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Purpose of Talk
• Background of US Biofuels history
• What is relevant strategy & legislation?
• How does Administration address it?
• What role will it play for USAID?
• Future?
“Just as we sent a man to the moon, we
can harness our technological skills and
entrepreneurial spirit to end our
dangerous reliance on foreign sources
of oil.” President Obama 2007

Converging Energy Issues facing USAID
countries in developing transportation
options: Biofuels are in the mix

Transportation sector facing:
• Volatile energy prices
• Uncertain energy supplies

Climate change issues
• Rapidly growing global demand
• Sustainability issues
• so consider biofuels to achieve:

OBAMA: Biofuels approach
“No single issue is as imperative to the economy as
energy,” President Obama -Jan 26, 2009
• "Twenty years from now our nation's transportation
fuels sector will be powered primarily by domestically
produced biofuels, if we have the vision and the will to
make that happen. “Senator Barack Obama - March 19th,
2007
• Steven Chu, the Nobel laureate and the Obama energy
secretary, says he’s optimistic US can commercialize new
forms of biofuels not from food crops.

Regional Initiative: An example
• Energy Partnership of the Americas
"Through this partnership, we will harness the
progress being made by nations across the
hemisphere--from Brazil’s work on biofuels, to
Chile’s investments in solar power, to Mexico’s
efforts to curb greenhouse gas emissions, to El
Salvador's work on geothermal energy…"
"Each country will bring its own unique resources
and needs, so we will ensure that each country can
maximize its strengths as we promote efficiency and
improve our infrastructure, share technologies,
support investments in renewable sources of
energy. And in doing so, we can create the jobs of
the future, lower greenhouse gas emissions, and
make this hemisphere a model for cooperation."
President Obama at Port-of-Spain, Trinidad, April
19, 2009

Biofuels: What are the Benefits?
Secure, renewable vehicle fuels

Vibrant rural economies

Homegrown feedstocks

Healthy, sustainable forests

Reduced greenhouse gases

Cellulosic Feedstocks Will Enable
Biofuel Cost Reductions and Volumes
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Today’s ethanol: potential to
displace 10-20% of gasoline
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Cellulosic biomass will provide a more diverse future feedstock
to support a larger biofuels industry.

Successive Generations of Biofuels: Future Directions

Corn
Ethanol
• Commercially
available (no DOE
research ongoing)
• Reduced GHG
emissions
• Capped by RFS

Cellulosic
Ethanol
• Focus of current
DOE research
• Potential to lower
GHG emissions 86%
• Uses biomass from
waste and nonagricultural land

Advanced
Cellulosic Biofuels
• DOE scoping studies
in progress for algae;
green oil
• Could minimize
environmental footprint
• Energy content and
fuel economy similar to
petroleum-based fuels

Advanced Biofuels fit into existing transportation
infrastructure
Recent studies highlight advanced biofuels
potential other than cellulosic ethanol.
Lawrence Berkeley developing bacteria, enzymes, and
yeast to convert plant cellulose into conventional
gasoline and diesel.

Compared to ethanol, this next generation of
biofuels would be more similar composition/
chemical makeup to gasoline and diesel fuels.
Their compatibility with the existing infrastructure
may expedite rapid displacement of petroleum
(hydrocarbon-based fuels) in the market.
• Green gasoline
• Cellulosic biobutanol
• Algal-based biodiesel

Hydrocarbon-Compatible
(Infrastructure-Compatible)
Advanced Biofuels
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What about stimulus package? EISA defines Advanced Biofuel as “renewable
fuel, other than ethanol derived from corn starch, that has lifecycle greenhouse
gas emissions…that are at least 50 percent less than baseline lifecycle
greenhouse gas emissions.”

Exploring Routes to Convert Biomass
Integrated
Biorefineries
Biochemical
Conversion
Feedstock
Production &
Logistics
• Energy crops
• Residue harvesting

• Enzymatic
hydrolysis
• Lignin conversion

Thermochemical
Conversion

Delivery
Infrastructure
• Fuels

• Distribution
vehicles (pipelines,
• Power
tankers, etc.)
• Bio-products
• Fueling stations
• Vehicles

• Pyrolysis

• Codes and Standards

• Gasification

• Market Transformation
Efforts (e.g., outreach,
policy)

Success relies on simultaneous development of the supply,
conversion, and demand infrastructures for cellulosic ethanol.

Biodiesel: a storable, transportable
fuel for USAID countries
• Newly Established: Biofuel industries are
becoming established in many developing countries
• Resources plentiful: Many developing countries
have extensive biomass resources.
• Regional Focus: Current approaches to biofuel
development vary by region and country.
• India/China: Countries are developing
both bioethanol and biodiesel programs.
• India is extending plantations of jatropha, an oilproducing tree that is used in biodiesel production.
The Indian sugar ethanol program set a target of
5% bioethanol incorporation into transport fuel.
• China -major bio-ethanol producer aims to
incorporate 15% bio-ethanol into transport fuels by
2010.
• Africa formed a 15 country Jatropha biodiesel
coalition

World’s biodiesel production
increasing (OECD)
Source: OECD-FAO (2008)

Challenges Across Entire Supply Chain

Feedstock
Production

Feedstock
Logistics

Biofuels
Production

Biofuels
Distribution

Biofuels
End Use

• Cellulosic Ethanol: Current focus of the DOE program.
• Alternative Light-Duty and Diesel Replacement Fuels:
Scoping studies are underway to help prioritize future work on additional
alternate fuels that require governmental support and can significantly
contribute to achieving national goals.

• Infrastructure: Rapid ramp-up required

Overcoming Barriers to Commercial Use
Barriers

Solutions

• High cost of enzymatic
conversion

• R&D to improve effectiveness and
reduce costs of enzymatic conversion

• High cost of organisms for
producing ethanol from
complex sugars within cellulosic
biomass

• R&D on advanced micro-organisms
for fermentation of sugars

• Limitations of thermochemical
conversion processes
• Demonstration/integration of
technology in biorefineries
• Inadequate feedstock and
distribution infrastructure

• Re-establish thermochemical
conversion as a path to success
• Fund loan guarantees, commercial
biorefinery demonstrations, and 10%
scale validation projects
• Form interagency infrastructure and
feedstock teams

Future efforts address obstacles to biochemical and thermochemical routes
to biofuels, support demonstrations, and resolve infrastructure issues.
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• Liberalization of
ethanol prices and
production levels
(1996-2000)
• Drought in
2000/2001 season
• Recent years –
increasing demand
and mandates for
25% ethanol in
gasoline
• Flex-fuel Vehicles
dominate new car
market. Consumer
chooses E25 or
E100 whichever is
cheapest

Brazil provides a successful model for biofuels in transportation uses
Sources: Biofuels for Transport: An International Perspective, IEA, 2004.
Renewable Fuels Association. Berg, C. (F.O. Licht), “World Fuel Ethanol Analysis and Outlook,” April 2004

Opportunities for Developing Countries

• Many countries are requesting DOE assistance to create biofuels programs
• DOE, which is a domestic agency trying to meet White House and
Congressional mandates, is unable to accommodate all these requests
• USAID—with boots on the ground—can assist, especially with Technology
Transfer from DOE
• This assistance can lay the groundwork for future collaborative activities
• Recently, Indonesia’s request was turned down; this request needs to be
reexamined by USAID. In Africa Guinea asked for Jatropha help.
• Jatropha, non-food agricultural wastes, and (in the longer term) algae can
form the basis of 2nd and 3rd generation feedstocks in the developing world
• DOE, with its extensive National Laboratory system, can be tapped to conduct
feasibility/pilot studies.

JATROPHA
• Large, perennial shrub/tree that produces non-edible seeds
• Seeds contain 30-40% oil that’s ideal for biodiesel production
• One hectare of jatropha can produce 1,000 to 1,500 gallons
of biodiesel.
• Jatropha plants are non-edible and grown in marginal, nonagricultural areas
• Plants require little water for cultivation, and do not compete
with existing agricultural resources.
• Jatropha planting is undergoing a dramatic increase in Asia,
Africa, and Latin America; no viable farms yet-5 years out
Three Potential Roles
1. Energy crops for local projects and expansion of
commercial-scale biodiesel programs in developing
2. Contribute to greater national oil independence
3. Help meet growing global biodiesel demand (Europe, Asia, and the US)

Technology Advances Bring
Opportunities for the Developing World
Jatropha is resistant to drought and pests, produces seeds containing up
to 40% oil. When seeds are crushed and processed, the resulting oil can
be used in a standard diesel engine, while the residue can also be
processed into biomass to power electricity plants --has African potential

Sustainability of Algal Biofuels: Report to Congress

• Impressive Productivity: Microalgae can potentially produce 100 times more oil
per acre than soybeans—10 times more any other terrestrial oil-producing crop.
• Non-Competitive with Agriculture: Algae can be cultivated in large open ponds
or in closed photo-bioreactors on non-arable land in a variety
of climates (including deserts).
• Flexible on Water Quality: Some species thrive in seawater,
brackish water, or even wastewater from treatment plants.
• Mitigation of CO2: Algae’s reliance on CO2 to conduct
photosynthesis offers an opportunity for productive use of
CO2 from power plants, biofuel facilities, and other sources.
• Broad Product Portfolio: Lipids produced by algae can be
used as a feedstock to produce-via trans-esterfication-biodiesel,
green diesel, gasoline, and jet fuel. In addition, the biomass residue remaining
after the lipids have been removed has a variety of useful applications:
– combustion to generate heat
– use in anaerobic digesters to produce methane
– use as a fermentation feedstock in the production of ethanol
– use in value-added byproducts, e.g., animal feed or nutraceuticals

ALGAE as a Feedstock
• Algae potential as a feedstock for biofuels is seemingly
boundless.
• Algae is one of nature’s most efficient converters of solar
energy, algal crops mature rapidly and offer incredible
promise for scalability, an important consideration for
renewable and sustainable biomass crops.
• Additionally, algae consumes and converts carbon
dioxide as it grows and could play a significant role in
greenhouse gas reduction strategies globally
• Cultivation, harvesting, and conversion of algae to energy
products present enormous challenges for the entities
working to commercialize these technologies.
• A multitude of algal energy companies have emerged and
are actively working to overcome these different
challenges, utilizing a diverse array of approaches in
every step of the production process.

Algal biofuel production: The
typical approach
PetroSun algal farm, Texas
Single algal strain
High tech
Highly controlled
Resource-intensive

USAID/ EGAT potential action items
• 1. Analyze the institutional (legal, regulatory, financial
etc.) barriers to biofuels production and use
• 2. Prepare programmatic options for Missions to
reduce these barriers.
• 3. Prepare option papers for Missions on biofuels
opportunities in their country
• 4. Catalog biofuels activity already underway in
Missions to identify where Missions could use
assistance from EGAT
• 5. Evaluate biomass feedstock productivity in
USAID countries via DOE national laboratories and
others.

Information Resources
DOE Biomass and Biofuels Program - www.eere.energy.gov/biomass/
DOE Office of Science, Bioenergy Research Centers http://genomicsgtl.energy.gov/centers/
ORNL bioenergy feedstock network at
http://bioenergy.ornl.gov/main.aspx.
ORNL biomass home page.
http://www.ornl.gov/sci/eere/tech_biomass.shtml
•

NREL maintains a large database on biomass resources in these
countries (work in the 21 APEC countries.)http://www.biofuels.apec.org/.

•

Alternative Fuels Data Center http://www.eere.energy.gov/afdc/fuels/ethanol.html
Bioenergy Feedstock Information Network - http://bioenergy.ornl.gov/
Biomass R&D Initiative – www.biomass.govtools.us
USDA Farm Bill proposals – www.usda.gov
Grant Solicitations - www.grants.gov

THANK YOU VERY MUCH
Any Questions?
Gilbert Jackson, Ph.D.
GiJackson@USAID.GOV

Appendix

Future USAID/DOE Collaboration
Objective: Transfer DOE know-how to USAID
• briefing various Bureaus-including African
• DOE national laboratories can evaluate biomass
feedstock productivity in USAID countries
• Focus on non-food cellulosic feedstocks,
i.e., agricultural wastes, MSW, jatropha, etc.
• Target biodiesel/bio-products/green gasoline
• Target relevant regions of Africa, Latin America,
Europe, and Asia
• DOE to invest 2B$ in biofuels conversion knowhow; and Obama promises $18B more for
renewables-part to biofuels.
• Venture capitalists spent $6B last Q on clean
energy projects worldwide
• Form partnership between USAID, USDA, and DOE
to cooperate on toolbox development in response to
AID country requests

Presidential Cabinet – Unprecedented Attention to Energy and Climate

Biofuels: The good, the bad, the ugly

Jatropha: completed paper
• Large, perennial shrub/tree that produces non-edible seeds
• Seeds contain 30-40% oil that’s ideal for biodiesel production
• One hectare of jatropha can produce 1,000 to 1,500 gallons
of biodiesel.
• Jatropha plants are non-edible and grown in marginal, nonagricultural areas
• Plants require little water for cultivation, and do not compete
with existing agricultural resources.
• Jatropha planting is undergoing a dramatic increase in Asia,
Africa, and Latin America; no viable farms yet-5 years out
Three Potential Roles
1. Energy crops for local projects and expansion of
commercial-scale biodiesel programs in developing
2. Contribute to greater national oil independence
3. Help meet growing global biodiesel demand (Europe, Asia, and the US)

Sustainability of Algal Biofuels: Report to Congress
• Impressive Productivity: Microalgae can potentially produce 100 times more oil
per acre than soybeans—10 times more any other terrestrial oil-producing crop.
• Non-Competitive with Agriculture: Algae can be cultivated in large open ponds
or in closed photo-bioreactors on non-arable land in a variety
of climates (including deserts).
• Flexible on Water Quality: Some species thrive in seawater,
brackish water, or even wastewater from treatment plants.
• Mitigation of CO2: Algae’s reliance on CO2 to conduct
photosynthesis offers an opportunity for productive use of
CO2 from power plants, biofuel facilities, and other sources.
• Broad Product Portfolio: Lipids produced by algae can be
used as a feedstock to produce-via trans-esterfication-biodiesel,
green diesel, gasoline, and jet fuel. In addition, the biomass residue remaining
after the lipids have been removed has a variety of useful applications:
– combustion to generate heat
– use in anaerobic digesters to produce methane
– use as a fermentation feedstock in the production of ethanol
– use in value-added byproducts, e.g., animal feed or nutraceuticals

Future USAID/DOE Collaboration

Objective: Transfer DOE know-how to USAID
• briefing various Bureaus-including African
• DOE national laboratories can evaluate biomass
feedstock productivity in USAID countries
• Focus on non-food cellulosic feedstocks,
i.e., agricultural wastes, MSW, jatropha, etc.
• Target biodiesel/bio-products/green gasoline
• Target relevant regions of Africa, Latin America,
Europe, and Asia
• DOE to invest 2B$ in biofuels conversion knowhow; and Obama promises $18B more for
renewables-part to biofuels.
• Venture capitalists spent $6B last Q on clean
energy projects worldwide
• Form partnership between USAID, USDA, and DOE
to cooperate on toolbox development in response to
AID country requests

Sustainable Vision for 2020
Social
•Inclusion/equity
•Human health
•Education

Habitable

Equitable

SUSTAINABLE
Economic
•Goods and services
•Employment
•Wealth creation

Environmental
Feasible

•Natural resource
availability
•Ecosystem health
3
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Biofuels Beyond Ethanol

Today

Ethanol

–

Biodiesel –

As a blending agent from either grain or cellulosic
material from Ag and/or Forestry industry
Transesterified vegetable oils blended with diesel

Green Diesel – Fats, algal oils, waste oils, or virgin oils converted to
low sulfur diesel in petroleum refinery
Examples include: butanol, mixed alcohols, higher
carbon alcohols (C5 - and greater)
Fischer-Tropsch Liquids – And other products from syngas including
methanol, dimethyl ether, etc
Pyrolysis Liquids – Alternative feedstock to petroleum refinery or
gasification facility to produce petroleum/diesel
Higher alcohols –

Methanol derived fuels– Methanol to gasoline technology, dimethyl
ether and other products

Future

Other fuels –

Liquid transportation fuels from sugars/oils refinery
not discussed or yet envisioned
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Solicitations: Bio-refinery
Demonstrations Expedite
Commercialization
Commercial-Scale Biorefineries
(up to $272 M)
– Four cost-shared, integrated
biorefinery demonstrations to
produce 98 million gallons of
cellulosic ethanol in 5 years
with variety of conversion technologies and cellulosic feedstocks

10%-Scale Biorefinery Validation (up to $240 M)
– Cost-shared, integrated biorefinery demonstrations using cellulosic feedstocks
to produce renewable fuels; one-tenth of commercial scale
– Nine selectees announced for a total investment of $240 million

POTENTIAL FUTURE SOLICITATIONS (some recently issued)
– Integrated Pilot-Scale Biorefinery; Integrated Demonstration-Scale Biorefinery
– Lab Call and Annual USDA/DOE Joint Solicitation
– Advanced Biofuels R&D

Major DOE Biofuels Project Locations
Geographic, Feedstock, and Technology Diversity
Cargill Inc
(Minneapolis, MN)
Pacific Ethanol
(Boardman, OR)

Regents of the University of Minnesota
(Minneapolis, MN)
Flambeau River
(Park Falls, WI)

NewPage
(Wisconsin Rapids, WI)

Iowa State
University
(Ames, IA)

Emery Energy
(Salt Lake City, UT)

Novozymes
(Davis, CA)

Lignol Innovations
(Commerce City, CO)

Genencor
(Palo Alto, CA)
BlueFire Ethanol
(Corona, CA)

Cornell University
(Ithaca, NY)

DOE Great Lakes
Bioenergy Research
Center
(Madison, WI)

POET
(Emmetsburg, IA)

DOE Joint Bioenergy Institute
(Berkeley, CA)

Mascoma
(Lebanon, NH)

Gas Technology
Institute
(Des Plaines, IL)

Abengoa
(Hugoton, KS)

Ceres, Inc
(Thousand Oaks, CA)

Mascoma
(Monroe
County, TN)

Verenium Corp
(San Diego, CA)

DSM Innovation Center
(Parsippany, NJ)

Purdue University
(West Lafayette, IN)

ICM
(St. Joseph, MO)

Ecofin, LLC
(Washington County, KY)

DOE Bioenergy
Science Center
(Oak Ridge, TN)

RSE Pulp &
Chemical, LLC
(Old Town, ME)
GE Global Research
(Niskayuna, NY)

Dupont
(Wilmington, DE)

Research Triangle Institute
(Research Triangle Park, NC)

Range Fuels
(Soperton, GA)

Southern Research Institute
(Birmingham, AL)

Verenium
(Jennings, LA)

Nine Small-Scale Biorefinery Projects
Four Commercial-Scale Biorefinery Projects
Four Improved Enzyme Projects
Five Projects for Advanced Organisms
Five Thermochemical Biofuels Projects
Three Bioenergy Centers
DOE Joint Solicitation Biomass Projects

Total U.S. Biorefineries Today: >160 plants
Regional Partnerships
South Dakota State University, Brookings, SD
Cornell University, Ithaca, NY
University of Tennessee, Knoxville, TN
Oklahoma State University, Stillwater, OK
Oregon State University, Corvallis, OR

Production Capacity: ~ 9.4 B gal/yr
with another 4.2 B gal/yr planned

Future Needs for Biofuels and Bioenergy
Technology Advances

New & High-Yield Feedstocks

• Diverse feedstocks in all regions
• Flexible, bio-powered conversion

• Energy crops
• Wastes
• Algae

– Mix of biochemical (advanced
enzymes), thermochemical (pyrolysis,
gasification, etc.), and other
conversion technologies

•
•
•
•

Increased yields and efficiency
Lower production costs
Efficient logistics and deployment
Modular systems to reduce
capital costs

Advanced Biofuels
•
•
•
•
•

Algal Based Biofuels
Higher Alcohols
Green Gasoline
Renewable Diesel
Renewable Jet Fuel Formulations

Value-added Bioproducts/Coproducts
Other National Benefits
• Sustainable domestic energy
• Strong economic growth (new
technology markets and jobs)
• Positive impact on climate
and air quality

Carbon Mitigation
• Potential role in future carbon legislation

Stimulate/Leverage Scientific Progress
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Jatropha’s benefits in fuel production
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Drought resistant and costs almost nothing to grow
Can be grown almost anywhere (sandy, saline, or otherwise infertile soil)
Easy to propagate (a cutting simply pushed into the ground will take root)
Has high yield (about 1,000 barrels of oil per year per square mile)
Non-invasive or spreading (unlike kudzu)
Naturally repels animals and insects (toxic)
Lives for over 50 years producing seeds all the time
Frost hardy (does not like hard freezes)
Does not exhaust soil nutrients
Does not require fertilizers or expensive crop rotation
No displacement of food crops necessary
Can create energy and jobs in developing countries
Yields profitable biodiesel byproduct: glycerine (soap feedstock)
Capable of stabilizing sand dunes, acting as a windbreak, combating desertification
Recycles 100% of the CO2 emissions produced by burning the biodiesel
After oil extraction, the waste plant mass can be used as fertilizer

Leveraging Partnerships to Achieve Goals
RESEARCH AND DEVELOPMENT OPPORTUNITIES
• Thermochemical Conversion (up to $7.75 million)
– Integration of gasification and catalyst development
– Create a syngas that meets the cleanliness specifications of existing synthesis
processes from widely available biomass
• Pyrolysis Oil Stabilization (up to $7.5 million)
– Stabilizing bio-oil prior to upgrading
– Removing char, lowering the oxygen content, and
reducing the acidity of pyrolysis oil
• Joint DOE-USDA Solicitation ($18.4 million)
– Biomass R&D Initiative: 21 awards announced March 2008
• Advanced Biofuels University Solicitation ($4 million)
– Novel nutrition and oil production from algae
– Novel enzyme pellet scheme for fermentation of sugars
– Micro-channel reforming of pyrolysis oil
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Current Thermochemical
Conversion Activities

• Gasification
– Process integration and modeling
– Syngas cleanup and conditioning
– Tar removal
– Sulfur capture

– Fuel Synthesis
– Catalyst improvement and testing

– Modeling
– Tar formation
– Ethanol synthesis

• Pyrolysis

Calibrated
Feeder

Char
Cyclones

Quenching
Spray
Towers

– Pyrolysis for improved bio-oil quality
– Bio-oil stabilization
– Catalytic conversion of bio-oil to
gasoline and diesel

Bubbling
Fluid-bed
Reactor

Fluidizing
Gas
Heater

Bio-oil
Recovery
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Cooler
System

Ethanol Infrastructure
U.S. Ethanol Production Capacity
14
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Exploring Routes to Convert Biomass
Integrated Biorefineries
Biochemical Conversion
Pretreatment &
Conditioning

• Energy
crops
• Forest
Residue
• Agricultural
wastes
• Algae

Enzymatic
Hydrolysis

Sugars

Fermentation
By-Products
Wastes/Residue

Enzyme
Production

Fast
Pyrolysis

Lipid (Oil)
Extraction

DDGS
Lignin
(for power)

Thermochemical Conversion

Gasification
*Bolded items are part of
the Biomass Program’s
current R&D portfolio
activities.

Bioethanol

Liquid
Bio-oil
Syngas
Algal
Oil

Upgrading
Zeolite Cracking
Hydrogenolysis
Fischer Tropsch
Alcohol Synthesis
Transesterification
Thermochemical
Upgrading

REFINING

Feedstock
Production
& Logistics

Distillation

Olefins
Gasoline
Diesel
Biodiesel
Green
Diesel

Research on biochemical and thermochemical conversion pathways
is improving the efficiency and economics of biofuels production.

