Global Warming

How Can Biofuels Help?

Clint Williford
Department of Chemical Engineering
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Introduction

< Greenhouse emissions
< Reducing growth of GHG emissions

< Biofuels
% Why and why now?
% What they are?
% How they are made?
3% Potential for energy & GHG reduction
% Issues
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Excess Capacity OPEC Countries
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2005 Sources of CO,

Fossil Fuel Combustion

Non-Energy Use of Fuels

Cement Manufacture

Iron and Steel Production

Natural Gas Systems

Municipal Solid Waste Combustion
Ammeonia Manufacture and Urea Application
Lime Manufacture

Limestone and Dolomite Use

Soda Ash Manufacture and Consumption
Aluminum Production

Petrochemical Production

Titanium Dioxide Production

Ferroalloy Production

Phosphaoric Acid Production

Carbon Dioxide Consumption

Zinc Production

Lead Production

Silicon Carbide Production and Consumption

C0, as a Portion
of all Emissions
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2005 CO, Emissions from Fossil Fuel
Combustion by Sector and Fuel Type

2500 — Natural Gas
Petroleum
™ Coal
2,000 — Relative Contribution
by Fuel Type

1,500
g
™ 1,000

500
. " mm
Residential Commercial Industrial Transportation Electricity U.s.
Generation Territories

Note: Electricity generation also includes emissions of less than 1 Tg CO, Eq. from geothermal-based
electricity generation.




Global Fossil Carbon Emissions
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Greenhouse Emissions

1990
1991
1992
1993
1994
1995

" HFCs, PFCs, & SF;
Nitrous Oxide

1996
1997
1998
1999

Methane

I Carbon Dioxide

2000
2001
2002

2003
2004
2005
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Gas

Carbon
Dioxide

Methane

Nitrous
Oxide

CFE=12

Preindustrial
Level

280 ppm

700 ppb

270 ppb

Current
Level

387ppm

1,745 ppb

314 ppb

533 ppt

Increase since
1750

104 ppm

1,045 ppb

44 ppb

533 ppt

Radiative
Forcing(W/m?)

1.46

0.48

0.15

0.17
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7’ 7 wedges
,.5~ ” are needed to

f build the
¢ stabilization

;} f triangle

”
” e
/7 Stabilization
P ” Triangle 1.wedge
” - avoids

1 billion tons of
carbon emissions
/ ' Flat path ' per year by 2054

3% 1 Wedge — Increase Bio EtOH X 50
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Biofuels- Why & Why Now?

< 2006 — Tipping Point for industrial biotech & cell EtOH

O Ok ® % %

Higher energy prices

Concern for energy security

Global warming — a mainstream issue
Technological advance - enzymatic hydrolysis

Political support — farmers, environmentalists,
security interests, business leaders, politicians

Grain corn ethanol building an industry and a market
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Genrge Washlngton Carver
(1864-1943)

Had a dream to develop an economy
based on ag crops as feedstocks

Carver's pioneering work
resulted in the creation of:

m 325 products from peanuts
= More than 100 producis

from sweet potatoes

m And hundreds more from a
dozen other plants

= Industrial biotech is helping
his dream come frue.
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T ypes of Bwfue

Biodiesel

Grain corn ethanol

Cellulosic ethanol (Cell EtOH)

Others — Butanol, Renewable biodiesel
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< Biodiesel is known chemically as a 'fatty acid methyl ester’

< “Transesterification”

0

CH,0—C— R CH,0H
0
CH0—C—R toyon on i . OOH
| 0 =8 OH . soH.0—C-R |
CHO0 —Cc— R C atalyst E sters CHOH
Alcohol (& Iycerol

Glyceride

L)

< Vege oll or fat reacted with an alcohol using a catalyst,
usually a base (OH")

- Settling and washing steps
> Glycerol i1s main byproduct

o0

o0

http://www.utahbiodieselsupply.com/biodieselbasics.php
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chﬁese[

http://pathtofreedom.com/pathproject/offthegrid/biodiesel.shtml
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http://pathtofreedom.com/pathproject/offthegrid/biodiesel.shtml
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Biodiesel

AVERAGE BIODIESEL EMISSIONS COMPARED TO CONVENTIONAL DIESEL,

ACCORDING TO EPA

Emission Type B100 B20
Regulated
Total Unburned Hydrocarbons -67% -20%
Carbon Monoxide -48% -12%
Particulate Matter -47% -12%
Nox +10% | +2% 1o
-2%

Average Density and Heating Value of Biodiesel and Diesel Fuel
Net Heating Value

% Difference vs.

Fuel Density, g/cm3 Avg., Btu/gal. No. 2 Diesel Avg.
No. 2 Diesel 0.850 129,500
Biodiesel (B100) 0.880 118,296 8.65 %
B20 Blend (B20) 0.856* 127,259* 1.73 %*
B2 Blend (B2) 0.851* 129,276* 0.17 %*

20
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Biodiesel

US Biodiesel Demand

450,000,000 -

400,000,000

350,000,000 -

300,000,000

250,000,000 -

200,000,000 -

150,000,000

100,000,000

50,000,000 -

Biodiesel Tax

Incentive

£~

20 million 25 million 75 million 250 million

2003 2004 2005 2006

500,000 2 million 5 million 15 million

1999 2000 2001 2002

Production and demand surging;$1/gal
blending incentive

450 million

2007
est.
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< Ethanol (CH3CHZ20H,; also known as ethyl alcohol,
grain alcohol, and EtOH) is a clear, colorless liquid.

H OH
\ /
o -—C R
1 / T
H H

CH3CH,OH ethanol
CoHsOH  common alcohol

And http://arreffett.iweb.bsu.edu/ethanol.htm
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Ethanol produced from corn and sugar crops by dry
milling

Main products: EtOH,CO,, high protein animal feed wet
distillers grains with solubles or WDGS

Corn is ground into coarse flour

Water and enzymes are added and the mixture "cooked*
Yeast Is added, and the mixture fermented.

The “mash” is distilled to recover the EtOH

23
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http://www.ethanolrfa.org/objects/documents/337/mgpcd3-1.wmv
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Corn acres by county ' -
1< 30,000
130,000 - 74,999 ® Existing plants
75,000 - 139,999 @ Expansions
B = 140,000

Ethanol plant information, updated April 2007,

based on Henewable Fuels Association data. 25
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Status of the Technology: Biomass
Conversion — the need to pretreat

Crystalling array Cellulase
of melecules in microfibril

a mitelle

gBroin

Image: Cresciar
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Cellulosic Ethanol

Cellulose - main component in plant cell walls
Most common organic compound on earth

A polymer of glucose

Enzymes convert to glucose

Yeats ferment to EtOH

But, resists conversion

Requires pretreatment- acids, high Temp & Pres

http://www.Isbu.ac.uk/water/hycel.html
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Biomass _ Enzyme | th- |
Handling | 3

Biomass Ethanol
Pretreatment Recovery
Lignin
Utilization

< Potential to convert 1 billion tons biomass per year to
replace 30% of U.S. petroleum use
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logen making CellEtOH in Canada
Other R& D & demo plants in works

Needs for better enzymes, pretreatment, plant yields, etc.

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

Billion Gallons of Production
Source: Deceriber 2005 Ethanl Today Magaine

[ ® Celuosic Ethanol s
— 82005 EPACT RFS - Minimum
——— B US. Ethanol Production

—e

D == W~ W
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* Renewable Fuels Stancdard mandates 7.5 bifiion galons by 2012
« Total US gasoline market ~140 billion annual galions

-ﬂ*ﬂﬁ.wu-&mm\mmn

http:/waww.ethanolrfa. org/resource/cellulosic/
http://www.seco.cpa.state.tx.us/re_ethanol.htm
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U.S. Department of Energy
* Energy Efficiency and Renewable Energy

Bringing you a prosperous future where eneray is clean, abundant, reliable, and affordable

The 1.3 Billion Ton Biomass Scenario

Billion Barrel of Oil Equivalents 2003 U.S. Petroleum
7.0 Consumption
6.4
&0 ‘} Other
1 I (Gasses,LPG,
. ]nfggfts | [/ Asphal,etc)
U.S. Petroleum 65 Jat i
i .5 Jet Fue
4.0 —— 1.3 billion tons of Biomass- Productionlevels [N NN
Heating Value Equivalent 3.5
5.4 l 1.4 Distillate
| Yields Based on Mid-Term U.S. Oil
Conversion Technology 2.0 Production
20 1.9 - - Max. 1970
' Thermochemically Convert U.S. Qil 27 - Gasol
Biochem Residues & Production [ - sasoline
A3 Forest Resources (0.5) 2003 (3.0 Actual)
' Biochemically Convert
Non-Edible Carbohydrates (1.1)
0.0 - Near-Term Corn Without

Affecting Food Prices (0.3)
Based on ORNL & USDA Resource Assessment Study by Perlach et.al. (April 2005)
http:/Awww eere_energy.gov/biomass/pdfs/final_billionton_vision_report2 pdf
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Microbial conditi(fh’iilg with altermmate pretreatment —

Improved ethanol yield, economics, and useable lignin adhesives
Conditioning
Opportunities Enzyme

’ Production

Harvest

Size
Reduction

Lignin as a
higher value
product

|

Ethanol
Recovery
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SW|tch Grass

Medicinal Plant Garden, University of Mississippi
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Introduction

Multiple drivers spurring biofuel mandates, including positive impact
on CO, and energy balance

Percent
Non-renewable energy consumption
CO, balance by fuel used*
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Oil based Corn Bio- Cellulosic Gaso-
gasoline ethanol diesel ethanol line***

Comn Biodiesel cCellulosic
ethanol ethanol
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Energy Delivered to Customer

Fossil Energy Used

6 5.3

Cellulosic Corn Ethanol  Gasoline Electricity
Ethanol 1 Sheen
Biorefinery Source: J. Sheehan & M. Wang (2003)
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% http://lwww.rangefuels.com/interactive-map.html
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Emerging Fuels

Biobutanol

Blogas

Biomass to Liguids

Coal to Liguids

Fischer-Tropsch Diesel

Gas to Liguids

Hydrogenation-Derived Renewable Diesel
P-Series

http://www.eere.energy.gov/afdc/fuels/emerging.html
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Issues and Implications- How
Green are Biofuels?

e

*

Net energy & fossil fuel use

Net GHG emissions reduction

Deforestation for palm oil plantations

Nitrous oxide emissions from fertilizer

Food prices

Food and grain exports

U.S. and world food prices (especially developing)

Opportunity Costs — lowa study — grain EtOH 18 B gal;
Cell EtOH 4.5 B gal (w/$1.55 incentive)

X/ X/ X/ X/ X/ X/
< 0‘0 0‘0 0‘0 0‘0 0‘0 0‘0

J/

*



