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I. INTRODUCTION 

In a world of rapidly depleting resources, rising fuel and energy costs, 
growing concerns of global warming, low agricultural commodity prices, 
and political turmoil posing a threat to energy security, the concept of 
biofuels seems to offer a quick cure for such ailments. Indeed, evidence of 
the increased global support for biofuels has come in the form of large 
investments in ethanol and biodiesel production capacity as well as goals or 
mandates in many countries to displace significant portions of fossil fuel 
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utilization with useage of biofuels.1 Rapid growth in biofuel production is 
expected to soften the impact of the inevitable decline in fossil fuel 
production and is commonly advocated as an effective method to greatly 
reduce emissions of carbon dioxide (“CO2”).2  In addition, the enhanced 
demand for agricultural products carries the potential to significantly 
improve the standard of living for farmers around the globe while 
simultaneously eliminating large government agricultural subsidies.3  
However, before biofuels may be credited with providing the solution to 
problems of energy consumption, pollution, and dependence, the following 
fundamental question must also be considered: at what price? 

In the United States, Congress put biofuels center stage with the 
enactment of the Energy Policy Act of 2005 (“Energy Policy Act”), which 
amended the Clean Air Act to establish a Renewable Fuel Standard 
(“RFS”) Program.4  Three months after the Energy Policy Act was signed 
into law, the Environmental Protection Agency (“EPA”) created a statutory 
default standard requiring a minimum of 2.78% of the gasoline sold or 
dispensed in the United States in 2006 to be renewable fuel.5  Then, on 
May 1, 2007, the EPA published a rulemaking setting forth a 
comprehensive RFS program for 2007 through 2012.6  The RFS established 
a mandate for the production of 7.5 billion gallons of ethanol and other 
renewable fuels.7  Not surprisingly, following the Energy Policy Act, 
investment in the production capacity of ethanol and other renewable fuels 
increased significantly.8  Indeed, the Energy Information Administration 
recently projected that ethanol production may actually exceed 11 billion 
                                                           
 1. See generally BIOFUELS RESEARCH ADVISORY COUNCIL, DIRECTORATE-GENERAL FOR 
RESEARCH, EUROPEAN COMMISSION, BIOFUELS IN THE EUROPEAN UNION: A VISION FOR 2030 AND 
BEYOND 8–9 (2006), available at http://ec.europa.eu/research/energy/pdf/biofuels_vision_2030_en.pdf 
(describing the increase in global production capacity of ethanol and biodiesel). 
 2. See JOHN SHEEHAN ET AL., NAT’L RENEWABLE ENERGY LAB., AN OVERVIEW OF BIODIESEL 
AND PETROLEUM DIESEL LIFE CYCLES iii (1998) [hereinafter OVERVIEW OF BIODIESEL AND 
PETROLEUM DIESEL LIFE CYCLES]. 
 3. See ENERGY FUTURE COALITION AND THE UNITED NATIONS FOUNDATION, BIOFUELS FOR 
OUR FUTURE: A PRIMER 40 (2007), available at http://www.energyfuturecoalition.org/biofuels/ 
BioFuels_FAQ.pdf (noting that “increased demand for energy crops would all but eliminate the need 
for price-based support payments for most crops in the United States.  In other words, an aggressive 
program of bioenergy development would lead to reductions in government support to farmers without 
any loss of income”).  
 4. See Energy Policy Act of 2005, Pub. L. No. 109–58, 119 Stat. 594. 
 5. U.S. ENVTL. PROT. AGENCY, EPA COMPLETES REGULATIONS CLARIFYING THE DEFAULT 
STANDARD FOR 2006 UNDER THE RENEWABLE FUEL STANDARD PROGRAM 3 (Dec. 2005), available at 
http://www.epa.gov/otaq/renewablefuels/420f05057.pdf. 
 6. Regulation of Fuels and Fuel Additives: Renewable Fuel Standard Program, 72 Fed. Reg. 
23,900, 23,902 (May 1, 2007); see also U.S. ENVTL. PROT. AGENCY, EPA FINALIZES REGULATIONS 
FOR A RENEWABLE FUEL STANDARD (RFS) PROGRAM FOR 2007 AND BEYOND (2007). 
 7. Regulation of Fuels and Fuel Additives, 72 Fed. Reg. at 23,905. 
 8. See generally Renewable Fuels Ass’n, Ethanol Industry Overview, 
http://www.ethanolrfa.org/industry/statistics/#EIO (last visited Mar. 10, 2008) (indicating that the 
number of ethanol plants in the United States increased from eighty-one plants in 2005 to more than 
130 plants in 2007). 
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gallons in 2012, far surpassing the EPA’s mandate of 7.5 billion gallons for 
the same time frame.9 

For its part, the European Union (“E.U.”) also assembled an action 
plan establishing a binding target that, by the year 2020, 20% of the overall 
E.U. energy consumption will come from renewable energies.10 The action 
plan also set binding minimum targets for the E.U. Member States in which 
10% of the total transport gasoline and diesel consumed in each state must 
be comprised of biofuels by 2020.11 Many other nations around the world 
have set similar goals for biofuel production. 

Most of the biofuel produced in the world today consists of either 
ethanol, produced as a gasoline substitute, or biodiesel, produced as a 
petroleum diesel substitute.  Brazil and the United States together account 
for about 90% of global production of ethanol, with the United States using 
corn as the primary feedstock and Brazil using sugar cane.12  On the other 
hand, Europe is the worldwide leader in biodiesel production with a global 
share of nearly 89%.13  Germany alone accounts for half the total biodiesel 
produced within the E.U.14  Biodiesel feedstock in Europe primarily 
consists of rapeseed oil; however, any used or virgin vegetable oil or 
animal fat can also be used as a feedstock for biodiesel.15  Between 2000 
and 2005, global ethanol production doubled, while production of 
biodiesel, starting from a smaller base, expanded nearly fourfold in the 
E.U. alone.16 

While a comprehensive discussion of the barriers to widespread 
implementation of biofuels involves the interrelation of strategic (e.g., 
energy security), economic, social (e.g., food versus fuel competition), 
regulatory, policy, and environmental elements, this article will primarily 
focus upon environmental obstacles.  More specifically, this article will 
scrutinize the environmental barriers to widespread implementation of 
biodiesel.  While the corn-for-fuel story is primarily one of food versus fuel 
competition, the rapidly developing oilseeds-to-fuel story is one of 
potentially serious ecological and environmental harm. 

                                                           
 9. Regulation of Fuels and Fuel Additives, 72 Fed. Reg. at 23,905 n.3. 
 10. See Brussels European Council: Presidency Conclusions, 8/9 Mar. 2007, 7224/1/07 REV 1, 
21, available at http://www.consilium.europa.eu/ueDocs/cms_Data/docs/pressData/en/ec/93135.pdf. 
 11. Id. 
 12. THE WORLDWATCH INSTITUTE, BIOFUELS FOR TRANSPORTATION: GLOBAL POTENTIAL AND 
IMPLICATIONS FOR SUSTAINABLE AGRICULTURE AND ENERGY IN THE 21ST CENTURY 6 (2007). 
 13. Id. 
 14. European Biodiesel Bd., Statistics: The EU Biodiesel Industry, http:// 
www.ebb-eu.org/stats.php (last visited Mar. 10, 2008) (indicating that, in 2006, Germany produced 
2,662 of the 4,890 tons of biodiesel produced by E.U. countries). 
 15. J. VAN GERPEN ET AL., NAT'L RENEWABLE ENERGY LABS., SUBCONTRACTOR REPORT: 
BIODIESEL PRODUCTION TECHNOLOGY 79, 86 (2004) [hereinafter BIODIESEL PRODUCTION 
TECHNOLOGY]. 
 16. European Biodiesel Bd., supra note 14. 
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II. BIODIESEL 

A.The Basics 

Biodiesel is a diesel fuel alternative that has shown the potential to 
become a commercially accepted part of the United States’ energy 
infrastructure.17  Since the creation of a federal excise tax credit for 
biodiesel in 2004, production of this alternative fuel has grown threefold 
each year to reach a total production of 56,000 metric tons in 2006.18  On 
the other hand, the leading global producer of biodiesel is Germany.19  As 
compared to the United States, Germany produced an astonishing 2.66 
million metric tons of biodiesel in 2006.20 

Biodiesel is often mistakenly understood to consist of unrefined 
vegetable oil or used cooking oil.  The biodiesel manufacturing process 
converts unrefined or used oils and fats into chemicals called long chain 
mono alkyl esters, or biodiesel.21  These chemicals are commonly referred 
to as fatty acid methyl esters (“FAME”) or fatty acid ethyl esters 
(“FAEE”), depending upon the alcohol—methanol or ethanol—that is used 
in biodiesel production.22  The elements utilized in the manufacturing 
process normally include 1000 pounds of oil, 140 pounds of methanol, and 
nine pounds of catalyst—usually sodium hydroxide or potassium 
hydroxide.23  These inputs result in 942 pounds of biodiesel and 207 
pounds of glycerin.  Other methods, such as pyrolysis or hydrogenation, 
represent additional examples of a broader class of renewable diesel fuel 
manufacturing processes. 

While soy oil, rapeseed oil, and sun flower oil are the primary 
feedstock for production, biodiesel can be produced commercially from a 

                                                           
 17. See U.S. Dep’t of Energy, Alternative Fuels & Advanced Vehicles Data Center, 
http://www.eere.energy.gov/afdc/fuels/biodiesel.html (last visited Mar. 10, 2008). 
 18. “The [excise tax] credit is $1.00 per gallon where the product is made from virgin oils 
derived from agricultural commodities and animal fats (referred to in the legislation as Agri-diesel).  A 
smaller credit of 50¢ is available for biodiesel derived from recycled cooking oils (principally yellow 
grease).” PROMAR INT’L, EVALUATION AND ANALYSIS OF VEGETABLE OIL MARKETS: THE 
IMPLICATIONS OF INCREASED DEMAND FOR INDUSTRIAL USES ON MARKETS & USB STRATEGIES 9 
(2005), available at http://www.biodiesel.org/resources/reportsdatabase/reports/gen/20051101_gen-
368.pdf. 
 19. See UNION ZUR FÖRDERUNG VON OEL-UND PROTEINPFLANZEN E.V., BIODIESEL IN 
GERMANY 2006: MARKET TRENDS AND COMPETITION 8 (2006), available at 
http://www.biodiesel.org/resources/reportsdatabase/reports/gen/20070301_gen380.pdf (noting that 
“[t]oday Germany is not only the world’s leading producer of biodiesel but as a result also ahead with 
regards to the development of production plant technology”). 
 20. See European Biodiesel Bd., supra note 14. 
 21. BIODIESEL PRODUCTION TECHNOLOGY, supra note 15, at 22. 
 22. Id. at 11 (noting that “[w]hen methanol is the alcohol participating in the reaction, the ester 
formed is a methyl ester, when ethanol is the alcohol participating in the reaction, an ethyl ester is 
formed”). 
 23. Id. at 15, 30. 
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variety of oils and fats, including: 
 
• Animal fats: Edible tallow, inedible tallow, and all other 

variations of tallow; lard; white grease or yellow grease; 
poultry fats; and fish oils.24 

• Vegetable oils: Corn canola, cottonseed, mustard, palm, 
peanut, olive, sesame, safflower, and many others.25 

• Recycled greases: Used cooking oils and restaurant frying 
oils.26 

• Algae, fungi, bacteria, molds, and yeast. 
 
Biodiesel is often promoted as a non-toxic, fully renewable fuel 

produced from new or used vegetable oil or animal fat that can run in any 
diesel engine virtually sulfur free, without modification.  However, the 
reality behind biodiesel is not so simple.  Biodiesel is not quite as non-toxic 
as biocides, and anti-oxidants are often added to assure fuel stability.27  In 
addition, biodiesel is not actually a fully renewable fuel.  Methanol 
represents almost 15% of the manufacturing process.28  This fact becomes 
significant when recognizing that the methanol used in the production of 
biodiesel is generally produced from natural gas, a fossil fuel.  Similarly, 
while it is true that biodiesel itself contains little or no sulfur, sulfur dioxide 
(“SOx”) emissions from biodiesel may actually exceed those from 
petroleum diesel in the context of a total life cycle.29  Quality control 
problems in the manufacturing process can also result in byproducts such 
as methanol or catalysts such as sodium and potassium hydroxide.30 

Some engine modifications may also be required.31  For instance, 
                                                           
 24. Id. at 31, 86–87. 
 25. BIODIESEL PRODUCTION TECHNOLOGY, supra note 15, at 2. 
 26. Id. at 31, 86. 
 27. Id. at 99. 
 28. Rick Pelletier, House Galiagante Biodiesel Page, Research Notes for Biodiesel, 
http://home.earthlink.net/~galiagante/house-biofuel.html (last visited Mar. 10, 2008) (noting that 
“[a]nhydrous methyl alcohol (dry methanol) is the solvent for the sodium hydroxide, and like the 
sodium hydroxide is measured out by the volume of vegetable oil used, typically 15% to 20% by 
volume”). 
 29. “The complete elimination of SOx at the tailpipe is offset by emissions of SOx associated 
with the higher demand for electricity in the biodiesel life cycle versus the petroleum diesel life.” JOHN 
SHEEHAN ET AL., NAT’L RENEWABLE ENERGY LAB., LIFE CYCLE INVENTORY OF BIODIESEL AND 
PETROLEUM DIESEL FOR USE IN AN URBAN BUS 25 (1998) [hereinafter LIFE CYCLE INVENTORY OF 
BIODIESEL AND PETROLEUM DIESEL], available at http://www.nrel.gov/docs/legosti/fy98/24089.pdf. 
For a more detailed discussion concerning production of sulfur oxides associated with use of biodiesel, 
see infra Part V. 
 30. BIODIESEL PRODUCTION TECHNOLOGY, supra note 15,. at 15; Research Notes for Biodiesel, 
supra note 28. 
 31. A.K. Agarwal et al., Wear Assessment in a Biodiesel Fuel Compression Ignition Engine, 125 
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natural rubbers can dissolve in biodiesel and lead to fuel system or engine 
seal problems.32  Of course, such wear and tear would primarily affect older 
engines, as newer engines are equipped with synthetic rubber seals that are 
not affected by biodiesel.33 

B.Biodiesel Properties 

The United States adopted the final ASTM specification D6751 for 
biodiesel in 2002.34  Several refinements to the ASTM specification were 
made, and the current active standard is D6751-07b.35  The D6751 standard 
covers biodiesel (B100) for use as a “blend component” with petroleum 
diesel fuels.  No standards currently exist in the United States that would 
cover B100, B20, or any other biodiesel blend for use as automotive fuel.  
The D6751 specification is based on the existing ASTM standard for 
petroleum diesel, D975, but is modified by the elimination of certain items 
not applicable to biodiesel, as well as by the addition of items specific to 
biodiesel. 

In Europe, biodiesel quality is described by standard EN 14214, 
“Automotive fuels—Fatty acid methyl esters (FAME) for diesel engines—
Requirements and test methods,” which was finalized in 2003.36  Unlike 
D6751 in the United States, this standard applies to neat biodiesel used as 
both automotive fuel and as a blend component. Table 1 demonstrates 
average biodiesel and petroleum diesel fuel properties, in which the cetane 
number is a combustion quality parameter and in which T10, T50, and T90 
represent boiling point ranges.37 
 

 
 

                                                           
TRANSACTIONS OF THE AM. SOC’Y OF MECH. ENG’RS 820 (2003), available at 
http://scitation.aip.org/getpdf/servlet/GetPDFServlet?filetype=pdf&id=JETPEZ0001250000030008200
00001&idtype=cvips&prog=normal. 
 32. Nat’l Biodiesel Bd., Interesting Facts About Biodiesel, http://www.biodiesel.org/ 
markets/gen/ (last visited Mar. 10, 2008). 
 33. MATTHEW JOHNSTON, EVALUATING THE POTENTIAL FOR LARGE-SCALE BIODIESEL 
DEPLOYMENTS IN A GLOBAL CONTEXT 15 (2006), available at 
http://www.sage.wisc.edu/energy/MSjohnston.pdf. 
 34. See BIODIESEL PRODUCTION TECHNOLOGY, supra note 15, at 101 (noting that specification 
D6751 provides “the properties required for a biodiesel fuel to be used in an engine without problems”). 
See generally Pacific Biofuel, Specification D6751-02, http://www.pacfuel.com/spec1.htm (last visited 
Mar. 10, 2008) (setting forth the properties associated with specification D6751-02). 
 35. See generally Nat’l Biodiesel Bd., Specification for Biodiesel (B100)–ASTM D6751-07b 
(Mar. 2007), http://www.biodiesel.org/pdf_files/fuelfactsheets/BDSpec.PDF (setting forth the 
properties associated with active specification D6751-07b). 
 36. DOMINIK RUTZ & RAINER JANSSEN, WIP RENEWABLE ENERGIES, OVERVIEW AND 
RECOMMENDATIONS ON BIOFUEL STANDARDS FOR TRANSPORT IN THE EU 11, 17 (2006), available at 
http://www.co2star.eu/publications/biofuel_standards_wip_060703.pdf. 
 37. U.S. ENVTL. PROT. AGENCY, A COMPREHENSIVE ANALYSIS OF BIODIESEL IMPACTS ON 
EXHAUST EMISSIONS, DRAFT TECHNICAL REP. 15 (2002), available at 
http://www.epa.gov/otaq/models/analysis/biodsl/p02001.pdf. 
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Table 1: Comparison of Average Biodiesel and Diesel Fuel Properties. 

 
Variations in the feedstock used to manufacture biodiesel can result in 

variations of fuel properties that, while technically meeting the ASTM 
biodiesel specifications, affect engine operation and emissions when used 
either alone (B100) or in a petroleum diesel blend.38  For example, a high 
cetane number can have a positive effect on combustion and emissions.  On 
the other hand, high viscosity and poor cold flow properties can lead to fuel 
system problems.  Further, differences in compressibility—bulk modulus—
between biodiesel and petroleum diesel fuel might also be responsible for 
fuel injection timing changes that affect NOx emissions from an engine 
operating on biodiesel or biodiesel blends.39 

C. Biodiesel Composition 

The chemistry of diesel fuel is quite complex, containing hundreds of 
different compounds.  Though derived at times from different oils and fats, 
the chemistry of biodiesel is surprisingly similar.  Each fat or oil molecule 
is made up of a glycerin backbone comprised of three carbons.  Attached to 
each of these carbons is a long-chain fatty acid.  These long-chain fatty 
acids react with methanol to make methyl ester, or biodiesel.  The glycerin 
backbone then becomes glycerin and is sold as a byproduct of the biodiesel 
manufacturing process.  Most of the fats and oils that can be used to 
produce biodiesel contain a straight chain of between twelve and twenty-
two carbons, with over 90% of them being between sixteen and eighteen 
carbons.  Some of these chains are saturated (having no double bonds); 
some of them are mono-unsaturated (having a single double bond); and 

                                                           
 38. U.S. DEP'T OF ENERGY, BIODIESEL: HANDLING AND USE GUIDELINES 16 (2006), available 
at http://www.nrel.gov/docs/fy06osti/40555.pdf. 
 39. Mustafa Canakci & Jon H. Van Gerpen, Comparison of Engine Performance and Emissions 
for Petroleum Diesel Fuel, Yellow Grease Biodiesel, and Soybean Oil Biodiesel, 46 TRANSACTIONS OF 
THE AM. SOC’Y OF AGRIC. ENG’RS 15 (2003). 

Average
Biodiesel

Average
Diesel

Natura Cetane number 55 44
Sulfur, ppm 54 333
Nitrogen, ppm 18 114
Aromatics, vol% 0 34
T10,°F 628 422
T50,°F 649 505
T90,°F 666 603
Specific Gravity 0.88 0.85
Viscosity, cSt at 40 °F 6.0 2.6
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some of them are poly-unsaturated (having more than one double bond).  
Within the limits of biodiesel specification D6751, the differing levels of 
saturation can affect some biodiesel fuel properties which may, in turn, 
correspondingly impact performance and emissions when used in a diesel 
engine, either neat (i.e., B100) or in a blend (i.e., B20). 

By way of comparison, diesel fuel refined from crude oil is a complex 
mixture of normal, branched, and cyclic alkanes (60% to over 90% by 
volume, carbon chain length usually between nine and thirty carbons); 
aromatic compounds, especially alkylbenzenes (5% to 40% by volume); 
and small amounts of alkenes (0% to 10% by volume).  Benzene, toluene, 
ethylbenzene, xylenes, and polycyclic aromatic hydrocarbons (“PAH”), 
especially naphthalene and its methyl-substituted derivatives, may also be 
present at levels of parts per million in diesel fuel. 

One of the challenges for biodiesel is the wide variety of feedstocks 
that can be used.  All have their own composition and proportion of 
saturated, mono-unsaturated, and poly-unsaturated fatty acids, as shown in 
Table 2.40 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table 2: Fatty Acid Composition of Some Vegetable Oils and Animal Fats (%) 

 
Cetane number is a fuel property that directly affects combustion in a 

petroleum diesel engine and can also have an impact on emissions.  
Regardless, as noted in Table 1, the average cetane number of biodiesel is 
higher than that of petroleum diesel.  Thus, even a largely poly-unsaturated 
                                                           
 40. See also Angela C. Pinto et al., Biodiesel: An Overview, 16 J. BRAZ. CHEM. SOC. 1313, 1316 
(2005), available at http://www.scielo.br/pdf/jbchs/v16n6b/27326.pdf (noting that “[f]rom a chemical 
point of view, oils from different sources have different fatty acid compositions. The fatty acids are 
different in relation to the chain length, degree of unsaturation or presence of other chemical 
functions”). 

Vegetable Oil
or Animal Fat

Palmitic
16:0

Stearic
18:0

Palmitoleic
16:1

Oleic
18:1

Linoleic
18:2

Other
Acids

Talow 29.0 24.5 - 44.5 - 2.0
Coconut 5.0 3 - 6.0 - 86.0
Olive Oil 14.6 - - 75.4 10 0.0
Groundnut 8.5 6 - 51.6 26 7.9
Cottonseed 28.6 0.9 0.1 13.0 57.2 0.2
Corn 6.0 2 - 44.0 48 0.0
Soybean 11.0 2 - 20.0 64 3.0
Hazelnut Kernel 4.9 2.6 0.2 81.4 10.5 0.4
Poppy Seed 12.6 4 0.1 22.3 60.2 0.8
Rape Seed 3.5 0.9 0.1 54.1 22.3 19.1
Safflower Seed 7.3 1.9 0.1 13.5 77 0.2
Sunflower Seed 6.4 2.9 0.1 17.7 72.8 0.1
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biodiesel would not negatively affect engine performance.  However, even 
more important is “cloud point,” a fairly conservative measurement of 
when the biodiesel fuel starts to form crystals and, therefore, becomes more 
viscous.41  Especially in cold climates, the formation of such crystals can 
lead to problems with fuel filter or injector plugging.42  In addition, the 
concept of “stability” generally refers to the oxidative stability of the fuel.  
With regard to use of biodiesel, “fuel aging and oxidation can lead to high 
acid numbers, high viscosity, and the formation of gums and sediments that 
clog filters.”43  The trends shown in Table 3 are general trends only and can 
be altered through the addition of fuel additives. 
 
 

 

Saturated
Mono

Unsaturated
Poly

Unsaturated

Fatty Acid
12:0, 14:0, 16:0
18:0, 20:0, 22:0

16:1, 18:1, 20:1
22:1 18:2, 18:3

Cetane Number High Medium Low
Cloud Point High Medium Low
Stability High Medium Low  

Table 3: Fuel Properties as a Function of Fuel Composition 

 
 

III. AGRICULTURE AND LAND USE 

With the proliferation of alternative fuels and engine-drive trains, 
conventional measures such as “miles per gallon” and emissions in “grams 
per mile” are starting to lose meaning.  Any comparison of vehicles, 
automotive fuel efficiency, and tailpipe emissions must also include the 
energy used and emissions released in the fuel production process, 
including electricity as a fuel for electric cars.  A similar view must be 
taken for greenhouse gas (“GHG”) emissions from automobiles and trucks.  
For instance, the much touted hydrogen fuel-cell car is promoted as a zero 
emissions vehicle, including GHGs.  Closer analysis however reveals that a 
vehicle fueled with hydrogen produced through electrolysis with wind 
energy is a lot closer to overall zero emissions than the same vehicle 
powered with hydrogen from electrolysis with coal energy.44  Of course, 
                                                           
 41. See U.S. DEP'T OF ENERGY, supra note 38, at 18. 
 42. Id. 
 43. Id. at 22. 
 44. See MALCOLM A. WEISS ET AL., ON THE ROAD IN 2020: A LIFE CYCLE ANALYSIS OF NEW 
AUTOMOBILE TECHNOLOGIES 5-24 (2000) (noting that “[i]f hydrogen for fuel cells is produced from 
carbon-free electricity or from carbon fuels with carbon sequestration, this has the potential to be a near 
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even in this comparison, there are caveats: the process of manufacturing the 
wind turbines necessary to generating wind energy produces significant 
emissions, and while the CO2 from coal power plants could be sequestered, 
the benefits of widespread GHG sequestration remain somewhat 
speculative and not yet widely implemented.45 

In the case of biodiesel, emissions produced from feedstock 
cultivation deserve greater scrutiny.  A recent report found that, while a 
30% reduction in GHG emissions can be obtained with biodiesel derived 
from a variety of different feedstocks, “most of the production paths 
display higher impacts than [petroleum diesel] in various other 
environmental indicators.”46  The study found that most of the 
environmental impacts associated with the use of biodiesel are caused by 
“agricultural cultivation.”47  With regard to tropical agriculture, the process 
of burning rainforests releases great quantities of CO2, causing air pollution 
and adversely impacting biodiversity.48  Further, in the context of “the 
moderate latitudes,” the study concluded that low crop yields, intensive 
fertilizer use, and mechanized tilling each contributed to unfavorable 
environmental impacts.49 

A.Environmental Impacts on Agriculture 

The process of determining precise emissions levels from oil crop 
cultivation presents a significant challenge.  Crop-specific factors such as 
pesticides, fertilizers, tillage, and irrigation requirements result in 
environmental impacts on air, land, and water systems.  Regional 
conditions, such as soil quality, water availability, and climate will also 
affect crop yields and create variations in the need for such irrigation, 
fertilizers, and pesticides. 

Several studies have provided instructive data comparing biodiesel 
emissions, including CO2, to emissions from petroleum diesel fuel.50  
However, in light of the many variables affecting cultivation of oil crops, 

                                                           
zero GHG emission technology”), available at http://lfee.mit.edu/public/el00-003.pdf. 
 45. See id. at 2-14 (indicating that “[f]uel cycle GHG emissions for electric power could be 
reduced (still assuming overnight at-home recharging) only by significantly changing the primary 
energy mix of the entire power grid by 2020 or by introducing CO2 sequestration”). 
 46. RAINER ZAH ET AL., LIFE CYCLE ASSESSMENT OF ENERGY PRODUCTS: ENVIRONMENTAL 
ASSESSMENT OF BIOFUELS—EXECUTIVE SUMMARY XIV (2007), available at 
http://www.bioenergywiki.net/images/8/80/Empa_Bioenergie_ExecSumm_engl.pdf. 
 47. Id. at III. 
 48. Id. at III, XIV. 
 49. Id. at XIV. 
 50. See LIFE CYCLE INVENTORY OF BIODIESEL AND PETROLEUM DIESEL, supra note 29, at 19; 
ARGONNE NAT'L LABORATORY, THE GREENHOUSE GASES, REGULATED EMISSIONS, AND ENERGY USE 
IN TRANSPORTATION (GREET) MODEL (2007), available at http://www.transportation.anl.gov/ 
software/GREET/index.html; KLAUS SCHARMER, UNION FOR PROMOTING OILSEEDS & PROTEIN 
PLANTS, BIODIESEL: ENERGY AND ENVIRONMENTAL EVALUATION—RAPESEED-OIL-METHYL-ESTER 
31 (2001), available at http://www.senternovem.nl/mmfiles/102548_tcm24-124276.pdf. 
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all such analyses use global averages for these variables.  Moreover, most 
analyses cover either soy or rapeseed cultivation because these are the 
dominant oil crops in the United States and Europe.  While land conversion 
in the United States and Europe (e.g., from forestland to agricultural use) is 
generally not a factor, agricultural methods such as conventional tillage 
versus no-till cultivation can significantly affect the overall CO2 balance.  
In fact, one study found that a change from conventional mechanical tilling 
to a no-till practice for corn and soy agriculture can reduce cultivation-
related CO2 emissions by between 25% and 30%.51  While the study did not 
provide specific information on the reduction of regulated emissions 
directly related to changes tilling practices, the research indicated a 
reduction in fuel use of almost 20%.52  Thus, it is likely a fair assumption 
that emissions associated with agricultural fuel consumption might 
correspondingly decline by around 20%. 

A study jointly sponsored by the United States Department of Energy 
and the United States Department of Agriculture (“the Sheehan Report”) 
showed that overall CO2 emissions can be reduced by more than 28% 
through the use of 100% biodiesel, instead of petroleum diesel, in urban 
buses.53  Most biodiesel proponents point to this statistic or other similar 
numbers to indicate the GHG-reducing benefits of replacing petroleum 
diesel with biodiesel.54  However, when it comes to other regulated and 
unregulated emissions, biodiesel proponents tend to focus upon reductions 
in tailpipe emissions only, highlighting significant reductions in Carbon 
Monoxide (“CO”), Hydrocarbons (“HC”), and Particulate Matter (“PM”).55 

As indicated by the Sheehan Report, regulated and unregulated 
agricultural emissions can actually increase overall emissions of CO, HC, 
and PM in comparison to those resulting from more traditional petroleum 
diesel production.56  Specifically, the study noted that: (1) agricultural 
emissions of CO and PM partially offset reductions found in tailpipe 
emissions;57 (2) agricultural emissions of HC almost doubled the reductions 
found at the vehicle tailpipe;58 and (3) considerable emissions of Nitrogen 
Oxide (“NOX”) resulted, as did emissions of Ammonia (“NH3”) not 
otherwise found at all at the tailpipe of diesel vehicles.59 

                                                           
 51. Paul R. Adler et al., Life Cycle Assessment of Net Greenhouse Flux for Bioenergy Cropping 
Systems, 17 ECOLOGICAL APPLICATIONS 675, 685 (2007). 
 52. Id. 
 53. LIFE CYCLE INVENTORY OF BIODIESEL AND PETROLEUM DIESEL, supra note 29, at 33. 
 54. Id. at 221. 
 55. See U.S. ENVTL. PROT. AGENCY, supra note 37, at ii–iii. 
 56. LIFE CYCLE INVENTORY OF BIODIESEL AND PETROLEUM DIESEL, supra note 29, at 256. 
 57. Id. at 257. 
 58. Id. 
 59. Id. at 258 (noting that “B100 exhibits 13.35% higher emissions of NOx than petroleum 
diesel on a life cycle basis, mostly due to increases of NOx that occur at the tailpipe”).  Ammonia is 
released primarily during fertilizer production.  Id. at 23. 



SMALLING FORMAT_PAGINATED.DOC 04/08/2008  10:40:57 AM 

298 ENVIRONMENTAL & ENERGY LAW & POLICY J. [2:2 

Beyond the impacts on air emissions already discussed, biodiesel 
production also indirectly affects other environmental impacts associated 
with the use of herbicides, fungicides, plant growth regulators, and 
pesticides, especially in large-scale, mono-culture farming.  Fertilizers can 
alter the biology of rivers and lakes through natural run-off over time.  
Fertilizer run-off can also result in algal blooms in lakes, estuaries, and 
coastal systems.  In a process known as eutrophication, excessive plant 
growth and subsequent decay results in oxygen depletion.  Large-scale 
oxygen depletion, in turn, results in hypoxic zones—or dead zones—that 
are no longer capable of supporting marine life.  Agricultural run-off is 
responsible for several large hypoxic zones found along the Gulf Coast of 
the United States.  While not all of the adverse impacts are caused solely by 
agricultural run-off, an alarming 146 of these dead zones were identified in 
2003 in various locations around the world.60 

B.Environmental Impacts of Changes in Land Use 

Existing farmland is generally used for crop production or livestock.  
Any significant use of farmland for fuel crop cultivation will compete with 
food production at the risk of dramatically increasing food prices.61  To 
some extent, this effect is sought by an agricultural lobby aiming to raise 
income levels for farmers who have suffered for years, if not decades, from 
low food commodity prices.  However, in a global economy, an across the 
board increase in crop prices means that the cost of food will rise 
everywhere, inflicting hardship particularly upon poor nations where 
imports are dominated by food products.  A recent United Nations (“U.N.”) 
report indicated that food prices have risen steadily since 2005, due in part 
to the soaring demand for biofuels.62  The U.N. report explained as follows: 

With soybeans and maize both in demand in the feed and the energy 
market, the two commodities are competing for land.  Considering 
the current shortage of maize, an expansion of global maize plantings 
at the expense of soybean appears inevitable in 2007/08 . . . Reasons 
behind the concomitant rise in international vegetable oil prices 
reside also outside the soybean complex: a poor performance and 
thus tightening supplies of the key high-oil yielding oilcrops in 
2006/07 coincided with a steady expansion in vegetable oil demand 
for human consumption and, in particular, as fuel and biodiesel 
feedstock.  Such a situation explains the strong reaction of the 
market to reports on falling palm oil stocks and to downward 

                                                           
 60. U.N. ENV’T PROGRAMME, GEO YEAR BOOK 2003 (2003), available at 
http://unep.org/geo/yearbook/yb2003/089.htm. 
 61. See U.N. FOOD & AGRIC. ORG., FOOD OUTLOOK: GLOBAL MARKET ANALYSIS 19 (2007), 
available at ftp://ftp.fao.org/docrep/fao/010/ah864e/ah864e00.pdf (noting that “[t]he outstanding 
driving force [behind the increased global demand for soybean and pal oil] is the growing use of 
oils/fats as fuel and as feedstock for biodiesel production”). 
 62. Id. at 17. 
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revisions in the 2007 forecast of global palm oil production.63 

The U.N. report further highlighted several of the important issues at play, 
including the following: (1) annual variability in crop yields causes 
volatility in oil crop prices, further exacerbated by market speculation, 
affecting food prices as well as significantly impacting the economics of 
biodiesel; (2) competition for land between corn and soybeans appears to 
favor corn, putting further price pressure on biodiesel from soy oil;64 and 
(3) with rising vegetable oil prices, the search is on for high-oil-yielding 
and lower-cost crops.  One such high-yielding and relatively low-cost 
feedstock is palm oil.65 

Rapidly increasing demand for palm oil, largely for biodiesel 
production, is leading to accelerated development of palm oil plantations.  
Malaysia and Indonesia are currently the preferred locations for palm oil 
plantations, but activities related to palm oil production are also growing 
elsewhere in Southeast Asia, as well as in Africa and South America.66  In 
principle, the idea of large-scale palm oil production in otherwise 
economically disadvantaged countries represents a positive step toward 
generating jobs, exports, and a higher standard of living for local 
populations.  However, the confluence of high demand for timber products 
and demand for land upon which to establish palm oil plantations has also 
resulted in the loss of virgin tropical forests at an unprecedented rate.67  
Thus, the impact on ecosystems and biodiversity must also be a cautiously 
weighed when evaluating the net benefits of biofuels.  Further, in an ironic 
twist, the CO2 emissions produced through the process of converting virgin 
tropical forests in Indonesia into palm oil plantations far outweigh the 
reduction in CO2 achieved when petroleum diesel is displaced with 
biodiesel derived from the very same palm oil.68  Most of the tropical 
forests in Indonesia grow on peatlands—highly concentrated carbon 
deposits that develop from the buildup of plant matter over millennia.  
Once the timber is removed from these lands and the water table is 
correspondingly lowered, massive amounts of CO2 are released through 
both decomposition and fires. 

Hooijer reported that the Southeast Asian peatlands contain around 

                                                           
 63. Id. 
 64. See id. at 2 (noting that “the steady growth in global oilseed production could come to a halt, 
as maize cultivation is likely to expand at the expense of soybeans”). 
 65. Id. at 19. 
 66. U.N. FOOD & AGRIC. ORG., supra note 61, at 20, 47. 
 67. ALJOSJA HOOIJER ET AL., PEAT-CO2: ASSESSMENT OF CO2 EMISSIONS FROM DRAINED 
PEATLANDS IN SE ASIA 1 (2006), available at http://www.wetlands.org/ckpp/ 
publication.aspx?ID=f84f160f-d851-45c6-acc4-d67e78b39699 (follow “Peat CO2 Report.pdf” 
hyperlink). 
 68. Id. at 30 (noting that “[p]roduction of 1 tonne of palm oil causes a CO2 emission between 10 
and 30 tonnes through peat oxidation . . . The demand for biofuel, aiming to reduce global CO2 
emissions, may thus be causing an increase in global CO2 emissions”). 
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42,000 megatons of carbon, constituting 155,000 megatons in potential 
CO2 emissions.69  By comparison, the combined total of global CO2 
emissions produced through fossil fuel burning activities amounts to 
25,000 megatons.70  The estimated ten-year average of CO2 emissions from 
peat decomposition and burning in Indonesia totals 632 and 1,400 
megatons per year, respectively.71 According to Hooijer: 

This is probably the most concentrated (produced on only 0.2% of 
the global land area) land-use related CO2 emission in the world.  If 
emissions from peat land drainage and degradation (including fires) 
are included, Indonesia takes third place in global CO2 emissions, 
behind the USA and China.  Without peat land emissions, Indonesia 
takes 21st place.72 

Hooijer summarized the link between peat-related CO2 emissions and 
palm oil production as follows: 

A particular point regarding CO2 emissions from SE Asia peatlands, 
which requires attention from the international community, is that of 
the relation between palm oil production and peat land drainage.  A 
large fraction (27%) of palm oil concessions (i.e., existing and 
planned plantations) in Indonesia is on peatlands; a similar 
percentage is expected to apply in Malaysia.  These plantations are 
expanding at a rapid rate, driven in part by the increasing demand for 
palm oil as a biofuel on Western markets.  Production of 1 tonne of 
palm oil causes a CO2 emission between 10 and 30 tonnes through 
peat oxidation (assuming production of 3 to 6 tonnes of palm oil per 
hectare, under fully drained conditions, and excluding fire 
emissions).  The demand for biofuel, aiming to reduce global CO2 
emissions, may thus be causing an increase in global CO2 
emissions.73 

Whether or not peat fires are included in the summary above is of 
little relevance in the longer term.  Peat fires will merely accelerate carbon 
depletion of the Indonesian peatlands.  On the other hand, peat oxidation 
alone can result in ten to thirty tons of CO2 per ton of palm oil produced.74  
Thus, a complete analysis incorporating such offsetting factors may 
indicate that converting palm oil to biodiesel may, in fact, defeat the 
intended benefit of achieving global reduction of CO2 emissions. 

IV. IN-USE EMISSIONS 

The debate concerning “in-use” emissions of biodiesel focuses 

                                                           
 69. Id. at 29. 
 70. Id. at 31 fig.19. 
 71. Id. at 29. 
 72. HOOIJER ET AL., supra note 67, at 29. 
 73. Id. at 30. 
 74. Id. 
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primarily on regulated emissions.  While CO2 emissions are primarily a 
global environmental impact issue, regulated emissions are of local and 
regional concern.  Biodiesel emissions, whether in mobile or stationary 
applications, tend to be atmospherically concentrated in metropolitan 
areas.75  Emissions from engines operating on biodiesel or biodiesel blends 
must not exceed prevailing emissions standards, which vary from country 
to country.76  In addition, many countries have air quality standards 
limiting atmospheric quantities of PM and ground level ozone, primarily 
out of a desire to protect against adverse effects to human health.77 

The general consensus is that reduction of emissions of CO, HC, and 
PM are significant and robust when replacing petroleum diesel with 
biodiesel in a diesel engine.78  While testing shows that the final numbers 
vary, both the average and spread in the results demonstrate clear 
reductions of CO, HC, and PM emissions.  However, the same reports 
suggest the results for NOx are more ambiguous.  On the one hand, the 
spread in the emissions results for NOx is arguably similar to those for 
other emissions.  Unfortunately, the NOx emissions test results are spread 
around neutrality, with some tests showing an increase in NOx emissions 
while others suggest a decrease.  In a 2002 draft technical report, the EPA 
concluded that, on average, NOx emissions from a B20 blend actually 
increased by 2%, while NOx emissions for B100 biodiesel increased by 
10%.79  Table 4 demonstrates a typical range of emissions results. 

 

                                                           
 75. See FED. HIGHWAY ADMIN., U.S. DEP’T OF TRANSP., CLEAN AIR AND TRANSPORTATION: 
DIESEL ENGINE RETROFIT (Jan. 2002), http://www.fhwa.dot.gov/environment/cmaqpgs/retrowhi.htm 
(noting that “[t]he growth in interstate commerce has spawned a corresponding growth in diesel truck 
traffic. Much of this increase in diesel vehicle miles traveled has been concentrated around large 
metropolitan areas that function as port cities or other transportation hubs”). 
 76. See generally DieselNet, Diesel Exhaust Emission Standards, 
http://www.dieselnet.com/standards (last visited Mar. 10, 2008) (providing diesel emissions standards 
in different countries). 
 77. See, e.g., EUROPEAN COMM’N, ENVIRONMENT FACT SHEET: MOVING TOWARDS CLEAN AIR 
FOR EUROPE 2 (2006), available at http://ec.europa.eu/environment/wssd/pdf/fs_air_pollution.pdf. 
 78. See JURJEN KRAHL ET AL., INFLUENCE OF BIODIESEL AND DIFFERENT DESIGNED DIESEL 
FUELS ON THE EXHAUST GAS EMISSIONS AND HEALTH EFFECTS 4 (2003), available at 
http://biodiesel.pl/uploads/media/Influence_of_biodiesel_and_different_designed_diesel_fuels_on_the_
exhaust_gas_emissions_and_health_effects.pdf; SCHARMER, supra note 50; A. WILLIAMS ET AL., 
BIODIESEL EFFECTS ON DIESEL PARTICLE FILTER PERFORMANCE (2006), available at 
http://www.nrel.gov/docs/fy06osti/39606.pdf; WENQIAO YUAN ET AL., PARAMETRIC INVESTIGATION 
OF NOX EMISSIONS FROM COMPRESSION-IGNITION ENGINES (2005), available at 
http://asae.frymulti.com/abstract.asp?aid=19572&t=2. 
 79. U.S. ENVTL. PROT. AGENCY, supra note 37, at ii–iii. 
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B20 B100
Hydrocarbons (HC) -15% to -25% -55% to -70%
Carbon Monoxide (CO) -10% to -15% -40% to -55%
Particulate Matter (PM) -10% to -15% -40% to -55%
Nitrogen Oxides (NOx) -5% to +5% 0% to +15%  

Table 4: Tailpipe Emissions Changes for Biodiesel Compared to Conventional Diesel Fuel 

 
These results, combined with regionally varying levels of compliance 

with National Ambient Air Quality Standards (“NAAQS”), lead to 
different policy responses regarding the introduction of biodiesel: 

 
• In the northeastern part of the United States, air quality 

standards focus primarily upon supporting compliance with 
standards decreasing PM emissions.  Given the robust 
decrease in PM that biodiesel affords, local regulatory 
agencies generally favor the use of biodiesel or biodiesel 
blends. 

• In Texas, compliance with air quality standards primarily 
revolves around non-attainment of the eight hour ground level 
ozone standard.80  With NOx serving as the primary precursor 
to ozone formation, any increase in NOx from diesel vehicles 
is undesirable.  As a result, significant policy resistance to 
biodiesel exists. 

• California faces non-compliance for both PM and NOx 
emissions.  In considering the full spectrum of both increased 
and decreased emissions achieved through biodiesel use, the 
California Air Resources Board (“CARB”) has cautiously 
approved the use of certain biodiesel blends in the State of 
California.81 

 
From a regional emissions and health effects standpoint—i.e., 

regulated emissions from biodiesel-powered vehicles in metropolitan 

                                                           
 80. See generally U.S. ENVTL PROT. AGENCY, TEXAS NONATTAINMENT AREA STATE MAP, 
http://www.epa.gov/oar/oaqps/greenbk/tx8.pdf (last visited Mar. 10, 2008) (demonstrating 
nonattainment areas in Texas). 
 81. See CAL. AIR RES. BD., DRAFT ADVISORY ON BIODIESEL USE (Nov. 14, 2006) [hereinafter 
CARB], available at http://www.arb.ca.gov/fuels/diesel/altdiesel/111606biodsl_advisory.pdf (noting 
that “under [CARB’s] diesel fuel regulations, biodiesel blends of less than 50 percent (B50) are defined 
as meeting the definition of diesel”). See generally U.S. ENVTL. PROT. AGENCY, NOX MAINTENANCE 
AREAS, http://www.epa.gov/oar/oaqps/greenbk/nmp.html#4482 (last visited Mar. 10, 2008) (describing 
the location of NOx maintenance areas within California). 



SMALLING FORMAT_PAGINATED.DOC 04/08/2008  10:40:57 AM 

2008] ENVIRONMENTAL BARRIERS TO BIOFUELS 303 

areas—biodiesel appears to have an overall beneficial impact.82  
Unfortunately, the combination of concern regarding ozone non-attainment 
and an ambiguous, but minor, NOx impact has led to a disproportionate 
focus on NOx emissions from biodiesel. 

The underlying cause for the varying effects of biodiesel on NOx 
emissions from diesel engines remains the subject of speculation.  Graboski 
reported that the composition of biodiesel explains the different NOx 
emissions produced through biodiesel use.83  In particular, Graboski noted 
that “NOx emission is highly correlated with biodiesel fuel density or 
cetane number,” a pair of factors that, themselves, are also highly 
correlated.84  Table 2 above illustrates how biodiesel from different 
feedstocks contains methyl esters with varying carbon chain lengths and 
levels of saturation.  With specific regard to NOx emissions, Graboski 
presented emissions data as a function of methyl ester carbon chain length 
and saturation level.85  These results are summarized in Table 5. 

 
 

Diesel
Lauric
12:0

Palmitic
18:0

Stearic
18:0

Oleic
18:1

Linoleic
18:2

Linolenic
18:3

0.0% -1.0% -6.5% -8.0% 6.5% 15.5% 22.5%  

Table 5: NOx Emissions of B100 Made from Single Types of Fatty Acids Compared to Diesel 

 
When viewed together, the data presented in Tables 2 and 5 lead to 

the conclusion that biodiesel derived from certain feedstocks might result 
in far greater NOx changes.  Indeed, Table 6 reveals that feedstocks with a 
high proportion of long chain, unsaturated fatty acids produce a biodiesel 
resulting in higher NOx emissions. 

 
 

diesel Lard
Edible
Tallow

Inedible
Tallow

Yellow
Grease 1

Yellow
Grease 2 Canola Soy

0.0% 3.2% 2.1% 1.9% 5.8% 2.3% 12.1% 15.2%  

Table 6: Increase in NOx Emissions from Diesel Engines Using Various B100 Fuels 
 

McCormick reported that NOx emissions from biodiesel use are also a 
factor of the specific engine designs and test protocols employed in order to 
                                                           
 82. CARB, supra note 81, at 3–4. 
 83. M.S. GRABOSKI ET AL., THE EFFECT OF BIODIESEL COMPOSITION ON ENGINE EMISSIONS 
FROM A DDC SERIES 60 DIESEL ENGINE 56 (2003), available at 
http://www.nrel.gov/docs/fy03osti/31461.pdf. 
 84. Id. at 46, 55. 
 85. See id. at 43–44. 
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measure emissions, thereby adding additional uncertainty to the root cause 
of these effects as well as any possible countermeasures.86  Both the Allen 
and Canakci reports discussed the effects of biodiesel fuel properties on 
fuel injection timing spray characteristics.87  Biodiesel fuel viscosity, bulk 
modulus (compressibility), and engine fuel system design can also combine 
to affect NOx emissions to a smaller or larger extent.  The effects of engine 
load on biodiesel-related NOx emissions appear to result in the test protocol 
discussed by McCormick.  Agarwal and Das established that high engine 
load conditions tend to increase NOx to a greater extent than light load 
conditions,88 a conclusion that the EPA also reached in a recent review of 
biodiesel test data.89  The body of data available suggests that significant 
variations in NOx emissions do in fact exist and that such variations depend 
upon several factors, although the root cause remains unclear and, thus, 
subject to speculation. 

V. TOTAL LIFE CYCLE AIR EMISSIONS 

The proliferation of both alternative fuels and vehicles requires the 
use of Life Cycle Assessment (“LCA”) tools in determining the relative 
benefits of an alternative fuel and vehicle combination.90  The large variety 
of suitable feedstocks for biodiesel production, each with their own unique 
life cycle, poses a particular challenge for such an analysis.  Regardless, 
most published LCAs focus upon either rapeseed or soybean oil, as these 
are currently the predominant feedstocks for biodiesel production in Europe 
and the United States. 

Even for a given feedstock, LCAs present considerable challenges.  
Several major biodiesel LCAs performed over the last decade demonstrate 
that the outcome depends heavily upon the hundreds of assumptions going 
into the analysis.  Some of the factors that impact LCAs include the 
definition of the system boundary (e.g., should the energy and materials 
used to manufacture agricultural machinery be included?); the use of 
national or regional averages for crop yield, fertilizer use, and irrigation; 
and the basket of electricity generating sources and associated emissions.91 

The Sheehan Report examined the life cycle emissions of petroleum 

                                                           
 86. BOB MCCORMICK, EFFECTS OF BIODIESEL ON NOX EMISSIONS 14–15 (2005), available at 
http://www.nrel.gov/vehiclesandfuels/npbf/pdfs/38296.pdf. 
 87. C.A.W. Allen & K.C. Watts, Comparative Analysis of the Atomization Characteristics of 
Fifteen Biodiesel Fuel Types, 43(2) TRANSACTIONS OF THE AM. SOC’Y OF AGRIC. ENG’RS 207, 207–08 
(2000); Canakci, supra note 39, at 14–16. 
 88. A.K. Agarwal & L.M. Das, Biodiesel Development and Characterization for Use as a Fuel 
in Compression Ignition Engines, 123 ASME J. OF ENG’G FOR GAS TURBINES AND POWER 440, 446 
(2001). 
 89. A. Sobotowski, Moving Forward with a Collaborative Biodiesel Emissions Test Program, 
Presentation at the U.S. Envtl. Prot. Agency Stakeholder Meeting 12 (Jan. 25, 2007). 
 90. LIFE CYCLE INVENTORY OF BIODIESEL AND PETROLEUM DIESEL, supra note 29, at iv. 
 91. Id. at 4–8. 



SMALLING FORMAT_PAGINATED.DOC 04/08/2008  10:40:57 AM 

2008] ENVIRONMENTAL BARRIERS TO BIOFUELS 305 

diesel and soy biodiesel.92  The results of the study are summarized in 
Table 7, where all emissions are converted to the equivalent vehicle 
emissions in grams per brake horsepower hour (“gr/bhp-hr”).  The study 
demonstrated that NH3, NMHC, and NOx each increased, while CO and 
PM decreased with only a marginal reduction in SOx. 

 
Petroleum

Diesel
(gr/bhp.hr)

B20
(gr/bhp.hr)

B100
(gr/bhp.hr)

Ammonia (NH3) 0 0.015 0.073
Carbon Monoxide (CO) 1.27 1.18 0.83
Non-Methane Hydrocarbons (NMHC) 0.13 0.19 0.44
Nitrogen Oxides (NOx) 5.00 5.14 5.68
Particulate Matter (PM) 0.084 0.077 0.047
Sulfur Oxides (SOx) 0.926 0.911 0.852  

Table 7: Life Cycle air Emissions for Petroleum diesel and B20 and B100 Biodiesel 
 

Emissions associated with soybean processing, including both the 
crushing and subsequent conversion to biodiesel, explain most of the higher 
life cycle NMHC emissions for biodiesel.  Similarly, the bulk of the SOx 
emissions related to soy biodiesel come from soybean processing 
activities.93  Both NMHC and SOx emissions during the soybean crushing 
and conversion processes are associated with sources of electricity 
generation.94 

One major problem with most of the LCAs performed to date, 
including Sheehan’s 1998 study, is that the analyses are backward-looking.  
Thus, many of the assumptions in these analyses are based on outdated 
information.  For example, more efficient methods of fertilizer application 
have significantly reduced the use of fertilizers; new vehicle emissions 
standards have been implemented; and ultra-low-sulfur diesel (“ULSD”) 
fuel has been introduced to the market.95  All of these changes bear on the 
ultimate outcome of a LCA.  More importantly, however, LCAs are 
increasingly used to make policy and technology investment decisions, the 
effects of which may not be fully realized for a decade or more, at which 
time the original LCA assumptions may no longer be valid. 
                                                           
 92. Id. at 4–5. 
 93. Id. at 246 (noting that “[s]oy oil conversion to biodiesel is responsible for 58% of the 
emissions”). 
 94. See id. at 19, 246. 
 95. See generally U.S. ENVTL. PROT. AGENCY, INTRODUCTION OF CLEANER-BURNING DIESEL 
FUEL ENABLES ADVANCED POLLUTION CONTROL FOR CARS, TRUCKS AND BUSES (2006), available at 
http://www.epa.gov/otaq/highway-diesel/regs/420f06064.pdf (discussing the environmental and public 
health benefits of ULSD). 
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VI. CONCLUSIONS 

Proponents of biodiesel as a substitute for petroleum diesel generally 
hail this renewable fuel as a solution for numerous problems facing our 
society today, including the following benefits: 

 
• Biodiesel Can Reduce GHG Emissions.  The burning of 

fossil fuels during the past century has dramatically increased 
the levels of CO2 and other GHGs that trap heat in our 
atmosphere.  The long-term implications of such continued 
GHG production remain the subject of intense arguments 
from all sides, but the levels of these gases have 
unquestionably risen at unprecedented rates in the big-picture 
scope of geological time.  To the extent that biodiesel is truly 
renewable, this alternative resource could significantly reduce 
GHG emissions from the transportation sector.  However, the 
concept of renewability upon which the benefits of biodiesel 
are premised depends greatly upon public policies supporting 
the sustainable use of croplands and changes in land use.  
Initiatives such as the Roundtable of Sustainable Fuels96 or 
the International Energy Agency’s (“IEA”) FAIRBiotrade97 
are evidence of progress in that direction.  Further, to more 
effectively serve the objective of reducing GHG emissions, 
both biodiesel feedstock and biodiesel should be labeled with 
some form of sustainability rating, and the use of poorly rated 
or unlabeled biodiesel should be discouraged. 

• Biodiesel Can Help Reduce Air Pollution and Related 
Public Health Issues.  One of the EPA’s primary 
responsibilities is to reduce public health risks associated with 
environmental pollution, especially PM, CO, HC, ground 
level ozone, and SOx and NOx in urban areas.98  Available 
data suggests a mixed bag in terms of the impact of the 
production and use of biodiesel in the United States.  Thus, 
the United States. needs an integrated energy policy that 
stimulates the cultivation of low-energy-input crops (e.g., 
minimal tilling, weeding, fertilizers, pesticides, water, etc.) 
while also fostering clean electricity generation.  Such 
measures could significantly reduce emissions associated 
with electric energy use in the processing of biomass to 

                                                           
 96. See generally Roundtable on Sustainable Biofuels, http://cgse.epfl.ch/page65660.html (last 
visited Mar. 10, 2008) (describing the purpose and activities of the Roundtable initiative). 

 97. See generally Fairbiotrade Project, http://www.fairbiotrade.org (last visited Mar. 10, 2008) 
(providing access to information about project activities and recent studies concerning sustainable 
bioenergy). 
 98. See 40 C.F.R. §§ 1.3, 50 (2007). 
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biofuels. 

• Biodiesel Can Reduce Our Dependence on Foreign Oil.  
The United States currently imports petroleum at record 
levels.99  Combined with high oil prices and political 
instability in large oil producing countries, biofuel 
development as an alternative to petroleum diesel is a key 
objective for achieving energy security.  Of course, the search 
for lower cost crops for biodiesel production has yielded new 
emphasis on palm oil produced largely in Indonesia and 
Malaysia.100  In fact, biodiesel feedstocks from foreign 
sources are displacing petroleum diesel from foreign sources.  
However, the increased emphasis on biofuels can carry its 
own unintended consequences.  For instance, while focusing 
increased attention on biofuel development, the Energy 
Policy Act of 2005 has also led to rapidly rising global food 
prices and political instability, due to the fact that food crops 
are now increasingly diverted for energy use.101  Thus, 
policymakers would be wise to separate energy production 
from food production by focusing on inedible feedstocks for 
biodiesel production.  Additionally, research into appropriate 
energy crops should focus on those crops that are able to 
flourish on marginal land with minimal irrigation needs. 

• Biodiesel Can Benefit Our Economy.  Spending on foreign 
imports of petroleum takes dollars away from the United 
States’ economy.  Biodiesel can help shift this spending to 
domestically produced energy and offers new energy-related 
income to farmers.  However, current trends indicate that 
there is a price to pay.  The current competition of food 
production versus energy production has driven up prices for 
corn and soybeans.  The increased prices have provided some 
very good news to farmers who have suffered for a decade or 
more with very low commodity prices for their crops.102  
Nevertheless, increased crop prices have likewise exaggerated 
the cost of everything related to the production of corn and 
soybeans, such as dairy and meat products.  The potential 

                                                           
 99. See generally ENERGY INFO. AGENCY, ANN. ENERGY REVIEW 128–130 (2006), available at 
http://www.eia.doe.gov/emeu/aer/pdf/aer.pdf (documenting the energy history of the United States 
and providing data related to past energy supply and demand). 
 100. See HOOIJER ET AL., supra note 67; WILLIAM H. KEMP, BIODIESEL BASICS & BEYOND: A 
COMPREHENSIVE GUIDE TO PRODUCTION AND USE FOR THE HOME AND FARM 125 (2006). 
 101. U.N. FOOD & AGRIC. ORG., supra note 61, at 1, 7, 17. 
 102. Id. at 1. See also Commodity Research Futures Bureau Future Price Index Statistics, 
http://www.allcountries.org/uscensus/778_commodity_research_bureau_futures_price_index.html (last 
visited Mar. 10, 2008) (setting forth price trends concerning commodities, including oilseeds, based on 
United States Census data for the years 1977–1999). 
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ripple effect that such cost increases may impose on the 
economy is not currently understood, nor is it known whether 
the economy as a whole will ultimately benefit.  Regardless, 
in creating a policy to promote the use and benefits of 
biodiesel fuels without inflicting serious harm upon the 
economy, the United States must set a strong foundation that 
separates food production and energy production through a 
focus on inedible crops for energy production. 


