
Possible Impacts of Industrial
Biofuels in the US

ROBERT NEUBECKER, New York Times, 08/15/2006

Tad Patzek, Civil & Environmental Engineering, U.C. Berkel ey

September 12, 2006, CSIS Meeting, Washington, DC



Disclaimer. . .

I receive no money
for biofuels research
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Most Important Points
The astronomic scale of fossil energy use (ancient
biomass) and the minute scale of net biomass
production in natural systems (current biomass) are
fundamentally incompatible

In engineered crop systems, we must use fossil fuels
to replenish matter we take out

Photovoltaic cells seem to be the most energy-
ef�cient alternative to crude oil. . .

. . . But only if these cells can be mass-produced and
equipped with better electricity storage systems
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Units in My Presentation. . .
The fundamental unit of energy is 1 exa Joule (EJ)

1EJ = 1,000,000,000,000,000,000 J
is the amount of metabolized energy in food suf�cient

to sustain the entire U.S. population for one year
@100 J/s-person = 100 W/person continuously

Currently the U.S. uses 105 EJ/year; one hundred
and �ve times more than we need to live

If we were to metabolize this amount of energy, we
would be 15 m long sperm whales, each weighing 40
tonnes. There are � 1.9 million of sperm whales
worldwide and 300 million Americans
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Homo Colossus Americanus. . .

1 Statistical American = 1 Sperm Whale

EUGENE ODUM, Ecological Vignettes, 1998
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Outline

Myth of plentiful biomass for biofuels

Energy ef�ciency of electricity, Fisher-Tropsch fuels,
and cellulosic ethanol production from wood and
corn stover

Energy ef�ciency of ethanol production from corn
grain and sugarcane

Ranked ef�ciencies of large-scale industrial biofuel
systems

How to pick a winning technology?
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Claims of Plentiful Biomass
Fuels from Biomass Will Replace Transportation Fuels

“. . . An annual biomass supply of more than 1.3
billion dry tons can be accomplished with relatively
modest changes in land use and agricultural and
forestry practices” Technical Feasibility of a Billion-Ton Annual Supply

US Department of Energy Report, April 2005

“Or a 130 billion++ gallons per year!” Vinod Khosla, April 2006

(130 billion gallons of denatured ethanol = 87 billion gallons of gasoline. The US

uses 140 billion gallons of gasoline per year)

“Our goal is replacing 30% of transportation fuels
with biofuels by 2030,” DOE Secretary Bodman
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Do These Claims Make Sense?
130 billion gallons of ethanol is 11.4 EJ per year

1.3 billion tons of dry mass is 22 EJ per year,
year-after-year, for decades

Overall conversion ef�ciency, 11:4=22 = 0:52 is over 2
times higher than the average energy ef�ciency of
the corn-ethanol cycle

Current crop production is from best agricultural land
in the US, and this ef�ciency can only go down, not
up

There is not enough clean water

Industrial cellulosic ethanol technology does not
exist, and biomass gasi�cation is in an early pilot
stage
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Transportation Fuels in US
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Ghawar+Burgan

130 billion gallons of ethanol

Alaska

Motor Gasoline
Distillate Oil
Aviation Fuel

Sources: US DOE EIA, Patzek (2004)
Ghawar and Burgan are two most productive oil�elds on the ear th
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US Biomass Facts. . .

Brief Explanation
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Green Land Area in US

0 50 100 150 200 250 300

Forest&Timber

Woodland

Pastureland

CropLand

Millions of hectares

 

 

Harvested
Pastured
Idle
Failed

72% of land area in US+Alaska+Hawaii. Sources: USDA, US Forest Service

830 million acres
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US Agriculture: Crop Areas
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Source: USDA NASS, 2004. Total crop area 120 Mha (300 million acres)
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Crop! Plant Biomass Conversion
One needs

Harvest index

kg harvested seeds
kg biomass above ground

Root-to-shoot ratio

kg roots at harvest
kg biomass above ground

Moisture contents of crops, above-ground biomass,
and roots

High heating values of plant parts in MJ/kg dry
biomass
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US Agriculture: Crop Energy
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Sources: USDA NASS, Patzek (2006). Total crop energy 9.14 EJ (9 quads)
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US Agriculture: Plant Stem Energy
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Total energy in above-ground biomass other than seed 6.35 EJ (6 quads)
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US Agriculture: Fertilizer Energy
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US Agriculture: Power Flux
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High heating power of crops
Crop mass-weighted average

Sources: USDA NASS, Patzek (2004). Mean crop power �ux 0.37 W/m2

Each person in US uses 11,250 W of primary energy + Imported goods
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Net Production of Biomass in US
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Current corn ethanol
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Sources: USDA, US Forest Service, Patzek, 2006
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Capturing Solar Power. . .

Major Agricultural Systems
1 Human = 100 W continuously
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Indonesian Eucalypts. . .
0.10 W/m2 year-around as diesel fuel, 0.07 W/m2 as cellulosic ethanol
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Source: T. W. PATZEK & D. PIMENTEL, CRPS 24(5-6), 2005
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US Corn. . .
0.25 W/m2 year-around as grain ethanol, 0.1 W/m2 as cellulosic ethanol
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Brazilian Sugarcane. . .
0.40 W/m2 year-around as sugarcane ethanol
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Indonesian Acacias. . .
0.38 W/m2 year-around as diesel fuel, 0.11 W/m2 as cellulosic ethanol
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Capture of Solar Power. . .

Brief Explanation

– p.23/46



Primary Power From the Sun. . .
Oil �eld will be depleted in 30-100 years
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Exclude Oil. . .
Solar cells are up 400 times more ef�cient than biofuels
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Land Area to Drive a Car. . .

Assume driving 15,000 miles/year @40 mpg in a
Toyota Prius hybrid

Alternatively, drive an all-electric car that is 2.5 times
more ef�cient than the Prius

Account for average energy costs of producing
gasoline from crude oil (17%) and biofuels from
biomass as in the slides above

Assume energy costs of manufacturing and
deploying PV panels and wind turbines, 33% and
10% of their 30-year production
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Extra Area to Deliver Energy. . .
Additional Land Area Needed to Cover Energy Production Costs
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Source: T. W. PATZEK & D. PIMENTEL, CRPS 23(6), 2004, 24(5-6), 2005
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Gross Land Area to Drive a Car. . .
Solar cells and 85%-ef�cient electrical car are clear winne rs
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Areas Relative to Oil�eld. . .
Oil �eld area to drive the Prius is 330 square feet (30 m 2)

Technology Net Ratio Gross Ratio

Oil�eld 1 1

PV Cell 4 15

Wind turbine 40 37

Acacia+Electricity 114 174

Sugarcane Ethanol 250 214

Acacia FT Fuel 263 403

Acacia Ethanol 333 510

Eucalypt Electricity 400 869

Corn Grain Ethanol 442 1292

Corn Stover Ethanol 1000 1641

Eucalypt FT Fuel 1000 1966

Eucalypt Ethanol 1429 2808
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Conclusions
Thirty million hectares (75 million acres) covered with:

Corn = 7 million Priuses from grain + 6 million Priuses
from stover – for a while

Sugarcane = 44 million Priuses – for a while

Solar cells = 646 million electric cars

Wind turbines = 254 million electric cars

We need to invest is solar cell and electricity storage
technologies, not in biofuels
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Conclusions
Biomass myths need to be confronted and banished:

Perpetuummobilomania: Take from the Earth forever, put
nothing back

Hyperyieldamia: High yields in tiny plots ! Higher yields �
Enormous areas

Hyperareaomania: Plow up entire landscape, regardless

Leibnitz Syndrome: All gets better and better, ad in�nitum

Chronoverlookemia: Assume instant technology availability

Technopsychosis: See miraculous technologies when
none exist
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Industrial Biofuels = Earth's Death
Water pumped through plant leaves = biomass

Logically, we must destroy most tropical forests
– p.32/46



Net Land Area to Drive a Car. . .
Solar cells and 85% ef�cient electrical car are clear winner s
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Ordinary People Have Understood
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Solar Energy is Like a Mist. . .

1367 W/m2

Day Night

Solar irradiance (AM 0) is 1367=4 � 340 W/m2 anywhere, 100 W/m2 is re�ected back by
the Earth, 240 W/m2 is left anywhere at the edge of the atmosphere – p.35/46



Plants Only Use Visible Light. . .

0 1000 2000 3000 4000
0

0.5

1

1.5

2

2.5

Wavelength, nm

E
ne

rg
y 

de
ns

ity
, W

m
-2

nm
-1

AM0
AM1.5

Plants use only � 20% (red and blue light) of the solar spectrum
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Earth as a Thermodynamic Machine

Work

Heat source

Heat sink

Life

Sun (5780K)

Universe (3K)

The Sun radiates at 5780K, the Earth radiates at 255K, and the Universe is at 3K
The Earth achieves thermodynamic ef�ciency of 96%!
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Ecological Cycles. . .

Other
life

Death &
Decay

H2O, CO2
Nutrients

Plant
Matter

Waste heatWaste heat

Sun energy

“Forever”

– p.38/46



Almost All Mass is Recycled. . .

The recycling goes mostly above the ground
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Geological Time and Fossil Fuels

0 5000
580

500

436

396

345

310

281

232

196

141

 66

 23
  2

Late Tertiary

Early Tertiary

Cretaceous

Jurassic

Triassic

Permian

Late Carbonif.

Early Carbonif.

Devonian

Sylurian

Ordovician

Cambrian

M
Y

r

m3/Yr

Heavy Oil

0 5000

m3/Yr

Oil

0 2000

Gas

1000 m3/Yr

50 150
1000 t/Yr

Coal

1 year of U.S. energy consumption = 175,000 years of global deposition of all fossil fuels
at maximum rates – p.40/46



Myth of Low CO 2 Emissions
Ethanol Production and Use Diminish CO2 Emissions

Corn ethanol provides 20-30% reductions of
equivalent CO2 emissions

Sugarcane ethanol eliminates almost all emissions of
CO2: “Brazil Ethanol = � 60-80% reduction in GHG”

Source: Vinod Khosla, Biofuels: Think outside the Barrel, April 2006
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The Facts
Emissions from corn ethanol are � 50% higher than
from gasoline or diesel fuel

Sugarcane has caused widespread damage of the
Cerrado, high soil erosion, and widespread
contamination with �eld chemicals and vinasse
ef�uent

Crops displaced by sugarcane from the Cerrado
have moved to the Amazon, causing unprecedented
deforestation and gigantic net CO2 emissions

CO2 emissions from Amazon deforestation and peat
oxidation rival the total US CO2 emissions
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CO2 from NRRs in Corn-EtOH Cycle
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CO2 from NRRs in Corn-EtOH Cycle
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The CO2 emissions from fossil fuels were increased by 17% to account for their recovery,
transport, and re�nement activities
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Illegal Amazon Deforestation

Source: Greenpeace: 4000 acres (Gleba do Pacoval area 60 miles SE of Santarem)
illegally logged to clear land for soya plantations
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Cumulative CO2 from Amazon
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