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This GHG emission incurs a “carbon debt” assessed 
against biofuels of up to 900 years 



Some Background and Context
• Inexpensive plant raw materials will catalyze the growth 

of biofuel industries– this will and must happen
• We can design these biofuel industries for better

environmental performance
• One important tool: life cycle analysis (LCA)
• LCA has great value if used properly, but it is  a limited 

tool and must be used within established rules
• Unfortunately, EPA & CARB have not used LCA 

properly in some of their analysis
• This has undermined the national goals of increased 

energy security and real environmental improvement
• However, my biggest objection is to the premise of 

indirect land use change, not to the particulars of the 
EPA analysis



Big Picture Issues: Is ILUC Defensible?
• ILUC has huge intellectual/ethical weaknesses:
• Price signals drive models and drive LUC, therefore:

– Any increase in agricultural prices is “bad”
– Conservation programs that remove land from production are “bad”—

they will increase ag prices and lead to land use change elsewhere
– Agricultural land should never be converted into forest or grassland
– Agricultural communities should stay forever poor

• Relies on global economic forecasts 10 years + from now?
• Models omit land without current rents (~ 1 billion acres)
• Competing models don’t give the same results
• ILUC makes domestic industries responsible for the 

environmental performance of competitors worldwide
• Assumes all land use change worldwide is driven by agricultural 

expansion—clearly untrue
• Destroys value of real life cycle analysis by varying system 

boundaries at the whim of the analyst…



Section 201 of EISA (42 U.S.C. 211(o)(1)(H) defines lifecycle 
greenhouse gas emissions as follows:
(H) LIFECYCLE GREENHOUSE GAS EMISSIONS.  The term 
“lifecycle greenhouse gas emissions” means the aggregate 
quantity of gas emissions (including direct emissions and 
significant indirect emissions such as significant emissions from 
land use change), as determined by the Administrator, related to 
the full fuel lifecycle, including all stages of fuel and feedstock 
production and distribution, from feedstock generation or 
extraction through the distribution and delivery and use of the 
finished fuel to the ultimate consumer, where the mass values for 
all greenhouse gases are adjusted to account for their relative 
global warming potential.

What does the Law Say?

The law correctly describes the fuel lifecycle (large red oval 
above). However, ILUC occurs outside the fuel life cycle…



Courtesy Dr. Robert Brown “Why We are Producing Biofuels”  July 2009

Testing ILUC Theory Against Reality I

ILUC FAILS THIS TEST!



Courtesy Dr. Robert Brown “Why We are Producing Biofuels”  July 2009

Testing ILUC Theory Against Reality II

ILUC FAILS THIS TEST!



What Are Life Cycle (LCA) Models?

• Set of “accounting” procedures for determining and 
comparing the environmental impacts of different 
products

• Goal is environmental improvement
• For example, disposable diapers vs. reusable diapers
• It turns out that disposable diapers have lower 

environmental impact than reusable diapers
• LCA exists to make proper comparisons
• Like all accounting systems, there are rules that must 

be followed
• EPA & CARB have not (yet) followed some critical LCA 

rules in their RFS analysis



It isn’t a life cycle 
analysis just because
someone says it is. 



Some Life Cycle Analysis Standards: 
In Plain English

• Use the most recent/most accurate data possible
• Select the reference system: what exactly are we 

comparing?
• Make it easy for others to check your data and 

methods= transparency
• Set clear system boundaries (physical & temporal)—

must be equal or comparable for reference system 
and/or reference product of interest

• Multi-product systems must allocate environmental 
costs among all products

• Perform sensitivity analysis: how much do results 
vary if assumptions or data change?



Some Problems with EPA’s LCA Analysis
• Use the most recent/most accurate data possible

– EPA is predicting agriculture in 2022 using economic models
– We must insist on tests of the models against past history
– So far, they seem to fail such tests

• Select the reference system: what exactly are we comparing?
– EPA compares future biofuels with petroleum fuels in 1999-2005

• Make it easy for others to check your data and methods= 
transparency
– It is NOT easy to check their methods, largely due to complex, 

linked models
• Set clear system boundaries (physical & temporal)—must be equal  

for reference product of interest
– Indirect effects are assessed only against biofuels, not petrofuels

• Multi-product systems must allocate environmental costs among all 
products
– Entire environmental “cost” of indirect land use change is 

assessed against biofuels, in spite of the fact that we use land to 
provide food, feed, fiber, timber, etc…

• Perform sensitivity analysis: how much do results vary if assumptions 
or data change?
– EPA missed some really important ones. For example….



Perform sensitivity analysis: how much do 
results vary if assumptions or data change?

• Productive use of existing forest (or grassland) did you 
make furniture or flooring from the tropical hardwoods or 
did you just burn the trees down?

• Decreased land clearing rates and/or different 
ecosystems converted, forest vs. grassland

• Soy yields increase both in the U.S. and abroad
• “Carbon debt” based on GHG of diesel from oil sands in 

2022 vs. DOE models in ~1999
• Increasing energy efficiency of biofuel plants
• Uncertainties in global equilibrium models…test through 

Monte Carlo simulation
• Allocation of environmental burdens among feed and 

fuel uses of soy (eg. glycerine)—not just to fuel 
• How is land managed after conversion?
• These (and other) factors were not adequately 

considered in the sensitivity analysis 



Some Early Tests of Sensitivity
• Make productive use of forest instead of just 

burning it down
– Reduces “carbon debt” by up to 50 years (Dr. Lee 

Lynd, Dartmouth)

• Better manage the land after you clear it 
– Using no till and cover crops, “carbon debt” is 

reduced by up to 40 years (my group)

• Combine these two, and there is no carbon 
debt at all for many forest systems

• No carbon debt for any grassland conversion 
we have studied



The Irrationality of Indirect Analysis
By Robert Zubrin  Special to Roll Call June 3, 2009, 5:32 p.m.

• So to summarize, according to indirect analysis, all measures that 
improve the economy, education, health, the environment or technology 
are to be condemned. This result must follow because all of these help 
humanity, and so long as humanity engages in any activities that cause 
carbon emissions, anything that helps humanity can also be said to 
cause global warming. 

• Clearly such an absurd theory cannot be accepted as a basis for policy. 
If it is, we will end up legislating depression, banning all technological 
and medical advances, and ultimately, perhaps requiring environmental 
impact statements every time a lifeguard rescues a swimmer or a 
midwife assists in the birth of a child. Instead, the proper, scientific, 
ethical and sane way to proceed in assessing carbon emissions, 
whether of ethanol use or any other human activity, is to base such 
judgments strictly on the direct effects of the activity itself. These can be 
measured and therefore reduced in detail as technological alternatives 
permit. If we operate otherwise, then no constructive solutions will be 
possible.



(A Few) Insane Consequences of 
Indirect Effects

• Conservation Reserve Program needs to end 
immediately…it increases crop prices and 
therefore increases ILUC

• Agricultural communities (around the world) need 
to stay poor forever.  If they get wealthy, it will be 
at the expense of the world’s forests

• We should cut down all our US forests, use the 
resulting timber productively, and plant crops on 
those forest lands instead…that will hold down 
conversion of the world’s tropical forests

• Does Congress really know it voted for such 
silliness?



Is there a way out of the ILUC mess?
• Our fellow citizens want both energy security and 

environmental improvements
• Let’s try to find some common ground with the 

environmental movement
• What the environmental groups mostly want is forest 

protection. ILUC is their (very poor) means to that end
• Suggestion:

– Assess fuels on their actual carbon content
– Account for all fuel GHG emissions throughout direct supply 

chain, annual accounting, incentivize technological 
improvement

– Use other mechanisms to protect tropical forests through 
financial incentives

• We are at a critical juncture in deciding how we will fuel 
our society in the next decades



Sustainability Challenges of the Next Decades

• Diversify transportation fuels & end disruptive role 
of petroleum in the world 

• Provide food (actually animal feed) for growing & 
wealthier population (eating more meat & dairy)

• Control greenhouse gases, limit other human 
emissions, protect & enhance ecosystems 

• These challenges & opportunities connect at 
biofuels, particularly cellulosic biofuels

• Some recent analysis/commentary sees biofuels as 
part of the problem, not part of the solution to these 
challenges



Biofuels: A crime against humanity?

• “[I]t's a crime against humanity to convert agricultural productive soil into soil... which 
will be burned into biofuel.”  Jean Ziegler, UN Special Rapporteur, 2007 
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1,200600200 400 800 1,0000
New Land to Meet Current U.S. Mobility Demand (million acres)

CRP Land 
(30 MM)

LDV
HDV

U.S. Cropland 
(400 MM)

I. Soy  switchgrass 
or large biomass soy -10

Agricultural integration
Early-cut switchgrass produces more feed protein/acre
than soy; similar benefits from “large biomass soy” 

Vehicle efficiency 2.5X ↑ 165

Advanced 
processing 41091 gal Geq/ton

1,030Status quo 36 gal Geq/ton, current mpg, no ag. integration, 5 tons/acre*yr

Biomass yield 2.5X↑ 65

II. Other Double crops, some ag. residues, increased production on 
under-utilized land, land efficient feed rations, dietary 
changes…

U.S., longer term, larger scale, more extensive innovation & change

Can we produce enough biofuel to make a difference while feeding humanity,
protecting wild-life habitat, and avoiding large land conversion carbon debts?



We Don’t “Grow Food”, We Grow Feed
• Three major U.S. crops alone (corn, soy, wheat) produce 

1300 trillion kcal & 51 trillion grams protein/yr
• Could meet U.S. human demand for protein & calories 

with 25 million acres of corn (~5% of our cropland)
• Most U. S. agricultural production (inc. exports) is fed to 

animals-- i.e., we are meeting their protein/calorie needs 
from our land resources.  Their needs are: 
– 1040 trillion kcal/yr ( 6 times human demand) 
– 56.6 trillion gm protein/yr (10 times human demand)

• Thus we can address perceived “food vs. fuel” conflict by 
providing animal feeds more efficiently, on less land

• Dairy & beef cattle consume more than 70% of all 
calories and protein fed to livestock

• Cattle are well suited to consume grasses & cellulosic 
materials—particularly high digestibility grasses



U.S. Livestock Consumption of Calories & Protein

HERD  SIZE
TOTAL 

PROTEIN TOTAL ENERGY

ANIMAL CLASS (THOUSANDS) (MILLION KG/YR) (TRILLION CAL/YR)

Dairy 15,350 10,400 184.8

Beef 72,645 25,100 525.3

Hogs 60,234 6,900 136.2

Sheep 10,006 461 10.6

Egg production 446,900 2,470 4.3

Broilers produced 8,542,000 9,540 150.3

Turkeys produced 269,500 1,760 28.6

Total consumed by    
U.S. livestock 56,630 1,040.00

Human requirements 5,114 205



ALL BIOMASS IS LOCAL
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Biofuel Production Flowchart:  Sugar Platform

MY LAB 
WORKS 
HERE-
AFEX 

PROCESS

Objective is to generate clean, 
fermentable sugars @ about 
6¢ per pound- big challenge!



Reactor Explosion

Ammonia
Recovery

Biomass
Treated
Biomass

Recycle
Ammonia

Gaseous
Ammonia

Reactor Expansion

Ammonia
Recovery

Biomass
Treated
Biomass

Ammonia
Gaseous

Ammonia

Heat

AFEX Process Overview

AFEX process description and properties
•hot, concentrated (~15M) ammonia:water mix, short rxn time
•rapid pressure release ends treatment, cools system
•little biomass degradation, high yields, residual ammonia value
•no separate liquid phase (“dry to dry”)—very high solids loadings possible
•Typical process conditions

•Pressure 20-30 atm
•Temperature 70-140 C
•Residence time 5-10 minutes
•Ammonia: dry biomass loading (0.3 -2.0 to 1) (w/w)
•Water: dry biomass content  (0.2 – 2.5 to 1) (w/w) 24
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Glucan conversion for various AFEX treated Feed stocks
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Enzymatic hydrolysis: 25 mg of Cellulase and 2.5 mg of xylanase/g of glucan, 50 oC,
for 168h.  About 70% xylan conversion achieved for most feedstocks.

Biomass Conversion for Different Feedstocks
Before and After AFEX Pretreatment



Ruminant Animals & Biorefineries:
Improve Cellulose Conversion for Biorefinery
= Improve Cellulose Digestibility for Cows

Mobile Cellulose Biorefinery 
(a.k.a. Cow)

Stationary Cellulose Biorefinery

Ruminant Bioreactor:

Capacity ~ 40 Gal Fermentor

Biomass Input ~ 26 Lb/Day*

SSCF Bioreactor:
Biomass Input ~ 5,000 Dry Ton/Day

= 10 M Dry Lb/Day
Capacity ~ 45 M Gal Fermentor

Cow is 3x more efficient than industrial bioreactor
26
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AFEX Biomass Pellets: No Binder
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Sustainable rural  
economies + 
Sustainable biofuels

RBPC System 
Effect 1 – Larger 
Biorefineries in high 
yield areas

Effect 2 – biorefiners in 
remote rural areas

+



Why Regional Biomass Processing Centers?
• Concept: separate pretreatment operations from 

hydrolysis & fermentation (“distributed biorefining”)
• Pretreatment enhances value of cellulosic biomass for 

animal feeding and biofuel production
• Advantages: 

– Logistics: aggregate, process, store, supply biomass 
– Densify, homogenize different biomass materials for 

cheaper, easier, thus more distant transport
– Diversify biorefinery supply– reduce feedstock risk
– Reduce capital cost of biorefinery, reduce capital risk
– Reduce cost of pretreated biomass by $20-$30/ton
– Provide rural economic development/wealth creation
– Address “Food vs Fuel” concerns directly
– Increase land use efficiency of biofuels- “indirect land 

use change” is positive, fewer acres required
– Combined effect of integrating protein recovery & 

cellulosic feeds production is ~500 hundred million 
tons of cellulosic biomass with no new acres 32



Improving the Sustainability of Biofuels: 
Corn Stover Removal & Cover Crops

• Basic cropping system
– Corn (plow till) – soybean (no-till): CPSN (grain)

• Effect of winter cover crop under no-till corn continuous
cultivation
– 0 % of corn stover removed: CC (grain) (No cover crop)
– Average 56 % corn stover removal: CC (56%) (No cover 

crop)
– Wheat and oats as winter cover crops with 70 % corn 

stover removal : CwCo (70%)
• Effect of winter cover crop under no-till corn-soybean 

rotation
– Wheat and oats as winter cover crops after corn 

cultivation with 70 % corn stover removal: CwSCo (70%)
– Average 54 % of corn stover removed: CS (54%) (No 

winter cover crop)



Cover Crops in Corn Agriculture: 
Replace Soy Protein & Enhance Sustainability

Winter wheat cover crop
May 5, 2005  Holt, MI



Bare Corn Field- Holt, Michigan
May 5, 2005



Dynamics of Soil Organic Carbon
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Cover Crops Reduce Nitrogen Losses Tenfold*
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Current Production vs Possible Future Production

Feed Energy
8.02 Gcal/acre

Digestible Fiber
1.05 Mg/acre

Crude Protein
0.54 Mg/acre

Fuel Ethanol
400 gal/acre

Feed Energy
12.80 Gcal/acre

Fuel Ethanol
120 gal/acre

Fuel Ethanol
720 gal/acre

Digestible Fiber
4.24 Mg/acre

Crude Protein
0.88 Mg/acre

Crude Protein
0.25 Mg/acre

Corn Grain
4 Mg/acre

Orchardgrass
3 Mg/acre

Corn Grain 
+ 
Corn Stover
6.8 Mg/acre

Cover Crop
2 Mg/acre

Switchgrass
8 Mg/acre
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What Indirect Land Use Change?

• 50% less land required for feed production
• Average of 409 gal/acre over all land

– Assuming remaining land is switchgrass
• Potential to replace 100% of US gasoline with 

ethanol on current cropland while maintaining 
current food (feed) production

• No indirect land use change at all… if we use 
our land efficiently

• Future biofuel systems will be much more land 
efficient than current systems

33 acres Orchardgrass
67 acres Corn grain

8 acres Switchgrass
42 acres Corn + Cover crop=
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Impact of Processing Improvements: The 
Future of Biomass Conversion

• Processing is dominant cost 
of cellulosic biofuels today

• Cellulosic raw material costs 
should be stable or decrease 

• Processing costs dominated 
by pretreatment, enzymes & 
fermentation

• Biomass processing costs 
will decrease: deserves high 
priority to make it happen 
sooner rather than later

• Much more attractive future
– Domestically produced fuels
– Environmental improvements
– Rural/regional economic 

development
Today Future

?

Relative Cost

Adapted from J. Stoppert, 2005



What Happens Because of Inexpensive Biofuels?
• Petroleum dominance declines

– Reduce petroleum’s influence on prosperity & politics
– Less chance for international conflict
– Greater economic growth opportunities for poor nations

• Environmental improvements possible
– Reduced greenhouse gases
– Reduced nitrogen & phosphorus-related pollution
– Improved soil fertility

• Rural economic development possible
– Local cellulosic biomass processing
– Greater wealth accumulation in rural areas
– Less migration to cities to find economic opportunity

• Less expensive food (animal feed) possible
– Improved animal feeds: protein & calories
– Less expensive, more abundant human food



Do we want this fuel future?



Or one that looks like this?

Winter rye cover crop
May 5, 2005  Holt, MI

Forage sorghum & velvet bean.  Auburn, Alabama. Courtesy D. Bransby



From This Immature
“Cell Phone”ca 1985

To this Mature One
ca 2008

Clunky, didn’t work well
Only one function

Excellent properties
Multiple functions



Questions ??



Learning Curve: Sugar Ethanol Production Cost
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9
11
2.5
6.5

$/GJ

11 (generated)
23 (delivered)

Energy Carrier Representative Price            

Fossil
Petroleum $50/bbl
Natural gas $10/kscf
Coal                        $55/ton

w/ carbon capture @ $150/ton C

Biomass
Soy oil $0.50/lb
Corn kernels $3.5/bu
Sugar cane $93/ton
Cellulosic cropsa $60/ton
Cellulosic residues

Electricity $0.045/kWh
$0.085/kWh

a e.g. switchgrass, short rotation poplar 

30.0
10
6.0 
4.0

Some < 0

Common Units

Modified from Lynd et al., Nature Biotech., 2008

At $4/GJ, the purchase price of cellulosic biomass is competitive with oil at $23/bbl.

Cellulosic Biomass: The Cheapest GJ in a Carbon-Constrained World 
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