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Current status of bioproducts
Corn Soybean Sugarcane, 

Sugarbeets
Cellulosic 
Material

trees,
grasses, 

crop 
residue

Starchy 
crops

Seeds 
sunflower, 

rape, 
safflower

New 
Crops 
Kenaf, 

cuphea,
milkweed,
sorghum

Algae Food 
wastes

Animal 
byproducts 

manure, 
tallow, 
cheese 
whey

Energy

Ethanol ● ● ▲ ▲ ▲ ▲

Biodiesel ● ▲ ▲
Other                    

(gaseous, H2, 
direct combustion)

▲ ▲ ▲ ▲ ● ▲ ■ ■ ■ ▲ ●

Materials

Aggregates for 
construction

▲ ■ ■

solvents/inks/paints ● ■

plastics/polymers ● ▲ ▲

lubricants ● ● ▲ ▲

specialty chemicals ▲ ■ ▲ ▲ ■ ▲

● Currently in production ▲ Active research area ■ Potential exists for further development
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Major Associated Impacts

Fossil Fuels Bioproducts

Greenhouse Gas 
Emissions,
Fossil Fuel Depletion

Eutrophication (N,P),
Land Use

Human Health, Acid Deposition, Smog Formation
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Disruptions in C and N Cycles

CO2 concentrations increased 31 ± 4% since 1750 

N2O concentrations increased ~15%

Flux of atmospheric N2 to reactive nitrogen 
compounds has increased over 1100% 

Nitrogen Cascade



Nitrogen-related Impacts

Excess reactive nitrogen responsible for 
many environmental problems

NHNH33

NN22OO

NONOxx

NONO33
--

AcidificationAcidification

Smog FormationSmog Formation

Human HealthHuman Health

Eutrophication/HypoxiaEutrophication/Hypoxia

Global WarmingGlobal Warming

Ozone DepletionOzone Depletion



Disruptions in C and N Cycles

Fossil fuel combustion responsible for 
majority of carbon cycle disruption

Agricultural activities are responsible for 
~75% of nitrogen cycle disruption

Haber-Bosch process
Increased cultivation of rice, soybeans 
(biological nitrogen fixation)

C & N cycles in agriculture are highly linked



Life Cycle Approach

OR



Life cycle carbon and nitrogen fluxes for bio-based products



Generalized LCA Results

Bio-based products have…
Reduced fossil energy consumption
Reduced CO2 emissions

Significant NO3
- emissions (not found in fossil 

fuel counterparts)
Greater disruptions of N cycle
Highly variable, difficult to measure, highly 
complex models
Generally not included



Linear Fractionation Model

Fertilizer 

N2 fixation

Atmospheric 
deposition

Soil 
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Agricultural Impacts
a) Eutrophication
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Agricultural Impacts
a) Eutrophication
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Agricultural Impacts

Normalized Midpoint Impact Assessment

0.0E+00

5.0E-13

1.0E-12

1.5E-12

2.0E-12

2.5E-12

3.0E-12

3.5E-12

GW

EUT
ACID
SMOG

HHC
HHNC

ECO

GW

EUT
ACID
SMOG

HHC
HHNC

ECOfr
ac

tio
n 

of
 th

e 
to

ta
l e

ff
ec

t i
n 

th
e 

U
S

Carbon
Nitrogen

Corn Soy
From Landis et al 2007
Science of the Total 
Environment (under 
review)



Carbon Nitrogen Tradeoffs for Various Bioproducts
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Product Variability Ranges
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Summary

Bioproducts have an inherent tradeoff between 
carbon and nitrogen impacts

Not all bioproducts are created equal

Corn is not an ideal crop

Look at trends, not point estimates

Evaluate metrics for comparison

Agriculture needs to improve environmental profile, 
especially nitrogen efficiency

There are no “magic bullets”
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