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BOX S-1 
Statement of Task

The Water Science and Technology Board will conduct a colloquium and pro-
duce a short consensus report (and a “derivative” dissemination product in the 
form of a brochure) that airs and addresses key water quality, water quantity, and 
related land resources implications of biofuel production in the United States. The 
following issues will be addressed:

1. How much water and land might be required to grow different kinds of 
biomass in different regions? Where is water availability likely to be a limiting fac-
tor?

2. What are the possible, or likely, water quality effects associated with in-
creases in production of different kinds of biomass? 

3. What promising agricultural practices and technologies might help reduce 
water use or minimize water pollution associated with biomass production?

4. What are the water requirements of existing and proposed production 
plants, and what water quality problems may be associated with them?

5. What policy, regulatory, and legal changes might help address some of 
these water-use and water quality issues?
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Crop Water Availability and Use

Water Quality Impacts
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1

About Biomass, Biofuels, and Water
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WATER AND BIOFUEL CROPS

TABLE 1-1 U.S. Production of Biofuels from Various Feedstocks in 2006

Fuel Feedstock U.S. Production in 2006 

Ethanol Corn 4.9 billion gallons 

Sorghum Less than 100 million gallons 

Cane sugar No production (600 million gallons 
imported from Brazil and Caribbean 
countries) 

Cellulose No production (one demonstration 
plant in Canada) 

Biodiesel Soybean oil Approximately 90 million gallons 

Other vegetable oils Less than 10 million gallons 

Recycled grease Less than 10 million gallons 

Cellulose No production 

SOURCE: U.S. CRS (2007).
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FIGURE 1-1 The agricultural water cycle. Inputs to a crop include rainfall and irrigation from surface water 
and groundwater. Some water is “consumed” (that is, incorporated in the crop or evapotranspired), some 
returns to surface waterbodies for human or ecological use downstream, and some infiltrates into the 
ground.  Copyright by the International Mapping Associates.
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FIGURE 1-2 Irrigated land in the United States. Note that most of this is located in the 
more arid regions of the country. 
SOURCE: N. Gollehon, USDA ERS, written commun., July 12, 2007. Based on data from 
U.S. Department of Agriculture (USDA) Economic Research Service (ERS) Census of 
Agriculture.
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FIGURE 1-3 Projection of ethanol production by feedstock assuming cellulose-to-ethanol production 
begins in 2015. Dedicated energy crops refer to those grown solely for energy production. 
SOURCE: Reprinted, with permission, from D. Ugarte, University of Tennessee, written commun., July 
12, 2007.
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FIGURE 1-4 Distribution of the production of cellulosic materials in dry tons by the year 2030. 
SOURCE: Reprinted, with permission, from D. Ugarte, University of Tennessee, written commun., July 
12, 2007.
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2

Crop Water Availability and Use
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FIGURE 2-1 Regional irrigation water application for various crops for six regions of the United States. 
Irrigation application is normalized by area, and is in feet. 
SOURCE:  N. Gollehon, U.S. Department of Agriculture (USDA) Economic Research Service (ERS), written 
commun., July 12, 2007. Based on data from USDA Census of Agriculture. 
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FIGURE 2-2 State-by-state water requirements in 2003 of irrigated corn (gallons of ir-
rigation water per bushel). 
SOURCE: N. Gollehon, USDA ERS, written commun., July 12, 2007. Based on data from 
2003 Farm and Ranch Irrigation Survey (USDA, 2003). 
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Water Quality
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FIGURE 3-1 Comparison of fertilizer (top) and pesticide (bottom) application rates for corn, 
soybean, and low-input high-diversity (LIHD; “biomass” in the figure) mixtures of native 
grassland perennials. Fertilizer and pesticide application rates are U.S. averages. 
SOURCE: Tilman et al. (2006). Reprinted, with permission, from American Association for 
the Advancement of Science. © 2006 by the American Association for the Advancement in 
Science.
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FIGURE 3-2 (top) N fertilization rates and stream concentrations of nitrate. (bottom) 
Atrazine application rates and stream concentrations of atrazine. 
FIGURE SOURCE: J. Ward, U.S. Geological Survey, personal commun., July 12, 2007. DATA 
SOURCES: stream N, Mueller and Spahr (2007); N inputs, Ruddy et al. (2006); stream 
atrazine and atrazine inputs, Gilliom et al. (2006).
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FIGURE 3-3 Dissolved oxygen contours (in milligrams per liter) in the Gulf of Mexico, July 21-28, 
2007. 
SOURCE: Slightly modified from http://www.gulfhypoxia.net/shelfwide07/PressRelease07.pdf.  Re-
printed, with permission, from N. Rabalais, Louisiana Universities Marine Consortium.
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FIGURE 3-4 Probability that nitrate exceeds 4 milligrams per liter in shallow groundwaters of the 
United States, based on a logistic regression model. 
SOURCE: Reprinted, with permission, from Nolan et al. (2002). © 2002 by The American Chemical 
Society.
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FIGURE 3-5 Environmental effects from the complete production and combustion life 
cycles of corn grain ethanol and soybean biodiesel. The figure shows the application 
of both (a) fertilizers and (b) pesticides, per unit of net energy gained from biofuel 
production. 
SOURCE: Hill et al. (2006).
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Agricultural Practices and Technologies 
to Reduce Water Impacts
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Soil Erosion Prevention
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FIGURE 4-1 Terraces, conservation tillage, and conservation buffers, Woodbury County, northwest 
Iowa.
SOURCE: Photo by Lynn Betts, USDA Natural Resources Conservation Service.  http://photogallery.nrcs.
usda.gov/.
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TABLE 4-1 Effect of Cropping System on Cover-Management Factor C of the 
Revised Universal Soil Loss Equation

Cropping System C

Perennial grass or polyculture .02
Continuous Corn Grain only removed .04
Continuous Corn—75% residue removed .16
Continuous Corn—95% residue removed .55

NOTES: C-Factor is used to reflect the effect of cropping and management practices on erosion 
rates. 
SOURCE: R. Cruse, Iowa State University, personal commun., July 12, 2007. Results calculated using 
the integrated crop and livestock production and biomass planning tool I-FARM, available online 
at http://i-farmtools.org.
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FIGURE 4-1 Low-Energy Precision-Application Irrigation System. 
SOURCE: USDA/ERS (2004).
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5

Water Issues of Biofuel  
Production Plants

HOW MUCH WATER DO BIOREFINERIES USE?

Corn Ethanol
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FIGURE 5-1 Process schematic and unit operations of ethanol production facility from whole corn 
kernels. DDGS is “dry distillers grains with solubles.” 
SOURCE: Parkin et al. (2007).
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FIGURE 5-2 The overall water balance of a typical 50 million gallon per year corn-based Dry Mill 
ethanol production facility. All figures are in gallons per hour. 
SOURCE: Reprinted, with permission, from Courtesy of Delta-T Corp. 
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Thermochemical Conversion



Copyright © National Academy of Sciences. All rights reserved.

Water Implications of Biofuels Production in the United States 
http://www.nap.edu/catalog/12039.html

Biodiesel

HOW DOES BIOREFINERY WATER USE COMPARE TO THE AMOUNT 
NEEDED TO GROW ITS FEEDSTOCK?
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FIGURE 5-3 Existing and planned ethanol facilities (2007) and their estimated total water use mapped 
with the principal bedrock aquifers of the United States and total water use in year 2000. 
SOURCE: Janice Ward, U.S. Geological Survey, personal commun., July 12, 2007.
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TABLE 5-1 Water Quality of Waste Streams from Two Existing Ethanol 
Facilities in Iowa 

Siouxland Ethanol Facility  Little Sioux Ethanol Facility 
(Sioux Center, Iowa) Simulated Blowdown

Big Sioux
Constituenta Raw GW RO Reject Water Surface Water Tower Eff.

TDS 2,113 7,288 703  3,240b

Ca2+ 305 1,033 129 638
Mg2+ 138 458 58 185
K+ 0 0 2 33
Na+ 148 485 20 297
Cl- 23 131 35 27
SO4

2- 1,420 4,716 107 2,265

aConcentrations in milligrams per liter.  
bConcentration in milligrams per liter as CaCO3.
SOURCE: Parkin et al. (2007).
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6

Policy Options

WHAT FACTORS HAVE SHAPED THE CURRENT POLICY CONTEXT?
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Policies to Encourage Best Agricultural Practices
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Implications of Biorefineries
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http://www.epa.gov/owow/watershed/tradelinks.html.
U.S. General Accounting Office. 2003. Agricultural Conservation; USDA Needs to Better Ensure 

Protection of Highly Erodible Cropland and Wetlands. Washington, D.C.: General Accounting 
Office.
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Appendix A

Agenda for the Colloquium on
Water Implications of Biofuels 

Production in the United States

JULY 12, 2007
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Appendix B

 
Water Science and Technology Board
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Appendix C

Biographical Sketches for Committee 
on Water Implications of Biofuels 
Production in the United States
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Appendix D

Biographical Sketches for Speakers 
and Discussants, NRC Colloquium 

on the Water Implications of Biofuels 
Production  in the United States
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