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AN IMPACT ANALYSIS ON HOW BIODIESEL DEMAND AFFECTS THE FATS 
AND OILS MARKET 

Travis Green 
 

Dr. Wyatt Thompson 
 

ABSTRACT 
 
 

With the signing of the Energy Independence and Security Act of 2007 

(EISA), much attention is being given to the biofuel mandates included in the act.  

Biodiesel use is mandated to increase from 500 million gallons in 2009 to one 

billion gallons in 2012.  This increased use of biodiesel may have a big impact on 

U.S. agriculture over the next few years.  The newly added biodiesel demand 

could potentially affect the demand for fats and oils and the hierarchy of their 

prices. 

The primary objective of this study is to determine how the fats and oils 

market is affected by the addition of the newly expanded biodiesel demand.  A 

secondary objective of this study is to estimate some elasticities for the industrial 

side of the fats and oils market.  A third objective, which is also an intermediate 

stage, is to introduce biodiesel demand, based on the assumption of very elastic 

demand at a break-even price that takes account of some petroleum-based 

diesel price and other input costs. 

The results show that tax credits and the mandates will play a significant 

role in biodiesel’s future.  Without these incentives biodiesel will not be as 

profitable.  The results help us to understand current policies and provisions, as 

well as a way to look at different scenarios that might affect future policies. 



CHAPTER I: INTRODUCTION 
 

With the signing of the Energy Independence and Security Act of 2007 

(EISA), much attention is being given to the biofuel mandates included in the act.  

The EISA will increase the use of alternative fuel sources by setting a mandatory 

Renewable Fuel Standard (RFS) requiring fuel blenders to use at least 36 billion 

gallons of biofuel in 2022 (www.whitehouse.gov).  This is nearly a four-fold 

increase over current levels of biofuel use.  Ethanol use in 2007 was close to 9 

billion gallons and biodiesel use was around 400 million gallons that same year 

(FAPRI 2008). Biodiesel use is mandated to increase from 500 million gallons in 

2009 to one billion gallons in 2012.  This increased use of biodiesel may have a 

big impact on U.S. agriculture over the next few years.  The newly added 

biodiesel demand could potentially affect the demand for fats and oils and the 

hierarchy of their prices. 

Past research of the fats and oils market has generally been focused on 

the consumer demand of various edible fats and oils.   Much of the research is 

motivated by increased health concerns and beliefs.  The studies have generally 

been done on an annual basis and include many of the main fats and oils 

consumed in the United States: butter, lard, edible tallow, coconut oil, corn oil, 

cottonseed oil, soybean oil, palm oil, palm kernel oil and peanut oil.  In contrast, 

few past studies have focused on total demand for oils and even fewer have 

focused exclusively on industrial uses of oils.  Moreover, the recent sudden surge 

in the quantities of oils purchased for processing into biodiesel defies statistical 
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analysis that might assess the sensitivity of these agents to market prices.  Thus, 

historical studies do not span biodiesel demand for oils, nor do they prepare us to 

assess how this new category of demand will affect the broader fats and oils 

complex. 

 

1.1 Objectives 
The primary objective of this study is to determine how the fats and oils 

market is affected by the addition of the newly expanded biodiesel demand.  This 

objective will be accomplished through a structural model of the demands for fats 

and oils.  Fats and oils will be divided into two broad aggregates, edible and 

inedible uses, and each of these will be further divided into individual fats and 

oils.  Thus, to assess correctly these responses, a secondary objective of this 

study is to estimate select elasticities for the industrial side of the fats and oils 

market.  A third objective, which is also an intermediate stage, is to introduce 

biodiesel demand, based on the assumption of very elastic demand at a break-

even price that takes account of petroleum-based diesel price and other input 

costs.  The biodiesel use provisions of the EISA can be represented as a 

minimum quantity. 

The output of the model will relate how quantities and prices in the oil 

complex respond to the introduction and expansion of biodiesel demand for fats 

and oils.  The output will be both narrowly focused, in terms of estimates of the 

impacts at different prices of petroleum-based diesel, and more broadly indicative 

of the effects on both the demand scale and shape.  In this way, the objective of 
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assessing how expanding biodiesel will affect the fats and oils market will be 

achieved. 

 

1.2 Context and Guide to the Thesis 
 In Chapter II, previous literature on the fats and oils complex is discussed 

and reviewed in chronological order.  Chapter III provides an overview of the U.S. 

fats and oils industry.  Chapter IV presents the method used in developing this 

study, presents the estimation procedure, and describes the data used in this 

analysis.  Chapter V summarizes the estimation results.  Chapter VI discusses 

various scenarios and presents the results of their simulation.  Finally, Chapter 

VII presents the summary and conclusions of this study. 
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CHAPTER II:  LITERATURE REVIEW 
 

 
This chapter reviews previous research and models of the fats and oils 

complex.  While only a selection of the relevant literature is presented here, an 

attempt for a review of representative models was made.  The journal articles 

reviewed here are all focused on the consumer demand of various edible fats 

and oils.  The following section reflects chronologically how the relevant literature 

has evolved. 

 In 1979, Griffith and Meilke studied the relationships among North 

American fats and oils prices.  Their study attempted to measure the price 

relationship between nine North American fats and oils.  The authors point out 

that previous attempts were done with annual data, and that they did not take 

into account cyclical, seasonal, or irregular components within the year.  This 

study used spectral and cross-spectral techniques for analysis.   

The data used consisted of 216 monthly observations of U.S. wholesale 

prices of fourteen fats and oils.  The data used were from January 1959 to 

December 1976.  The nine most important fats and oils were:  cottonseed oil, 

peanut oil, rapeseed oil, soybean oil, linseed oil, coconut oil, palm oil, lard, and 

fish oil.   

 4



This study did not produce any elasticities.  The results of the study 

showed that it is probable for substitutability to make up the largest component of 

the price relationships.  The high correlations among many of the oil prices make 

direct measurement of the elasticities difficult.   

 In 1989, Goddard and Glance studied the demand for fats and oils in 

Canada, U.S. and Japan.  The study used USDA data for the U.S. analysis on an 

annual basis from 1962 to1986.  The following fats and oils were used: butter, 

lard, edible tallow, coconut oil, corn oil, cottonseed oil, soybean oil, palm oil, palm 

kernel oil and peanut oil.  The prices were converted to a real basis by dividing 

by the CPI.   

 An attempt was made to estimate a complete matrix of price and 

expenditure elasticities for the selected countries.  Aggregate fat and oil 

expenditure equations were estimated in logarithmic form.  It is reasonable to 

hypothesize that there may have been a structural change in the demand for fats 

and oils.  Diet and health concerns may have affected the demand for fats and 

oils.  Lagged dependent variables and time trends were included in the 

specifications to account for structural changes in demand and habit formation.   

 A translog demand system was estimated for the U.S. model over the time 

period from 1963 to 1986.  This model was used to test symmetry in the price 

parameters.  It excludes dynamic responses or a time trend.  The exclusion of 

dynamic responses from the model with symmetry imposed and the exclusion of 

a time variable were both rejected.  Symmetry restrictions were also rejected. 

 5
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 The dynamic model was selected over the model with a time variable.  

The dynamic model had a higher degree of explanatory power.  The largest 

expenditure elasticities were for fats and oils that have small and declining 

shares of the total market.  In the U.S. this was true for tallow, palm, and peanut 

oil. 

When it comes to answering “what is the demand elasticity” there is no 

right answer.  “Monitoring of any commodity market is an evolutionary process” 

(Goddard and Glance, 30).  The results of the study show that within the edible 

fats and oils market there is a lot of complementarity.  Prior assumptions may 

have been that oils were more easily substituted than is evidenced by this 

research.  Demand for fats and oils seem to be inelastic both in the aggregate 

and for each fat and oil.  The expenditure elasticities also seem to be inelatic.  If 

production of an individual fat or oil were to increase drastically, then the price 

would fall more in relative terms.  If the individual oil demands are more inelastic 

than expected this might have implications for exporters.  Table 1 shows the 

results of previous estimates of demand elasticities for fats and oils.  Tables 2 

and 3 show the U.S. and Canadian price and expenditure elasticities from the 

study.
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In 1991, Gould, Cox and Perali did a study on the role that demographic 

variables and government donations played on the demand for food fats and oils.  

This study estimated a systems model of U.S. food fats and oils demand using 

quarterly time-series data from 1962-87.  The hypothesis of the paper was that 

U.S. consumption of fats and oils are determined by relative prices along with 

tastes and preferences, and also reflected by other socioeconomic variables. 

Five types of food fats and oils were included: butter, margarine, 

shortening, salad and cooking oils, and lard.  Quarterly data on production and 

stocks were obtained from the U.S. Dept. of Commerce.  Quarterly estimates of 

prices were obtained from published BLS retail city average price series.  

Wholesale prices in the study were converted to retail prices using data from the 

USDA.    The demographic variables used in this study were: the median age of 

the population (AGE), the non-white proportion of the population (NON-WHITE), 

and the median years of schooling completed by those over twenty-five years of 

age (SCHOOL).  An Almost Ideal Demand System (AIDS) model was used for 

estimation with data obtained from the Bureau of the Census.  All five of the own-

price elasticities were statistically significant.  Of the cross-price elasticities, 

fifteen of the twenty were significant.  Table 4 shows the price and expenditure 

elasticities from the study. 
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In 1992, Yen and Chern estimated a flexible demand system with serially 

correlated errors of the U.S. fats and oils market.  The study used annual time 

series data from 1950 to 1986.  The focus of the study was three animal fats 

(butter, lard, and tallow) and six vegetable oils (coconut, corn, cottonseed, 

peanut, palm, and soybean oil).  Most of the fats and oils consumed in the U.S. 

are represented by these nine products.  Complete time series data for sunflower 

seed oil, palm kernel oil, and olive oil were not available, so these minor oils were 

excluded from this study.  The quantity data were collected by crop year 

beginning October 1, and were obtained from the Bureau of the Census.  Price 

data were obtained from the Economic Research Service of the USDA. 

 Yen and Chern estimated a flexible demand system that was proposed by 

Lewbel.  This system nests the AIDS and Translog functional forms as two 

special cases.  Within these functional forms, serial correlation is taken into 

account and corrected for in estimating these systems.  The results confirmed 

the importance of correcting for serial correlation in demand system modeling.  

Four models were estimated and compared: 

 Model 1:  Full model with serially correlated errors 
 Model 2:  Translog with serially correlated errors 
 Model 3:  AIDS with serially correlated errors 
 Model 4:  Full model with serially independent errors 
 
The results suggest that the full Lewbel model outperformed the Translog and 

AIDS in accounting for fat and oil demand in the U.S.  The results demonstrate 

the importance of correcting for serial correlation.  Table 5 shows elasticities 

estimated in this study.
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In 1995, Chern, Loehman, and Yen did a study of information, health risk beliefs, 

and the demand for fats and oils.  Their study dealt with how to identify the demand 

effects of health risk beliefs and relative price changes.  Health information has resulted 

in increases of consumption for corn, cottonseed, and soybean oils.  It has also led to 

decreased consumption for butter and lard (Chern, Loehman, and Yen).  The focus of this 

paper is on information relevant to food choices, and the linkage between food 

consumption and health risk.   

A Bayesian model was used to explain the process by which beliefs change over 

time as new health information becomes available.  Four models were estimated: 

 
  Model 1- with time trend (TIME) 
 Model 2- with the cholesterol index (CHOL) 
 Model 3- with Bayes mean (BMEAN) 
 Model 4- with Bayes mean (BMEAN) and variance (BVAR) 
 
Annual observations were used from 1950-88 and crop years beginning October 1, were 

used.  The authors grouped the fats and oils by end uses, fats used for making margarine 

and fats used in making salad and cooking oils.  The study includes elasticities of 

information indexes, own price elasticities, and demand elasticities for:  butter, corn oil, 

cottonseed oil, peanut oil, lard, and soybean oil. 

The Bayesian model, using mean and variance of beliefs, produced the most 

reasonable predictions of consumption effects due to health risk beliefs.  This model 

shows how informational inputs can affect behavior.  This model depended on surveys 

carried out by the FDA.  Table 6 shows the results of this study.  The own price 

elasticities are reported for all four different models.  Own price, cross price, and 

expenditure elasticities are presented for model four in table 6 as well. 
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 16

  

2.1 Summary 
The previous literature offers some suggestions in specifying and estimating a 

demand model for edible fats and oils.  As previously stated most of the literature focuses 

primarily on the edible side of the fats and oils complex.  Most of the authors used some 

of the same primary fats and oils in their studies.  Many of the more recent studies are 

motivated by increased health concerns, as well as tastes and preferences.  Having 

presented the background for modeling the edible fats and oils complex, Chapter III will 

give a broad overview of the fats and oils industry.  Chapter IV, drawing on the literature 

presented in this chapter, will present the method used in this study. 
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CHAPTER III: AN OVERVIEW OF THE U.S. FATS AND OILS 
MARKET 

 

Much of this overview is based on a paper by Alsberg and Taylor.  The 

distinction between a fat and an oil depends upon the environment in which the 

substance happens to be placed.  If the substance is solid at ordinary 

temperatures, it is called a fat and if it is fluid it is an oil.  This distinction is of 

importance in industrial and in food uses.  It also has some importance in 

nutrition, since fats are somewhat less digestible than oils.     

Animal fats and oils are derived both from land and marine animals.  Hog 

lard and beef tallow are used both for food use and for industrial use.  The 

different types of marine fats are used to some extent as food use, but for the 

most part they are used industrially.  Vegetable fats and oils are found in highest 

concentration in the fruits and seeds.  However, fats and oils do occur in the 

roots, stalks, branches, and the leaves of plants, although they are rarely large 

enough quantities for commercial purposes.  In some seeds and fruits, the fat 

content is extremely high and these are the commercial sources of vegetable 

fats.  The olive contains a large amount of fat in the pulp surrounding the kernel 

and only a smaller amount in the kernel itself.  In contrast, the oil palm has large 

concentrations of oil in both the pulp and the kernel.  The fat from the pulp may 

have characteristics quite different from those of the fat in the kernel. 
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3.1 Edible and Inedible Fats and Oils 
A distinction is commonly made between edible and inedible fats and oils.  

It is generally based either upon external characteristics, such as unattractive 

color, taste, odor, or considerations such as an unfavorable origin, 

decomposition, or the possibility of contamination with a poisonous substance or 

diseased.  The distinction between edible and inedible fats and oils is 

nevertheless a purely practical one.  With modern methods nearly all fats can be 

refined or modified to the point of being edible.  The distinction exists only 

because it is either unprofitable to convert inedible into edible or else because 

such conversion is not permitted for sanitary reasons. 

Sanitary considerations are a more important factor in deterring the 

transformation of inedible into edible fats in the case of animal fats and oils than 

in the case of vegetable products.  Animal fats may be treated as inedible even if 

they are not repulsive to the senses, because their origin is unsanitary.  This is 

the case when they are obtained from animals that have died other than by 

slaughter, as from disease, old age, or accident.  Such fats are not permitted by 

health authorities to be used for food purposes because of the danger of 

transmitting disease.  Because of the danger of disease transmission, fat from 

animals killed by slaughter is not permitted to be used for food if inspection of the 

carcass shows that the animals were diseased.  In most countries inspections 

have been established in slaughterhouses to protect the consumer from this 

danger.  The degree and effectiveness of such inspections vary in different areas 

and in different countries.  In the United States, food fats remain subject to the 

 19



provisions of federal and local food laws after they are shipped out of the 

inspected slaughterhouse. 

The fact that a great proportion of the fat supply, especially vegetable oils, 

becomes rancid and decomposed if left in unfavorable conditions, creates a need 

for refining, decolorizing, and deodorizing.  Some oils such as cottonseed oil, 

require refining even when they are not decomposed, because they contain 

certain impurities and are dark in color.  The act of refining is not merely an 

expense, but in the case of decomposed fats it involves the removal of the fatty 

acid contaminating the fat or oil.  The effect is that the yield of refined oil is less 

than the crude oil with which the operation started.  This disappearance of 

material is known as refining loss.  It may not be profitable to refine a fat or oil 

even though the refining loss may only be moderate. 

 

3.2 Biodiesel  
 

Biodiesel fuel is a compression ignition fuel made from plant oils or from 

animal fats. The fuel may be used solely or in blends with petroleum diesel.  

Before it can be used as a fuel, the vegetable oil is first chemically reacted with 

alcohol by a process called transesterification.  This chemical process produces 

an ester from the oil and also glycerol. The glycerol is removed before the ester 

is used as a fuel.  The esterified oil can be used by most diesel engines without 

any modification to the engine.  In general, biodiesel fuel is being promoted as a 

safer, cleaner burning, and biodegradable resource.     
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Based on this understanding of the fats and oils industry, as well as its use 

in biodiesel, it is time to introduce the model used in this study.  Chapter IV will 

introduce the method, the estimation process, and describe the data used in this 

study.   
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CHAPTER IV: METHOD 
 

Given the research question, previous studies, and overview of the 

industry, Chapter IV presents the method used in developing this study and 

presents the estimation procedure and the data used in this analysis.   First the 

statistical model will be described and then the estimation procedure and the 

data will be presented. 

 

4.1 The Statistical Model 
 The model is best represented with a flow chart presented on the following 

page.  As shown in the flow chart, edible demand is made up of seventeen fats 

and oils.  Inedible demand and biodiesel demand are also made up of these 

same seventeen fats and oils.  Linseed oil, fish oil, castor oil, and inedible tallow 

and grease all have zero edible use.  The demand and supply of these fats and 

oils are balanced through the price of the fats and oils.   

The full model is made up of seven parts.  These parts include: 

1. Edible Demand 

2. Inedible Demand 

3. Production 

4. Net Returns for Biodiesel 

5. Biodiesel Demand 
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6. Trade 

7. Market Clearing 

 

4.1.1 Edible Demand Equations 

The edible demand equations are of the form: 
 
eq.FAT1 =     + zSODFOD__US_00  
  + zSODFOD__US_SO*log(SOPDEC__US/MAGDPD__US)  
  + zSODFOD__US_CC*log(CCPROT__W1/MAGDPD__US)  
  + zSODFOD__US_CL*log(CLPCHI__US/MAGDPD__US) 
  + zSODFOD__US_CO*log(COPPRC__US/MAGDPD__US) 
  + zSODFOD__US_VO*log(VOPESP__W1/MAGDPD__US) 
  + zSODFOD__US_ML*log(MLPMAL__W1/MAGDPD__US) 
  + zSODFOD__US_KO*log(KOPMAL__W1/MAGDPD__US) 
  + zSODFOD__US_PO*log(POPSEM__US/MAGDPD__US) 
  + zSODFOD__US_RO*log(ROPROT__W1/MAGDPD__US) 
  + zSODFOD__US_UO*log(UOPMIN__US/MAGDPD__US) 
  + zSODFOD__US_LR*log(LRPRPD__US/MAGDPD__US) 
  + zSODFOD__US_TE*log(TEPRPD__US/MAGDPD__US) 
  + zSODFOD__US_FO*log(FOPNWE__W1/MAGDPD__US) 
  + zSODFOD__US_YY*log(MAGDPR__US/MAPOPT__US) 
   - log(SODFOD__US/MAPOPT__US) 

+ zSODFOD__US_RR; 
 
Variable definitions are available in the Appendix B.  Parameters always begin with an 

indicator character, z, and end with an indication of the cross- or own-effect in question.  

An exception is the error or calibration term, which is a time-series variable that begins 

with z in all cases and ends with RR.  Here, and elsewhere, log is the natural logarithm 

operator. 

This equation estimates per capita soybean oil food use.  Own-price, cross-price, 

and income elasticity estimates are drawn from previous studies.  Specifically, the 

elasticities from the studies by Goddard and Glance, Yen and Chern, and Chern, 
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Loehman, and Yen.  Own-price elasticities were determined by averaging the estimates 

of the studies. If cross-price elasticities were negative in any of the studies, then the 

elasticity was assumed to be zero in this study.  A table of the elasticities used is found 

in Appendix C.  Each own-price and cross-price elasticity is multiplied by the log of the 

related price divided by the GDP deflator.  The expenditure elasticity is multiplied by the 

log of real consumer expenditure divided by the total population.  Also in the equation is 

an intercept term and an error term.  The other twelve edible oils follow the above 

format. 

 

4.1.2 Inedible Demand Equations 

Now a look at the inedible demand equations.  The inedible 

demand equations are of the form: 

EQ.FAT204 = zSODIND__US + 
 ( 1 
 + 1 * (TAGGDINDUS/lag(TAGGDINDUS)-1) 
 - 0.4 * ( (SOPDEC__US/lag(SOPDEC__US)-1) 
     -     (TAGGPR__US/lag(TAGGPR__US)-1)) 
 ) * lag(SODIND__US)*zSODIND__RR 
    -(SODIND__US); 
 
Soybean oil industrial demand is solved for using a CES (Constant Elasticity of 

Substitution) functional form that is linearized in percent changes.   

 

The CES production function is: 

y = ((a1x1)e + (a2x2)e +…+ (anxn)e)1/e 
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To attain an estimate for the constant elasticity of substitution two different 

sample periods were estimated.  The first estimation period included the five largest fats 

and oils used for industrial purposes.  The fats and oils used in this regression were 

coconut oil, palm kernel oil, soybean oil, edible tallow, and inedible tallow.  The 

estimation period was from 1981 to 2005.  The parameter estimates, approximate 

standard errors, and t values are displayed in the following table. 

                      Nonlinear ITSUR Parameter Estimates 
 
                                        Approx                  Approx 
          Parameter       Estimate     Std Err    t Value     Pr > |t| 
 
          E               0.399998      0.0446       8.96       <.0001 
          zCCDIND__US     1.006812     29.4907       0.03       0.9730 
          zKODIND__US     3.281119     15.3998       0.21       0.8331 
          zSODIND__US     -14.4498     19.3447      -0.75       0.4623 
          zTEDIND__US     -30.2051     22.3953      -1.35       0.1900 
          zTIDIND__US     16.99773     49.0172       0.35       0.7318 
                      
 

An estimate of 0.4 was given for our constant elasticity in this subset.  Ordinary least 

squares regression was used to give estimates for own-price elasticity, intercept term, 

income elasticity, and the trend parameter for overall consumer demand for all inedible 

fats and oils.  This equation is in double-logarithmic form.  The results are shown below. 

 

                             Nonlinear OLS Parameter Estimates 
 
                                         Approx                  Approx 
        Parameter          Estimate     Std Err    t Value     Pr > |t| 
 
        zTAGGDINDUS__PP    -0.21326      0.1062      -2.01       0.0576 
        TAGGDINDUS_00      3.483663      2.3470       1.48       0.1526 
        zTAGGDINDUS__YY    -0.33902      1.0024      -0.34       0.7386 
        zTAGGDINDUS__TR     0.00618      0.0188       0.33       0.7460 
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The second regression was estimated over a shorter time period with more fats 

and oils.  The fats and oils consisted of soybean oil, coconut oil, palm kernel oil, edible 

tallow, inedible tallow, palm oil, rapeseed oil, and lard.  The parameter estimates, 

approximate standard errors, and t values are displayed in the following table. 

Nonlinear OLS Parameter Estimates 
 
                                        Approx                  Approx 
          Parameter       Estimate     Std Err    t Value     Pr > |t| 
 
          E                0.41351      0.0646       6.40       0.0007 
          zSODIND__US     6.177246     64.3456       0.10       0.9266 
          zKODIND__US     28.06384     31.5824       0.89       0.4084 
          zCCDIND__US     -12.0995     54.3510      -0.22       0.8312 
          zTEDIND__US      -19.055     28.0887      -0.68       0.5228 
          zTIDIND__US     11.48942     55.4175       0.21       0.8426 
          zMLDIND__US      21.6795     12.4696       1.74       0.1328 
          zRODIND__US     4.612496      3.6173       1.28       0.2494 
          zLRDIND__US     -13.1162     20.3368      -0.64       0.5428 
 

An estimate of 0.41 was given for our constant elasticity in this subset.  Again, the 

double-logarithmic equation representing total demand for fats and oils was also 

estimated using ordinary least squares regression, generating estimates for own-price 

elasticity, intercept term, income elasticity, and the trend parameter.  The results are 

shown below. 

 

Nonlinear OLS Parameter Estimates 
 
                                         Approx                  Approx 
        Parameter          Estimate     Std Err    t Value     Pr > |t| 
 
        TAGGDINDUS_00      -48.3653     49.9818      -0.97       0.4046 
        zTAGGDINDUS__YY    22.00586     21.6002       1.02       0.3833 
        zTAGGDINDUS__PP    0.216177      0.3789       0.57       0.6083 
        zTAGGDINDUS__TR    -0.48991      0.4802      -1.02       0.3827 
 

 27



Based on the results of these two regressions an estimate of 0.4 is used for our 

constant elasticity of substitution.  It is quite reassuring that both of the subsets resulted 

in very close estimates for “E”.  Parameters are also chosen from these estimation 

results for the total inedible fat and oil demand equation, which is defined below, but the 

link is necessarily less precise given the diversity and apparent unreliability of some of 

the estimated parameters.    

The example of the industrial demand equation above is for soybean oil industrial 

demand.  Soybean oil industrial demand is a function of the total aggregate industrial 

demand divided by the lag of total aggregate industrial demand, minus 0.4 times 

soybean oil price divided by lag of price, minus the total aggregate price divided by the 

lag of total aggregate price.  This is then multiplied by the lag of soybean oil industrial 

use with a multiplicative error term.  All seventeen oils follow the same form as soybean 

oil.   

The total aggregate demand equation is: 

eq.FAT202 = 
   + TAGGDINDUS_00 
   + (0)*log(MAGDPR__US/MAPOPT__US) 
   + (-0.2)*log(TAGGPR__US/MAGDPD__US) 
   + zTAGGDINDUS__TR*(ztime - 1970) 
   - log(TAGGDINDUS / MAPOPT__US) 
   + zTAGGDINDUS_RR ; 

For this equation estimates were used from the subset results reported earlier in this 

chapter.  An estimate of zero is used for the income elasticity because a negative result 

does not seem plausible.  An estimate of -0.2 is used for the own-price elasticity that 

was a result from the first subset.   
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The cost equation is: 

eq.FAT203 = 
(1 + (TAGGDINDUS/lag(TAGGDINDUS)-1)+(TAGGPR__US/lag(TAGGPR__US)-1)) 
 * lag(Cost) 
 - Cost; 
 
The cost equation is found by taking one plus the total aggregate demand for industrial 

oils divided by the lag of the total aggregate demand for industrial oils minus one.  Total 

aggregate price is divided by the lag of total aggregate price then subtracting one , and 

the total is multiplied by the lag of cost. 

 
The total aggregate price equation is: 

 
eq.FAT200 =  
( 
+(SOPDEC__US/lag(SOPDEC__US)-1)*(SOPDEC__US*SODIND__US/Cost) 
+(KOPMAL__W1/lag(KOPMAL__W1)-1)*(KOPMAL__W1*KODIND__US/Cost) 
+(CCPROT__W1/lag(CCPROT__W1)-1)*(CCPROT__W1*CCDIND__US/Cost) 
+(TEPRPD__US/lag(TEPRPD__US)-1)*(TEPRPD__US*TEDIND__US/Cost) 
+(TIPRNO__US/lag(TIPRNO__US)-1)*(TIPRNO__US*TIDIND__US/Cost) 
+(MLPMAL__W1/lag(MLPMAL__W1)-1)*(MLPMAL__W1*MLDIND__US/Cost) 
+(ROPMWT__US/lag(ROPMWT__US)-1)*(ROPMWT__US*RODIND__US/Cost) 
+(LRPRPD__US/lag(LRPRPD__US)-1)*(LRPRPD__US*LRDIND__US/Cost) 
+(CLPCHI__US/lag(CLPCHI__US)-1)*(CLPCHI__US*CLDIND__US/Cost) 
+(COPPRC__US/lag(COPPRC__US)-1)*(COPPRC__US*CODIND__US/Cost) 
+(VOPESP__W1/lag(VOPESP__W1)-1)*(VOPESP__W1*VODIND__US/Cost) 
+(POPSEM__US/lag(POPSEM__US)-1)*(POPSEM__US*PODIND__US/Cost) 
+(UOPMIN__US/lag(UOPMIN__US)-1)*(UOPMIN__US*UODIND__US/Cost) 
+(LNPMINJMUS/lag(LNPMINJMUS)-1)*(LNPMINJMUS*LNDINDJMUS/Cost) 
+(PFPR____US/lag(PFPR____US)-1)*(PFPR____US*PFDIND__US/Cost) 
+(AOPROT__W1/lag(AOPROT__W1)-1)*(AOPROT__W1*AODIND__US/Cost) 
+(FOPNWE__W1/lag(FOPNWE__W1)-1)*(FOPNWE__W1*FODIND__US/Cost) 
) 
-(TAGGPR__US/lag(TAGGPR__US)-1) 
+ zTAGGPR__US_RR ; 
 

The total aggregate price equation is the summation of all the oil prices divided by the 

lag of oil price minus one.  This term is multiplied by the price of the oil times the 
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industrial demand divided by cost.  These equations make up the inedible demand 

equations.  Next are the production equations. 

 

 

4.1.3 Production Equations  

The production equations take the form: 
 
eq.FAT508 = + zSOSPRD__US__00 
            + 0.5*log(SOPDEC__US/MAGDPD__US) 
    + 0.5*log(lag(SOSPRD__US)) 
            - log(SOSPRD__US) 
            + zSOSPRD__US__RR 
            ;  

Soybean production is the log of soybean price divided by the GDP deflator plus the log 

of the lagged soybean production.  The elasticities of 0.5 are assumed for the 

equations.  There is also an intercept term and an error term.  All fats and oils except 

those not produced in the U.S. are included in the production equations. 

 

4.1.4 Net Returns for Biodiesel Equations 

The net returns equations for biodiesel are of the form: 
 
eq.FAT308 = + zSONRTBD_00 
            + BDPPLTM 
            - (SOPDEC__US/100)*(7.62/.97) 
            - OENGRYCOST 
            - ONENGYCOST 
        - SONRTBD_US 
    + zSONRTBD_RR 
            ;  
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For each oil k, the net return of using oil k to make biodiesel over operating costs is the 

sum of an intercept term and biodiesel price by marketing year.  Then subtracting the 

price of the oil divided by 100, to get dollars per gallon.  The price is then multiplied by a 

technical conversion factor, namely the number of pounds it takes to get a gallon of 

biodiesel, and divided by the loss rate.  Other energy costs and other non-energy costs 

are subtracted from the equation, and an error term is added.  

The other costs include utility costs and exclude the costs of capital.  The other 

non-energy costs include the costs of methanol, catalyst, ion resin, labor, repairs, and 

depreciation.  These equations are not estimated. They are drawn from the data source 

that can be found in Appendix A.  The intercepts for the net returns equations are 

assumed.  The intercepts were chosen to calibrate the net returns to be positive for 

soybean oil and inedible tallow for the year 2007, at the appropriate demand levels.  

The rest of the intercepts were chosen to keep all other fats and oils from having 

positive net returns for the year 2007.  Table 4.1.4 displays the intercepts used in the 

net returns equations. 
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Table 4.2 Net Return Intercepts 

zCCNRTBD_00 -0.044177
zCLNRTBD_00 0
zCONRTBD_00 0
zVONRTBD_00 0
zMLNRTBD_00 -0.628554
zKONRTBD_00 -0.151075
zPONRTBD_00 0
zRONRTBD_00 0
zSONRTBD_00 1.054709
zUONRTBD_00 0
zLNNRTBD_00 0
zLRNRTBD_00 -0.477805
zTENRTBD_00 -0.840662
zTINRTBD_00 -0.664641
zPFNRTBD_00 -1.161085
zAONRTBD_00 0
zFONRTBD_00 0  

 

4.1.5 Biodiesel Demand Equations 

These equations result in the demand for oils that are used to manufacture 

biodiesel.  The demand equations are of the form: 

 
eq.FAT408 =  + zSODBIO__00 
             +(zSODBIO__US*max(0,SONRTBD_US))**2  
             - SODBIO__US 
             + zSODBIO__RR;  

For each oil k, the biodiesel demand of oil k is the sum of an intercept term, a parameter 

multiplied by the maximum of zero or the net return of oil k squared and an error term.  

The intercept term is assumed to be zero.  The other parameter, zSODBIO__US, has 

been restricted to equal 1.  Biodiesel demand for soybean oil has increased steadily 

since 2005, and the only other fat or oil that biodiesel data was available was for 
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inedible tallow in 2007.  Absence of more historical biodiesel demand data for the other 

fats and oils results in a fairly stylized representation of net returns and biodiesel 

demand.   

 

 

4.1.6 Trade Equations 

The trade equations are of the form: 
 
eq.FAT608 = + zSODEXT__US_00 
            - zSODEXT__US_US*log(SOPDEC__US/MAGDPD__US) 
            - log(SODEXT__US) 
            + zSODEXT__US_RR 
            ; 

For each oil k, the trade equations are the sum of an intercept term, minus exports or 

plus imports (whichever is more significant) multiplied by the log of the price of oil k 

divided by the GDP deflator, and an error term.  The assumed elasticities for these 

equations are negative 1 for exports and positive 1 for imports. 

 

4.1.7 Market Clearing Equations 

The market clearing equations are of the form: 

eq.FAT14 = SOSPRD__US  
         + SOSIMP__US  
         + SOSTBS__US  
         - SODTES__US 
         - SODEXT__US  
         - SODIND__US 
         - SODFOD__US 
         - SODBIO__US 
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         - SOCLEARING; 

These equations add up the supply of oil and subtract the demand of the oil so that the 

equation is equal to zero.  It is through the market clearing equations that the price of 

the oils will eventually be solved.   

 

4.2 Estimation 
 This model does not rely heavily on estimation.  The only estimation in this study 

takes place in the inedible demand equations.  As described previously in the chapter, 

the CES-function is used to estimate a constant elasticity of substitution for the inedible 

fats and oils (Berck and Sydsaeter, 1991).  After solving two subsets of inedible demand 

equations an estimate of 0.4 was attained for the constant elasticity of substitution.  

Elasticities of the total inedible fat and oil demand equation are also tied to underlying 

statistical estimates, but only loosely because only the own-price estimate proved 

reliable and, even then, only in one of two estimates.  For the edible fats and oils 

equations elasticities were borrowed from previous studies.  

For the other sets of equations, a calibration process was used where the 

intercept term and the error terms were set to zero.  Then the equations are solved over 

a historical time period and predicted for a future time period.  The seven different sets 

of equations are then brought into the full model and solved simultaneously from 2007 

to 2017. 
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4.3 Data 
 The data used in this study are presented in Appendix A.  Marketing year annual 

data were used for as many years as the data allowed.  The data come from a number 

of different databases.  Supply and demand numbers for coconut oil, cottonseed oil, 

olive oil, palm oil, palm kernel oil, peanut oil, rapeseed oil, soybean oil, and 

sunflowerseed oil are from the United States Department of Agriculture website for 

Production, Supply and Distribution (www.usda.gov).   Supply and demand numbers for 

corn oil, linseed oil, lard, and edible tallow are from the Oil Crop Yearbook, also found 

on the USDA website.  Inedible tallow and poultry fat numbers were found on the U.S. 

Census Bureau website (www.census.gov).  Fish oil and castor oil numbers were found 

in Oil World annual reports.  Prices for all the oils are drawn from these same sources, 

with the exception of poultry fat.  Poultry fat numbers are drawn from Vision Track Price 

Discovery Service.  The World Agricultural Supply and Demand Estimates report found 

on the USDA website was the source for soybean oil used for methyl ester.  Inedible 

tallow used for methyl ester came from the U.S. Census Bureau reports.   
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CHAPTER V: RESULTS 
 

 The fats and oils model is solved for the year 2007 and forecasted through the 

year 2017 using annual marketing year time series data.  The results are presented in 

Tables 5.1 through 5.7 at the end of the chapter.  The tables present the forecasted 

values for food use, industrial use, trade, production, net returns for biodiesel, demand 

for use in biodiesel production, and price.  The mnemonics are presented in Table 5.8. 

  

5.1 Food Use Results 
The food use equation results are presented in Table 5.1.  Each food use for the 

fats and oils grows over the forecast period.  Soybean oil is by far the largest of the oils 

and grows from 16,611 million pounds in 2007 to 20,411 million pounds in 2017.  

Rapeseed oil’s food use is the second largest followed by corn oil in 2007.  By 2014, 

corn oil becomes the second largest moving ahead of rapeseed oil.  Both oils are close 

to 3,000 million pounds in 2017.   

  

5.2 Industrial Use Results 
The industrial use equation results are presented in Table 5.2.  The total 

aggregate demand for industrial use increases slightly over the forecast period.  The 

total aggregate price, however, increases steadily.  Coconut oil has the most industrial 

use of any oil in 2007.  Coconut oil demand for industrial use decreases every year as 

more is used for biodiesel.  Palm oil, palm kernel oil, rapeseed oil, inedible tallow, and 
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poultry fat all increase over the forecast period.  The other fats and oils slowly decrease 

in industrial use. 

 

5.3 Trade Results 
 Table 5.3 presents the results for the trade equations.  The domestic price of the 

oils decreases, and is evidenced in these results by the decreases in exports.  Imports 

of oils increase as the world price does not rise as sharply as the domestic price.  Palm 

oil and rapeseed oil are the two largest imports, both increasing steadily over the 

forecast period. 

 

5.4 Production Results 
 Table 5.4 presents the results for the production equations.  Soybean oil is by far 

the largest oil of the group and gets larger over time.  Inedible tallow increases the most 

of all the oils from 2007 to 2017.  Inedible tallow grows from 6,546 million pounds to 

8,584 million pounds.  It is interesting to see where the production increase is allocated 

in the model and how much of the increased production goes toward biodiesel. 

 

5.5 Net Returns for Biodiesel Results 
 Table 5.5 presents the results for the net returns for biodiesel equations.  Since 

biodiesel demand numbers were only found for soybean oil and inedible tallow, the 

equations were calibrated so that only soybean oil and inedible tallow have positive net 

returns in 2007.  Soybean oil net returns stay positive and have the largest net returns.  
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Coconut oil net returns turn positive in 2009 and continue to grow.  Inedible tallow net 

returns become negative in 2008 and then return to positive numbers.  Poultry fat, palm 

kernel oil, palm oil, edible tallow, lard, castor oil, and fish oil all turn positive after a few 

years of negative returns.  For the rest of the oils net returns are never positive. 

 

5.6 Biodiesel Demand Results 
 Table 5.6 presents the results for the biodiesel processor demands for fats and 

oils equations.  In 2007, the only biodiesel produced is from soybean oil and inedible 

tallow.  Soybean oil demand for biodiesel is the largest in the forecast period for every 

year.  The second largest processor demand comes from inedible tallow, which grows 

to two-thirds of soybean oil demand.  Coconut oil begins to be produced starting in 2009 

and steadily climbs throughout the forecast period.  Poultry fat starts being produced in 

2009 and grows throughout the forecast period.  Lard has the fifth largest biodiesel 

processor demand with over 200 million pounds in 2017.  The other oils that have some 

biodiesel demand are palm kernel oil, palm oil, castor oil, and fish oil.   

 

5.7 Price Results 
 Table 5.7 presents the results for the price equations.  All of the prices trend 

upward throughout the forecast period.   Soybean oil starts at fifty-five cents per pound 

in 2007 and is up to seventy-six cents per pound in 2017.  The lowest priced oil in 2017 

is poultry fat and this was evidenced by the amount of poultry fat oil demand by 

processors for biodiesel.  Inedible tallow is one of the cheaper fats and is also 
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evidenced in its growing biodiesel processor demand.  As soybean oil price continues to 

go higher the processor demand for biodiesel drops.  
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Table 5.8 Variable Definitions 

 

CC: Coconut Oil 
CL: Corn Oil 
CO: Cottonseed Oil 
VO: Olive Oil 
RO: Rapeseed Oil 
SO: Soybean Oil 
LN: Linseed Oil 
PO: Peanut Oil 
ML: Palm Oil 
KO: Palm Kernel Oil 
UO: Sunflowerseed Oil 
LR: Lard Oil 
TE: Edible Tallow 
TI: Inedible Tallow 
PF: Poultry Fat 
AO: Castor Oil 
FO: Fish Oil 
LG: Lagged (As in lagged dependent) 
RR: Residual/Error 
00: Intercept 
YY: Income 
 
xxCLEARING: Market Clearing for fat or oil xx. 

xxSIMP__US: Imports for fat or oil xx. 
 
xxDEXT__US: Exports for fat or oil xx. 
 
xxSPRD__US: Production for fat or oil xx. 
 
xxNRTBD_US: Net returns for biodiesel for fat or oil xx. 
 
xxDFOD__US: Demand for food use for fat or oil xx. 
 
xxDIND__US: Demand for industrial use for fat or oil xx. 
 
xxDBIO__US: Demand for biodiesel use for fat or oil xx. 
 
xxP_____US: U.S. price of fat or oil xx. 
 
xxP_____US: World price of fat or oil xx. 
 
___________________________________________________________  
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CHAPTER VI:  SIMULATION OF ALTERNATIVE BIODIESEL 
SCENARIOS 

 
 

 The preceding chapters have developed a fats and oils model for the 

purpose of evaluating biodiesel impacts on the fats and oils market.  In this 

chapter, the simulation results of two alternative biodiesel scenarios are used to 

illustrate how different biodiesel prices associated with different U.S. policy 

regimes affect the fats and oils market.  One of the biodiesel policies selected is 

a recently proposed EISA mandate which requires the production of one billion 

gallons of biodiesel by 2012.  The other takes a look at the effects of letting the 

biodiesel tax credit expire. 

 A baseline scenario is also developed for comparison with the other 

scenarios.  Under this scenario, the current blenders credit is extended through 

2017.  This will provide a basis for comparison with the other scenarios which 

would change the current biodiesel price.  The baseline results were summarized 

in the preceding chapter.  The scenarios are simulated independently of one 

another over the period of 2007 through 2017.   

 

6.1 Effects of Allowing Biodiesel Tax Credit to Expire  
 The blender’s credit for biodiesel made from pre-consumer fats and oils is 

currently $1.00 per gallon (FAPRI–MU Report #06–08).  This scenario allows this 

biodiesel tax credit to expire in 2008.  It is then compared to the baseline 

 48



scenario that extends the credit.  The model is solved again using FAPRI’s 

estimate of a drop in biodiesel rack price of 5.6%.   

 With this drop in the biodiesel price, biodiesel net returns and demand for 

biodiesel fall.  Biodiesel blenders have to charge more to consumers and pay 

less to producers.  It is most apparent in soybean oil and inedible tallow.  These 

two fats and oils decline to zero demand in 2015 for soybean oil and 2008 for 

inedible tallow.  Coconut oil demand is reduced but it is not affected as harshly 

as soybean oil.  By 2015, coconut oil has the largest demand and poultry fat has 

the second largest.  Prices of all fats and oils fall in this scenario as the tax credit 

is removed which meets our a priori expectations.   

 Total aggregate industrial demand for fats and oils rises very slightly in the 

scenario as compared to the baseline.  Food use is lowered across all the oils 

with the decline in production of all oils.  Exports of oils are higher than in the 

baseline as the domestic prices are down and imports decline.   The main effect 

of allowing the tax credit to expire would be to force consumers of blended diesel 

fuel to pay for biodiesel use rather than taxpayers (FAPRI–MU Report #06–08).  

 

6.2 Effects of Removing EISA Provisions 
 The EISA has mandated that by 2012 one billion gallons of biodiesel be 

produced.  To measure the impact of removing these mandates the baseline 

scenario will be compared to a scenario with FAPRI’s estimate of the drop in 

biodiesel price.  FAPRI estimated that this scenario would result in a 29.2% drop 

in biodiesel rack price. 

 49



 50

 “If ethanol and biodiesel supplies far exceed the levels of biofuel use 

required by EISA, the mandates may have little impact on biofuel markets.  This 

is most likely to occur when high petroleum prices and low crop prices make 

biofuel production profitable” (FAPRI–MU Report #06–08, pg 33).  This scenario 

amplifies what has happened in the tax credit scenario.  Prices drop across all 

oils, as does biodiesel net returns and processor demand for biodiesel.  Biodiesel 

production comes to a halt from 2009 to 2012.  Only coconut oil is used to make 

biodiesel after this time period in this scenario.  Coconut oil is profitable from 

2013 to 2017.  

 With the displacement of the previous processor demand for biodiesel, 

some oils have a growth in food and industrial demand, such as coconut, 

soybean, and poultry fat.  Once again exports increase with a lower domestic 

price, and imports increase.  Production has fallen across all oils as in the other 

scenario. 
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CHAPTER VII:  Summary and Conclusions 
 

In this chapter a brief summary of this study is presented, the conclusions 

of this research are stated, and recommendations for future research are given.  

This study represents a first attempt in determining biodiesel demand’s effect on 

the fats and oils market.  The primary objective of this study was to determine 

how the fats and oils market is affected by the addition of the newly expanded 

biodiesel demand.  A structural model was developed for the demands of fats 

and oils.  A secondary objective of this study was to estimate some elasticities for 

the industrial side of the fats and oils market.  A third objective, which was also 

an intermediate stage, was to introduce biodiesel demand, based on the 

assumption of very elastic demand at a break-even price that takes account of 

some petroleum-based diesel price and other input costs.   

The study took a look at a scenario where the $1.00 blender’s credit was 

allowed to expire in 2008.  Using FAPRI’s estimate of an effect of a 5.6% 

decrease in the biodiesel rack price the model was simulated.  The second 

scenario used FAPRI’s estimate of a decrease of 29.2% in biodiesel rack price if 

the EISA mandates were removed.  It was found that if the biodiesel tax credit is 

allowed to expire or if the EISA mandates are removed that biodiesel net returns 

drop, as does the demand for biodiesel.  Fat and oil prices still rise over the 

forecast period but at a slower rate than with the tax credit and mandates.  

Production numbers drop as well with the decline in biodiesel demand and 

decrease in prices. 
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There is still a lot to be done in future research.  The data obtained for 

biodiesel in this study were limited to very few observations.  Conclusions drawn 

from this data may suffer from those limitations.  There have been many years of 

inedible uses for fats and oils, yet good data are hard to find relating to these 

demands.  Future research might focus more on the industrial demands and 

better data will be needed.  Also, future research will need to utilize new data 

over a longer time period that is being collected from biodiesel producers and 

blenders. 
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Table B.1 Variable Definitions 
________________________________________________________________ 

CC: Coconut Oil 
CL: Corn Oil 
CO: Cottonseed Oil 
VO: Olive Oil 
RO: Rapeseed Oil 
SO: Soybean Oil 
LN: Linseed Oil 
PO: Peanut Oil 
ML: Palm Oil 
KO: Palm Kernel Oil 
UO: Sunflowerseed Oil 
LR: Lard Oil 
TE: Edible Tallow 
TI: Inedible Tallow 
PF: Poultry Fat 
AO: Castor Oil 
FO: Fish Oil 
LG: Lagged (As in lagged dependent) 
RR: Residual/Error 
00: Intercept 
YY: Income 
 
xxCLEARING: Market Clearing for fat or oil xx. 

xxSIMP__US: Imports for fat or oil xx. 
 
xxDEXT__US: Exports for fat or oil xx. 
 
xxSPRD__US: Production for fat or oil xx. 
 
xxNRTBD_US: Net returns for biodiesel for fat or oil xx. 
 
xxDFOD__US: Demand for food use for fat or oil xx. 
 
xxDIND__US: Demand for industrial use for fat or oil xx. 
 
xxDBIO__US: Demand for biodiesel use for fat or oil xx. 
 
xxP_____US: U.S. price of fat or oil xx. 
 
xxP_____US: World price of fat or oil xx. 
 
  
________________________________________________________________ 
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