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Biomass Strengths


Biomass is: 

� Abundant 
� Renewable 
� Carbon-neutral 
� The only sustainable source 


of hydrocarbons.


Biomass can: 

� Fill the gap between energy 

demand and petroleum 

availability in the near term.

� Be a renewable source of 


hydrogen in the long term.




Range of Biorefinery Concepts


Biomass 
Feedstock 
Biomass 
Feedstock

� Trees 
� Grasses 
� Agricultural Crops 
� Residues 
� Animal Wastes 
� Municipal Solid Waste 
� Algae 
� Food Oils 

� Enzymatic Fermentation 
� Gas/liquid Fermentation 
� Acid Hydrolysis/ 

Fermentation 
� Gasification 
� Combustion 
� Co-firing 
� Trans-esterification 

ProductsProducts
Fuels 
� Ethanol 
� Biodiesel 
� “Green” Gasoline & Diesel 

Power 
� Electricity
� Heat 

Chemicals 
� Plastics 
� Solvents 
� Chemical Intermediates 
� Phenolics 
� Adhesives 
� Furfural 
� Fatty Acids
� Acetic Acid 
� Carbon Black 
� Paints 
� Dyes, Pigments, and Ink
� Detergents
� Etc. 

Food and Feed 

Conversion 
Processes 
Conversion 
Processes



Recent DOE Biomass Goals

February 2006 President Bush announced the:


Advanced Energy Initiative


To make cellulosic ethanol cost competitive with corn 
based ethanol by 2012 

20 in 10 – displace 20% of today’s gasoline usage by 2010

30 by 30 - Replace 30% of Today’s Gasoline in 2030 with 

Biofuels 



So just how much is that?

U.S gasoline consumption today ~ 140 billion gallons/year

US diesel fuel consumption ~ 56 billion gallons/yr 

June 2007 GAO report * : 

2006 ethanol and biodiesel 
production is 4.9 billion 
gallons/yr (3% of U.S. 
demand) 

•Corn ethanol max production 
is 15-16 billion gals/yr 

•Biodiesel max is about 2 
billion gals/yr 

* GAO Report 07-713 
(http://www.gao.gov/highlights/d07713high.pdf) 



Source: Southern States Energy Board, American Energy Security Study, 2006 



Ethanol Production

Actual and Projected U.S. Ethanol Production 1999-2012

Billion Gallons of Production


Source: December 2005 Ethanol Today Magazine 
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• Renewable Fuels Standard mandates 7.5 billion gallons by 2012


• Total US gasoline market ~145 billion annual gallons 
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U.S. Biodiesel Production
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Total US distillate fuels market is approximately 60 billion gallons per year 



U.S. Biomass Resource Potentials 
Corn (largest volume grain and source of EtOH in U.S.) 

Over 1 billion tons/year of lignocellulosic biomass (trees, 

� Potential to displace 10-20% of our gasoline 

Soybeans, fats & greases (largest sources of biodiesel) 
� Potential to displace 5-10% of our diesel 

grasses, etc.) could be available in the U.S. 
� Potential to displace 50-70% of our gasoline 

FoodFood
SuppliesSupplies

Not a FoodNot a Food
SupplySupply

Short-term: improve cost and efficiency of corn ethanol & biodiesel 
Mid to Long-term: focus on lignocellulose (trees, grasses, & residues) 



U.S. Biomass Resource Assessment
• Updated resource assessment - April 2005 
• Jointly developed by U.S. DOE and USDA 
• Referred to as the “Billion Ton Study” 



The 1.3 Billion Ton Biomass Scenario


l (

Billion Barrel of Oil Equivalents 

Based on ORNL & USDA Resource Assessment Study by Per ach et.al. April 2005) 
http://www.eere.energy.gov/biomass/pdfs/final_billionton_vision_report2.pdf 



Cumulative Ethanol Production
Aggressive Technology Development Scenario
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Grain Ethanol Maximum Potential
(assumes any additional corn production will be diverted to higher value products)

Required Growth of Cellulosic Ethanol to Supply 
30% of U.S. Gasoline Demand by 2030 



Integrated Biorefinery Elements




Reducing the Cost of Ethanol From Stover
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Estimates 

2005 Yield 
65 gal/ton 

Yield 90 gal/ton 

ionState of Technology 

Feed $53/ton 

Feed $30/ton Feed $30/ton 
Yield 94 gal/ton 

10,000 TPD 

Costs in 2002 Dollars 
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Remaining Technology and Cost Barriers

Improved Fermentation Improved Enzymatic Hydrolysis 
Improved Pretreatment Reduced Feedstock Cost 

$2.50


2005 After Enzyme

Cost Reduction


$2.00 

$1.50 

2020 DOE 
$1.00 Cost Target 

Mature $0.50 
Technology 
Estimate 

Barriers to Lower Cost 
• Feedstock Cost 
• Biomass Pretreatment 
• Enzymatic Hydrolysis 
• Fermentation 

$0.00 



Energy Required to Produce Ethanol

Total Btu spent for 1 Btu available at fuel pump 
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Gasoline Corn Ethanol Cellulosic Ethanol 
Based on “Well to Wheels Analysis of Advanced Fuel/Vehicle Systems” by Wang, et.al (2005). 



Relative Emissions Impacts

Reformulated Gasoline Corn-Based E85 Cellulosic-Based E85 
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Biofuels can lower our production 
of greenhouse gases 

Source: Well-to-Wheels Analysis of 
Advanced Fuel/Vehicle Systems May 
2005, Argonne National Laboratory. 



Ethanol is the 1st of Many Possible Biofuels 
Near Ethanol – from grain, sugar, or cellulosic material 
Term 

Biodiesel – transesterified vegetable oils, fats, and greases 

Green Diesel – vegetable oils, fats, and greases converted to 
diesel by hydroprocessing 

Other Fermentation Products – includes: butanol, acetates, 
lactates, and other possibilities 

Pyrolysis Liquids – low quality liquid made by thermal 
processing (“thermal cracking”) of biomass 

Synthesis Gas – for conversion to F-T liquids, methanol, 
dimethyl ether, or mixed alcohols 

Algae-derived Fuels – alternative source of triglycerides and 
carbohydrates

Long

Term Hydrocarbon Fuels – from hydrogenation of biomass 


constituents 



Military Fuel Mix is Very Different from
Commercial Fuel Mix 

Commercial US Fuel DOD Fuel Consumption 
Consumption 

Source: Energy Security ITP, July 2006 



Other Near-Term Biofuel Technologies


Near Ethanol – as a blending agent from either grain or cellulosic 
Term material from Ag and/or Forestry industry 

Biodiesel – Transesterified vegetable oils blended with diesel 
Green Diesel – fats, waste oils, or virgin oils converted to low-
sulfur diesel in petroleum refinery 
Other Fermentation Products – examples include: butanol, 
acetates, lactates, and other possibilities 
Pyrolysis Liquids – alternative feedstock to petroleum refinery 
or gasification facility 
Synthesis Gas – for conversion to Fischer-Tropsch liquids, 
methanol, dimethyl ether, or mixed alcohols 
Algae-derived Fuels – alternative source of triglycerides for 
biodiesel or green diesel, and a carbohydrate source 

Long Hydrocarbon Fuels – from hydrogenation of biomass 
Term constituents 



Green Diesel 


• Hydrotreating of
biorenewable oils in 
existing refinery units 

• Lower capital costs
than biodiesel 

• Excellent fuel 
properties 

1
Source: U.O.P. Corp. 


st International Biorefinery Conference, August 2005




Mid-Term Biofuel Technologies


Near Ethanol – as a blending agent from either grain or cellulosic 
Term material from Ag and/or Forestry industry 

Biodiesel – Transesterified vegetable oils blended with diesel 
Green Diesel – fats, waste oils, or virgin oils converted to low-
sulfur diesel in petroleum refinery 
Other Fermentation Products – examples include: butanol, 
acetates, lactates, and other possibilities 
Pyrolysis Liquids – alternative feedstock to petroleum refinery 
or gasification facility 
Synthesis Gas – for conversion to Fischer-Tropsch liquids, 
methanol, dimethyl ether, or mixed alcohols 
Algae-derived Fuels – alternative source of triglycerides for 
biodiesel or green diesel, and a carbohydrate source 

Long Hydrocarbon Fuels – from hydrogenation of biomass 
Term constituents 



Fast Pyrolysis Bio-oil

Bio-oil is water miscible and is comprised of 
many oxygenated organic chemicals. 

• Dark brown mobile liquid 
• Combustible 
• Not 100% miscible with hydrocarbons 
• Heating value ~ 17 MJ/kg 
• Density ~ 1.2 kg/l 
• Acid, pH ~ 2.5 
• Pungent odour 
•	 “Ages” - viscosity increases 

with time 



BioOil 
Reactor 

Gas & Vapor 

Gas 

BioOil 

Char 

Biomass 

The Pyrolysis 
Process 

Condenser 
No oxygen 

HEAT

Relatively low temperatures Courtesy: Renewable Oil International 



Why Bio-Oil?


Liquid fuel allows for variety of 
applications, esp. boiler fuel and 
power generation 

Can use most of existing 
infrastructure (e,g. refineries) 

Density is much greater than for 
other biomass forms thereby 
reducing transportation costs 

Air emissions lower than fossil 
emissions 

Storage as liquid, de-couple 
production and use 

Further refining to produce 
transportation fuel 

Courtesy: McNeil Technologies 



56,000 lb/net load typical 
for green wood chips 

Courtesy Renewable Oil International 



9,500 gallons/load = 
68,400 lb of No. 2 fuel oil 
95,000 lb of Bio-oil 

Courtesy Renewable Oil International 



2X Btu per load 
with Bio-oil 

Courtesy Renewable Oil International 



Refinery Upgrading Proof of Concept Project

Preliminary upgrading tests by UOP/PNNL 
using pyrolysis oils provided by NREL H2 H2 

Estimated Yields (gal EtOH eq/ton biomass)

Gasoline – 33 Pyrolytic
 Hydrotreating/ 

decarboxylation Hydrocracking Gasoline or 
aromatics Diesel - 8 Lignin 

Water 

Source: Arena, et al “Opportunities for Biorenewables In Petroleum 
Refineries,” Rio Oil & Gas Conf., Rio de Janeiro, Brazil, 2006 



Biomass Gasification Integrates with Fossil Fuels

Primary Energy Syngas Step Source Conversion Technology Products 
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Slide courtesy of BP Corporation 



Longer Term Biofuel Technologies


Near Ethanol – as a blending agent from either grain or cellulosic 
Term material from Ag and/or Forestry industry 

Biodiesel – Transesterified vegetable oils blended with diesel 
Green Diesel – fats, waste oils, or virgin oils converted to low-
sulfur diesel in petroleum refinery 
Other Fermentation Products – examples include: butanol, 
acetates, lactates, and other possibilities 
Pyrolysis Liquids – alternative feedstock to petroleum refinery 
or gasification facility 
Synthesis Gas – for conversion to Fischer-Tropsch liquids, 
methanol, dimethyl ether, or mixed alcohols 
Algae-derived Fuels – alternative source of triglycerides for 
biodiesel or green diesel, and a carbohydrate source 

Long Hydrocarbon Fuels – from hydrogenation of biomass 
Term constituents 



Microalgae as a Source of Biofuels


DOE’s Aquatic Species Program at NREL 
(1978-96) provided the technical foundation 
for producing biodiesel from algae 
The concept involves produce biofuels from: 
� Sunlight 
� CO2 in fuel gases and/or vent gases 
� Unproductive land 
� Brackish or saline water 

• Productivity per acre potential (~10,000 gal/acre/yr) far exceeds 
terrestrial plants – R&D is needed to reach this potential! 
• NREL partnerships with petroleum refiners revealed an approach 
that converts algal oils in existing refineries 
• Algal carbohydrates can be integrated into ethanol production 



Jet Fuel From Algae






Biomass: Summary & Conclusions


9 The only domestic & renewable 
option for liquid transportation fuels. 

9 Resource base is sufficient to 
supply a large fraction of U.S. and 
Colorado needs 

9 A sustainable solution to meet 
the near-term “gap” expected to be 
caused by Peak Oil 

9 On-going R&D will create many 
opportunities that extend beyond 
today’s biopower, ethanol, and 
biodiesel facilities 



Additional Information


DOE Biomass Program Web Site 
http://www.eere.energy.gov/biomass/ 

NREL Biomass Web Site 
http://www.nrel.gov/biomass 

Biomass Research and Development Initiative 
http://www.bioproducts-bioenergy.gov/ 
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