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EISA and Biofuel Feedstock Production 
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The environmental impacts of 
agricultural production within 
biofuel supply chain need to be 
addressed.   

US Corn Acres  

Presenter
Presentation Notes
The continued increase demand for biofuel production is accelerating the expansion of agricultural production. Meanwhile, agricultural production results in a myriad of ecosystem health impacts
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EISA and Biofuel Feedstock Production 

Soil, climate, and farming practices 
variability determines regional life cycle 
emissions for corn-ethanol. 

Kim,S.& Dale, BE., International Journal of life cycle assessment, 14, 540-546,2009 

Miller SA, et al., Environmental Science& Technology, 40, 2324-2332,2006 

Landis AE, et al., Environmental Science& Technology, 41, 1457-1464,2007 
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Spatially-Explicit LCA of Biomass Production 

• Impacts exhibit significant variability due to different 
farming practices and local conditions  

• Extend beyond previous work on energy and 
greenhouse gases 

• Integrate understanding of eutrophication, smog 
formation, soil quality, etc. within LCA studies 
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Integrate life cycle assessment (LCA) and ecosystem models 
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Upstream Models 
Agricultural Models 

Goal  
& 
Scope 

 
Pesticides/
herbicides 
production 

LCI 

LCIA 
Farming practices: 
* Conventional Tillage/No tillage 
* Crop Rotation 
* Applying  
  fertilizers/pesticides/herbicides 
* Residue management 
* Irrigation 
 
 

Spatially explicit on field releases 

Ag Life Cycle Assessment  

Spatially explicit datasets 

Geospatial 
databases 

Geospatial information: 
*Climate, soil, land use, topography 
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Methods 

Geyer et al, International Journal of life cycle assessment, 5, 454-467,2010 
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Step 1. Create unit processes for biomass production 
including both on field activities and upstream activities 

Step 2. Use agricultural models (including EPIC, PestLCI, 
and others) to calculate on field releases 

Step 3. Integrate LCA and agricultural modeling results   
Step 4. Map spatially explicit inventories/impacts of biomass 

production via GIS tools   
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Approach 
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Step 1 Creating unit processes for biomass production and 
associated upstream activities 

6 

Example: corn production 

6 

Presenter
Presentation Notes
 We inventoried material and energy flows for corn and soybean production for the Corn Belt states in the US. The inventory of biomass production included downstream on-field farming activities and upstream material/energy flows. On field farming activities include planting seeds, tillage, fertilizing, applying pesticides and herbicides, harvesting. Upstream activities included transportation, energy generation and power supply, manufacturing farming equipment and agrochemcials. Associated air emissions, water and soil releases were estimated during all mentioned processes.
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Unit processes Data sources 
Tillage; Fertilizer application; 
Pesticides application; Planting 
seeds; Harvesting 
 

USDA survey data, DOE biomass 
inventory, ecoinvent database, peer 
reviewed articles, NONROAD model 

On field emissions Country average releases were 
compiled using multiple publications. 
County level data is calculated in 
Step 2 

Transporting agrochemicals GREET model, ecoinvent database 
N fertilizer(ammonium nitrate, 
nitric acid, urea) production;  
P fertilizer (Phosphoric acid) 
production;  
K fertilizer (K2O) production; 
Lime production;  
Pesticide (12 types) production;  

ecoinvent database, EPA Toxic 
Release Inventory, EPA National 
Emission Inventory 

Step 1 Creating unit processes for corn production 
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Presenter
Presentation Notes
16 unit processes so far. 
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Step 1 Creating unit processes for corn production 
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Environmental 
releases 

Agricultural models Data needs 

Pesticide releases to 
environmental 
compartments 

PestLCI Climate, soil, pesticides’ 
physiochemical 
properties  

 
Nitrate, Phosphorus, 
Nitrous oxide, 
Ammonia, Soil erosion, 
Soil organic carbon 
change 

 
EPIC (Erosion Productivity 
Impact Calculator) 

 
Climate, soil, farming 
practices 

Step 2 Calculating on field emissions via agricultural models 
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Presenter
Presentation Notes
EPIC, CENTURY
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Example: pesticides 

Model modifications: 
• Adaptation with US weather, soil data 
• Addition with 12 types herbicides/pesticides which were used in US Corn Belt states 

Model description 
PestLCI is a modular model for estimation of pesticide emissions from  
field application to the different environmental compartments.  
 

Step 2 Calculating on field emissions via agricultural models 

1
0 

Birkved et al., Ecological Modeling, 198, 433-451,2006 
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Presenter
Presentation Notes
It estimates the fractions of the applied quantity which is emitted to the air, surface water, and groundwater compartment based on information which will normally be available to the model user about: type and time of application, crop species and development stage, geological and meteorological conditions and the area of application, and properties of the active ingredients of the pesticide.



National Risk Management Research Laboratory 
Office of Research and Development 
U.S. Environmental Protection Agency 

Pesticide preliminary results 

1
1 
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Pesticide preliminary results 
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Step 2 Calculating on field emissions via agricultural models 
Example: EPIC model 

Model description 
EPIC is a comprehensive, process-based terrestrial ecosystem model. 
 

13 
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Previous experience with EPIC simulations 

Zhang et al, GCB Bioenergy, 2, 258-277,2010 
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Future work 

• Calculate on-field environmental releases 
• Validate modeling results 
• Integrate LCA and agricultural modeling results 
• Compute site-specific life cycle impact results using 
openLCA 

• Create maps of spatially-explicit inventories/impacts of 
biomass production 
 
 

15 
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Thank you 
 
 
 
 
 
 

For questions and/or comments  
please contact: 

Xiaobo Xue 
xue.xiaobo@epa.gov 

513-569-7417 
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Disclaimer 

The opinions expressed in this presentation are those of 
the author. They do not reflect EPA policy, 
endorsement, or action, and EPA does not verify the 
accuracy or science of the contents of this presentation. 
Mention of trade names or commercial products does 
not constitute endorsement or recommendation for use.  
Links to non-EPA websites do not imply any official EPA 
endorsement of or a responsibility for the opinions, 
ideas, data, or products presented at those locations or 
guarantee the validity of the information provided.   
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