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Overview

The brave new world of
energy, environment,
biofuels,hydrogen and vehicles

Biomass
Rethinking the biorefinery
A sustainable vision

Getting there
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Should we believe

the reference case or
the high oll case?
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Oil Price Snapshot Once per Week

Average AEO

Projection for 2006 Average AEO
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"Futures” & high oil merge
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A brave new world for
the environment
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Climate change
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Hydrogen, Fuel Cells
~ &Infrastructure

Technologies Program

Multi-Year Research, Development
and Demonstration Plan
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future
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Fear and loathing on
the energy trall
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These brave new
worlds offer

uncertainty and
opportunity
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Biomass tomorrow
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Blomass tomorrow
algae and coal
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Sugars
Starch
Oilseed lipids

Today
grains, oilseeds

Cellulose
Hemicellulose
Lignin
Algal lipids

Emerging and future
MSW, residues,
energy crops

Blomass chemistry
today and tomorrow
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FUELS
Ethanol
Fischer-Tropsch Liquids

POWER
Electricity
Heat

CHEMICALS
Plastics
Solvents
Chem Intermediates
Phenolics
Adhesives
Furfural
Fatty Acids
Organic Acids
Paints
Dyes
Detergents

FOOD & FEED

The biorefinery
Something for everyone?
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FUELS
Ethanol
Fischer-Tropsch Liquids
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Electricity
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CHEMICALS
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Solvents
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Fatty Acids
Organic Acids
Paints
Dyes
Detergents

FOOD & FEED

The biorefinery
Or a case of ADD?
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The biorefinery
Two main “flavors”

Two Platforms for the Biorefinery

The

r-l




& ﬁ )
f:_::b M®=L. National Renewable Energy Laboratory
b 4

____Lignin

Feedstock ;
Intermediates

Biochemical g=
platform

Enzymatic
Hydrolysis of
Cellulose

_,,D Lignin
Products
___ Sugar

Intermediates

. Sugar
Intermediates

Pretreatment to

Multi-sugar
Fermentation

thermochemically open up Y

biomass structure

Specialized enzymes called
cellulases to release sugars

Fermentation to convert
multiple forms of sugars to
ethanol

Use lignin to supply heat and
power

Steam and

Power
Generation

v

Electricity
Coproduct

Lignin

!

Y

Ethanol
Recovery

Fermentation
for Bioproducts

Residue '

v

Fuel
Ethanol

%

Bioproducts




lea_=._ National Renewable Energy Laboratory

Thermochemical

platform

Gasification to CO, CH4, CO2
syngas
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The ultimate biorefinery

The Integrated Biorefinery
The right tool for the right job
A more flexible vision

Heat and
Power

Heat and
Power : Non-fermentables

Thermochemical

SONvVersior
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The ultimate biorefinery

Energy Efficiency of Fully Integrated Thermochemical and
Biochemical Technologies in a Biorefinery

Power - 49% i
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Biochem/Thermochem Conversion Fuels and Power —

Petroleum Refinery ~‘|
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Getting there




The President's
Advanced Energy
Inititive
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30 by 30:
Switchgrass enters
the political vernacular
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30% of our gasoline
demand met with ethanol
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...or 60 billion gallons of
ethanol per year in 2030
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Sounds like one of
those far away
goals...but it isn't.

Meeting it will take an
aggressiveness we
have not so far seen.
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Projected Ethanol Price ($/gal gasoline equiv)
Development of Biological Conversion Technology
$6.00 T

2000: Cost for enzymatic hydrolysis process based
on available performance data in the year 2000

$5.00 -

2004: Cost based on performance data available in
the year 2004

$4 .00 ~ Mid Term: DOE mid term target for enzymatic
hydrolysis technology in 2010

$3 00 - Mature: Mature technology for ethanol based on a
: single microbe capable of hydrolyzing cellulose
and ethanol production

$2.00 -

| $1.62

$1.00 High and low range of wholesale gasoline price

$0-91

$0.00

I

2000 2004 Mid Term Mature

Technology cost targets




The President's
Initiative sets the

midterm goal as
piloted technology
available In the year
2012




Mature technology

could be available as
early as 2020
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The biomass transition

Biomass Feedstock Biomass Conversion

Supply Technology Fuel Market Vehicle Market




& ‘g‘ )
t::_jl} M®=L. National Renewable Energy Laboratory
£

250,000 ¢ .
Potential Ethanol Use Potential Ethanol Use for

L for E10 and ES5 Based 225000 - E10 and E85 Based on
on Vehicle Capacity Vehicle Capacity

Business as Usual FFV Introduction Aggressive Policy for Flex Fuel Introduction
175,000 /
150,000 /
20 / Ethanol Use in E8S
100,000 /
75,000 /
thanol Use in E85 50000 /
25,000

i Ethanol Use in E10
2020 t

2000 2010 2020 2030 2040

200,000 —

-
o
©
=
| —
45]
a
-
c
@
=
@
wn
-
o)
©
o
-
o
w
ks
=

Millions of Gallons Ethanal per Year

market




& % -
4’5;_:;#“?1 National Renewable Energy Laboratory

U.S. Vehicle of Conventional

and Flex Fuel Vehicles
Aggressive Policy for Flex Fuel Introduction

Vehicle fleet
turnover model
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lgnores fuel delivery
infrastructure

Fuel market
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Millions of gallons ethanol per year
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High Oil Policy Option

Million gallons per year of ethanol
180,000 -

160,000

AEOQ High Oil Case
140,500 RFS 20 bgy in 2012
1 st generation technology
120,000 Subsidy thru 2015
$40 CO2
100,000

80,000

60.000 Cellulosic
Ethanol

40,000

20,000
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FFV BAU

Million gallons per year of ethanol
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AEO High Oil Case
RFS 20 bgy in 2012
Ist generation technology
Subsidy thru 2015
$40 CO2
FFV BAU

Cellulosic
Ethanol




Thinking big

Some day |
want to
replace my

gasoline-
electric
hybrid
vehicle...




Thinking big

..with a
biofuels-
electric
hybrid that
does as
well or
better than
my current
70 mpg
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