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ABSTRACT 
 

Biofuel is a popular substitute or blending component in conventional fuel. For the sake of 

increasing a sustainable energy supply to slow global climate change, agricultural economy 

improvement and energy security, the US has strong interest in promoting biofuels through 

policy interventions. The Renewable Fuel Standard (RFS) specifies a mandated volumetric 

standard and carbon emission thresholds for the each biofuels category each year from 2010 to 

2022. One major category, biomass-based diesel (BBD or biodiesel), is required to have a carbon 

saving of at least 50% comparing with diesel fuel. Soybean oil is the dominant biomass input to 

BBD, but recent debates argue that the increased demand for US soybean oil BBD is likely to 

result in higher palm oil imports, leading to significant carbon emissions from global indirect 

land use change (ILUC). This paper investigates the substitution effect between US domestic 

soybean oil and imported palm oil from 2006 to 2013, using a log-log model to reveal the cross-

price elasticity. To tackle the endogenous concerns in soybean oil price, we adopt a two stage 

least squared (2SLS) approach by using soybean price as an instrumental variable (IV). The 

estimated elasticity indicates the substitution effect, with a 1 percent increase in soybean oil price 

associated with a 3.22 percent increase in palm oil imports (p< .01), holding other vegetable oil 

prices constant. This result demonstrates the key link in my hypothesis that the higher demand of 
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soybean oil driven by BBD production is very likely to trigger higher palm oil imports and 

foreign palm oil production, leading to substantial ILUC emissions that compromise the carbon 

targets of the RFS. 
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1. Introduction 

Biofuel, regarded as a popular alternative to conventional transportation fuel, is converted from a 

biomass feedstock and contains energy that is released upon combustion in vehicles. One of its 

most common forms, biodiesel, is derived from vegetable oils or animal fats. It has a growing 

demand in production driven by rising world oil prices and the strong interest in greenhouse gas 

emissions abatement (Hertel et al, 2008; Babcock, 2011). Due to concerns over US dependence 

on crude oil imports, domestic economy improvement and global climate change, the US along 

with Brazil and the EU countries are the world leaders in promoting biofuels as an alternative to 

traditional petroleum and diesel fuels. 

 

Soybean Oil 

Soybean oil, extracted from soybeans, has the largest share of inputs in biodiesel production 

(Figure 1.). Soybean is the dominant oilseed in the US, accounting for about 90% of the national 

oilseed production (USDA, 2009).  
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Soybean oil serves as the major oilseed source for food use over time in the US (USDA, 2014), 

while its use in biodiesel is increasingly pivotal in both volume and proportion. As for its share 

in biodiesel use, soybean oil ranks at the top and has remained quite stable at around 50%. The 

other inputs respectively have a limited share of around 5%- 15%, including the other major 

vegetable oils (corn oil and canola oil), animal fats and recycled feeds (Figure 1). The strong 

share of soybean oil in US biodiesel production can also be seen in Figure 2, which shows 

absolute volumes of biodiesel production by feedstock, compared to biodiesel production 

capacity. Total biodiesel production capacity is about 180 million gallons and has not been met 

so far. While actual biodiesel production can exceed the mandated volumes by the RFS, and in 

fact did so in 2013 (EPA RFS2 Data, 2013) due to the additional support of a federal biodiesel 

tax credit (USDE, 2013), biodiesel production is unlikely to exceed the RFS BBD volumes for 

2014-2015 (proposed to be 1.28 billion gallons, cite: (EPA Proposed Rules, 2013), if this tax 
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credit is not reinstated. Thus, the RFS policy is highly influential in biodiesel production this 

year and in coming years, which highlights the necessity of serious study on the impacts of this 

mandated level.  

 

Due to the increasing demand for soybean oils used in biodiesel, certain substitution effects can 

be expected in the vegetable oils market. The reasoning behind this is that increasing demand for 

soybean oil leads to higher soybean oil prices, incentivizing consumers of soybean oil (such as 

companies that make food and feed products) to switch to a cheaper vegetable oil. We 

hypothesize that there is a significant substitution effect between soybean oil and palm oil 

imported from abroad. 
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Vegetable Oils Substitutions 

In order to establish the link between rising soybean oil price and increased palm oil imports 

with associated global environmental impacts, it is pivotal to prove the substitution effect 

between soybean oil and palm oil. There is neither consensus nor empirical evidence on whether 

palm oil can be a substitute to soybean oil at present. A relevant study in Europe cited a general 

belief by experts that although palm oil is much cheaper, its solid status at room temperature 

highly constrains its likelihood to become a substitute to canola oil, a vegetable oil with 

comparable physical properties with soybean oil (Bauen et al, 2010). Following this logic, it may 

be claimed that soybean oil is unlikely to be substituted by palm oil due to this physical 

limitation. Strangely enough, the same report, in a separate chapter calculating the ILUC impacts 

of soybean oil BBD, made an important assumption in the modeling that soybean oil is most 

likely to be replaced by palm oil and canola oil in the non-biodiesel markets (Bauen et al, 2010). 

In this regard, no matter how ambiguous these assumptions seem to be, my research outcome 

sheds light on the substitutive relationship between soybean oil and palm oil, lending much 

credence to making substitution assumptions in future biofuels research. 

 

2. Literature Review 

Biofuels Compared to Conventional Fuels 

It has been argued that biofuels lower domestic fuel costs, alleviate national dependency on 

energy imports and provide long term environmental merits. All these factors contribute to a 
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sharp increase in domestic biofuels support and production around the world. From an 

environmental standpoint, it has been argued that biofuels could significantly reduce the overall 

life-cycle emissions of transport fuel (Moser, 2008). According to the life cycle analysis, some 

researchers have reported that substituting gasoline with ethanol made from corn, cellulose or 

sugarcane can largely reduce greenhouse gas (GHG) emissions because biofuel feedstocks 

sequester carbon dioxide from the atmosphere (Wang et al, 1999; Macedo et al, 2004; 

Commission of the European Communities, 2006).  

 

Indirect Land Use Change (ILUC) 

In fact, it does not mean biofuels, including biodiesel, are produced without environmental 

problems. A recent debate has emerged over indirect land use change, which is expected to occur 

when increased demand for food-based biofuel feedstocks drives up prices of those feedstocks. 

Farmers in other parts of the world would respond to the higher prices by directly plowing up 

existing forest, grassland or peat land to expand the area for these feedstocks. When this 

vegetation is burnt or decomposes, it releases substantial amounts of GHG to the atmosphere. 

Furthermore, this land forgoes future carbon sequestration through plant growth that would 

otherwise have occurred. Indirect land use change is predicted by global agricultural models, 

which have been used to estimate substantial carbon emissions from ILUC as a result of US 

biofuels policy (Searchinger et al., 2008). This study took corn ethanol as an example, and found 

that land use change emissions can entirely cancel out the carbon savings benefit of these 

biofuels. 
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Indirect land use change does not necessarily occur due to expansion of the same crop that is 

used for a biofuel. If increased demand for soybean oil drives up its price and palm oil is 

substituted for it in food and other non-biofuel applications as a result, then international 

expansion of palm oil production can and should be attributed to the policy promoting soybean 

oil biodiesel. Studies have shown that this phenomenon may indeed be happening: the expansion 

of palm plantations has been accelerating on peat lands in Southeast Asia (Miettinen, J. et al., 

2012). This study examined oil palm plantation maps in three successive time intervals and 

found that expansion has been picking up speed over the past 20 years in the peat lands of insular 

Southeast Asia (Malaysia and Indonesia, except the Papua Provinces). Oil palm production 

expanded from a small area in 1990 to at least 2.15 million hectares in 2010. The plantation 

expansion is expected to double from 2010 to 2020. The very recent acceleration suggested that 

expansion will reach 6.2 million hectares in 2020 and at least 6 million hectares in 2030. 

 

Land use change and the corresponding GHG emissions pose an important question about 

whether carbon emissions from global ILUC will compromise the carbon targets of biofuel 

policies. The EU has conducted a number of studies on the environmental concerns of oilseeds 

used in biofuels, since it has the third highest palm oil imports of any region and has almost 

doubled imports in the past decade for its increasing consumption of biofuels made from 

vegetable oil. Researchers in the EU used the MIRAGE model to capture the carbon emission 

impacts from ILUC in Southeast Asia due to the rising imports of palm oil driven by the EU 

Biofuel Mandate (ICCT, 2013). It also pointed out that a key question to be answered when 
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estimating the ILUC emissions from biodiesel feedstock is whether there is any substitution 

effect between the vegetable oils, because this had a major effect on the key assumption and 

overall results in their study. This thesis aims to determine the substitution effects in the 

vegetable oil market in the US in order to figure out the corresponding effects that US biofuel 

policy has on carbon emissions resulting from the indirect land use change. 

 

Biofuels Policy, Food Price and Imports 

The biofuels boom has a large and growing impact on the agricultural commodity prices and 

biofuels market share of vegetable oils (Babcock, 2011). Apart from factors like food demand 

growth and weather conditions, the prices of agricultural products can be significantly driven by 

government policies such as mandates, subsidies and tariffs. With the growth of the biofuels 

industry in the US, past findings have proven the association between large programs in the US 

biofuels policy such as the RFS and the food price increases (FAO, 2013). Specifically, a large 

fraction of US corn production is devoted to biofuels, which reduces the availability of corn for 

domestic food, animal feeds and industrial uses and exports (Tokgoz, S. et al, 2007; Tyner and 

Taheripour, 2007). Other relevant policy analyses in EU assert that biofuels policy encourages an 

enormous increase in the demand of biofuel feedstock and a substantially larger agricultural 

trade deficit (Banse et al. 2007; Tokgoz et al. 2007). That means as biofuel mandates become 

more influential, there will be more and more relevant biomass feedstock imports and 

investments flooding into the country. This argument supports our hypothesis that biofuels 
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policy will lead to price volatility in the food market and subsequently higher imports of biomass 

feedstock. 

 

When it comes to the vegetable oils market in the US, a quantitative model of corn, soybean and 

the biofuels sector running a wide range of yield and price scenarios captured the important 

correlation between soybean oil price and the biofuels mandate. This study found that the 

biodiesel production from soybean oil takes place only when the US consumption of biodiesel is 

mandated (Babcock, 2011). To be more specific, soybean oil price would fall by 16% in absence 

of the current RFS mandate and tax credit. Thus, this study supports our assumption in the first 

step in the conceptual framework that the biofuels mandate (RFS2) is an important contributor to 

the higher quantity demanded and rising price of soybean oils. However, US researches 

generally focus more on US corn use for ethanol, since corn is the most planted crop and the 

RFS mandates far more corn ethanol than biodiesel, while the European studies contribute more 

to oilseeds use for biodiesel because diesel consumption is much higher in the EU compared to 

gasoline. It is suggested that more attention should be paid to the US biodiesel mandate and 

soybean oil use, which is the dominant oilseed produced and the second most planted crop in the 

US. It has a substantial and growing impact to spill over to various domestic industries and the 

global environmental community. 
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3. Policy Context 

Renewable Fuel Standard (RFS) and Land Use Change Emissions 

The US has enacted a combination of federal and state policies and programs to promote biofuels 

and regulate the market while attempting to take into account the economic, societal and 

environmental impacts of these policies. 

 

The first historic moment for biodiesel came in 2002 when the first biodiesel specification 

determined how much biodiesel could be blended into petroleum diesel by the American Society 

for Testing & Materials (ASTM).  

 

The most prominent low carbon policy to regulate biofuels in the US at the federal level is the 

Renewable Fuel Standard (RFS), which was passed into law by Congress and is administered by 

the US Environmental Protection Agency (EPA). It mandates the minimum volume of biofuels 

to be blended in the national transportation fuel supply each year. The initial RFS (also known as 

RFS1) was established with the implementation of the Energy Policy Act of 2005 but only 

regulated ethanol. The mandated minimum volume continued to rise significantly over time, 

from 4 billion gallons in 2006 to 7.5 billion gallons by 2012. EPA is the key player to ensure the 

nation’s transportation fuel supply is in compliance with the mandated biofuels volumes. EPA 

regulates fuels and fuel additives based on their emission levels and public health impacts. 
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Upon the passage of the Energy Independence and Security Act of 2007, the amended RFS (also 

known as RFS2) further expanded the mandated volumes and extended the time frame through 

2022. The RFS2 created the first federal biodiesel mandate in the US. It classifies 4 nonexclusive 

categories of biofuels with respective volumetric requirements (Table 1). More importantly, EPA 

incorporates Greenhouse Gas (GHG) emissions for indirect land use (ILUC) into the life cycle 

analysis (LCA) framework for the RFS2. EISA mandated the fuels in each RFS category to 

achieve certain minimum thresholds of life cycle GHG reduction, while all renewable fuels must 

be produced from the biomass feedstock that meet certain land use restrictions and so forth. 

 

Table 1. RFS2 Biofuel Categories and Minimum Thresholds of Life Cycle GHG Reduction.  

Nonexclusive Categories of Biofuels Minimum GHG Reduction Percentage 

Renewable Fuels 20% 

Advanced Biofuels 50% (cannot be produced from corn starch) 

Biomass-based Diesel 50% 

Cellulosic Biofuels 60% (must be produced from cellulosic feedstock) 

Source of data: EPA (2013) 

The EPA calculated the life-cycle GHG reduction thresholds of the major available feedstock-

specific biofuels, such as corn ethanol, sugarcane ethanol and cellulosic biofuels from corn 

stover, switchgrass and soybean biodiesel. However, this process mostly only considered the 

GHG impacts from the biomass and cellulosic feedstock that are directly used for biofuels, 

without considering significant potential substitution between agricultural commodities. 

Specifically, the impact that changing demand of soybean oil has on the demand of palm oil can 

bring about dramatic ILUC impacts associated with an enormous carbon deficit that could offset 

the reduced emission benefits to a substantial degree. Thus, the current calculation that the 
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emission reduction of soybean oil biodiesel is above the 50% threshold may not be truely 

representative of its overall impacts. The global ILUC effect of palm oil, namely deforestation 

and peat land drainage, is far more serious than that of soybean oil alone (Bauen et al, 2010). It is 

necessary to incorporate the associated palm oil expansion into the calculation of the lifecycle 

greenhouse gas intensity of soybean biodiesel. In fact, the environmental impacts from palm 

expansion are already recognized as major risks in the EPA NODA on the proposed palm 

biodiesel pathway. Although some researchers argued that there is a substitution effect between 

these two vegetable oils, it remains to be proved with credible evidence. Once our research result 

fills the gap, EPA may be more likely to consider the full environmental impacts of the two 

vegetable oils when determining annual volumes in the RSF biodiesel mandate in future years. 

 

EPA is currently setting the mandated volumes for 2014-15. A slight change in the volume and 

percentage standard could bring about dramatic impacts on the biodiesel sector and the whole 

society and environment. As a result, it undergoes stringent review. In November 2013, EPA 

released the proposal for the RFS2 program in calendar year 2014 to specify the 2015 biodiesel 

volume. The proposed volume turns out to be the same as the 2013 standard of 1.28 billon 

gallons and the percentage standard keeps rising slightly from 1.12% to 1.16% which signifies 

the moderately growing importance of biodiesel in US transportation fuels (Table 2.). EPA is 

requesting comments on alternative approaches and higher volumes before the standard is 

finalized and published. Whether the 2014 biodiesel mandate sets at an appropriate level will be 

important for global GHG emissions for 2014 and beyond. 
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Table 2. RFS2 Evolution in Biodiesel Volume and Percentage Standard. 

Year 
Actual 

Volume Ethanol-equivalent Volume Percentage Standarda 
2012 1.0 bill gal 1.5 bill gal 0.91% 
2013 1.28 bill gal 1.92 bill gal 1.12% 
2014 

（Proposed） 1.28 bill gal 1.92 bill gal 1.16% 

Source of Data: EPA (2012, 2013, 2014) 

 

4. Conceptual Framework 

 

5. Research Hypothesis 

Over half of the biofuels in the US is produced from soybean oil and the share of it in the biofuel 

has been increasing steadily over time. The rising demand of biofuel is driving up the price of 

soybean oil, calling for cheaper substitutes to compensate its usage for food purpose. Our 

hypothesis is that as soybean oil is increasingly used in biofuel, palm oil serves as a main 

substitute for food and its price rise up accordingly. This influence drives up the international 

price of palm oil, leading to higher production of palm oil in the two main global production 

                                                
a	  The	  percentage	  standard	  represents	  the	  ratio	  of	  renewable	  fuel	  volume	  to	  non-‐renewable	  gasoline	  and	  diesel	  volume.	  

Substitution Effect? 
(My thesis focus) 
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countries in South Asia (Indonesia and Malaysia). Previous studies have indicated that the 

indirect land use change in Southeast Asia due to the palm plantation expansion will lead to 

higher GHG emission. Rather than 20% of emission savings from biofuel consumption, the 

overall CO2 emission almost doubles in the past 30 years and will last for 167 years. 

 

The US EPA showed the trend to increase the mandated volume for biodiesel in the US 

Renewable Fuel Standard in the past few years and has recently stopped to raise the volumetric 

standard in the proposed rule in November 2013. However, EPA is still requesting comment on 

alternative approaches and higher volumes. In this case, the applicable national volume of 

biodiesel for 2014 and 2015 will not be set in tone before it is finalized expectedly in the mid 

2014. The study is to ensure EPA to maintain the current biodiesel volumetric standard in the 

2014 Renewable Fuel Standard by taking the full global environmental impacts into account. 

 

6. Empirical Strategy 

I assume that the percentage change in the quantity of palm oil is associated with a percentage 

change in the price of soybean oil, so I use a log-log multivariate regression model to estimate 

the cross-price elasticity of these two oils. My main specification is as followed: 

 

ln(Im port _PalmOilt ) = β0 +β1 ln(Pr ice_ SoybeanOilt )+β2 ln(Pr ice_PalmOilt )+β3 ln(Pr ice_CornOilt )+β4 ln(Pr ice_CanolaOilt )+ et  

where the quantity of palm oil imported to the US is assumed to be affected by the prices of 

different vegetable oils in the US market. The relation between the palm oil imports and the 
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soybean oil price is what we are concerned about, controlling other factors constant. A log-log 

model reveals the elasticity of imported palm oil and US soybean oil, which is represented by the 

coefficient of ln(Pr ice_ SoybeanOilt ) . 

 

However, I suspect the main independent variable soybean oil price is endogenous, namely the 

OLS estimation of 1β is biased. For example, the weather condition like temperature or 

precipitation in the US soybean production regions can affect the soybean and soybean oil yields 

and accordingly the soybean oil price. However, this potential instrumental variable (IV) is 

complicated to aggregate and choose from the available datasets, while another significant 

obstacle is that the links between oilseed crops yields, stocks and production are longer than we 

expected while not necessarily happening simultaneously. In this case, I may need to find a 

straightforward variable that can feasibly be the IV in my specification. Considering soybean oil 

is crushed from soybean, the cost of the raw material is incorporated into the production cost of 

soybean oil, so the price of soybean oil is supposed to be highly correlated with the price of 

soybean. 

 

Then I employ the 2SLS approach to address the endogenous issue, using the instrumental 

variable (IV) which is the price of soybean. In the relevance test beforehand, there proves to be a 

statistically significant correlation between soybean price and soybean oil price. As for the 

exogenous concerns, it is understandable that the soybean price in the US is not likely to affect 

palm oil imports, since these two products are neither complements nor substitutes in any sense. 

Thus, it is justifiable to instrument the price of soybean oil with the price of soybean as followed: 
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Pr ice_ SoybeanOilt =α0 +α1 Pr ice_ SoyBeant +u  

 

Finally, we can interpret the size and direction of the elasticity in a statistical sense. Specifically, 

if 1β is positive (defined as substitutes) and the size is large enough with statistical significance, 

we can conclude that there is a substitution effect between palm oil and soybean oil. 

 

7. Data 

This study employs the monthly datasets of vegetable oils from the USDA and the Oil World online 

database, with a 6-year overlapping duration from January 2006 to December 2011. The price data of the 

US domestic market vegetable oils are from the USDA website updated till the late 2013. It contains the 

data for the main independent variable, which is the price of soybean oil, along with the prices of other 

major vegetable oils as controls in the main specification. The price of soybean, which is the instrumental 

variable in the 2SLS specification, is sourced from the USDA monthly report of Oilseeds: World Markets 

and Trade. The data of the dependent variable, which is the quantity of the imported palm oil, has the 

source from the Oil World. 

 

Table 3 displays the descriptive statistics of the vegetable oil prices as well as the soybean price and the 

imports of palm oil in quantity. As shown, the units of price are not aligned across different variables, but 

there is no need to change since it does not affect the interpretation of elasticity, which is presented in 

percentage form. 
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Table 3. Description of Vegetable Oils Prices1, Soybean Price2 and Imports of Palm Oil3 

Variables Obs. Mean Std. Dev. Min Max 
Price of soybean oil (ct./ lb) 84 40.84 11.55 21.63 62.43 
Price of palm oil (ct./ lb) 83 43.11 10.75 26.91 64.63 
Price of canola oil (ct./ lb) 72 47.45 12.38 28.63 76.69 
Price of corn oil (ct./ lb) 72 44.32 17.48 22.61 87.29 
Price of soybean ($/ ton) 93                          401.02 115.20 189 628 
Imports of Palm Oil (ton) 94 80360.57 26085.05 32063 145451 
Source of Data: USDA (2013), Oil World (2013) 
Notes: 
1. US Domestic Market Vegetable Oil Prices, Jan. 2006 to Dec. 2011 
2. US Domestic Market Soybean Price, Jan. 2006 to Oct. 2013 
3. Global Palm Oil Imports to the US, Jan. 2006 to December. 2012 
 

Regarding the average prices of oils in Table 3, it may seem more reasonable for soybean oil to 

be more expensive than palm oil which is potential substitute in the non-biodiesel market when 

the soybean oil price rises and food producers need to switch to cheaper substitutes. In this case, 

Figure 3 is depicting the variations of the time series data of soybean oil price, palm oil price and 

palm oil imports. We find that the prices of soybean oil and palm oil turn out to be quite close 

over time and switch positions from time to time. Their similar prices actually make sense in our 

intuition. When one type of oil becomes more expensive for some exogenous reason, it is likely 

that the other oils with similar prices and features will come to replace its market share to some 

extent. It also makes sense that the average price over a long time may fail to reveal the true 

relationship of the prices in real life. Worth noticing, the price of palm oil never goes higher than 

the price of soybean oil since about March 2011 (Figure 3). At approximately the same time, 

soybean oil has its largest growth in both volume and share in the BBD production (Figure 1&2). 

 

Besides, the palm oil quantity fluctuates dramatically, while the two oil prices change rather 

smoothly. It is hard to speculate the substitution effect of the two oils from the graph. 
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Nonetheless, we can assume that the imports of palm oil react to the changing soybean oil price 

in a very sensitive manner. The magnitude of the elasticity can be substantial. 

 

 

8. Empirical Results 

Table 4. Table of Results 
 Dependent 

Variable 
Imports of Palm Oil 

(lnimpalm) 
Price of Soybean Oil 

(lnprso) 
Imports of Palm Oil 

(lnimpalm) 
Independent 
Variables 

 OLS 2SLS 
-- First Stage Second Stage 

Price of Soybean Oil (lnprso) 1.7853*** 
(.6662) 

-- 3.2227*** 
(.9695) 

Price of Palm Oil (lnprpalm) -.6996* 
(.3928) 

.2293*** 
(.0506) 

-.9580** 
(.4430) 

Price of Corn Oil (lnprcorn) .0396 
(.4963) 

.0245 
(.0678) 

-.2288 
(.5304) 

Price of Canola Oil (lnprcan) -.9168 
(.8276) 

.5874*** 
(.0930) 

-1.9179* 
(.9951) 

Instrumental Variable: 
Price of Soybean (lnprsb) 

-- .2889*** 
(.0375) 

-- 

Intercept 10.6524*** 
(1.0969) 

-1.2570*** 
(.1807) 

11.2304*** 
(1.0657) 

R-square .2340 .9804 .1800 
F (4, 66) 5.04 824.95 6.15 
Observations 71 71 71 
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Notes: *** Significant at the 1 percent level 
  **Significant at the 5 percent level 
  *Significant at the 10 percent level 

 

In Table 4, the multivariate regression model (OLS) shows that 1% increase in the price of 

soybean oil is associated with about 1.79% increase in the palm oil imports to the US, holding 

other vegetable oil prices constant (p<.01). 

 

However, as stated in the empirical strategy, I intend to adopt soybean price as the instrumental 

variable to the endogenous soybean oil price. Instrumented with the IV, the coefficient of 

soybean oil price in the second stage is positive and has a relatively large magnitude at a 1% 

significance level. The outcome indicates that 1% increase in the price of soybean oil is predicted 

to have 3.22% increase the imports of palm oil, holding other vegetable oil prices constant. The 

magnitude of the elasticity agrees with my expectation. Since the demand of the domestically 

produced soybean oil for food is very large, though keeps dropping recently, and the 

consumption style of edible oils is assumed to be quite fundamental and inelastic for the US 

consumers, so the food producers are speculative to the floating costs of their raw materials. 

Once the current input costs rise up significantly, they would quickly switch to other feasible 

substitutes. Soybean oil is only one example that works under this market mechanism. Besides, 

soybean oil producers are very sensitive to the profitability difference between food use and 

biodiesel use. The higher demand in biodiesel significantly drives up the demand of soybean oil 

and reduces its share in non-biodiesel uses, followed by a remarkable rising demand of the 

substitutes. 
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Compared with the negative impacts from the other vegetable oils, the positive correlation of 

palm oil imports and soybean oil price shows a positive elasticity across the two goods, so they 

are substitutes goods. In other words, the increase in soybean oil price will result in more palm 

oil imports to the US market. The negative sign of the other vegetable oils shows that the 

increase in these oil prices is associated with a decrease in the demand of palm oil imported from 

abroad. The statistical results are in line with our research hypothesis. When more soybean oil is 

demanded in biodiesel, its price will rise up. More palm oil will be demanded to substitute the 

usage of soybean oil in food and are basically imported from Malaysia and Indonesia. 

 

In addition, for the common concerns of the time series data, there may be a lag between the 

price and the quantity of imports to respond. Since our model runs with an assumption of 

simultaneous market response, a robustness test is then conducted to address the issue. Setting 

the possible length of lag for one month, two months and three months in the test, we find all of 

them are not statistically significant. In comparison, the coefficients in the test of simultaneous 

assumption are statistically significant at a very high level. In addition, an autocorrelation test is 

conducted for the oils in the main equation and the insignificant result eliminates one more 

concern of the research validity. All in all, the outcome of this study is proved to be robust. 

 

9. Discussion and Conclusions 

This study contributes to the literature on the substitution effects of vegetable oils in the context 

of the booming biofuels sector. Previous studies have recognized that biofuels policy can raise 
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prices of agricultural feedstock, such as soybean oil, in the market and also can lead to 

substantial ILUC emissions from the feedstock itself or from the cultivation of its substitutes in 

foreign producing countries. This study provides further empirical evidence in support of a 

substantial substitution effect between soybean oil demand driven by the biodiesel mandate and 

imported palm oil. As the serious ILUC consequences of palm oil expansion in the Southeast 

Asia motivated by the biofuel boom has been demonstrated, this confirmation of a substitution 

effect eliminates the doubts on whether palm oil is a feasible oil substitute for soy and more 

importantly could convince policy makers to adapt their treatment of ILUC in their emission 

calculations of soybean oil BBD. 

Policy Implications 

The empirical results of this thesis suggest a strong substitution effect between soybean oil and 

palm oil in the US. Holding the prices of other vegetable oils constant, 1 percent increase in the 

soybean oil price is associated with 3.22 percent increase in the palm oil imports. This 

compelling statistical result supports my hypothesis that palm oil is significantly substituting 

soybean oil in demand for food and other uses, when approximately 1/3 of the soybean oil 

domestic production has been diverted to biodiesel in recent years. Consequently, it is very likely 

that a higher volumetric standard of biodiesel mandated in the 2014 RFS will dramatically raise 

the amount of palm oil imports to the US. As informed in the background review, most of the 

palm oil imported to the US is from Malaysia and Indonesia, where the higher demand of palm 

oil production will bring about substantial carbon emissions during and after the indirect land use 

change. Moreover, EPA has clearly demonstrated in their Notice of Data Availability (NODA) 
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of palm oil biodiesel in 2012 that palm oil production is significantly linked to high GHG 

emissions. Our findings reveal that the indirect environmental effect of vegetable oil substitution 

in the US that is worth the attention of federal policy makers. Without effective restriction on the 

soybean oil volume in biodiesel, the substitution effect will to some extent undermine the life 

cycle GHG reduction goal of RFS. Our policy suggestion is that EPA should maintain the current 

1.28 billion gallons volume level in the 2014 RFS and keep the standard constant for the years to 

come. It can better regulate the biodiesel market by taking into account important global 

environmental implications. As a matter of fact, no other RFS related rules had ever received 

more comments than the latest proposal in the late 2013. Although the controversy is not solely 

concentrated on the biodiesel standard, there remains a risk that EPA may increase the volume 

before the standard is finalized expectedly in the mid-2014, since the federal agency is now open 

to different voices of academia, energy and agricultural industry. My analysis lends further 

credence to maintaining the proposed biodiesel volume. 

Limitations 

The quantitative analysis of the substitution effect is based on the public monthly data from the 

United States Department of Agriculture (USDA) with a 6-year period of study extended from 

2006 to 2011. The research can be improved if weekly data is available or the overlapping time 

frame across the variables is longer and up-to-date. A robust test is also conducted to address the 

time lag concerns for the time series data. The study can possibly extend to other regions with 

similar biofuels issues such as EU countries and also other time frame. However, it is important 

to adjust the analysis to the specific country background and policy context. It is likely that even 
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if the same substitution effect of vegetable oils exists in other regions, the impacts on land use 

change and the impacts from their biofuels policy may vary a lot. 

One of the main limitations to proceed with the subsequent research is the lack of methodology 

to test the links between higher exports demand of palm oil in Southeast Asia (basically in 

Malaysia and Indonesia) and the increased production of palm oil. Firstly we expected a way to 

test whether the increased imports of palm oil to the US is sufficient to raise the palm oil prices 

for international trade, including that for Indonesia and Malaysia. Since US only occupies a 

small share of palm oil exports in Malaysia and Indonesia relative to countries like China, India 

and EU-27 countries, it remains uncertain whether the US demand is strong enough and to what 

extent in the leverage. Besides, the palm oil industry in the Southeast Asian Countries can be 

fairly vulnerable to other factors such as political intervention and climate change disasters that 

their impacts are hard to project and quantify, while their overall economic condition highly 

hinges on agriculture and world trade. All these factors contribute to the uncertainty and noises 

in the estimation that are worth attention.
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