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Abstract: In the United States (U.S), biodiesel is produced from vegetable oils, animal fats, recycled restaurant oil, and waste oil.
Soybean oil has been by far the most widely used feedstock for U.S biodiesel production, accounting for more than half of the nation's
biodiesel feedstock. This study aimed to determine the potential biodiesel volume of the soybean plant, which is the most cultivated
product as a first-generation biodiesel feedstock in the U.S. The potential biodiesel volume of the soybean plant, which was grown on
an area of 30352150 hectares in the U.S in 2019, was calculated as 1020749343 liters. Biofuels can be produced domestically, which
could lead to lower fossil fuel imports. As in the rest of the world, if the production and use of biofuels in the U.S reduce imported fossil
fuel consumption, it may become less vulnerable to its adverse effects in terms of energy supply security. Reducing demand for

petroleum could also reduce its price, generating economic benefits for U.S consumers. Knowing the potential of oilseed plants used as
feedstocks in first-generation biodiesel production will accelerate efforts to identify products that should be used in second-generation
biodiesel production and expand their cultivation. Studies should be planned to remove the threat on the food sector by replacing the
first-generation biodiesel production feedstocks, which are mainly used as oil feedstocks in the food sector, with the second-generation

inedible oil feedstocks that are not used in the food sector.
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1. Introduction

Different biofuel feedstock sources and production
processes have other
greenhouse gas emissions, life cycle, air pollutants, land
and water use. Therefore, policies on biofuel production
and use are directly affected by this situation. Both
biofuel technologies and other alternative power train
technologies will determine the volume of biofuels and
what types of transportation fuels they can integrated
them. For the efficient integration of biofuels into the

many impacts, including

transport fuels market, must coordinate production,
transport, distribution, and automobile infrastructure
(Mishra and Goswami, 2018; Elgharbawy et al., 2021).
First-generation biofuels are made from sugar crops
(sugarcane, sugar beet), starch crops (corn, sorghum),
oilseed crops (soybean, canola), and animal fats. Oils and
animal fats can be processed into biodiesel. Second-
generation biofuels, or cellulosic biofuels, are made from
cellulose, available from non-food crops and waste
biomass such as corn stover, straw, wood, and wood
byproducts. Third-generation biofuels use algae as a
feedstock. Commercial cellulosic biofuel production
began in the U.S in 2013, while algae biofuels are not yet
produced commercially (Huang et al.,, 2013).

Several laws and regulations at the federal, state, and
local levels have been essential drivers of biofuel
production and use in the U.S. The Environmental
Protection Agency (EPA) has implemented mandates for
how much renewable fuel must be blended with fossil
fuels Renewable Fuel Standard (RFS) mandate was
passed in 2005, and in 2007, an expanded mandate,
known as RFS2, was passed to include cellulosic biofuels.
The Renewable Fuels Standard (RFS2) requires an
increase in biofuel use, which should nearly triple from
13.6 billion gallons per year to 36 billion gallons per year
by 2022. According to RFS2, it is recommended to meet
90% of this amount from cellulosic biofuels and
advanced biomass-based diesel.

In Figure 1, the energy resources of the United States,
ranging from the 1700s to the present, are shown. As of
2020, 79% of the country's energy needs are met from
fossil fuels and 21% from renewable energy sources and
biofuels (EIA, 2021). In Figure 2, the usage rates of each
of the renewable energy sources in U.S in 2020 and the
sectors in which these sources are used are given (EIA,
2021).

BSJ Agri / Hillya KARABAS

119

This work is licensed under Creative Commons Attribution 4.0 International License



Black Sea Journal of Agriculture

quadrillion British thermal units
100

fossil fuel share
79% in 2020

80
petroleum
60 A
/

Hf natural
ad gas

40 | &
/ vvk\\ nonfossil fuel
share
20 ,\/‘/ 21% in 2020
- anaces ty

0
1776 1850 1900 1950

Figure 1. Energy consumption in the United States
(1776-2020).
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Figure 2. U.S. Renewable Energy consumption by source
and sector.

According to the U.S Energy Information Administration
(EIA) Annual Energy Report in 2021, renewable energy
consumption in the United States increased for the fifth
consecutive year, reaching 11.6 quadrillion British
thermal units (Btu), accounting for 12% of U.S energy
While renewable energy production
increased, fossil fuel and nuclear energy consumption
decreased.

Biodiesel is an alkyl ester produced from renewable raw
materials such as vegetable oils, animal fat, and algae.
Biodiesel is one of the biofuels used in large quantities

consumption.

and widely in the U.S, Brazil, Indonesia, Malaysia, France,
Germany and other European countries. High cetane
number, clean combustion, good lubrication, low
aromatic content, low sulfur content, and low pour point
are the main features of biodiesel that make it superior to
petrodiesel (Agarwal, 2007; Singh and Singh, 2010;
Moser, 2016; Zivkovi¢ and Veljkovi¢, 2018). In addition,
the distinguishing features of biodiesel are that it reduces
particulate matter (PM), carbon monoxide (CO), and
hydrocarbon (HC) emissions in exhaust gas. Therefore,
biodiesel is an environmentally friendly fuel (Mishra and
Goswami, 2018; Rouhany and Montgomery, 2019;
Elgharbawy et al., 2021).

A century ago, the soybean was practically unknown
outside Asia. Today, hundreds of millions of people
worldwide eat meat, eggs, and dairy products from
animals fed on soy, and traces of soybean are found in

countless processed foods. In the last 50 years, the
production of soybean has grown tenfold, from 27 to 269
million tons. The total soybean area now covers over 1
million square kilometers - the total combined region of
France, Germany, Belgium, and the Netherlands. This
expansion shows no sign of stopping: the United Nations
Food and Agriculture Organization (FAO) suggests
soybean production will almost double by 2050. Markets
in Africa and the Middle East are also expected to expand
rapidly in the next decade.

Soybeans are grown throughout much of North America,
South America, and Asia. In other words, soybeans are a
global food crop. According to National Agriculture
Statistics Service (NASS, 2021)'s statements The United
States produces roughly 32% of all soybeans globally,
followed by Brazil at 28%. Despite its relatively high
price as a food crop, soybean is still a significant
feedstock for biofuel production.

The use of soybean oil for biodiesel was greatly
influenced by promotion from U.S. soybean farmers
through the United Soybean Board (USB) and the
subsequent creation of the National Biodiesel Board
(NBB). Soybeans account for 80% or more of the edible
fats and oils consumed in the U.S. Soybean oil is mainly
used for food consumption and, more recently, for other
uses such as biodiesel. Combined, soybeans and their
derivatives are the most traded agricultural commodity,
accounting for over 10% of the total value of global
agricultural trade. Global trade in soybeans and soybean
products has risen rapidly since the early 1990s and, in
2008/2009, surpassed international trade of wheat and
total coarse grains (Pradhan et al., 2009; Huang et al,,
2013). According to USDA Agricultural Projections, by
2025, world trade is projected to increase in soybeans by
22%, soybean meal by 20%, and soybean oil by 30%.
Soybean was the most produced oilseed crop in the
world in the 2018-2019 sowing season, followed by
rapeseed, sunflower, peanut, and cotton, respectively.
The total amount of oilseed production in the world in
the 2018-2019 season was 599.7 million tons. Three
hundred fifty million tons of this belongs to the soybean
plant. In the same production season, the country with
the largest soybean production in the world was U.S
(120.5 million tons), followed by Brazil (119.7 million
tons), Argentina (55.3 million tons), China (15.9 million
tons), and India (10.9 million tons). In this period,
soybean production in Europe was 2.6 million tons.
Figure 3 shows the increase in soybean production in the
world and in the United States over the years (FAOSTAT,
2021).

While soybean production in the world was 20-30
million tons annually in the 1960s, the amount of
production increased over the years and reached 350
million tons in the 2018-2019 production season. In this
season, the production amount in U.S, the largest soybean
producer globally, was 124 million tons (USDA, 2018;
USDA, 2020). The diversity of biodiesel feedstock has led
to a broader geographical distribution of biodiesel
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refineries. Figure 4 shows the locations of ethanol and
biodiesel refineries currently produced in the U.S.

A

FAS N
-/‘/\/,/V"\/“ Vocd W B
Y

e

Figure 3. Soybean production amounts in the world and
U.S.

Biodiesel refineries are, for similar reasons, located in
close proximity to feedstock supplies, although the
feedstocks used to produce biodiesel vary a great deal
more than for ethanol. Biodiesel feedstocks include
soybean oil, other vegetable oils, and animal fats, the
latter typically byproducts from food production or
preparation. The variability of biodiesel feedstocks has
led to a wider geographic distribution of biodiesel
refineries. Figure 4 shows the locations of ethanol and
biodiesel refineries currently producing in the United
States.
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Figure 4. Locations of refineries producing biodiesel and
ethanol in the U.S.

The blue dots on the map show the locations of the
biodiesel refineries, and the green ones show the
locations of the ethanol refineries. Biodiesel production
in the U.S emerged in the early 2000s due to the need for
energy independence and growing concern about
reduced greenhouse gas emissions. As shown in Figure 4,
production facilities are spread over a wide geographical
area of the country. The top four states in biodiesel
production capacity are Texas, lowa, Illinois, and

Missouri, respectively. These four states have more than
half of the U.S production capacity. Texas has a large oil
refining capacity that fits well with the need to blend
biodiesel with petroleum-based diesel fuel. Three of the
top four states are located in the center of the country's
Soybean Belt and have significant sources of soybean oil
for biodiesel production.

The feedstock is an essential element in the biodiesel
industry, as feedstock costs make up the bulk of
biodiesel. Today, the feedstock equates to at least 80% of
the expenses associated with biodiesel production.
Approximately 95% of the biodiesel production in the
world is made from cooking oils, and it is seen as an
unnecessary situation when the world has a food
problem. Each country should prefer feedstocks with
high oil yields, which can be grown at a low cost by their
geographical
production (Mishra and Goswami, 2018).

The EIA, 2021 report provides monthly data on the
number of different feedstocks used for biodiesel

and climatic conditions in biodiesel

production. Soybean oil was the dominant feedstock
accounting for more than half of the total feedstock used
in the biodiesel industry in 2010 and 2020. Other
feedstocks include canola oil, tallow, poultry oils, yellow
grease, white grease, and a minimal amount of corn oil.
Yellow grease is a term for recycled cooking oils. The
main reasons soybean oil is preferred as an oil feedstock
in biodiesel production are its abundant source and
suitable fatty acid profile. More than 90 million acres of
soybeans were planted in the United States in 2017, and
in 2018, the acres planted for soybeans exceeded corn
acreage for the first time since 1983. Soybean acreage fell
to 76.1 million acres in 2019 (USDA, 2020). The United
States is the world's largest producer of soybeans.
Exports of oilseeds, especially soybeans, are an essential
source of demand for U.S producers and make an
enormous net contribution to the U.S agricultural trade
balance.

This study aimed to determine the potential biodiesel
volume of the soybean plant, which is produced in the
highest amount as the first-generation feedstock in
biodiesel production in the U.S.

2. Material and Methods

In this study, soybean was investigated as the oilseed
plant with the largest cultivation area in America and
globally. Data were taken from the public, online sources.
Food and Agriculture Organization (FAO) of the United
Nations  Statistics (FAOSTAT) and US.
Department of Agriculture (USDA) were used as the
source. All biodiesel volumes is based on processed oils
and fats export statistics from FAOSTAT 2021.

2.1. First-Generation Biodiesel Feedstock of the U.S
Table 1 shows the sources used in renewable energy
production in the U.S between 2015 and 2018 and their
usage amounts. In 2018, energy consumption from
biofuels in the country totaled 2.283 quadrillion Btu.

Division
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Table 1. U.S Renewables consumption and sources

Energy Sources 2015 2016 2017 2018
(Quadrillion Btu)
Hydroelectric

2.321 2.472 2.767 2.667

power
Geotermal 0.212 0.210 0.210 0.209
Solar 0.427 0.570 0.777 0.917
Wind 1.777 2.096 2.343 2.486
Wood biomass 2312 2.224 2.278 2.360
Biofuels 2.153 2.287 2.304 2.283
Waste biomass 0.518 0.503 0.495 0.487
TOTAL 9.720 10.362 11.173 11.409

Figure 5 shows the proportions of plants used as first-
generation biodiesel feedstock based on the amount of oil
extracted in North and South America. While soybean oil
production is 84%, especially in South America, this rate
is 19% in North America. In North America, the major
biodiesel feedstock is rapeseed with a proportion of 50%
(Chong et al., 2021).

South America

North America

0.84%

0.87%
0.00%

0.00% 0.49%

0.15%  0.63%

B
7.95%
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Figure 5. Proportion of potential first-generation
feedstock at continental level for North and South
America.

2.2, Potential Biodiesel Volume Calculations
The potential biodiesel volume (PBV) for soybean
feedstock was calculated using the equation 1 and 2.

PBV=LVxCR 1)
EQ X1000
V=—""—"" (2)
oD

where LV is the lipid volume of soybean seed biodiesel
feedstocks in U.S, and CR (0.98) is the volumetric
conversion ratio from oil to biodiesel. EQ is the export
quantity of feedstock, and OD is the oil density (Johnston
and Holloway, 2007; Chong et al., 2021). A minimum
threshold value of 10000 tons has been set for the export
quantity. Any export quantity of vegetable oils lower than
the threshold is considered inadequate for potential
biodiesel production. The threshold value is based on a
generic biodiesel plant with a capacity of 10 million liters
per annum. The export quantity which reaches the
threshold value is used in the calculation of the potential
biodiesel production (USDA, 2017; Chong et al., 2021).

3. Results

Soybean, rapeseed, and palm take the first three places as
the first-generation feedstocks sources in biodiesel
production in the U.S. Table 2 shows the oil and fuel
properties of soybean plant.

Table 2. Vegetable oil and fuel properties of soybean
plant

Soybean References
Agarwal (2007),
. Altin etal. (2001),
0il content (wt%) 17.5 Karmakar et al.
(2010)
Sinha et al. (2008),
. . Altin et al. (2001),
0il density (kg/L) 0914 Karmakar et al.
(2010)
Energy content Altin et al. (2001),
(Mj/kg) 39.62 Karmakar et al.
(2010)
Biodiesel density 0.885 Chongetal. (2021),
(kg/L) Viola etal. (2011)
Giakoumis (2013),
Cetane number 51 Chong et al. (2021)
Kinematic 4 Chongetal. (2021),
viscosity (mm2/s) Violaetal. (2011)
Oxygen content 11.50 Chongetal. (2021),

(wt%) Giakoumis (2013)

In 2019, soybean harvest was carried out with a yield of
31890 kg/ha in 30352150 hectares in U.S. At the end of
this harvest, obtained 96 793 180 tons of products. Table
3 shows the change in the export quantity amount of
soybean oil in the U.S between 2015 and 2019. The
lowest soybean oil export quantity these years was in
2019 (FAOSTAT, 2021).

Table 3. Export quantity of soybean oil in U.S

Years Export Quantity (tons)
2015 958146
2016 1004075
2017 1069627
2018 1105423
2019 952005

Table 4 shows the statistical and computational values of
the parameters used to calculate the potential biodiesel
volume of the soybean feedstock that the U.S operates in
the first place in biodiesel production. Equations 1 and 2
were used in the calculations.

4. Conclusion

There are four main factors limiting biodiesel production,
in general, all over the world. These factors are water
stress, food stress, feedstock quantity, and crude oil price.
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Table 4. Statistical and computational values of soybean feedstock for potential biodiesel volume

Feedstock PQ (tons)

EQ (tons) (2019)

oD (kg/L) LV PBV (L)

Soybean 96793180 952005

0914 1041580963 1020749343

PQ= production quantity, EQ= export quantity, OD= oil density, LV=lipid volume, PBV= potential biodiesel volume

In this study, the potential biodiesel volume of the U.S,
which is the country that produces the most soybean
crops in the world, was determined. While the total
soybean harvest amount in the world was 350 million
tons in the 2018-2019 sowing season, 124 million tons of
this amount belongs to the U.S. With the calculations
made, the potential biodiesel volume of the soybean
plant in the U.S was found to be 1 020 749 343 liters.
Soybean can three categories (direct human food, animal
feed, and industrial processes) be used. According to the
data of the University of Oxford's Food Climate Research
Network (FCRN), the industrial usage rate of soybean in
the world is 4%. The share of use only for biodiesel
production at this rate is 2.8%. The remainder are used
as lubricants and in other industrial processes. In this
respect, since the amount of soybean used for energy
production is limited, there is no threat to the food
sector. The primary factor limiting the potential biodiesel
production in the U.S will be feedstock quantity. It can
say feedstock quantity and crude oil price will be the
factors that restrict biodiesel production globally, and
biodiesel sustainability will be primarily interrupted by
water stress.
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