develop	research	methods	for	testing	quality	of	biofuels
•	 Implement	consumer	awareness	certification	process	for	

biofuels
•	 Research	low	permeability	seal	materials

•	 Develop	end-use	applications	for	industrial	products	i.e.,	
polymers	and	materials	(high	priority)

•	 Develop	new	uses	for	co-products	(for	example	synthetic	fibers	
out	of	soy	protein;	biocomposites)

•	 Identify	specific	applications	for	biobased	products;	capitalize	
on	unique	properties

•	 Identify	higher	value	uses	for	lignin	
•	 Develop	appliances	that	can	use	bioheat;	involve	end-users	in	

the	development	of	user-friendly	applications

• Process technologies for better management of animal   
 wastes and identification of value-added applications   
 or conversion opportunities for those wastes; and

• Market applications of biobased fuels, products, and power 
should be designed with recycling in mind – any waste or 
byproducts should be reusable or recyclable.

SoyLube Grease, Enviromnetal Lubricants Manufacturing, Inc.
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4.5  Crosscutting Processes and 
Technologies
During each of the Regional Roadmap Workshops, experts identified 
technical and institutional barriers as well as research and policy 
solutions that were crosscutting in nature and did not fit in one 
specific stage of the biomass technology life cycle. R&D needs 
addressing the cross-cutting technical barriers are described below.

4.5.1  Biorefinery Demonstration and Deployment 

Full-scale implementation of commercial-scale biorefineries (i.e., 
minimum 700 tons per day) is required for the long-term economic 
viability of biomass industries. These biorefineries will produce 
fuels, power, and biobased products; be environmentally sustainable; 
and ensure revenue streams for local growers. 

Demonstrating the technical and economic viability of cellulosic 
biorefineries is vital, and Federal support authorized in the Energy 
Policy Act of 2005 should be fully funded through appropriations. 
Through adequate R&D and demonstration at the front end, industry 
should be able to develop cellulosic biorefinery technologies. A 
potential timeline for cellulosic biorefinery development is as 
follows:

• 2010 – 3 plants operational; combined production   
 capacity of  60 million gallons

• 2011 – 6 plants operational; combined production   
 capacity of 120 million gallons 

• 2012 – 9 plants operational; combined production   
 capacity of 300 million gallons 

• 2015 – 18 plants operational; combined production   
 capacity of 1.2 billion gallons 

• 2020 – 93 plants operational; combined production   
 capacity of 8.7 billion gallons 

• 2030 – 388 plants operational; combined production   
 capacity of 37 billion gallons 

4.5.2  Data and Information 

In the near-term, there is a greater need for data and information 
to help make informed decisions on biomass. Specific 
recommendations include:

• A vehicle across the Federal sector and between the   
 Federal sector and industry/academia is needed for ex-  
 change of information on technical analysis, research   
 results, scientific and technical barriers and future plans,  

 and other information that will add to the body of know- 
 ledge and understanding of biomass. There is a wealth of  
 information available, and accessibility should be made  
 easier. A clearinghouse is needed on biomass resources.   
 The clearinghouse should include lessons learned from  
 related industries. For example, much has been learned in  
 the pulp and paper and forest products industries that could  
 be applied to biofuels. It also should include a database of  
 biomass resources specific to Native American 
 communities.

• Greater data is needed on the properties of diverse feed- 
 stocks as well as the processing characteristics and impact  
 of various catalysts on different feedstocks.

• Additional life cycle analysis should be performed to help  
identify best practices in all stages of development for 
biobased fuels, products, and power, taking into account all 
stages from feedstock development to end-use and disposal/
recycling.  Results will help identify sustainable agronomic 
practices and address issues associated with carbon removal 
from soil and soil sustainability; soil responsiveness to various 
management practices; nutrient recycling; and best practices for 
transportation, conversion, and distribution. 

• Material science research to develop data on properties of  
materials used in mills as well as materials used in equip- 
ment through all stages of the biomass life cycle will help  
in technology and infrastructure development. 

4.5.3  Transportation Studies 

A broad-based, multi-modal transportation study should be 
performed with industry involvement to analyze transportation 
options for biomass feedstocks and the resulting biofuels and 
biobased products. In the case of biofuels, it should test all aspects 
of the design and manufacturing of pipelines for biofuels. These 
studies should involve relevant state and Federal agencies such as 
the U.S. Department of Transportation.  The option of a containment 
model for biomass should be investigated as part of these studies (to 
transfer costs back to the origin, not the transporter). 

4.5.4 Integrated Systems Analysis 

A near-term analytical need is the development of an integrated 
systems analysis to help optimize biomass systems. Manufacturing 
of biobased fuels, power and products should be feedstock-
driven. An integrated life-cycle economic modeling and systems 
optimization effort would require experts such as process, technical, 
financial and market analysts, engineers, distributors and retailers, 
agronomists, foresters, biologists, and economists. Systems 
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integration must include technical and economic evaluations 
integrated with existing oil, power, chemical, and other industries. 
Systems analysis should identify how to optimize bioenergy systems. 
Systems analysis can also tackle analytical issues such as food 
versus fuel, land use policy, and other national and international 
impacts of greater use of biomass to displace fossil fuels for 
producing fuel, power, and products.

4.5.5 Metrics Development

Metrics of sustainability across the entire process should be 
developed over near to mid-term. These include environmental, 
economic, energy, and societal metrics. Specific examples include 
metrics for life cycle costs or environmental impacts, carbon 
recycling, and others. 

4.5.6 Other Analytical Studies

• An economic analysis is needed to evaluate opportunities for 
oils and proteins to displace petrochemicals. The results of such 
analysis can be used to focus future R&D activities. 

• Risk analysis is needed to evaluate trade-offs and investment 
risk/opportunity of various feedstocks. This will help growers 
to better make investment decisions and provide them the 
information needed to obtain financing.

• Analysis on scalability of new technologies to evaluate cost 
competitiveness and facilitate technology deployment, including 
scaling, logistics, and safety issues, is required.

• Analyses should be conducted on the economics of biomass 
technologies, in particular biofuels and biobased products, 
under various oil price scenarios.  Similarly, analysis should 
be performed on the strategic implications of a sharp and 
sustained increase in the cost of oil and its impacts on national 
and economic security, on major oil consuming industries such 
as the chemicals industry, etc. This could be a collaborative 
analysis carried out jointly by USDA, DOE, and the Department 
of Defense. Similarly, the biomass industries should lead the 
analysis of food versus fuel issues, conducting an objective and 
balanced evaluation of the implications, if any, on food supply 
and costs from pursuing Vision goals.
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5.  Policy and Other 
Enabling Measures

In addition to the research strategies described in the previous 
sections, the Regional Roadmap Workshops generated a large 
number of recommendations related to the direction of future 

energy and research policy and incentives, education and outreach 
activities, and other non-technical measures designed to foster 
development of biobased fuels, power, and products. A description 
of each of those recommendations follows.

5.1  Feedstock Systems
A number of policy measures can be implemented to improve the 
status of biomass technologies in the marketplace. For example, the 
Energy Policy Act of 2005 section 942 mandates a reverse auction 
of cellulosic biofuels. This measure will, in effect, jumpstart the 
cellulosic biofuels industry and peg a “market” price on a gallon of 
ethanol. Federal policies such as this must be encouraged by the 
biomass industry to help deploy technologies and provide a safe 
environment for potential investors in cellulosic biofuels.  

Recommended measures are as follows:

Analysis of Existing Policies and Incentives – There are many 
agricultural- and energy-related policies, incentives, and other 
programs that may or may not encourage greater use of biomass 
resources and technologies. An economic analysis of subsidy 
programs and other policies that promote the commercialization 
of successfully demonstrated, environmentally sound biobased 
technologies should be prepared and widely distributed. This 
will help to focus future activity on sound policy and incentive 
development by enabling informed choices among alternatives and 
allowing the cost of difficult-to-quantify benefits, such as energy 
security and environmental benefits, to be understood. A supply-
chain analysis is needed on incentives and whether they address 
barriers, as well as a life cycle assessment on the environment. The 
impact of subsidies on world trade agreements should be included in 
these analyses.

Commodities and Exchange for Biomass Feedstocks – In 
order to encourage financial institutions to invest in the biobased 
fuels, power, and products market, a products commodity exchange, 
including futures contracts for energy crops, could be developed. An 

evaluation of such an exchange should be conducted. An exchange 
system, similar to lumber futures contracts mechanisms, would 
assist farmers and producers to secure financing. Cooperatives 
must be created in order to grow and process feedstocks that would 
be traded through a national exchange. Furthermore, an effort to 
monetize carbon dioxide (CO2) emissions and sequestration will 
support investments made in biomass technologies. A commodity 
program for energy crops should be considered as part of the 2007 
Farm Bill to restructure farm subsidies and incentivize biomass 
production for energy, and Congress should evaluate the costs and 
benefits of such a program. 

Incentives for Energy Crops – Farm subsidies should be evaluated 
and modified so that they reflect energy crop values. Policies that 
encourage energy crops can be designed to foster biomass feedstock 
development. Other options may include investment tax credits for 
productive lands; carbon credits; and a reduction in state property 
tax to incentivize development of energy crops and encourage 
farmers to preserve land for agricultural uses. Also, incentives that 
promote farm energy independence should be investigated (i.e., 
a credit for using biomass residues for energy generation instead 
of disposing them).  Crop insurance programs should be more 
accessible for energy crops.  Grants and technical assistance should 
be provided to farmers to establish growing trials for new biomass 
crops. Sunset provisions should be included in subsidies and 
incentives so that once crops are successful commercially, subsidies 
are removed.

 Additional options for tax incentives include encouraging:

• Infrastructure development and investment; 
• Less water-intensive crop production (particularly in the  
 Western U.S.);  
• The opening of CRP lands so that they can be used for R&D  
 on converting biomass feedstocks to biofuels and bioenergy, and 
 encouraging use of CRP lands to produce energy crops;
• Production and harvesting of agricultural residues; and
• Forest land owners to develop a sustainable harvest  
 management plan.
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GMO Acceptance – Education and collaboration efforts are 
needed to overcome GMO-related barriers.  Environmental advocacy 
organizations must become partners in the effort of the biomass in-
dustry to help the U.S. achieve less dependence on fossil fuels. The 
biomass industries and scientific community should work together 
with environmental organizations and communities concerned about 
GMOs to help educate them. There must be a clear and consistent 
policy on GMOs. Furthermore there must be a requirement for certifi-
cation for the GMO chain of custody (e.g., require ISO 9000 or similar 
type of quality control).

Basic Science and Intellectual Property Rights –   
Increased research funding is needed in the basic sciences in 
order to develop the biomass feedstocks required for fuels, power, 
and products. There needs to be an effort to promote consortia of 
national labs, universities, and private companies to conduct basic 
science research.  Federal agencies such as the National Science 
Foundation should commit funding for basic research in areas such 
as biochemistry. Finally, the issue of intellectual property rights (IP) 
and public release of publicly funded IP after a set period of time 
without use needs to be addressed.

Land Use – There is a lack of arable land, and productive agricultur-
al land is under pressure from urban sprawl. Incentives are needed 
to put land back into agricultural production. Issues related to zoning 
of land used for biomass storage, processing, and conversion need 
to be investigated to facilitate the necessary infrastructure develop-
ment. Farmland protection (i.e., purchasing of development rights) is 
also needed and may be facilitated through Federal agencies such as 
the USDA Agricultural Research Service (ARS).  

5.2  Pre-Processing and Conversion 
High priority policy requirements in the area of processing and 
conversion include:

Improvements in the Permitting Process – There is a need 
for increased flexibility in environmental permitting to implement 
emerging conversion technologies and facilities.  Moreover, in order 
to reduce time, complexity, and cost, permitting processes should be 
consolidated and opportunities for coordination should be identified. 

Investment Incentives – Incentives should be developed for 
capital investment in biorefineries as well as construction of 
demonstration facilities and scale-up. This is needed to support the 
development of a supplier base sufficient to achieve Vision goals. 
In addition, tax incentives and policies should be created to support 
market entry of lignocellulosics and other conversion technologies.

Federal Research Funding – The Federal government should 
substantially increase research funding to the order of two to 
three billion dollars to overcome barriers in basic sciences. Federal 
agencies should “not pick winners” and instead make this funding 
available for research on multiple conversion processes including 
biochemical and thermochemical. Funding should be available for 
investigation on multiple biofuels (not only ethanol) and diverse 
biobased products. Also, Federal funding can be applied to support 
development of smaller/decentralized facilities, which can cost-
effectively produce biofuels.  

5.3  Infrastructure Systems
There are a number of policies needed to improve biomass 
technologies in infrastructure systems. There is a lack of financial 
assistance to deploy R&D technologies for development of 
large-scale industrial (biomass) production facilities or to utilize 
the existing production and distribution infrastructure that was 
established by the petrochemical industry. 

High priority policies in storage, transportation, and distribution 
include the following recommendations:

Tax Incentives and Credits – High priority barriers identified 
in infrastructure systems are transportation and distribution of 
feedstocks, since its existing infrastructure will be unable to support 
the aggressive Vision goals. Infrastructure improvements though 
critically important are expensive to implement. Thus additional 
incentives are needed for development of biomass depots for 
distributed harvest and collection sites; property tax credit/reduction 
for biofuel station owners; incentives for more co-ops (feedstock, 
producer and marketer); and for upgrading the lock and dam system 
in the U.S.

Policy Research and Studies – Analysis should be performed 
to help develop rational policies for developing the infrastructure 
needed for the biobased economy.  Analysis topics may include 
but are not be limited to: grid access for biopower, development of 
short line railroads for transporting biomass feedstocks, evaluating 
feasibility of ethanol pipelines, studies on economic impacts 
of biomass using various costs of oil, and analysis of the full 
environmental costs of fossil fuels.

Shared Financial Risk – Federal agencies need to share the 
financial risk and show their support for building the biomass 
infrastructure through R&D dollars, grants, and loans for collection 
sites and storage centers. It is critical that financial risk is shared at 
the early stages in order to develop pipelines and large biorefinery 
centers.
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5.4  End-Use Markets 
In considering end-use markets, Workshop participants identified 
policy measures specific to biobased fuels, power, and bioproducts 
that, if implemented, could increase their market penetration. These 
measures would help stimulate demand biobased on environmental 
attributes, help to reduce risk, and create incentives to produce and 
consume biobased energy and products.  

Biofuels

• Develop incentives for consuming biofuels; incentives   
 should be based on energy and carbon content of the fuel  
 in order to be equitable across the range of potential 
 biofuels (high priority). This could be complemented with a  
 product labeling program that reflects the carbon footprint  
 and the embodied energy (e.g., Energy Star Program).  

• Restructure vehicle efficiency and pollution control policies  
 to encourage fuel diversity and efficiency (high priority).

• Create equitable tax incentives to encourage market entry.  
 Examples may include reducing personal property taxes  
 for flex fuel vehicles. Tax incentives should take into   
 account energy and environmental performance of the   
 vehicles (high priority).

• Support an E85 corridor along the major interstates.

• Increase vehicle fuel efficiency through technology improve- 
 ments and by increasing Corporate Average Fuel Economy  
 Standards (CAFE) requirements.

• Reclassify ethanol as non-toxic emission.

• Set production quotas for flex fuel vehicles.

• Require Federal and state agencies to meet a certain   
portion of fuel requirements with biofuels. Moreover,  
educational and other institutions that rely on Federal dollars 
should be required to have minimum standards for biofuels 
consumption.

 Biopower

• Enact a long-term extension of the renewable energy 
 technologies Production Tax Credit (PTC) for the full amount.

• Alternatives to the PTC should likewise be developed or  
 continued (e.g., the Clean Renewable Energy Bond Program).

• Increase the biomass portion of the renewable portfolio  
 standards (especially in the Southeastern US).

• Investigate policies regarding infrastructure access in West- 
 ern states to increase the opportunity for remote generation  
 of biopower with sale to the grid.

Bioproducts

• Create tax and other incentives to encourage production and  
 consumption of biobased products. These should be similar  
 to incentives for biofuels (high priority).

• Increase programs to require procurement of biobased products  
 by Federal agencies.  Increased emphasis should be placed on  
 Department of Defense – potentially a very large biobased  
 products customer.

• State and Federal “Buy Bio” programs should be created to  
 jumpstart markets.

5.5  Crosscutting Measures
Long-Term and Significant Levels of R&D Funding  

One of the most often recommended strategies for overcoming the 
lack of R&D funding was to create a national commitment similar 
to that of the U.S. space program in the 1960s: to R&D in bioenergy 
and biobased products. A major boost in funding should be applied 
toward a multi-year, multi-agency R&D initiative. Such an initiative 
should include basic and applied science, focusing on all stages 
of biomass product development, from plant sciences to end-use 
markets. It should provide a higher percentage of government cost 
share for high-risk research and be acceptable of failure of some 
scientific pursuits as part of the natural research process. Such an 
initiative would emphasize the sense of urgency involved in develop-
ing biomass technologies.  

The initiative should involve multiple Federal agencies including 
U.S. Department of Agriculture, Department of Energy, National 
Science Foundation, Environmental Protection Agency, Department 
of Transportation, Department of Defense, and others. It should, for 
example, leverage biogenetics work at NIH, feedstock research at 
USDA, basic sciences and conversion research at DOE, and relevant 
work across other agencies. 

Congress should fund basic research through demonstration to 
identify several large opportunity technology options. Those selected 
options should be funded through commercialization to prove the 
technologies and identify lessons learned.  

This initiative should be developed based on strong technical analy-
sis, which identifies technology and market paths with the greatest 
likehood for success for reducing dependence on fossil fuel. Analysis 
should integrate market and financial dynamics and involve experts 
from the financial sector and the various industries that comprise 
biomass systems.  Analysis should include life cycle comparisons 
of various biomass and non-biomass technology options. It should 
evaluate food versus fuel issues, and environmental impacts and 
sustainability issues associated with increased agricultural produc-
tion and forest harvesting.  
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The initiative should have well-defined goals, milestones, and 
performance measures to evaluate progress. The initiative should 
build upon other current efforts and go beyond targets such as the 
President’s “Twenty in Ten” goals.  It should seek to reduce the 
level of congressionally directed funding that does not contribute to 
national energy goals. 

One method of funding such an initiative is to place a “floor” price 
on petroleum via a tax.  The tax would encourage efficiency and 
alternative fuels while also providing a revenue source for this major 
scientific initiative. If oil is relatively inexpensive compared to other 
energy resources, there will always be a disincentive for long-term 
investment or R&D in alternatives. 

Roadmap Workshop participants identified other measures to 
increase availability and effectiveness of R&D funding for biomass:

• Integrate funding for the Biomass R&D Technical Advisory  
 Committee’s Roadmap into the appropriations process so  
 that there is a consistent flow of funding to this research;

• Include Federal funding of Native American communities  
 to develop biofuels and biopower resources and 
 technologies;

• Enact policies or incentives to foster development of 
renewable energy parks that may integrate distributed  
generation produced from biopower, wind, solar, or geothermal, 
as well as utilize biofuels;

• Fund a new “National Presidential Bio-resources Award” on  
 the order of $1,000,000 annually; and

• Increase the level of funding available through NSF grants  
 that is directed to biomass technologies.

Regulatory and Policy Strategies

Workshop participants identified a large number of regulatory 
and policy strategies. High priority recommendations include the 
following:

•	 Collect data to support development of codes and standards  
as well as best practices. This strategy must be employed  
as the industry grows to ensure successful technology and end-
product performance and acceptance.  

• Institute a carbon tax or petroleum displacement credit at  
 the state and/or Federal level to create a revenue stream for  
 alternative technologies and to encourage more efficient  
 use of fossil fuels. 

• Create a consistent, long-term, and rational energy policy.  
 This could include region-specific policies in the form of fuel  
 mandates or incentives.  

• Reduce risk of both R&D and plant construction through  
 state or Federal government cost share, loan guarantees, or  
 other mechanisms. Incentives should consider the entire  
 supply chain such that conflicting incentives and disincentives  
 are removed. 

• Develop and certify sustainable practices throughout the  
 supply chain and have them adopted internationally through  
 multilateral agreements. This is to avoid products in other  
 countries, with low environmental standards to be imported  
 into countries with higher standards.

• Identify, quantify, and internalize in the market value the  
 external costs and benefits of biomass technologies  
 (environmental, economic, social, etc.).  

• Increase transportation funds provided to states that adopt  
 renewable fuels standards, convert fleets to biofuels, and  
 support standards and education.

• Establish regulation and policy for carbon management.

• In the Western Roadmap Workshop specifically, participants  
 recognized the need for regional environmental regulations  
 and policies that address the unique characteristics of   
 particular regions. 

Risk Management Techniques and Availability  
of Funding

Lack of funding to move technology from the research phase to the 
marketplace was identified as a major barrier.  Investors are often 
wary of new and advanced technologies until they are proven.  
There is often a first mover syndrome with new technology where 
the majority of industry and the financial community will not invest 
until technology and markets are proven and perceived risk has been 
reduced.

Risk management mechanisms to bridge gaps in technology or 
project financing are needed: to encourage growers to invest 
in energy crops and sustainable agronomic practices; to foster 
investment in facilities for converting biomass to fuel, power, or 
products; and to encourage retailers to make the investments 
needed to distribute those products.  Mechanisms to accomplish this 
include the following: 

• Greater government cost-share of high-risk technology;

• Loan guarantees;

• Crop insurance and new mechanisms for financing feed- 
 stock development;
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• Government-supported construction of first commercialized  
 plants to demonstrate the technology to the industry and  
 to the investment community, and to overcome “first mover”  
 syndrome; and

• Income insurance for early adopters of new feedstocks or  
 technologies.

In addition, Workshop participants called for full funding for 
programs authorized in the Energy Policy Act of 2005. 

Public Awareness and Workforce Development

A major push is needed to develop and encourage enrollment in 
biomass-related engineering and science curricula and programs. 
This will require a long-term commitment.  A Blue Ribbon panel 
should be convened to develop core undergraduate and graduate 
curricula. Four-year degree programs are needed but general 
well-rounded training and education also are needed.  Future 
industry workers should have some level of well-rounded education 
in chemistry, genetics, plant biology, and economics. Extension 
programs should also be created to ensure life-long learning as 
new feedstocks, technologies, science, and industrial processes are 
developed.  

Expanding funding for university research, grant opportunities, 
graduate training fellowships as well as funding for both university 
and trade programs related to biomass technologies can help to 
encourage increased faculty engagement and student enrollment, 
and improve curricula. Due to the opportunity that biomass offers to 
improve energy security, a model should be developed to focus on 
security issues and reduction of dependence on imported fuels and 
chemicals. These programs should take a multidisciplinary approach 
and attract a combination of environmental science, agronomy, 
engineering, and business students.  Biomass programs should 
be offered at both universities and at trade schools. Opportunities 
to establish enterprise zones to foster economic development in 
local areas (i.e., through tax breaks) as well as opportunities to 
develop partnerships between industry and academia should also be 
investigated.

Education at the K-12 level as well as education directed toward 
consumers and policy makers is needed to inform them of the 
benefits of biomass technologies. Messages should emphasize the 
life cycle environmental benefits of biomass, the role it can play in 
reducing oil imports and improving energy security, and its role in 
economic development.  
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Local guidelines need to be established on rotation of crops. This 
must be based on sound knowledge with active outreach to farmers 
and stakeholders. Federal and state government agencies should 
inform and educate the agricultural sector regarding bioenergy 
policies to communicate opportunities for feedstock development 
and reduce the perception of risk associated with energy crops. 
These activities will have to be cognizant of the regional differences 
in the U.S., which require different polices to encourage biomass 
technologies in the marketplace. 

Farmer and forester education programs need to be developed to 
reach mid-term Vision goals. These should include education on risk 
management, sustainable agricultural practices, and opportunities 
for growers interested in supplying the feedstocks needed to reach 
Vision goals. Outreach activities should also help to develop the 
biomass industry workforce that will be needed in the near-to mid-
term, specifically in the areas of plant sciences, breeders, growers, 
and feedstock infrastructure. 

Frequently, misinformation is conveyed in the mainstream media 
regarding biofuels and other biomass-based products. The biomass 
industry should make a concerted effort to correct resulting 
misconceptions by developing and publishing fact-based articles, 
analyses, and technical papers, as well as by developing educational 
films appropriate for educational television broadcasts (such as 
PBS and the Discovery Channel). This effort should include a survey 
or assessment of public opinion regarding the biobased products 
followed by development of messages to overcome misconceptions. 
These articles and films should fully describe the life cycle energy 
and environmental costs and benefits of biobased fuels, power, and 
products.  They should be developed for technical audiences as well 
as the general public and should convey energy-environmental-social 
linkages, “green” aspects of biomass, adverse impacts of increased 
dependence on fossil fuels and imported oil, and the importance of 
efficient and sustainable energy and industrial practices. 

A biomass coalition should be developed to represent the 
industry to policy makers and others. This coalition should involve 
environmental groups and participate in frank and open discussions 
and debates with detractors of biomass technologies. 

Standards and Certification

The biomass industry needs to be at the forefront of standards and 
certification activities and must ensure that biobased fuels, products, 
and power can meet established standards of performance. The 
standards should be based on the function of the material and not 
on the product with which it competes. Evaluation of standards used 
in Europe for packaging materials, for example, and other standards 
set where biomass-based products have been implemented 
successfully would be of great value. A methodology and analytical 
techniques need to be developed to establish standards and 
specifications. Developing standards should involve independent 
and government testing as well as certification on sustainability. 
Data will also be required to help establish safety standards for 
storage and conversion facilities. Standards should be set for 
biodegradability and incentives should be provided for biodegradable 
packaging where appropriate. Standards should also be created for 
performance of biobased products.

Lastly, a system for certifying sustainability can help in marketing 
biomass products. These efforts will need to address the issue of 
differing impurity profiles of various products and the implications 
for distribution and end use. 
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6.  Conclusion

Considerable progress has been made in raising the profile of biomass to help 
offset petroleum dependency since the Committee published its first Roadmap 
in 2002. This updated Roadmap outlines research and policy measures to 
achieve not only the Committee’s updated Vision goals, but also newer and more 
aggressive national goals for biofuels. Specifically, this Roadmap is a tool for 
researchers in industry and academia, as well as policy makers in government, 
to understand the barriers to advancing biobased fuel, power, and products, and 
a guide for implementing the R&D strategies and policy measures needed to 
support biomass technologies.  

The Roadmap will be used to guide research funded jointly by DOE and USDA 
under the Biomass R&D Initiative joint solicitation. Each year, the Biomass R&D 
Technical Advisory Committee evaluates progress of R&D performed under the 
joint solicitation and provides recommendations to the Secretaries of Energy and 
Agriculture on furthering the goals of the Biomass R&D Initiative.
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John Hickman 
Principal Scientist, John Deere Technology Center

Lou Honary 
Director, National Agricultural Based Lubricants Center 

E. Alan Kennett 
President, Gay & Robinson Sugar

Charles Kinoshita 
Interim Associate Dean, College of Tropical Agriculture and 
Human Resources, University of Hawaii at Manoa

Eric Larson 
Research Engineer, Princeton Environmental Institute, 
Princeton University

Mark Maher 
Executive Director, GM Powertrain Vehicle Integration, 
General Motors 

Timothy Maker 
Executive Director, Biomass Energy Resource Center

Jim Martin 
Senior Associate, Omni Tech International, LTD.

Scott Mason 
Business Development Director, Advanced Biofuels,  
ConocoPhillips

Mary McBride 
Executive Vice President, Communications & Energy 
Banking Group, CoBank

Ed McClellan 
Equity Partner, PricewaterhouseCoopers, LLP

John McKenna 
Chairman and CEO, Hamilton Clark & Co.

Henson Moore 
President Emeritus, American Forest & Paper 
Association

Larry Pearce 
Assistant Director, Planning and Research, Governors’ 
Ethanol Coalition

Mitchell Peele 
Senior Director, Public Policy, North Carolina Farm 
Bureau Federation

Jeffrey Serfass 
President, Technology Transition Corporation

Robert Sharp 
Vice President, Mobile Forest Products

J. Read Smith 
Co Chair, Agricultural Energy Work Group

Ed White 
Dean of Research, College of Environmental Science 
and Forestry, SUNY

Rodney Williamson 
Director of Research and Development, Iowa Corn 
Promotion Board
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Appendix B: Central Regional Roadmap Workshop Participants

Tom Binder 
Archer Daniels Midland

Stuart Birrell 
Iowa State

Rod Bothast 
Southern Illinois University Edwardsville

Beth J. Calabott 
Monsanto

Jill Euken 
Iowa State

Harriet Foster 
BCS, Incorporated

Ken Green 
BCS, Incorporated 
 
Catherine E. Grégoire Padro 
Los Alamos National Laboratory

Bill Hagy  
USDA, Rural Development

Emily  Heaton 
University of Illinois

Steve Heilmann 
3M

John Jechura 
National Renewable Energy Laboratory

Glenn Kimball 
Archer Daniels Midland

Michael Manella 
BCS, Incorporated

Jim Martin 
Omnitech International

Ron Modl 
Kansas State University

Erin O’Driscoll 
Dow Chemical

Leslie Pezzullo 
BCS, Incorporated 
 
Shri Ramaswamy 
University of Minnesota

Tom Richard 
Penn State University

Don Riemenschneider 
USDA Forest Service

Neil Rossmeissl 
U.S. DOE, Office of the Biomass Program

Kevin Shinners 
University of Wisconsin

Seth Snyder 
Argonne National Laboratory

Lyle Stephens 
John Deere

Bala Subramaniam 
Center for Environmentally Beneficial Catalysis 

Al Vasys 
Vista Group

Eric Veech 
Archer Daniels Midland

Tom Wedegaertner 
Cotton Incorporated

Ed White 
SUNY-College of Environmental Science  
and Forestry

Wally Wilhelm 
USDA-ARS/U of Nebraska - Lincoln
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Appendix C: Western Regional Roadmap Workshop Participants

Gary Banowetz 
USDA/ARS

Dan Burica 
ThermoChem Recovery International

Ralph Cavalieri 
Washington State University

Harriet Foster 
BCS, Incoporated

Bob Glass 
Lawrence Livermore National Laboratory

Gayle Gordon 
Western Governors’ Association

Ken Green 
BCS, Incoporated

Bill Hagy 
USDA

Carl Hansen 
Utah State University

Doug Hawkins 
Rhom and Haas

Denny Hunter 
Weyerhaeuser

Roland Hwang 
Natural Resources Defense Council

Kelly Ibsen 
National Renewable Energy Laboratory

Jeffrey Jacobs 
Chevron Technology Ventures, LLC

Terry Jaffoni 
Clean Transportation Fuels

Brian Jenkins 
University of California, Davis

Michael Kazz 
Zelen Environmental, Tucson AZ

Charles Kinoshita 
University of Hawaii at Manoa

Randy Lewis 
Brigham Young University

Mike Manella 
BCS, Incorporated

Jeff Martin 
Yulex Corporation

Jim Martin 
Omni Tech International, LTD

Steve Miller 
Chevron Technology Ventures, LLC

Mike Pacheco 
National Renewable Energy Laboratory

William Lee Pan 
Washington State University

Marcia Patton-Mallory 
USDA, Forest Service

Bentham Paulos 
Energy Foundation

Lori A. Perine 
Agenda 2020

Neil Rossmeissl 
U.S. Department of Energy

John Shears 
Center for Energy Efficiency and Renewable 
Technologies

David W Sjoding 
Washington State University

Don Stevens 
Pacific Northwest Laboratory

Val Tiangco 
California Energy Commission

Candace S. Wheeler 
GM Research & Development Center

Doug Wickizer 
California Department of Forestry and Fire 
Protection

Rick Zalesky 
Chevron Technology Ventures, LLC
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Appendix D: Eastern Regional Roadmap Workshop Participants

Philip C. Badger 
Renewable Oil International LLC

Marco Baez 
Dyadic International, Inc.

Larry Biles 
Southern Forest Research Partnership, Inc.

Tom Binder 
Archer Daniels Midland

Akwasi (Kwesi) Boateng 
U.S. Department of Agriculture

David Bransby 
Auburn University 

Ralph Cavalieri 
Washington State University 

Jessica Crawford 
O’Brien and Gere

Jennifer DeCesaro 
Clean Energy Group

Kevin J. Edgar 
Eastman Chemical Company

Mark Emptage 
DuPont

Ken Green 
BCS, Incorporated

Bonnie R. Hames 
Ceres, Inc.

Stewart Hancock 
Hancock Public Affairs, LLC 

Doug Hawkins 
Rohm and Haas

Maurice Hladik 
IOGEN Energy Corporation

Lou Honary 
University of Northern Iowa, NABL Center

Judy Jarnefeld 
New York State Energy Research Development Authority

Tom Johnson 
Southern Company

Coleman Jones 
General Motors

George Kervitsky 
BCS, Incorporated

Robert Kozak 
Atlantic Biomass

Eric Larson 
Princeton University 

F. Henry Lickers 
Mohawk Council of Akwesasne,  
Environmental Division

Tom Lindberg 
New York State Agriculture & Markets

Michael Manella 
BCS, Incorporated

Jason Masters 
Northern Biodiesel 

Daniel H. Moenter 
Marathon Petroleum

Cristina Negri 
Argonne National Laboratory

Mitch Peele 
North Carolina Farm Bureau

Gary Pollock 
Society of Automotive Engineers (SAE)

Neil Rossmeissl 
U.S. Department of Energy, Biomass Program

Corinne Rutzke 
Cornell University 

Jeff Serfass 
Technology Transition Corporation

Samantha Slater 
Renewable Fuels Association

Bryce Stokes 
U.S. Department of Agriculture, Forest Service

Chris Veit 
Novozymes

Tim Volk  
SUNY, College of Environmental Science  
and Forestry

Brian Ward 
CSX Corporation, Inc.

Edwin White 
State University of New York

Rodney Williamson 
Iowa Corn Promotion Board

Jetta Wong 
Environmental and Energy Study Institute

Mae Wu 
Argonne National Laboratory
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