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2009 Biofuels Priorities

Science & Discovery
A Connecting basic and applied bioscience

A Conducting breakthrough R&D:
1 Advances in enzymes and catalysis
1 Engineering of new microorganisms

Clean, Secure Energy

A Cellulosic and advanced biofuels
Economic Prosperity

ACreating 50 to 75 jobs per new biorefinery
A Creating major new energy feedstock mar
AReinvigorating rural economies

Climate Change

AReducing GHG emissions




Background information
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Model T from 1908 was designed to run on corn ethanol
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For the past three years the US Embassy has worked diligently to increase
renewable energy cooperation between Sweden and the US. We have built
networks, connected people and cultivated, watered and watched several
bilateral projects grow and prosper.

Embassy of the United States, Stockhc
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: Protecting the
Education T Yulnerable

and Training

* State and
Local Fiscal Relief

Health Care

* Tax Relief

Infrastructure
and Science

- Combined from the above selected fields the Obama administration will devote a
total of $80 Billion in clean energy investments
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$11 billion for a better and smarter grid that will move renewable
energy from the rural places where produced to cities where used, as
well as for 40 million smart meters to be deployed in American homes.

$5 billion for lowincome home weatherization projects.

$4.5 billion to green federal buildings and cut USG energy bill

$6.3 billion for state and local renewable energy and energy efficiency
$600 million in green job training prograrmgf®r green workforce

$2 billion in grants for next generation of batteries to store energy.

$1 billion for investments irbiofuels.

Embassy of the United States, Stockhc



DOE Goal
136 billion liters (36 billion gallons)/year of biofuels by 2022

Path forward:
A Integrated programs R&D to solve technical barriers

A Applied research for sherand midterm impact

A Fundamental research for long&rm impact
A Costshared programs with industry to reduce risk
Sustainability is highly important criteria for DOE Programs




Corporate Average Fuel Economy
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New mileage standardin four years (201-2016)

Auto fuel efficiency from 0.85 liters/10km to 0.6 liters/10km (35.5 MPG)
Steven Chu received the Physics Nobel Price in 1997 for cooling and trap
atoms with laser light. At the time, DoE biofuels programs were USD $8(
With DOE Secretary Chu DoE investments in biofuels are USD 1 billion.

Embassy of the United States, Stockhc



$1 billion toBioenergy

A Five key areas for both R&D and investment and funding are:
- Feedstock production (energy crops, wood waste, algae)

- Feedstock logistics (how to get the stock from field/woods to the plant)

- Biofuelproduction (from research to reality)

- Biofueldistribution (infrastructure)

- Biofuelsend use (attitudes/incentives/benefijs

A Critical to evaluate innovations and assess which support the
regulatory framework, are practical and focused on market
orientation, and that can be implemented within foreseeable
future - narrows the gap between technology and research.



And where does the 1$ billion go?

2009US Department of Energy Funding for Biofue

Annual spending
across albiofuels

categories
Fundamental 4%]08 Biofuel
biofuels production
Research

Biofuels
distribution &

infrastructure



Recovery Act Funding for Acceleration of RD&L

$480M Pilot and DemonstratiorScale Biorefineries
10 to 20 awards for refineries to be operational within 3 years

$176.5MCommercialScale Biorefineries
Two or more projects
Expedite construction, commissioning and stapt

$110M Fundamental Research x
$5M Sustainability research with the Office of Science X X

$20M Integrated Process Development Unit %k’

$85M Advanced Fungible Biofuels Technology Consortiums

$20M Ethanol Infrastructure Research
Optimize flextuel vehicles operating on E85
Evaluate impacts of intermediate blends on conventional vehicles
Upgrade existing infrastructure for compatibility with E85


http://recovery.gov/

Investment and Funding

EERE Project Management Center

A DOE has announced that it will
invest up to $385 million in six
biorefineries over next four yeal

A Once up and running, these
biorefineries are expected to
produce more than 130 million
gallons/year of cellulosic ethanc

A Combined with the industry cost
share, more than $1.2 billion wil
be invested in new biorefineries



Transportation Options For Biofuels

Biomass Feedstocks

Lignocellulosic

Biomass (wood, agri.
waste, grasses, etc.)

Gasification

Pyrolysis &

Liquefaction
Ag residues,
(stover, bagasse) A
| )
O./“Oo’
% ¢
Sugar/Starch Crops
(corn, sugar cane, etc.)  yyiiysis
Natural Oils
(plants, algae)

Intermediates Transportation Fuels
Fermentation > Ethanol &
Catamicsynthesis , Mixed Alcohols
Syn Gas e Diesel*
MeOH synthesis Methanol
= MTG
. . Gasoiine*
B|0'O ”S HydroCracking/Treatin :
2 - e Diesel*
L|g nin Catalytic upgrading S Gasoline* & Diesel*
APP D 1 ese ]*
; ; Gasoline*
S u g ars C atalytic pyrolysis R
APR Hydrogen
_ Ethanol. Butanol.
ESNpRaton Hydrocarbons
Biodiesel
Transesterification
Green diesel
Hydrodeoxygenation

* Blending Products



Future DOE Program Directions

Biochemical
A Continued focus on the technical barrier areas for cost targets.

A Transition to other cellulosic (fungible)

Algal
A Initiate RD&D for algae, lipid, and fuels production

Thermochemical
A Currently focused on meeting the 2012 ethanol cost targets
A Transition to infrastructure compatible (drop-In) biofuels.
A effort in pyrolysis and Fischer-Tropsch fuels underway.

A Accelerating in FY10

Integrated Biorefineries

A Recently closed solicitation - Expect to see proposals that yield
infrastructure compatible biofuels



Leveraging R&D Partnerships to Achieve Goals

AThermochemical Conversion (up to $7.75 million)
I Integration of gasification and catalyst development

I Create a syngas that meets the cleanliness specifications of
existing synthesis processes from widely available biomass

APyrolysis Oil Stabilization (up to $7.5 million)
I Stabilizing biepil prior to upgrading

I Removing char, lowering the oxygen content, and
reducing the acidity of pyrolysis oil

oy, NN
AJoint DOBJSDA Solicitation ($18.4 million) A on |
I Biomass R&D Initiative: 21 awards announced March 2008 [yl S~

AAdvanced Biofuels University Solicitation ($4 million)
I Novel nutrition and oil production from algae

I Novel enzyme pellet scheme for fermentation of sugars
14



A Recent studies highlight the potential of
advanced biofuels other than cellulosic ethanol.

A Next generation of biofuels to be more similar in
chemical makeup to gasoline and diesel.

A Compatibility with the existing infrastructure may
expedite penetration of next-generation biofuels.

Renewable gasoline

Renewable Diesel _
Cellulosic biobutanol Infrastructure-Compatible

i Other higher alcohols Advanced Biofuels
Algal-based hydrocarbons

15



Today

Future

Ethanol i

Biodiesel 1

bloTuelsS beyond
Ethanol

As a blending agent from either grain or cellulosic
material from Ag and/or Forestry industry

Transesterified vegetable oils blended with diesel

Green Gasoline, Green
Diesel and Jet fuels 1

Higher Alcohols i
Fischer-Tropsch Liquids i

Pyrolysis Liquids i

Methanol Derived Fuels i

Blendstocks i

Other Fuels i1

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 1 and greater)

And other products from syngas including methanol,
dimethyl ether, etc.

Alternative feedstock to petroleum refinery or
gasification facility to produce petroleum/diesel

Methanol to gasoline technology, dimethyl ether and
other products

Renewable additives that benefit combustion and
emissions properties of conventional fuels

Liquid transportation fuels from sugars/oils refinery
not discussed or yet envisioned



Conversion Critical Barriers

Barriers Solutions

Alnfancy of commercial-scale AFund loan guarantees, commercial
integration of process biorefinery demonstrations, and 10%
components scale validation projects 17

Future efforts address obstacles to conversion routes to biofuels,
support demonstrations, and resolve infrastructure issues



