Biofuels — A Citizen’s Perspective

Why should we care about biofuels?
Reduce oil imports
Reduce greenhouse gas emissions
Long term sustainable fuel supply
May help rural areas and developing nations
Problems with biofuels
Competition with food
May increase greenhouse gas emissions
Sustainability issues: solil erosion, water resources, loss of biodiversity
Cost
What should good citizens do?
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Reduce OIil Imports

U.S. imported 60% of petroleum in 2006
12 million barrels/day * $100/barrel * 365 day = $440 billion per year

Affects trade deficit.

Supports unstable and sometimes unfriendly regimes
Experts disagree about future oil availability
Rising demand from China, India, U.S. will probably keep prices high

U.S. has 5% of world’s
population and uses
25% of world’s oil

U.S. demand is increasing
because we drive more,
we fly more, our houses
are getting bigger, and
our population is growing
because of immigration

Source:
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Global Climate Change: Consensus from Experts

U.S. National Academies of Science and Engineering: “The scientific
understanding of climate change is now sufficiently clear to justify nations
taking prompt action. It is vital that all nations identify cost-effective steps
that they can take now, to contribute to substantial and long-term reduction
in net global greenhouse gas emissions.”

American Meteorological Society: “Despite the uncertainties noted above,
there is adequate evidence from observations and interpretations of climate
simulations to conclude that the atmosphere, ocean, and land surface are
warming; that humans have significantly contributed to this change; and that
further climate change will continue to have important impacts on human
societies, on economies, on ecosystems, and on wildlife through the 21st
century and beyond.”

The American Geophysical Union: “The Earth's climate is now clearly out of
balance and is warming ... there are many sources of scientific uncertainty,
but none are known that could make the impact of climate change
inconsequential. Given the uncertainty in climate projections, there can be
surprises that may cause more dramatic disruptions than anticipated...”

See also the IPCC reports (Intergovernmental Panel on Climate Change)

Why trust random websites or media reports that differ with the expert

consensus? _
30-Mar-08 Rich Teets 4



Evidence for Global Warming

Observed global
temperature increase

Range of models
match increase —
but only with GHG
(greenhouse gases)

Observed ocean
temperature increase
supports theory

Change in the brightness
of the sun is not believed
to be a major factor

More warming expected

Must warm to balance
energy absorption
and emission

Greenhouse gases
still increasing
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Surface Temperature Change
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Anthropogenic
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Model Predictions for Greenhouse Gases & Temperature

Wide range of predictions: likely that temperature will increase significantly

Greenhouse gas
emission scenarios

(relative to 1980-2000 average)

Global Surface Warming
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Possible Effects of Global Climate Change

Small increase in 20t century  melting glaciers and Arctic sea ice
Melting Greenland (23 ft rise in oceans) (When?)\

Regional droughts and floods
Harder to grow enough food (?)
Oceans become more acidic
Change in ocean currents (such as the Gulf Stream)
Could cause rapid regional climate change
Massive human migration
Harm to forests
They can’t migrate fast enough
Dying forests send CO, into atmosphere
Loss of species
Fish and shellfish and corals
Rainforest animals
Polar bears

30-Mar-08 Rich Teets
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When?
How much?
Surprises?



Carbon Cycle

Humans send 7-8 billion tons of carbon to the atmosphere each year
Burning fossil fuels, deforestation, cement production

Large amounts of
carbon naturally
cycle between air
and oceans and
biosphere

Nature kindly
absorbs half of the
excess we produce

Global warming
could change this
in bad ways

Less growth
of forests

Less absorbed
by ocean / Pt i

Note: 1 ton carbon 3.7 tons CO,

30-Mar-08 Rich Teets Source: Wikipedia: carbon cycle 9



Per Capita CO, Emissions
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Biofuels are only partly green

(from Collapse by Jared Diamond)

12 major issues to address for a sustainable world

Depletion of fossil fuels
Air pollution (including CO,)
Depletion of fresh water

Soil damage: erosion, salinization,
etc.

Over fishing
Destroying natural habitats

Growing population
Toxic chemical pollution
Invasive species
Photosynthetic ceiling

Human consumption
(environmental impact)

Extinctions
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Change is unavoidable.
Can we change for the better?

Rich Teets

1 billion people in “first world” are causing most of the problems
5 billion more want to live like we do
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Life Cycle Analysis

Gasoline Ethanol

Oil well Make fertilizer, herbicides

Tanker Prepare field

Refinery Grow crop

Filling station Harvest crop

Car Ship to processing plant
Process
Ship to filling station
Car

Energy inputs
Qil, coal, natural gas, biomass
Amount of fuel produced
Co-products (e.g. leftovers from corn useful as animal feed)
Greenhouse gases produced (CO, N,O CH,)
Land use changes (clear forests to grow biomass, release carbon from soll, ...)
Environmental damage (soil erosion, habitat destruction in forests, ...)
Cost
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Energy Inputs for Growing Sugarcane in Braazil

Quantity per Energy Energy per

Constituent hectare equivalent (GJ) | hectare (GJ)

Nitrogen 65.0 kg 0.0575 per kg 3.74
Phosphate 52.0 kg 0.0070 per kg 0.36
Potassium oxide | 100.0 kg 0.0069 per kg 0.68
Lime 616.0 kg 0.0017 per kg 1.05
Seed 215.0 kg 0.0156 per kg 3.35
Herbicides 3.0 kg 0.2676 per kg 0.80
Insecticides 0.5 kg 0.2848 per Mg 0.14
Labor 26 workers 0.11 per worker 2.86
Diesel fuel 600 L 0.0383 per L 23.00
Total 35.98

Notes 1 hectare = 10,000 m2 = 2.5 acres = 2 football fields 1 kg =2.2 Ibs
GJ = 1 hillion Watt-seconds = energy used by 60 W bulb in Y2 year

Source: “Ethanol as Fuel: Energy, Carbon Dioxide Balances, and Ecological Footprint”,
M. E. Dias de Oliveira et al., BioScience Vol. 55, p593 (2005)
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Figures of Merit for Sugarcane in Brazil

Ethanol from sugarcane provides 4-10 times more energy than required to
grow and process the sugarcane

6400 L per hectare (700 gallons per acre)
Burn excess biomass in boilers (70 tons biomass per hectare)
heat for processing cane & generate electricity
4 to 8 times less greenhouse gases compared to gasoline
15% of greenhouse effect from N,O
Small amounts of fertilizer turn into N,O
Does not include “land use changes”
Cost (in 2005)
$0.83 per gallon (wholesale) vs. $1.09 for U.S. corn ethanol
With shipping and $0.54/gallon tariff ~ $2.1/gallon
1.5 gallons ethanol needed to match energy in 1 gallon gasoline

Sources: M. E. Dias de Oliveira et al., BioScience Vol. 55, p593 (2005) Lower estimates
Macedo et al. http://www.unica.com.br/i_pages/files/gee3.pdf (2004) Higher estimates
A. Elobeid and S. Tokgoz, “Removal of U.S. Ethanol Domestic and Trade Distortions...”,
http://www.card.iastate.edu/publications/DBS/PDFFiles/06wp427.pdf 2006 Economics
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Developing new energy sources takes time:
25 years of support by government of Brazil

Industrial Yield — Brazil

(in liters of hydrous alcohol equivalent per hectare)

6500
6000
5500 -
5000 r
4500 |
4000
3500 -
3000
2500 |
2000 r 2024

100 —"—"—7F—7 7077~ ' — —

+3.77% per year in 29 years

B oA O N A S N K
AT AT AT D D DD S0 DD
,fh 39 L9 9 hﬂh N ,3: GRS

Source: J. Goldemberg, “Biofuels: how much, how fast and how difficult”,
http://www7.nationalacademies.org/energysummit/goldemberg_summit_ppt.pdf
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Corn Ethanol in U.S. — Greenhouse Gases

19 () 'F’imr'ant'é] i
— ._'_i- E - I:I_' |I"ir'r"r"'3|'|,-1-'-
E 5" : (srabosk
100 - aboski
.E Patzek .
..i; Gasolme ,H. .l'_nl anol Tod Fe
| ™
E 75 | de EHi'-.fEir’al._.‘
E , Wang Shapouri
|
O ’ fi‘ Published values
% 50 Commensurate values
g TR
ﬂ * S GHMNE
it i Ll EBAMM cases
& 25
o
m -
= Cellulosic®

8 H 4 -2 0 2 4 6 8 10 12 14 16 18 20 22 24
Net Energy (MJ/L)

Source: Alexander E. Farrell, et al., "Ethanol Can Contribute to Energy and Environmental Goals”
Science 311, p506 (2006)

30-Mar-08 Rich Teets 16



Corn Ethanol In U.S. — Saves Petroleum

Gasoline

Cellulosic

Source: Alexander E. Farrell, et al., "Ethanol Can Contribute to Energy and Environmental Goals”
Science 311, p506 (2006)
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Switchgrass: Crop for Cellulosic Ethanol

Rich Teets
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Figures of Merit for Ethanol From Switchgrass

Test farms on marginal cropland in Nebraska, North & South Dakota
10 farms, 5 years, fertilized each year, not irrigated
Measure all agricultural inputs (fertilizer, diesel fuel, etc.)
Average 7 tons biomass per hectare

Process to convert biomass to ethanol still under development

Assume conversion based on lab tests
2800 L/hectare (300 gallons/acre)

Assume energy for processing comes from burning left over biomass
Ethanol energy is 10 times input energy (fertilizer, diesel, harvesting,...)
Ethanol energy is 13 times input petroleum energy
Greenhouse gases 88% less than gasoline

94% less including sequestration of carbon in ground

Includes most factors, but may not include N,O emissions
Cost?

Source: M. R. Schmer et al., “Net energy of cellulosic ethanol from switchgrass”

Proceedings of the National Academy of Science 105, p464 (2008)
http://www.pnas.org/cgi/reprint/105/2/464
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R&D for Cellulosic Ethanol

Biomass has cellulose (contains glucose),

hemicellulose (other sugars),
and lignin (woody part)

Research approaches

Better pretreatment with acid or
ammonia to separate cellulose

Add genes to bacteria to convert

cellulose to ethanol

Add genes to yeast to convert
hemicellulose to ethanol

Breed plants with more cellulose

and less lignin
Study termites

Source: R. Service, “Biofuel Researchers Prepare To Reap a

New Harvest”, Science 315, p1491 (16 Mar 2007)
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Alternative: Gasify the Biomass

Gasify biomass to produces Syngas (H, H,O CO CO,)

Input: grass, wood,
waste, even coal

Traditional approach
use catalysts
make hydrocarbons

Coskata approach
micro-organisms
make ethanol

Coskata claims

$0.75-1.25 per gallon
operating cost

1 gal water per
gal ethanol

30-Mar-08

Source: http://www.autobloggreen.com/photos/coskata-and-gm-presentation-slides/
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Biodiesel and Greenhouse Gases

Waste Ol

Rapeseed

Soy

Palm Oill

Diesel (petroleum)

Coal

Grams CO, per MJ of Energy (UK government estimates)
Source: Wikipedia: Biodiesel
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Jatropha Biodiesel

Used in Africa for hedges to
protect crops from animals

Drought resistant
Grows on marginal land
Helps prevent soil erosion

Oil can be processed and used
locally in rural areas

Needs research & development
Energy balance promising
Greenhouse balance good
Economics may require
Irrigation
Displacing small farmers to make big plantations

Sources: Wikipedia,

B. Muys et al. “Bio-diesel Production from Jatropha curcas L.: Life cycle, Energy balance, Global Warming
Potential and Land Use Impact” http://www.rrbconference.com/bestanden/downloads/65.pdf

R. K. Henning, “The Jatropha Project”, http://www.jatropha.de/harare98.htm (Rural experience in Mali)

30-Mar-08 Rich Teets 23



Biofuels: Environmental Impact

Which biofuels are really green?

Damage to human health
Damage to ecosystems
/ Depletion of non-renewable resources
Total Buming field
Environmental urning fields (Smog)
| ¢ Fertilizer (eutrification)
mpac - Herbicides (ecotoxicity)

Methane

Ethanol
Biodiesel

Fossil

From Resources
From Waste

% Greenhouse Gas Emissions Relative to Gasoline

Source: Swiss study - Environmental assessment of biofuels, R. Zah et al., Empa
http://www.lcm2007.org/presentation/Tu_2.07-Zah.pdf




Biofuels and Food Prices

Food commodity prices increased significantly in recent years
Possible factors
Increasing demand from developing countries
Increase in meat consumption in developing countries
Increasing oil prices
Increasing use of corn for ethanol and oil seeds for biodiesel
Weather related reductions in crops
Elimination of government subsidies
North America, Europe and Australia in 2006
17 million ton increase in crops for ethanol
60 million ton shortfall in crop production
Increased demand will spur production in developing countries
Perhaps should let prices rise
Remove government subsidies for farmers

Create subsidies for poor consumers

Source: OECD-FAOQO Agricultural Outlook 2007-2016
http://www.oecd.org/dataoecd/6/10/38893266.pdf
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Biofuels and Food Prices

51
Relatively small amount of U.S. corn for ethanol

U.S. corn used for ethanol 23.9 U.S. corn for food
in 2006 115 non U.S. corn

Projected improvements
in yields should
reduce impact

Cellulosic ethanol will
compete less with food

U.S. goal is 30% of
current gasoline
from ethanol by
2030, without
affecting food

supply

1084 Values in millions of hectares

non-corn world agriculture 1 hectare = 2.5 acres

Source: J. Goldemberg
http://www7.nationalacademies.org/energysummit/goldemberg_summit_ppt.pdf 26



World Land Use

Each of 6 billion people
gets a garden the size 2017
of half a football field

Each gets a ranch the Urban 41
size of one football field

How much of your land
will you use for

Crops
Livestock
Fuel

By 2050 you will have to
give away 1/3 of your land
(population growth)

Forests, wetlands, etc. 565

provide valuable

ecological services Shrubland 1149
Savanna

Source: U. of Wisconsin: http://www.sage.wisc.edu/iamdata/

1805

3226
4190

Values In
millions of
hectares
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Land Use Changes: Effect on Greenhouse Gases

Need for more food cut down forests for new farmland
Use of food crops for biofuels may exacerbate this

Cutting forests releases large amounts of CO,

How do we protect high value forests?

Former Biofuel Stored Biofuel CO, | Payback
ecosystem CO, | savings per year years
Indonesian palm 702 7.1 99
rainforest biodiesel

Indonesian peat [palm 3452 7.1 486
rainforest biodiesel

Brazil wooded sugarcane 165 0.8 17
savanna ethanol

U.S. abandoned |corn 69 1.2 58
cropland ethanol

U.S. abandoned |switchgrass 69 7.8 9
cropland ethanol

CO, in tons/hectare

Source: J. Fargione, et al., Science 319 p1235 (29 Feb 2008)
Rebuttal: http://wwwl.eere.energy.gov/biomass/pdfs/obp_science_response_web.pdf
30-Mar-08 Rich Teets 28



Other Possibilities

Biofuels from wastes seem promising
Animal wastes
Municipal wastes
Cellulosic biomass from agricultural and forest wastes
Many forests need thinning to reduce fire danger
Research on other biofuels
Biobutanol
Engineer microbes to make other hydrocarbons
Algae
Solar energy may make more sense
Photosynthesis 1-2% efficient
Solar cells 10-20% efficient, cost is coming down

30-Mar-08 Rich Teets
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Facing the Daunting Task

Goal: limit danger by limiting atmospheric CO, to twice the pre-industrial level
Ramp up various new approaches over 50 years

Need at least 7 “wedges”: each gives 1 billion tons/year reduction by 2054

7 billion tons carbon per year reduced emission rate

c . 16
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Source: S. Pacala and R. Socolow, Science 305, p968 (13 Aug 04) Year
http://www.consiglio.regione.veneto.it/commissioni/settimacommissione/allegati/Hydr_science08.pdf 30



“Wedges” to reduce world carbon emission over 50 years

Efficient vehicles (2 billion vehicles by 2054) 30 mpg 60 mpg
Reduced use of vehicles: 10,000 miles/year 5000 miles/year
mass transit, telecommuite, ...
Efficient buildings: cut energy use by 25% in buildings and appliances
Efficient electrical generation using coal 32% 60% efficiency
More electric power from natural gas (4 times current amount)
Capture CO, from coal power plant and sequester under ground
Make hydrogen from coal or natural gas and sequester CO,
scale up current hydrogen production by 6-12 times
. Make gasoline from coal and sequester CO,
30 million barrels per day (200 times current production in South Africa)
CO, already pumped into old oil wells to recover more oil
Need to scale up by factor of 3500 (more sites, bigger sites, CO,, pipelines)
Replace coal power plants with nuclear (double the current capacity)

Source: S. Pacala and R. Socolow, Science 305, p968 (13 Aug 04)
http://www.consiglio.regione.veneto.it/commissioni/settimacommissione/allegati/Hydr_science08.pdf 31



“Wedges” to reduce world carbon emission over 50 years

Replace coal with wind power: 2 million 1-MW (peak) windmills
50 times the capacity in 2004 “Occupy” 0.2% of world’s land area

Replace coal with solar (photovoltaics)
(2 trillion watts peak capacity — about 700 times the capacity in 2004)
covers 2 million hectares (a square with 90 miles on a side)

Use biofuel: 100 times the current Brazil production
requires 15% of world’s crop land

Reduce tropical deforestation to zero and develop tree plantations on 300
million hectares (equivalent to 20% of crop land)

Conservation tillage (keeps more carbon in soil): apply to all world’s crop
land (10 times current usage)

Also need to do the research that will give us better solutions for 2050 and
beyond
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Things for Good Citizens to Consider

Our American lifestyles are far from sustainable
Biofuels can help with energy security and global warming
Potential negative impact on
Hunger, CO, emissions, environment
Need research and development
Increase yields, reduce costs, clarify environmental concerns
Need policies to reduce impacts
Control changes in land use
Subsidize hungry } Very challenging
Guide “free” market
We need to make energy a top priority now because
It will take a long time to change the energy infrastructure
Governments take time to get laws and policies that work
When environmental problems become apparent, it may be costly or
impossible to fix them.
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Sources for Additional Study

The slides for this presentation by Rich Teets: www.petesticket.com/biofuels

A short, even-handed review of biofuels
http://www.nature.com/climate/2008/0801/full/climate.2007.71.html

A booklet from the National Academies that summarizes energy issues:
www.nationalacademies.org/energybooklet

A set of presentations by scientific leaders at an Energy Summit organized
by the National Academies of Science and Engineering:

http://www7.nationalacademies.org/energysummit/energy _summit_agenda.
html

Intergovernmental Panel on Climate Change:
http://www.ipcc.ch/pdf/assessment-report/ard/syr/ard _syr spm.pdf  and
http://www.ipcc.ch/pdf/assessment-report/ar4/wgl/ar4-wgl-spm.pdf

References are given on many of the slides in this presentation
http://scholar.google.com/ Search the published literature

Find peer reviewed reports

More reliable than many websites and media reports
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Next Slides are for Backup
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Energy and global climate
change are very significant
challenges.

Are we investing or federal
R&D dollars wisely?

Source: S. Chu, “Lighting the Way:
Toward a Sustainable Energy Future”
http://www7.nationalacademies.org/en
ergysummit/chu_presentation.pdf
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2007 Energy Bill is a Good Start

U.S. Energy Law
35 mpg by 2020 (40% increase)
36 B gallons ethanol by 2022
5x current levels
16B gallons from cellulosic sources
Incentives for plug-in hybrids
Europe proposed law
45-50 mpg by 2015

30-Mar-08 Rich Teets
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Energy and Greenhouse Analysis for Corn Ethanol

“Ethanol today” uses natural gas, coal and a little oil to produce ethanol.
0.7 units of fossil energy for ethanol compares with 1.2 unit for gasoline
81 units of GHG for ethanol compare with 94 units for gasoline
If more coal & less natural gas are used, corn ethanol is no better than gasoline

Source: Alexander E. Farrell, et al., "Ethanol Can Contribute to Energy and Environmental Goals”
30-Mar-0g  Science 311, p506 (2006) Rich Teets 38



Source: J. Fargione,
et al., Science 319
pl235 (29 Feb 2008)
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Evidence for Global Warming

Observed global
temperature increase

Range of models
match increase —
but only with GHG Delta T (C)

(greenhouse gases) |
Observed ocean 1.0 Models with GHG

temperature increase
supports theory 0.5 Measured —___

0.0 [)

Models without GHG

Global Average Temperature Change
From latest IPCC report

1900 1950 2000
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Properties of Fuels

kg CO2/Gal | MJ/Gal. | MJ/kg | kg/L MJ/kg CO2
Gasoline | 8.8 122 42.9 0.74 13.9
Diesel 10.1 136 42.5 0.85 13.5
Ethanol | 5.7 80 26.3 0.79 |14.0
Methanol | 4.1 60 19.6 0.79 14.6
Butanol | 7.3 102 33.0 0.81 13.9

Notes: 1 kg = 2.2 Ibs 3.8 Liters = 1 gallon
1 MJ = 1 mega Joule = 1 million watt-seconds = 0.28 kW-hours

Ethanol has about 2/3 the energy of gasoline

These energies are the “lower heating value”: the energy in the water
vapor is not recovered by condensing it back to liquid water.
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