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Abstract 

 

Concerns over global climate change, national security and limited petroleum resources 

have heightened US interest in renewable fuels in recent years. Biodiesel made from plant oils 

and animal fats is one such alternative. In 2007, the United States passed the Energy 

Independence and Security Act, setting new goals for the production of biofuels. In order to 

analyze the ability of the biodiesel infrastructure to meet the Renewable Fuel Standards outlined 

in the recently-passed Energy legislation and to determine the importance of current government 

subsidies in meeting these standards, I examined current and potential demand for biodiesel, 

possible feedstocks, and capital costs. Current US biodiesel refinery capacity exceeds the amount 

of production mandated, but production has only reached approximately one fourth of this 

capacity. With future capacity expected to double by 2009, biodiesel refineries will be able to 

produce the required biodiesel by 2012 at prices that are competitive with conventional diesel 

assuming subsidies remain above $0.72. The importance of the subsidy and the potential of the 

biodiesel industry are both based on assumptions about two volatile prices: the price of vegetable 

oils and the price of diesel. These prices are the key factors in determining the success of the 

industry and the public and private costs of meeting the Renewable Fuel Standard. 
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Introduction 

 Biodiesel is an increasingly popular fuel associated with environmental and international 

security benefits. The objectives of this project were to determine the current and potential 

demand for biodiesel in the United States and to examine the factors that impact price and 

supply. These objectives required an in-depth analysis of potential feedstocks. Using this data, a 

supply curve was created in order for two additional objectives. The supply curve was used to 

analyze the ability of the biodiesel infrastructure to meet Renewable Fuel Standards set by the 

United States government and to determine the importance of current government subsidies in 

meeting these standards. The capacity of the biodiesel industry is large enough to supply the 

mandated amounts of biodiesel; however, under most price scenarios, government subsidies 

must remain in order to creative a competitive market for biodiesel. 

 

Biodiesel Background 

 Petroleum is the largest energy source in the United States, accounting for 39.8% of 

primary energy consumption, 69% of which goes to transportation. The transportation sector is 

completely dependent on petroleum products, at 98% of transportation fuels directly produced 

from petroleum (EIA 2006). Recent growing concern over global climate change, national 

security and limited petroleum resources has made the need for alternative transportation fuels 

obvious, drawing public attention to biofuels. The most recent energy bill in the United States, 

The Energy Independence and Security Act, has mandated certain quantities of various biofuels 

to be produced within the United States. Biodiesel is arguably the most attractive biofuel option, 

because it can be used directly in diesel engines and other existing diesel infrastructure such as 
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pipelines and distribution trucks.  Diesel engines use 20-40% less fuel per mile traveled than 

similar gasoline engines (EERE 2007), and using biodiesel does not compromise this efficiency 

since B100 (or 100% biodiesel) has only 8.65% less energy content than conventional diesel. 

B20 (20% biodiesel) or B2 is often used instead of B100, and these fuels have even higher 

energy contents, at only 1.73% and 0.17% less than conventional diesel, respectively (NBB 

2005).  

Though biodiesel can be used in existing infrastructure, like any fuel, it must meet certain 

standards in order to avoid damage to equipment. ASTM International, a technical standards 

development organization (ASTM 2008), has set fuel quality specifications for biodiesel and all 

biodiesel blends. Biodiesel blends of less than 5% are incorporated into regular diesel standards 

under ASTM D975 specifications, and all other blends must meet ASTM D6751 specifications 

(NBB Aggressive 2007). In addition to these standards, BQ-9000 is a quality assurance program 

for biodiesel that began accrediting producers in 2004. BQ-9000 is a combination of 

International Organization for Standardization documentation requirements and testing protocols 

that are required under ASTM D6751 (Jessen 2006). Initial accreditation costs over $3000, and 

as of April 2008 there were nine accredited biodiesel marketers and twenty accredited biodiesel  

refiners (BQ-9000 2008). Fuel standards are important because biodiesel is in direct competition 

with conventional diesel, and if low quality fuel is causing maintenance problems with vehicles, 

then biodiesel is less cost competitive with diesel.  
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Current Biodiesel Market 

The European Union has been leading the world in biodiesel production, reaching over 

1.5 billion gallons in 2006 (Fig. 1), whereas in the United States, biodiesel has only very recently 

made an appearance in the market. In 2005, US production jumped to 75 million gallons of 

production, up from 25 million in the previous year.  This quantity has continued to rise, with 

biodiesel estimated at 450 million gallons of production in the United States alone in 2007 (Fig. 

2). Despite the fast growth the industry has been experiencing, biodiesel is still concentrated in 

only a few regions of the world. EU nations produce and consume the largest portion in the 

world at about 85% in 2005. Of this production, Germany refines the most at approximately 53% 

(Appendix Fig. 1).  The industry is much more concentrated than the diesel industry, with four 

nations producing 75% of the biodiesel in 2005. The top producing countries in order are 

Germany, France, Italy, and the United States (Appendix Fig. 2), though Brazil is expected to 

reach these levels of production in the next few years (Thurmond 2007). Each country uses 

different feedstocks depending on what is available and cost efficient in that region. EU nations 

use mostly canola oil, along with small amounts of sunflower seed oil and soybean oil. The 

United States uses soybean oil as its main feedstock but also uses waste vegetable oil, animal 

fats, canola oil, and small amounts of other vegetable oils. Table 1 below shows the primary 

feedstocks and production goals of major biodiesel producing countries.  
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Figure 1: European biodiesel consumption, 2002-2006 (EBB 2008). 

Figure 2: Biodiesel production in the United States, 1999-2007 (NBB 2007). 
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Table 1: Biodiesel feedstocks, production, and targets for selected countries (Coyle 2007) 

Country/Region Feedstock(s) 2007 Estimated 

Production (MMg) 

Blending Targets 

Brazil Castor Seed 64.1 2% blend of 

biodiesel in early 

2008; 5 % by 2013 

EU Rapeseed (Canola,  

Sunflower, Soybean 

1,731.9 5.75% biofuel share 

of transportation 

fuel by 2010; 10% 

by 2020 

Indonesia Palm Oil, Jatropha 107.7 10% biofuel by 

2010 

Malaysia Palm Oil 86.8 5% biodiesel blend 

used in public 

vehicles 

Thailand Palm Oil, Recycled 

Vegetable Oil 

68.8 Palm biodiesel to 

replace 10% of 

diesel demand by 

2012 

United States Soybeans, Other 

Oilseeds, Animal 

Fats, Recycled Fats 

and Oils 

444.5 1 billion gallons of 

biodiesel by 2012 

 

 

Current Diesel Market 

Diesel Production 

Because biodiesel is a replacement fuel for fossil fuel diesel, the most appropriate way to 

analyze the market potential for biodiesel is to examine the diesel market. Diesel is produced 

from crude oil at refineries around the world, reaching over 1 billion tonnes or 364 billion 

gallons in 2005. Seventy-five percent of this diesel is produced in only 10 countries/regions. 

OECD European nations lead the world in production, representing almost 24% of the world 
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total (OECD 2007). Other top diesel refining countries in order include China, Russia, Japan, 

India, Brazil, Saudi Arabia, Korea, and Canada (Fig. 3).  

 

Figure 3: Diesel production by top country/region, 2005 (OECD 2007). 
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increasing at an average of 9.4% each year since 2000. Brazil, Russia, Saudi Arabia and India 

have also been increasing production at rates higher than the world average. Japan is the only 

nation out of the top producers that has actually decreased their production, though this has only 

been a 0.7% decrease. 

 

Figure 4: Average percent change in diesel production since 2000 (OECD 2007). 
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2001). Conversely, in most other major diesel-producing areas, diesel dominates the motor fuel 

production. India produces the highest percentage of diesel fuel for transportation, producing just 

above 80%. The world percentage production has been at about 55% diesel for transportation 

fuels, with only the United States and Canada producing at a lower percentage; however Canada 

has been increasing their percentage of diesel production since 2000, as has China, OECD 

Europe, Korea and Brazil (Fig. 5). This signifies an increased use of diesel engines as compared 

to use of gasoline engines in these regions. 

 

Figure 5: Diesel as percent motor fuel produced (OECD 2007). 
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Diesel Consumption 

The top producing regions of fossil fuel diesel are, in large part, the same regions that 

consume the diesel fuel. In 2005, the world consumed over 94 billion gallons of diesel per day, 

with 75% of this consumption coming from 12 nations. Leading these in demand are OECD 

European countries with 6.1 million barrels of consumption per day. Other top diesel consuming 

countries in order include the United States, China, Japan, India, Brazil, Indonesia, Canada, 

Russia, Saudi Arabia and Korea (Fig. 6). The similarity between the top refining and top 

demanding areas demonstrates the fact that most countries import their oil as crude oil and refine 

it domestically. For example, in 2006 the United States imported 66% of its crude oil but only 

5.7% of its diesel (Durbin 2006). 

 

Figure 6: Diesel demand by top country/region, 2005 (OECD 2007). 
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 Total world demand for diesel has been increasing steadily since 2001, which has also 

been the case for most of the top demanding countries (Appendix Fig. 4). The exception to this is 

Japan and India, both of which have begun to decrease their demand.  OECD European countries 

experienced a sharp increase in demand in 2004, and then demand decreased again in 2005. On 

average, international diesel demand has been increasing at 2.8% for the past 5 years. China’s 

demand is increasing at an alarmingly faster rate of 10.25% per year since 2000, while Indonesia, 

Saudi Arabia, and Iran have also been increasing their demand at rates higher than the 

international average (Fig. 7). Alastair Bedwall, senior manager for J.D. Power Automotive 

Forecasting, states that the reason for the overall increase in demand for diesel fuel and engines 

revolves around rising energy prices and new environmental regulations. Daily notes “As a 

proven, cost-effective and off-the-shelf solution, diesel has a head start over other emerging fuel-

efficient technologies… With energy prices at elevated levels and new regulatory pressure to 

improve light-truck fuel efficiency, a range of fuel-efficient alternatives to the conventional 

gasoline engine will be required (Daily 2006).”  
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Figure 7: Average percent change in diesel demand since 2000 (OECD 2007). 

 

Demand for specific fuels is directly related to the demand for related types of vehicles. 

Virtually all semi-trucks and other delivery vehicles, buses, trains, boats, ships, and farm, 

construction, and military equipment have diesel engines, but the personal vehicle market is still 

dominated by gasoline-powered engines (EIA Diesel 2007). In 2005, there were about 44,000 

diesel light-duty vehicles, 478,000 medium-duty trucks, and 22,000 other diesel vehicles 

registered in the United States. In total, these vehicles accounted for only 3.6% of the passenger 

vehicle market (Polk 2005). Volkswagen is the largest global supplier of diesel-fueled passenger 

vehicles, followed by Ford Motor Company. Toyota is expected to begin penetrating a 

significant share of the market as well. Western European countries have been driving the recent 

increase in diesel demand, and are predicted to continue doing so. The market is expected to 

-4

-2

0

2

4

6

8

10

12

C
an

ad
a

U
n

it
ed

 S
ta

te
s

O
E

C
D

 E
u

ro
p

e

Ja
p

an

K
o
re

a

B
ra

zi
l

R
u

ss
ia

Ir
an

 I
sl

am
ic

 R
ep

u
b
li

c

S
au

d
i 
A

ra
b
ia

In
d

ia

In
d

o
n

es
ia

C
h

in
a 

P
eo

p
le

's
 R

ep
u

b
li

c

W
o
rl

d

%
 C

h
an

g
e



 12 

reach 29 million vehicles by 2015 (Daily 2006). The top diesel demanding regions tend to use 

higher percentages of diesel fuel than gasoline, and use higher percentages than the world 

average of about 50% diesel, 50% gasoline (Fig. 8). India uses the highest percentage of diesel as 

transportation fuel, though this percentage has been decreasing as gasoline vehicles have become 

more common. Korea also uses a high percentage of diesel fuel, and the percentage for OECD 

Europe has been rising near Korea’s levels.  

 

Figure 8: Diesel as a percentage of motor oil used (OECD 2007). 
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due to hesitation by consumers to buy diesel vehicles; the public still considers diesel engines to 

be major polluters. However, recent EPA standards have required No. 2 distillate fuel (diesel) to 

meet lower sulfur standards. By June of 2006, 80% of all highway diesel fuel had to be less than 

15 ppm sulfur fuel, or Ultra-Low Sulfur Diesel. By December of 2010, all highway diesel fuel 

must meet this standard (EIA Diesel 2007). As a result of these standards and also increasing 

fuel prices, consumers are beginning to look towards diesel cars, which are about 30% more 

efficient than gasoline cars (Durbin 2006). According to J.D. Power Automotive Forecasting, the 

United States, as well as Canada, has an “enormous potential” for diesel passenger vehicle sales 

(Daily 2006). By their estimations, the U.S. was at about 3.2% of the light-vehicle sales in 2005. 

Polk Automotive Intelligence estimates a slightly higher percentage (Appendix Fig. 5). Medium-

duty trucks account for the majority of the diesel passenger vehicles sales (Appendix Fig. 6). J.D. 

Power predicts an increase in the diesel market share to about 10% by 2015 (Daily 2006). 

Automakers have a reason to expand their diesel production, because certain low NOx-emitting 

vehicles now qualify for up to $3400 in tax credits though 2010.  The market is still somewhat 

limited, however, due to regulations in California, Massachusetts, Maine, New York, and 

Vermont that prevent the sale of diesel vehicles. Diesel is also only sold at about 42% of fuel 

stations throughout the United States (Durbin 2006). 

Diesel Uses 

The main use of diesel fuel in the United States is on-highway transportation, accounting 

for approximately 60% of diesel consumption (Fig. 9). On-highway transportation includes 

automobiles, trucks and buses, as well as the vehicles that are used to transport petroleum 

products. Other uses include off-highway, military, vessel bunkering, railroads, electric utilities, 

farms, oil companies, industrial, commercial, and residential consumption. Off-highway 
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consumption consists of construction facilities and equipment, logging, junkyards and 

refrigeration units on trucks.  Vessel bunkering is defined as any commercial or private boat, 

including those operated by oil companies but excluding those operated by the U.S. Armed 

Forces. All purchases made by the U.S. Armed Forces, Defense Energy Support Center and 

Department of Defense are accounted for under military uses. In terms of diesel used for non-

transportation uses, farms use diesel for tractors, irrigation pumps, crop dryers, smudge pots and 

milking machines. Oil companies themselves consume a portion of diesel during operations for 

drilling equipment, refining operations and space heating. In the industrial sector, diesel fuel is 

used mostly for powering machinery, but is also used for heating, air conditioning and lighting. 

Some diesel fuel is also used as an input for various manufactured products. Commercial and 

residential uses of diesel mainly include space and water heating, cooking, air conditioning, 

refrigeration and lighting. 

Figure 9: US Diesel end uses (EIA 2005). 
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The amount of diesel used for on- and off-highway transportation has been increasing 

steadily since 2000, while many other end uses of diesel have actually decreased (Appendix Fig. 

7). Residential and commercial uses have both decreased, while industrial use decreased slightly 

in 2002 but has since risen. Oil companies, farms, military and electric utilities have also been 

decreasing their consumption of diesel while vessel bunkering and railroads have stayed 

relatively stable. Railroad use of diesel fuel tends to fluctuate year to year.  

Prices 

The cost of biodiesel as compared to fossil fuel diesel is a key factor in its future market 

penetration. Historically, B99 or B100 has been significantly more expensive than regular diesel. 

As the percentage of biodiesel in the diesel mix decreases, the price decreases as well (Fig. 10). 

Nominal prices are shown below and taken from the EIA as available; biodiesel costs vary 

greatly by region and feedstock and therefore data is only available twice a year and is based on 

limited sampling. The graphs below represent retail fuel costs at private and public costs and 

therefore include taxes and subsidies. Prices of B99-B100 have stayed around $3.30 with the 

exception of June 2006, when prices spiked to $3.76. The price of B2-B5 stays very close to the 

price of diesel, while the price of B20 is always slightly higher than diesel, with the exception of 

May of 2007.  When comparing prices, it is important to take into account the slightly lower 

energy content of biodiesel compared to fossil fuel diesel. In order to compare prices over time 

and between types of fuel, Figure 11 shows the price in real dollars per gallon of diesel 

equivalent. This depiction does not significantly change the shape of the curves; however, it 

demonstrates the higher cost of B100 due to its lower energy content.  
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Figure 10: Nominal price of diesel fuels (EIA 2007, EERE 2005-2007). 

Figure 11: Real prices of diesel fuels (EIA 2007; EERE 2005-2007). 
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Feedstock Analysis 

The major determinant of the cost of biodiesel is the feedstock from which it is produced. 

In order to determine the market potential of biodiesel, it is necessary to analyze the costs of each 

feedstock, as well as their different characteristics and availability. According to the EIA, for 

fuel produced from virgin vegetables oils, feedstocks can account for 70-78% of the production 

cost. For non-virgin oils, this percentage can be anywhere from 0-70% (Howell 2005).  Soybeans 

were used as an example feedstock to further breakdown of the cost of a gallon of biodiesel. 

Analysis of a 2005 gallon of biodiesel produced from soybeans (Fig. 12) shows that the soybeans 

account about 30% or $1.01 of a $3.40 gallon of biodiesel, and the transport of the soybeans to 

the soybean crushing facilities costs only 1% or $0.03. Crushing the soybeans is the most 

expensive part of the process, accounting for 35% ($1.21) of the cost of production. Transporting 

the oil to the biodiesel refinery costs approximately $0.13, and the refining of the soybean oil to 

produce biodiesel costs only slightly more than the soybeans themselves, at about $1.02.   
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Figure 12: Breakdown of cost of one gallon of biodiesel (EERE 2005; CRB 2006). 

Soybeans 
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EU was the major importer of soybeans until the 2002-03 agricultural year, when China 

surpassed the EU (Fig. 14). China has remained the top importer of soybeans since that time, 

despite also being the fifth largest producer in the world. Other nations that import significant 

amounts of soybeans include Japan, Mexico, Taiwan and Korea. The three top producers, the 

US, Brazil and Argentina, are also the top exporting countries, followed by Paraguay and 

Canada. 

 

Figure 13: World soybean production and contribution by nation (CRB 2006). 
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Figure 14: Top soybean import/export nations (CRB 2006). 
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importer of soybean oil; however, it is not receiving significant amounts from the United States. 

The US exports primarily to Canada and Mexico, and has decreased export amounts to further 

countries such as Pakistan, Morocco, India, and Peru (Appendix Fig. 9). Oil that is not exported 

is used mostly for shortening and cooking and salad oils (Fig. 17). This has not always been the 

case as soybean oil was used mostly for resins and plastics until the last decade before it began to 

replace lard in shortening because of rising health concerns in the United States. Another recent 

change in use has been an increase use for biodiesel, which absorbed approximately 15% of 

available soybean oil in 2007.

 

Figure 15: World production of soybean oil (CRB 2006). 
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Figure 16: World imports and exports of soybean oil (CRB 2006). 
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Figure 17: Domestic uses of soybean oil (CRB 2006). 
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feedstocks used to produce biodiesel through 2006, when the program lost funding. The results 

of the reports are important in demonstrating the dominance of soybean oil as a feedstock (Fig. 

18). Various animal fats and oils were reported as a distant second most commonly used 

feedstock (Fig. 19). Though the findings from the Bioenergy Reporting program are not a 

complete picture of the entire biodiesel industry, the results are consistent with the refinery 

capacity in the United States.  

  

Figure 18: US Bioenergy Program: Reported gallons produced (log scale) (USDA Bioenergy 

2006). 
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Figure 19: US Bioenergy Program: Reported biodiesel production from top feedstocks (USDA 

Bioenergy 2006). 
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for salad and cooking oils, margarine, ink manufacturing, greases, cosmetics, medicines and 

soap. Seeds that are not crushed are sometimes used in birdfeed, and the meal from the crush is 

used in high-protein livestock feed.  Though Canada originated the crop, China was the highest 

producing country until 2000-01. During the 2000-01 growing season Germany took over most 

of the EU’s canola production and surpassed China’s production levels (CRB 2006) (Fig. 20). 

China and the EU consume their domestically produced canola, leaving Canada as the top 

exporter of canola oil worldwide. Canada dedicates 13 million acres of land to canola production 

and produces only 15% of the total world crop, but export 75% of the world’s imports (Canola 

2007). Seventy-five percent of those exports go directly to the United States (CRB 2006).  The 

United States acquires most of its canola already crushed as opposed to importing the seed and 

crushing it domestically (Appendix Fig. 11).  

Figure 20: World canola production (CRB 2006). 
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Palm 

Unlike most other vegetable oils, palm oil is actually produced from the flesh of the fruit 

of the palm tree. Oil can be extracted from the seed similarly to other plants, but this process 

produces a much lighter oil. Oil from the seed is called palm kernel oil and is generally used for 

food, while palm oil is used more often for soap, ointments, cosmetics, detergents, and 

machinery lubricants. Ten times the amount of as oil is extracted from the fruit than as the seed. 

Malaysia is the top producer of palm oil, followed closely by Indonesia. Nations near the equator 

produce more palm oil, with Nigeria, Thailand and Colombia as major producers as well 

(Appendix Fig. 12). Malaysia and Indonesia are also the top palm oil exporting nations, with 

exports increasing significantly every year. Nigeria, Thailand, and Colombia consume their palm 

oil domestically and therefore do not export, leaving Hong Kong, Paupa New Guinea and 

Singapore as other leading palm exporters (Appendix Fig. 13). India and China are the world’s 

largest importers of palm oil. India experienced a major increase in demand in the mid 1990’s, 

and China began to experience a similar increase starting in 2000. China has now surpassed India 

in palm oil demand. The United States’ growth in demand for palm oil imports has been 

increasing similarly to China and India, with imports reaching 315,000 metric tonnes in 2005. 

Other major importing countries, including Germany, the Netherlands, Pakistan, and the UK, 

have maintained a relatively constant demand for palm oil imports. 

Sunflower Seed 

Sunflower seeds are commonly grown and used for oil worldwide. The weight of the 

seed is 39-49% oil, which accounts for about 80% of the value of the seed. One acre of 

sunflower seed crop yields approximately 50 bushels of seed per acre which can be made into 50 
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gallons of oil. This high oil content and the high energy content of the oil (93% of the energy 

content of fossil fuel diesel) makes sunflower seed oil a good candidate for biodiesel production. 

However, high prices and variable acreage and crush of the seeds have been major barriers to its 

use. Sunflower seeds are used often for food for people, livestock, and birds, and the oil is used 

mainly for soaps, candles, varnish and detergents. Argentina and the Former USSR are the two 

top producers of sunflower seeds. Argentina, however, began to decrease its production at the 

beginning of the 21
st
 century and fluctuate sunflower seed exports on a yearly basis. The Former 

USSR began to increase, now dominating world production (Appendix Fig. 14).  This is also the 

case for sunflower seed oil, because most seeds are crushed in the country in which they were 

grown (Appendix Fig. 15). China, France, India, Romania, Hungary and the United States also 

grow large amounts of sunflowers seeds. The Former USSR and even Uruguay have thus 

recently been major players in the international market.  Turkey, the Netherlands, Spain, 

Germany and France are the highest importing countries in the world, though overall imports 

have been decreasing in recent years (Fig. 21). Turkey, France and Spain import their seeds and 

produce the oil domestically, making them the top sunflower seed oil producing nations after 

Argentina and the Former USSR. In the past decade, the United States has been decreasing its 

production of sunflower oil. Domestic consumption has remained steady thus the US has 

decreased its exports in response to decreased production (Appendix Fig. 16). The decreased 

production in the United States is partially due to a decrease in sunflower seed supply but is also 

a result of decreased crush. The US crushed approximately half of its sunflower seed until 2002, 

at which point sunflower seed crush decreased (Appendix Fig. 17).  
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Figure 21: Top sunflower seed importing nations (CRB 2006). 
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Figure 22: Top world producers of cottonseed (CRB 2006). 
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used for livestock feed, and the refined oil is used mostly for margarine, shortening, salad oils, 

confections, and energy or sports drinks, as well as soaps, detergents, shampoos, cosmetics, 

candles, glycerin and synthetic rubber. Coconut oil is produced in the nations that grow coconut 

palms. The Philippines produce 41% of the world’s palm oil, and other top producers include 

Indonesia, India, and Mexico (Appendix Fig. 18). Europe is the top consumer of coconut oil, 

consuming nearly as much as Indonesia produces on a yearly basis. India and the United States 

are also large consumers of coconut oil that must import their supplies (Appendix Fig.19). In the 

past decade, the US has been gradually decreasing its use of coconut oil for inedible 

consumption and increasing its edible consumption (Appendix Fig. 20).  

 

Corn 

 The United States dominates the world market for corn, at 41% of production, and corn 

dominates US agricultural acreage. It is grown primarily for its use as livestock feed, and is not 

traditionally grown as an oilseed crop because it contains only 4% oil content. Oil from “high-

oil” corn can account for up to 7% of the corn weight (CRB 2006). Though corn is not grown as 

a biodiesel feedstocks, some refiners have begun using the oil byproduct from ethanol production 

to produce small amounts of biodiesel (GSCT 2007). Alternatively, corn oil is also used for 

cooking oil, margarine, mayonnaise, soaps, paints, inks, varnishes, and cosmetics (CRB 2006) 

(Appendix Fig. 21).  

 

Peanuts 

 Peanut oil can also be used for biodiesel production, but like many other possible 

feedstocks, it is not widely available and is even more expensive than sunflower seed oil. When 
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peanuts were originally brought to the United States, they were used primarily for pig feed, but 

now there are over 300 uses for peanuts including shaving cream, leather dye, coffee, ink, cheese 

and shampoo. There are four basic types of peanuts in the US: Runner, Spanish, Valencia and 

Virginia. Peanut oils are produced primarily from Spanish peanuts. It is extracted from shelled 

and crushed peanuts through hydraulic pressing, solvent extraction or expelled pressing. The 

refined oils, which must be bleached and deodorized, are used for cooking, margarine and 

shortening. Press cake, the byproduct from crushing, and the tops of peanut plants are used as 

cattle feed. In addition to refining the oil for biodiesel, energy can also be produced from peanuts 

by burning the dry shells for electricity. China is the leading producer of peanuts in the world, 

followed by India, the US, Nigeria and Indonesia (Appendix Fig. 22). China’s production 

increased significantly at the end of the 20
th
 century, while India’s decreased. Other top 

producing countries have stayed relatively steady in their production. The United States uses the 

vast majority of its peanut stocks directly for food, only crushing a small percentage for oil (Fig. 

23). 
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Figure 23: US Supply and disappearance of peanuts (CRB 2006). 
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Lard is the fat layer removed from pigs, and thus its supply is directly related to the 

supply of pigs raised for livestock. It is a preferred cooking oil because it produces very little 

smoke when heated. Lard is also used for medicinal purposes such as in ointments, plasters, 

liniments and laxatives. China is by far the largest producer of lard in the world due to the 

common consumption of pork (Appendix Fig. 23), and only continues to grow. The United 

States is the next highest producer of lard, followed by Germany, Brazil, the Former USSR, 

Spain, Poland, Italy, France and Canada. Brazil experienced a drastic increase in lard production 

in 2000 (Fig. 24), related to an increase in all Brazilian agricultural production but especially hog 

production. Lard production in the US has been increasing steadily, but consumption has been 

decreasing significantly due to health concerns (Fig. 25). This has lead to a large increase in lard 

exports (Fig. 26).  

Tallow and grease, similar to lard, are the fat collected from the production of cattle for 

food. It is used for margarine, cooking oil, baking products, soap, candles and lubricants. 

Because the production of tallow and grease is directly related to the production of cattle, those 

countries that raise large numbers of cattle are large producers of tallow and grease. The US 

dominates the world market for tallow and grease, followed by Australia, Argentina and Canada 

(Appendix Fig. 24). 
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Figure 24: World production of lard (excluding China) (CRB 2006). 

 

Figure 25: US consumption of lard (edible and inedible) (CRB 2006). 
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Figure 26: Production and distribution of lard in the US (CRB 2006) 

*Baking/frying fats info withheld after 2000 
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Figure 27: Prices of feedstocks (CRB 2006). 
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The equation for calculating the cost of production for one gallon of biodiesel is 

 

CG=FC+CAP+OPER-GLYC-SUBSID                           

 

Where CG is the cost of production per gallon of biodiesel, FC is the cost of the feedstock used 

to produce one gallon of biodiesel, CAP is the capital cost per gallon of production capacity per 

year, OPER is the operation cost per gallon, GLYC is the value of the glycerin byproduct, and 

SUBSID is the amount of the subsidy received from the United States government per gallon of 

biodiesel. 

 

For the 2007 production models, the quantities of biodiesel from different feedstocks 

listed below were estimated using 2007 production estimates as well as estimated assumptions of 

feedstock percentages. These percentages are based on numbers reported to the USDA 

Bioenergy Reporting program, which lost funding in 2006, as well as capacity estimates from the 

Biodiesel Magazine and the National Biodiesel Board (Table 2). 
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Table 2: Amount of Biodiesel Produced from Different Feedstocks in 2007 

Feedstock Gallons of Biodiesel Produced 

Soybean Oil 409,500,000 

Waste Vegetable Oil 13,500,000 

Animal Fats (Lard, Tallow, Grease) 13,500,000 

Canola Oil   9,000,000 

Other (Cottonseed Oil, Sunflower Seed Oil, Palm Oil, Corn 

Oil) 

     450,000 

 

 

All prices are adjusted from EIA inputs and use USDA feedstock prices in 2007 dollar 

values. The operation cost value of $0.58 per gallon was adopted from the original EIA model. 

The EIA assumes $0.21 ($2007) value of glycerin; however, recent surplus in the glycerin 

market due to increased supplies from biodiesel producers has caused crude glycerin prices to 

fall as low as $0.02 per pound. Most refineries are able to receive between $0.06 and $0.10 per 

pound (Kotrba 2007); $0.08 was assumed for all scenarios. For all scenarios, the EIA value of 

$0.18 per gallon was adopted for capital cost. The figure for 2007 Production Stack shows the 

quantity of biodiesel produced from each feedstock and the cost of producing one gallon of 

biodiesel from that particular feedstock (Fig. 28). 
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Figure 28: 2007 production stack. 
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National Renewable Energy Laboratory (Howell 2005).  
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Using the average cost of the plants, cost of a biodiesel plant can be calculated as (Fig. 29) 

 

C = 2.4904g
0.6021 

  

where C is the total capital cost of the refinery and g is the capacity of the refinery. For example, 

a 10 million gallon plant would cost 2.4904*10,000,000
0.6021

, or $40,829.03. A simple 

correlation gives an R
2
 value of 0.99 when compared to actual average cost per plant. 

 

Figure 29: Biodiesel refinery cost by plant capacity (Howell 2005). 
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In order to determine capital cost per gallon, the equation needs to be rearranged. When 

calculating this equation per gallon of biodiesel, the result is the equation (Fig. 30) 

 

Cg = 2.4904g
-.398 

 

where Cg is the capital cost per gallon. The simple correlation for this equation gives an R
2
 value 

of 0.9999. 

 

 

Figure 30: Capital cost of biodiesel per gallon of capacity (Howell 2005). 
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Capacity Supply Models 

 The potential of the biodiesel industry was examined by creating capacity supply curves 

from data about size and feedstock choice compiled from the Biodiesel Magazine refinery 

database and the National Biodiesel Board. The supply curves show how much biodiesel could 

be produced at what cost per gallon, and the curves were reconstructed based on varying 

assumptions and compared to biodiesel mandates set by the Renewable Fuel Standard. 

 The first model (Fig. 31) shows the cost of production based on the refinery capacity in 

August of 2007 and 2007 feedstock prices. This basic model also assumes that all multi-

feedstock plants are using soybean oil, because this is the most common feedstock. This 

assumption is consistent with the results of the USDA Bioenergy Reporting program. The supply 

curve shows that the refinery infrastructure has the capacity to produce over 1.4 billion gallons of 

biodiesel at a price of less than $2.00. Small amounts of biodiesel can be produced at prices not 

much higher than a dollar, but production costs level off after $1.83, and the majority of the 

capacity can produce biodiesel between $1.83 and $2.00. 
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Figure 31: Current biodiesel capacity 
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could produce biodiesel at a price less than $2.00, and over 600 million gallons could actually be 

produced at a cost of less than $1.00. These assumptions are not realistic in either case, because 

these quantities of waste vegetable oil and canola oil are not available in the United States; 

however, this result demonstrates the range of possible production costs. 

 

Figure 32: Minimum and maximum production costs for multi-feed plants. 
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set by the renewable fuel standards, more than enough capacity to produce the 1 billion gallons 

mandated already exists. Biodiesel refiners can produce more than 1 billion gallons at a price that 

is competitive with the 2007 price of conventional diesel ($2.88, or $2.63 biodiesel equivalent).  

 

Figure 33: Current and future capacity, 2007 prices. 
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be produced can still be sold at a price that is slightly less than that of conventional oil, but the 

market competition is much tighter. 

 

 

Figure 34: Current and future capacity, 2008 prices. 
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billion gallon mark, biodiesel requires at least a $0.72 subsidy. However, considering the high 

diesel prices in recent years, biodiesel may not need a subsidy at all. The US can produce over 3 

billion gallons of biodiesel at a price that is less than the 2008 price of diesel without any subsidy 

at all. However, because vegetable oil prices tend to rise and fall with crude oil prices, it is likely 

that if 2012 diesel prices are relatively high, feedstock prices will also be high. Biodiesel 

production will most likely always require government subsidies unless there are drastic 

advancements made in feedstock oil contents, acreage yield, or production efficiency. 

 

Figure 35: Forecasted subsidy requirements. 
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Conclusions 

 Because biodiesel must fit into the diesel infrastructure, the future growth of biodiesel is 

entirely dependent on the persistence and growth of diesel demand. This dependence is likely to 

benefit rather than hinder the future of biodiesel because diesel is becoming a more popular fuel 

in the United States and other regions as well. Demand for diesel and biodiesel fuel is directly 

related to the use of diesel engines, and because diesel engines are more efficient and diesel fuel 

is becoming more clean, the use of diesel engines is projected to increase. Considering the 

strength of diesel forecasts, biodiesel refiners and marketers will benefit from blending their 

product with diesel and emphasizing the ability of biodiesel to function in diesel infrastructure.  

 The success of the biodiesel industry is highly dependent on the price and availability of 

feedstocks. Soybean oil has been the primary source for biodiesel production in the United 

States, accounting for over 90% of biodiesel production. This has required only up to 15% of the 

available soybean stock in the United States, but as production mandates increase, biodiesel may 

require up to 40% of soybean oil stocks at current production levels. Animal fats and waste 

vegetable oil remain good economic choices for feedstocks, but are not as widely available as 

vegetable oils. In addition, animal fat production is driven by demand for livestock, so increasing 

demand of the oil byproduct will not encourage the market to produce more animal fats.  

 Another production cost component that biodiesel refiners have some control over is 

capital costs. Capital costs vary greatly with the size of the plant; larger plants cost increasingly 

and significantly less per gallon that smaller plants. Thus, it is more economic for producers to 

build larger plants. Larger plants require feedstocks to be transported in from further distances, 

but because transportation of feedstocks is such a small percentage of production costs, larger 

plants are a better choice for most producers. 
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With current subsidies and refinery capacity, it is likely that the biodiesel industry will be 

able to produce the amount of biodiesel mandated by the Renewable Fuel Standard at a price that 

is competitive with conventional diesel fuel. The United States biodiesel industry only operated 

at about 26.4% of the available capacity in 2007, and this capacity is expected to double by the 

end of 2008.  Meeting RFS 2012 mandates will only require 28.8% of the refining capacity that 

will be online by 2009. In order for this to be possible, however, the biodiesel subsidies need to 

remain above at least $.72 through 2012 for virgin feedstocks. Waste oils would not require a 

subsidy, however, because they are less expensive to produce than conventional diesel under all 

scenarios considered. The importance of the subsidy and the potential of the biodiesel industry 

are both based on assumptions about the price and availability of two volatile prices: the price of 

vegetable oils and the price of diesel. These prices are the key factors in determining the success 

of the industry and the public and private costs of meeting the Renewable Fuel Standard. 
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Appendix 

 

Figure 1: 2005 biodiesel production by country (World Future Society). 

Figure 2: Top biodiesel producing countries in 2005 (World Future Society 2007). 

US

Other 
Non-EU 

Countries

Germany

France

Italy

Czech Republic

Poland

Slovakia

Other EU 
Countries

266000

1711900

516800

387600

0

200000

400000

600000

800000

1000000

1200000

1400000

1600000

1800000

US Germany France Italy

T
o
n

s 
o
f 

B
io

d
ie

se
l

Country



 54 

 

Figure 3: Largest diesel suppliers by country/region (OECD 2007). 
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Figure 4: Diesel demand by highest demanding countries/regions (OECD 2007). 
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Figure 5: Diesel percent share of passenger vehicle market (Polk 2005). 

Figure 6: Diesel passenger vehicle registration by type (Polk 2005). 
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Figure 7: US diesel consumption by end use (Polk 2005). 

Figure 8: United States domestic consumption and crush (CRB 2006). 
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Figure 9: Destinations of US exports of soybean oil (CRB 2006). 
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Figure 10: World production and crush of canola (CRB 2006). 

Figure 11: US Acquisition and disappearance of canola oil (CRB 2006). 
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Figure 12: World production of palm oil (CRB 2006). 
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Figure 13: Major palm oil exporting nations (CRB 2006). 
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Figure 14: World production of sunflower seed oil (CRB 2006). 
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Figure 15: Top world producers of sunflower seed (CRB 2006). 
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Figure 16: US sunflower seed oil (CRB 2006). 

Figure 17: United States crush of sunflower seed (CRB 2006). 
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Figure 18: Top coconut oil producers (CRB 2006). 

Figure 19: Top coconut oil consumers (CRB 2006). 
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Figure 20: Supply and disappearance of coconut oil in the US (CRB 2006). 
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Figure 21: US corn oil supply and disappearance (CRB 2006) (For years with no data, numbers 

with withheld) 
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Figure 22: Top producers of peanuts (in the shell) (CRB 2006). 

Figure 23: 2005 top producers of lard (CRB 2006). 
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Figure 24: World production of tallow and grease (CRB 2006). 
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