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ABSTRACT 

This study monetizes the life cycle environmental damage, human health risk, and resource 

depletion externalities associated with the production and use of biodiesel fuels from soybean 

feedstock.  Utilizing an integrated economic-environmental assessment framework that couples 

life cycle impacts and a conjoint choice experiment for social preference elicitation allows for a 

comprehensive comparison of petrodiesel and biodiesel’s external impacts. The results of the 

study reveal the production and consumption of soybean based biodiesels produce net 

improvements in environmental, health and resource impacts of $0.27 per gallon relative to 

petrodiesel for a 20% blend and $3.14 per gallon for a 100% blend.     
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Highlights 

 Soy biodiesel offers benefits in environmental, health and resource outcomes over diesel 

 Consumers’ WTP for these benefits is $0.27/gallon for a 20% biodiesel blend 

 Consumers’ WTP for these benefits is $3.14/gallon for neat biodiesel 

 Current policies encouraging biodiesel blends should likely be expanded. 

 Integrated LCIA and valuation techniques can lead to more comprehensive fuel analysis 

 

  



Introduction 

The current transportation infrastructure in the United States is almost wholly dependent 

on petroleum based fossil fuels such as gasoline and diesel. Transportation consumes 30% of 

global energy, 99% of which is supplied by petroleum, and is expected to account for about ½ of 

the total projected increase in global oil use between 2003 and 2030 (EIA
a
 2013). Increasing 

prices and domestic and global demand for petroleum based energy have spurred interest in 

large-scale production of biofuels to address both domestic energy security, as well as global 

climate change issues (Soloman 2010). There seemed to exist no alternative that could compete 

widely in terms of cost and convenience for transportation applications, but today, biomass-

based fuels like biodiesel are emerging as plausible alternatives (Rajagopol and Zilberman 

2007).  

Biodiesel is the product of organically derived oils (e.g. soy, canola, palm or animal fat) 

chemically reacting with an alcohol to produce a fatty acid alkyl ester, usually through the 

process of transesterification (Demirbas 2009; Wassell and Dittmer 2006).  These biomass-

derived esters can be blended with petroleum-based diesel fuel (petrodiesel) or be used on their 

own as a “neat” fuel.   Due to their physical and chemical similarity, biodiesel is easily 

substituted in diesel engines and, while it is generally more expensive to produce, also 

significantly lowers many pollutant emissions compared with petrodiesel over its production and 

consumption life-cycle (Biodiesel Board 2013; DOE 2013).  

The main contribution of these fuels is in providing energy that is renewable, less carbon 

intensive, easily adapted to current infrastructure, and can be produced domestically, which may 

increase farm income and improve national security (Demirbas 2009; Duffield 2007; Miyake et 

al. 2012; Rajagopol and Zilberman 2007; Soloman 2010). For all of these reasons, the share of 

biodiesel in the US automotive fuel market is expected to grow rapidly over the next decade and 



is expected to reach 1.4 billion gallons by 2019 (FAPRI 2005). But, expansion also raises a 

variety of concerns, such as the increase in food prices that follow and its impact on the poor 

(Janda, Kristoufek, and Zilberman 2012).   Environmental impacts resulting from the expansion 

of agricultural land, the increase in use of pesticides, fertilizers and water, as well as the potential 

detrimental effects on soil carbon sequestration, soil quality maintenance, and the prevention of 

soil erosion are all of major concern as well (Delucchi 2010; Miyake et al. 2012; Soloman 2010; 

Ziolkowska and Simon 2011).   

The consensus is that, compared to the GHG emissions from conventional petrodiesel, 

emissions from biodiesel are lower by 40-50%; air quality effects are mostly positive and reduce 

carbon monoxide emissions by 25-50%;  particulate emissions are reduced by almost half and 

hydrocarbons by about two-thirds (DOE 2013).  But nitrogen oxide emissions are higher in 

production and use, especially because of on-farm emissions from fertilizer usage. Water 

pollution and soil erosion outcomes are also worse.   Substantial runoff of farm inputs such as 

chemical herbicides, insecticides and fertilizers, increases soil erosion, irrigation, salinization and 

wastewater generation, as well as reduces soil fertility and biological oxygen demand (Delucchi 

2006; Demirbas 2009; Granda, Zhu and Holtzapple 2007). Thus, the environmental case for 

biodiesel is not entirely clear cut, since these fuels represent a trade-off among different 

environmental concerns. Given that government intervention is driving much of the growth in 

biodiesel and is advocated partly on the grounds of environmental improvements, it is important 

to quantify the costs and benefits associated with its production and consumption. 

Wassell and Dittmer (2006) provide the only other attempt at monetizing the external 

impacts of biodiesel.  Their analysis aims to determine whether biodiesel subsidies are efficient. 

They estimate the external benefits of combusting B100 in place of petrodiesel range from $0.32 



to $1.29/gallon (in 2009$ $0.40 to $1.61/gallon). The analysis focused on the impacts associated 

with PM, NOx, SO2, VOC, and CO, but was limited by omission of some potentially significant 

impact categories.  These include indirect land use change (iLUC) which can create substantial 

emission impacts (Hertel et al. 2010; Searchinger et al. 2008). Furthermore, the analysis used 

literature-based monetary unit values associated with each emission type and simply summed 

over the impacts to establish the total economic value of biodiesel’s externalities. This is known 

to cause overestimation of economic value because it doesn’t take in to account trade-off and 

substitution effects (Randall 1991). This approach to valuation also fails to include non-use 

values associated with emissions reductions, which can be substantial. Given the inherent 

emissions trade-offs in switching fuel types, characterizing the overall environmental impact of 

biodiesel is complex and challenging. Furthermore, a broader set of impacts must be considered 

in the assessment of the costs and benefits associated with promoting biodiesel. 

This study builds on this previous work and contributes to the literature by 1) employing 

the most up-to-date and sophisticated life-cycle impact assessment methodology (ReCiPe) to 

best characterize biodiesel impact pathways, 2) analyzing a more comprehensive set of external 

fuel impacts than has been previously done including all of those in Wassell and Dittmer (2006) 

as well as, iLUC, P, CH4, NO2, CO2, CFC’s, and Natural Gas, 3) evaluating the entire “well-to-

wheel” life cycle of petrodiesel and biodiesel through use of a tiered-hybrid life-cycle inventory, 

4) allowing tradeoffs between fuel attributes and between fuel types to monetize both use and 

non-use external environmental, health and resource impacts, and 5) integrating the measured 

LCIA impacts with their estimated monetary values for biodiesel from soybean feedstock 

relative to petrodiesel to establish the external costs and benefits of switching fuel mixes.   



The results indicate that, after accounting for all life-cycle costs, soybean-based biodiesel 

offers significant improvement in environmental, health and resource outcomes relative to more 

traditional petrodiesel. For policies with the intent of encouraging resource conservation and 

improving overall health risk and ecosystem quality, even first-generation crop-based biodiesel 

fuels have merit and continued governmental intervention is warranted. Overall, environmental 

damages, natural resource use, and human health risks decrease significantly relative to 

petrodiesel under implementation of either blended or neat biodiesel from soybean feedstock.  

The rest of the paper is structured as follows: the first section overviews and reproduces 

the LCIA results, the second section explains the stated preference study, section three details the 

integration of the LCIA and conjoint choice experiment, section four derives the welfare results 

and the fifth section concludes.  

1.) Life Cycle Impact Assessment 

The most widely used technique for determination of the trade-offs between 

environmental aspects of biodiesel is a Life Cycle Assessment (LCA) approach.  This technique 

aggregates the material (quantity of fuel, electricity, water, chemicals, pollutants, etc.) and the 

embodied energy flows associated with the production or consumption of a particular commodity 

(Delucchi 2010; Rajagopal and Zilberman 2007).  In the case of fuels, LCA looks at the whole 

system of fuel production and consumption beginning with farming, followed by harvesting, 

processing, distribution, end use, and waste disposal (Delucchi 2006).  

 Soybean is the preferred feedstock to produce biodiesel in the U.S. despite its low oil 

content (20%), not only because of the large quantities that are produced, but also because of its 

unique ability to fix nitrogen (Granda, Zhu, and Holtzapple 2007). In this study, a previously 



developed life cycle inventory done by Baral and Bakshi (2010)
1
 is utilized which enumerates 

the life cycle impacts associated with petrodiesel and biodiesel produced from soybean 

feedstock. Reproducing the tiered hybrid life-cycle inventory for each fuel they evaluated 

(petrodiesel, biodiesel 20 (B20) and biodiesel 100 (B100))
2
 yields the quantities reported in 

Table 1. Each row of Table 1 is a vector of impacts corresponding to one of the three fuels. 

The functional unit of study is a distance driven basis in a representative light duty truck. 

The emissions and resource consumption reported are expressed as impacts per mile travelled 

when utilizing either petrodiesel, B20 or B100. The final category, ILUC, contains estimates of 

indirect land use changes that occur from soybean based biodiesel production developed by the 

Environmental Protection Agency and augments the original inventory (EPA 2010).  

Table 1: Life Cycle Inventory Results  

 

The quantities in Table 1 were then used in the construction of LCIA ReCiPe categories 

representing aggregated environmental, resource and health impacts. Aggregation into ReCiPe 

endpoint indicators is possible from the completed hybrid inventory results in Table 1 combined 

with the necessary characterization factors expressed in Table 2. The coefficients are based on 

the characterization factors reported in a number of public references as well as contained in the 

software program SIMApro (Goedkoop et al. 2013; SimaPro 2013). 

Table 2: Characterization Factors for ReCiPe Endpoints 

  
Whereas the original inventory is expressed in terms of units of measurement particular 

to each pollutant or resource (e.g. tons of carbon dioxide or tons of methane), the impact 

assessment is expressed in terms of an appropriate common unit through application of the 

characterization factors. Although they may be subject to a higher degree of uncertainty, 

                                                           
1
 For a detailed explanation of their methodology, assumptions, and results reference Baral and Bakshi (2010) and 

the associated supporting material.  For a good overview of LCIA reference (ISO 2006).    
2
 B20 refers to a 20% biodiesel, 80% petrodiesel fuel mixture. B100 refers to a 100% “neat” biodiesel fuel. 



endpoint indicators offer a more concrete interpretation to panel respondents and are the type of 

indicators employed in the preference elicitation study (Goedkoop and Spriensma 1999; Itsubo et 

al. 2012). The ReCiPe framework aggregates into three endpoint indicators related directly to 

damages to human health (expressed in disability adjusted life years (DALY’s), including years 

of life lost and/or lived disabled), ecosystem diversity (expressed as disappearance or extinction 

of species per area per year) and resource availability (expressed as dollar values of increased 

future extraction costs) associated with a product. Smaller numerical values in each of these 

categories are more desirable as they represent less damage in each indicator category.  

Human health damages are modeled for infectious diseases, cardiovascular and 

respiratory diseases, cancer as a result of ionizing radiation, cancer and eye damages due to 

ozone layer depletion, and respiratory diseases and cancer due to toxic chemicals in air, drinking 

water, and food. Four steps are used to model these impacts: 1) Fate analysis, linking an 

emission (expressed as mass) to a temporary change in concentration; 2) Exposure analysis, 

linking this temporary concentration to a dose; 3) Effect analysis, linking the dose to associated 

health effects; and 4) Damage analysis, linking health effects to DALYs, using estimates of the 

number of Years Lived Disabled (YLD) and Years of Life Lost (YLL). Damage from emissions 

of certain heavy metals, endocrine disrupters, as well as health damages from allergic reactions, 

noise and odor are not yet able to be modeled in this framework (Goedkoop et al. 2013). 

Ecosystem quality damages are modeled for toxic emissions and those that change acidity 

and nutrient levels in air and soil.  The models go through the procedure of: 1) Fate analysis, 

linking emissions to concentrations; 2) Effect analysis, linking concentrations to toxic stress or 

increased nutrient or acidity levels; and 3) Damage analysis, linking these effects to the increased 

potentially disappeared fraction of plant species. Only damages to natural systems can be 



modeled and these damages are limited to airborne deposits and certain waterborne deposits 

(Goedkoop et al. 2013).  So far the framework cannot model the effect of climate change on 

biodiversity and species loss, which could be large and important (Mellilo et al. 2009).  

Resource depletion is defined as the additional net present costs that society has to pay as 

a result of an extraction. This cost can be calculated by multiplying the marginal cost increase of 

a resource by an amount that is extracted during a certain period. The models go through the 

procedure of calculating: 1) a marginal increase in yield (in $), caused by an extraction; 2) the 

relation between resource deposits and marginal cost; 3) the average weighted yield of the cost 

increase of all deposits that contribute to the production of the commodity (Goedkoop et al. 

2013).   

Table 3: Life Cycle Impact Assessment Results 

The LCIA is complete for petrodiesel, B20 and B100 after combining the tiered hybrid 

inventory with the appropriate characterization factors. The results are summarized in Table 3.  

Although all of the indicator categories show marked improvement for both the B20 and B100 

fuels over petrodiesel, it is necessary to determine how society values the magnitude of these 

improvements in order to monetize the benefits. 

2.) Stated Preference Choice Analysis 

To determine society’s preferences over the LCIA impact categories derived in the 

previous section, a choice experiment was conducted to elicit society’s relative willingness to 

trade off the impacts of changing the transportation fuel mix. Society’s preference structure can 

be established as individuals make choices that force trade-offs regarding the price and 

associated external impacts of a fuel. To accomplish this, a representative sample of licensed 



drivers from the state of Ohio was obtained
3
 and given information on how transportation fuels 

can affect ReCiPe-style index categories that scientists often use to summarize the production 

and consumption impacts of fuels.  Table 4 details the socio-demographic characteristics of the 

sample and indicate they closely mirror Ohio, although sample mean age is slightly higher, more 

likely to be a homeowner, and more likely to have a valid driver’s license. Given the eligibility 

requirements for survey participation, it must involve respondents who drive, consume the 

commodity, and pay for consumption (as such non-drivers are underrepresented in this sample).  

Table 4: Demographics of U.S., Ohio, and Sample 

The attributes were described
4
 on a scale of 0 to 100, with 0 representing the most 

desirable outcome for each index: i.e. excellent health outcomes and little environmental damage 

and resource use. Similarly a level of 100 represents poor health outcomes and extensive 

environmental damage and resource use. The level of 50 is defined a priori as the status quo 

level of each attribute experienced by an individual under the current transportation fuel mix 

(gasoline and diesel).  

A ‘choice set’ for a respondent consists of three fuel mixes: the status quo and two 

alternative fuel mixes. A fuel mix is fully described by a price per gallon of fuel and levels for 

each of the three indices. The status quo option consists of the respondents’ self-reported price 

per gallon of gas last paid, and a value of 50 for each of the external impact index values. The 

self-reported price variable has a mean of $1.88, but ranges from as low as $0.90 to as high as 

$3.29
5
.  The choice sets are then randomly assigned a price from one of five treatments: a 10% or 

                                                           
3
 The sample was drawn from active members of Knowledge Networks internet survey panel: “KnowledgePanel” 

4
 Figure 1 in the appendix details the prompt given to respondents and indicates the types of impacts contained 

within each ReCiPe-style index category.  
5
 This mean value indicates good recall of last price paid as weekly Midwest regular conventional retail gasoline 

averaged per gallon prices of $1.908 the week of 03/09/09 and $1.849 the week of 03/16/09 (EIA
d
 2013). Retail 

diesel averaged per gallon prices of $1.98 and $1.96 over the same time-span.  The price variability can be explained 



5% decrease from the self-reported status quo, no change, and 5% or 10% increase from the self-

reported status quo. The externality index levels for the two alternative fuel mixes are randomly 

assigned from five possible levels: 37.5, 45, 50, 55, and 62.5 on the scale, representing decreases 

of 25% and 10%, no change, and increases of 10% and 25% respectively from the status quo 

level of 50. Both the numerical value and percentage change were presented to respondents.  An 

example choice scenario can be seen in Figure 2 of the appendix.  

An orthogonal fractional-factorial, generic attribute experimental design optimally 

derived from the full factorial experimental design is utilized to present a total of 75 choice 

scenarios to respondents. In order to reduce the cognitive burden to manageable levels, the 

design was divided into 5 blocks, with each block containing 15 choice sets. Respondents were 

then randomly assigned to one of the five blocks. The choice sets were chosen to maintain design 

orthogonality and level balance between all attributes and first-order attribute interactions as best 

as possible. Some trade-offs were made between orthogonality and statistical efficiency in order 

to maximize the information obtained in each choice scenario and prevent duplicate or 

dominated alternatives from occurring. Inclusion of the “status quo” scenario allows individuals 

to have an “opt-out” or “no-change” option within the choice set and was necessary to maintain 

unbiased parameter estimates (Johnson et al. 2007). Assuming a common linear additive form of 

utility function underlies all respondents allows for estimation of society’s preference structure 

regarding both main and first-order interaction effects for the impact categories. 

Statistical analysis of the choice experiment proceeds by estimating the utility difference 

model using the random parameters logit estimator. Individuals’ responses to the questions in the 

choice experiment yield the preference structure for the attributes and presume the choice 

                                                                                                                                                                                           
by the use of coupons and discounts by some consumers, the timing of the consumer’s last purchase, as well as 

natural differences in fuel pricing. 



between fuel alternatives is driven by respondents’ underlying utility. The utility function has 

two components (deterministic  ̅(      ) and stochastic    ) and is therefore embedded in a 

random-utility framework
6
 denoted by (1), 

       ̅(      )             (1) 

where subscript i denotes the individual, subscript j denotes the alternative, x is the vector of 

attributes that vary across alternatives and     is a stochastic error term capturing individual and 

alternative specific factors influencing utility unobservable by the researcher. The model is 

further formalized by assuming the deterministic portion of utility can be approximated as a 

linear function of attributes and can be represented by (2), 

                (       )            (2) 

where    is individual i’s income and     is the price faced by respondent i under alternative fuel 

profile j. The coefficient on residual income,   , is the marginal utility of income. The marginal 

price for a specific attribute is derived solely with respect to a change in that attribute. After 

estimating the common utility function, marginal price for attribute l is obtained by normalizing 

the marginal utility estimate of attribute l by the negative inverse of the marginal utility of 

income to yield, 

 MPl =   
 ̂ 

 ̂ 
          (3) 

where MPl represents marginal price of attribute l,  ̂  is the estimated coefficient on l, and  ̂  is 

the estimated marginal utility of income.  

 The probability, Pij, of a respondent, i, choosing an alternative, j, is given by Uij > Uik and 

can be denoted as, 

                                                           
6
 For a more detailed discussion on the random-utility framework see Train (2009). 



        (                  )     (                 ) 
  (4) 

The random parameter logit model assumes stochastic variation in the preference structure, so 

that each individual, i, has a unique    for each of the attributes (environmental damage, human 

health risk, and resource depletion) and these parameters are distributed in accordance with 

certain conditions in the population. When the generalized extreme value distribution is assumed 

to be the probability distribution of the error term, and f(β|θ) is the density function for a given 

distribution of β with parameter θ (i.e. means and distributions) the choice probability can be 

expressed as,  

    ∫
      

∑      
(β) f(β|θ) dβ       (5) 

A continuous distribution, such as the normal, is assumed for f(β). The selection probability 

becomes P
*
 using simulated maximum likelihood procedures.  R represents the number of draws 

with β
r
 representing the r

th
 draw from the density function. This results in a simulated probability 

of, 

 P
*
ij = 

 

 
 ∑      

            (6) 

which is used to estimate the simulated log likelihood function (LL
*
) and the parameter θ which 

defines the distribution that maximizes this function.  Given dij is a dummy variable representing 

respondents’ choices and is set to 1 when alternative j is chosen, the simulated log likelihood is 

estimated as, 

 LL
* 

= ∑ ∑          
           (7) 

The distribution function which quantifies the variability in preferences found between 

respondents can be derived from these calculations (Train 2009). 

For all four of the attributes comprising the fuel profiles, the parameters have well-

defined expectations with respect to sign. Similar to price, increases in the levels of all attributes 



are welfare decreasing. Therefore, ceteris paribus, respondents are expected to prefer fuel 

profiles that offer lower levels of environmental damage, lower levels of natural resource use, 

lower levels of risk to human health, and lower prices. Table 5 contains the parameter estimates 

for the model. The signs for the attributes correspond with intuition and the parameter estimates 

are significant at the 99% confidence level. Increases in all attributes are negatively related to 

utility, showing increases in the levels of externalities are welfare decreasing for society.  

Table 5: Parameter and Marginal Price Estimates (N=7274) 

The analysis of the survey responses also yields marginal prices for the environmental 

damage, human health risk and resource depletion attributes, which are more intuitive. 

Calculated using equation (3), these estimates correspond to marginal changes for each attribute 

from the status quo level that individuals currently experience, holding other attributes constant. 

Rounding to the tenth-of-a-cent, a marginal price of 3.4¢, 2.9¢, and 2.2¢ per gallon for a unit 

reduction from status quo was estimated for the human health risk, environmental damage and 

natural resource use indices, respectively. All estimates are significant at the 99% level and are 

statistically significantly different from each other. The results follow previous findings in the 

area of social preference structure regarding these types of attributes, namely that health 

outcomes are preferred over environmental and resource use outcomes (Delucchi 2000; 

Goedkoop and Spriensma 1999; Itsubo et al. 2004).  

3.) Integration 

Goedkoop and Spriensma (1999), using the Eco-Indicator 99 framework, first 

demonstrated the application of combining a life cycle impact assessment (LCIA) method with 

economics-based stated preference valuation techniques.  This study did not attempt to derive 

welfare estimates from changing product mixes, but instead aimed to establish social preference 

weights over the impact categories employed in the Eco-Indicator 99 framework so that impact 



categories could be aggregated into a single number. Itsubo et al. (2004) built upon this by 

demonstrating an LCIA method being coupled with stated preference valuation to establish 

monetary values for changes in the impact categories employed in the LIME framework. Their 

results show the feasibility of establishing weights across impact categories in an LCIA and 

generating reliable welfare results through the application of conjoint analysis as a means of 

establishing economic value in a Japanese context. Itsubo et al. (2012) expanded on the 

framework by employing the random parameters logit, as opposed to the simpler conditional 

logit originally used, to improve the econometric estimation of the preference parameters. 

Integration of the LCIA ReCiPe values (Section 1, Table 3) and the estimated marginal 

prices for those impacts (Section 2, Table 5) yields specific WTP values for both B20 and B100. 

To integrate, the LCIA impacts must be represented in the choice analysis indices presented to 

respondents.  This creates unique choice analysis index values for both B20 and B100 based on 

their measured LCIA impacts. This is accomplished by computing the percentage change in the 

values for B20 and B100 from petrodiesel in each of the environmental damage, natural resource 

use, and human health risk LCIA impact categories. The choice analysis index value for B20 and 

B100 can then be established by matching the appropriate percent change from the status quo 

value of 50 for each attribute. This yields the value of B20 and B100 in terms of their percentage 

change in impacts relative to petrodiesel in the choice analysis indices valued by respondents.  

Once the percentage changes from petrodiesel are known for B20 and B100, the marginal 

willingness-to-pay for switching to that alternative fuel type is calculated. Thus, in the WTP 

analysis that follows, the      are the values imputed from the integration for each alternative 

fuel and the      are the status quo values of petrodiesel. 

4.) Welfare Calculations 



To establish the WTP for society to substitute either of the two biodiesel blends for 

petrodiesel, the indirect utility function described in (2) is calculated for each of the biodiesel 

blends and then equated to the indirect utility associated with the status quo option of petrodiesel 

and solved for WTP as denoted in (8). 

    ̂   (       ) ̂  =    ̂       ̂       (8) 

Here, xj represents the vector of attribute values describing either B20 or B100,  ̂l is the 

vector of estimated attribute parameters, and  ̂  is the estimated marginal utility of income. 

Solving for WTPj yields (9), where Δx is the difference between the petrodiesel and biodiesel 

blend attribute levels. 

WTPj = 
     ̂ 

 ̂ 
          (9) 

The WTP in dollars per gallon for a change in attribute damages associated with substituting 

either a gallon of B20 or B100 in place of a gallon of petrodiesel are listed in Table 6.
7
  

Table 6 Marginal Willingness-To-Pay ($/Gallon) 

On average, individuals have a WTP of 0.27¢ to substitute a gallon of B20 in place of a 

gallon of petrodiesel, given the associated external benefits.  Similarly, WTP for the benefits 

associated with burning one gallon of neat biodiesel in place of a gallon of petrodiesel are $3.14. 

This indicates the substantial aggregate improvements in health risk, environmental damage, and 

resource depletion outcomes that B100 can provide.  Although trade-offs are made in the switch 

between fuels, the new array of human health risk, environmental damage and resource depletion 

outcomes are more valuable to society.  Given the 2012 level of neat biodiesel production (969 

million gallons) and assuming that without its use petrodiesel would be its replacement, the 

                                                           
7
 Several recent papers have also shown that U.S. consumers are willing to pay extra for biofuels, at least in the short 

term, to support its development (Petrolia et al. 2010; Soloman 2010) 

 



United States gained over $3 billion dollars in gross benefits from biodiesel using the mean 

estimate in Table 6 (EIA
b
 2013; EIA

c
 2013; USDA-ERS 2013). Moreover, since current federal 

biodiesel supports total $1.00 per gallon for neat biodiesel, this analysis suggests current 

subsidies are not only well justified, but could be expanded (EIA
a
 2013).  

Even with these estimated benefits, though, increasing biodiesel production and 

consumption above current levels will be difficult and may incur additional costs.  For example, 

biodiesel production using the entire U.S. stock of vegetable oils and animal fats would only 

satisfy 13% of on-road petrodiesel demand at current yields (Wassell and Dittmer 2006). 

Replacing 10% of gasoline or petrodiesel fuel with biofuels from irrigated corn or soybeans 

would require roughly 100% of total U.S. freshwater consumption when water required to dilute 

pollution is included (Delucchi 2010). Production costs must also be considered. Feedstock cost 

is about 80% of the total cost of producing biodiesel, so increases in feedstock prices can 

increase costs significantly (Demirbas 2009; Duffield 2007; Wassell and Dittmer 2006)
8
. With 

these types of hurdles, a large-scale biofuels industry (ethanol and biodiesel) would unlikely be 

able to displace more than 20-30% of the petroleum-based transportation fuel market in the U.S. 

(Soloman 2010).     

5.) Conclusion 

Biodiesel production has increased in the U.S. and looks like it will continue to do so for 

the foreseeable future. However, the market share of biodiesel is still very small, accounting for 

less than 1% of the total transportation fuel market (EIA
c
 2013). As long as world energy 

demand continues to grow, oil prices are not likely to decrease, and as a result, the need for 

alternatives will continue to grow as well. Biodiesel offers a valuable improvement over 

                                                           
8
 This is a necessary factor to consider in terms of biodiesel’s competitiveness in the marketplace with diesel, but is 

a separate consideration of the optimal subsidy (and size of external benefits generated by biodiesel). 



petrodiesel in terms of external impacts and could therefore play an important role in the future 

energy economy (Rajagopol and Zilberman 2007). 

 The existence of market failure in the transportation energy market is indisputable and 

therefore governmental intervention in some cases can be justified. An efficient subsidy scheme 

will set the per gallon subsidy equal to the external benefits biodiesel produces. As shown in this 

analysis, consumers have a large, positive WTP to achieve the emissions benefits that biodiesel 

from soy can produce (over three times larger than current subsidy levels).  Although the $1.00 

per gallon biodiesel subsidy was removed temporarily in 2012, it was reinstituted as part of the 

“fiscal cliff” negotiations on January 1
st
, 2013.  Based on this analysis, the $1.00 subsidy is a 

step in the right direction and should be continued, if not expanded.  Maintaining or increasing 

biodiesel’s subsidy will encourage substitution away from petrodiesel and thereby lead to 

valuable reductions in the total external emissions impacts associated with transportation fuel 

production and consumption.  
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acknowledged. The views expressed herein are those of the author(s) and do not necessarily reflect the views of the 

authors’ institutions. 

 

References  

Baral, A., B. R. Bakshi (2010) “Thermodynamic Metrics for Aggregation of Natural Resources in Life Cycle 

Analysis: Insight via Application to Some Transportation Fuels” Environmental Science & Technology, Vol. 44, 

No. 2, pp. 800-807. 

Biodiesel Board (2013). “Biodiesel Basics.” Performance and Emission Fact Sheets, http://www.biodiesel.org/what-

is-biodiesel/biodiesel-fact-sheets Accessed 9/7/2013 

Delucchi, M. (2010) “Impacts of biofuels on climate change, water use, and land use.” Annals of the New York 

Academy of Sciences ISSN: 0077-8923, Vol. 1195, pp. 28-45. 

Delucchi, M. (2006) “Lifecycle Analyses of Biofuels.” Draft Manuscript, Institute of Transportation Studies, UC-

Davis. UCD-ITS-RR-06-08. 

Delucchi, M. (2000). “Environmental Externalities of Motor-Vehicle Use in the US.” Journal of Transport 

Economics and Policy. Vol. 34, Part 2, May, pp. 135-168. 

Demirbas, A. (2009). “Political, economic and environmental impacts of biofuels: A review.” Applied Energy Vol. 

86, pp. S108-S117. 

DOE (2013). “Biodiesel.” United States Department of Energy Alternative Fuels Data Center. 

http://www.afdc.energy.gov/fuels/biodiesel.html Accessed 9/7/13 

Duffield, J. (2007). “Biodiesel: Production and Economic Issues.” Inhalation Toxicology, Vol. 19, pp. 1029-1031. 

http://dx.doi.org/10.1016/j.ecolmodel.2010.04.010
http://www.biodiesel.org/what-is-biodiesel/biodiesel-fact-sheets
http://www.biodiesel.org/what-is-biodiesel/biodiesel-fact-sheets
http://www.afdc.energy.gov/fuels/biodiesel.html


EIA
a 

(2013). “International Energy Outlook 2013.” U.S. Energy Information Administration, DOE/EIA-0484(2013), 

http://www.eia.gov/forecasts/ieo/  Accessed, 9/7/2013  

EIA
b
 (2013).”U.S. Crude Oil and Liquid Fuels Summary.” U.S. Energy Information Administration,  

http://www.eia.gov/forecasts/steo/report/us_oil.cfm  Accessed, 9/7/2013 

EIA
c
 (2013). “Monthly Biodiesel Production Report” U.S. Energy Information Administration, 

http://www.eia.gov/biofuels/biodiesel/production/archive/2012/2012_12/biodiesel.pdf  Accessed, 9/7/2013. 

EIA
d
 (2013). “Gasoline and Diesel Fuel Update.” U.S. Energy Information Administration, 

http://www.eia.gov/petroleum/gasdiesel/ Accessed, 9/7/2013. 

FAPRI (Food and Agricultural Policy Institute) (2005). “Implications of Increased Ethanol Production for US 

Agriculture.” FAPRI-UMC Report #10-05, August 22, 2005. 

Granda C., L. Zhu, and M. Holtzapple (2007). “Sustainable Liquid Biofuels and Their Environmental Impact” 

Environmental Progress, Vol. 26, No. 3, pp. 233-250. 

Greene, W. (2012) Econometric Analysis. 7th edition. Pearson Education Ltd. 

Goedkoop, M., R. Heijungs, M. Huijibregts, A.D. Schryver, J. Struijs, and R. van Zelm (2013). “ReCiPe 2008 – A 

life cycle impact assessment method which comprises harmonized category indicators at the midpoint and the 

endpoint level.” First edition (version 1.08), Report I: Characterisation. 

Goedkoop, M. and R. Spriensma (1999). “The Eco-indicator 99: A Damage Oriented Method for Life Cycle Impact 

Assessment.” Pre Consultants, Amersfoort. 

Hertel, T., A. Golub, A. Jones, et al., (2010). "Effects of US Maize Ethanol on Global Land Use and Greenhouse 

Gas Emissions: Estimating Market mediated Response." BioScience, Vol. 60, pp. 223-231 

Hill, J., E. Nelson, D. Tilman, S. Polasky, and D. Tiffany (2006). “Environmental, economic, and energetic costs 

and benefits of biodiesel and ethanol biofuels.” Proceedings of the National Academy of Sciences July, Vol. 

103, No. 30, pp. 11206-11210. 

Hill, J., S. Polasky, E. Nelson, D. Tilman, H. Huo, L. Ludwig, J. Neumann, H. Zheng, and D. Bonta (2009). 

“Climate change and health costs of air emissions from biofuels and gasoline.” Proceedings of the National 

Academy of Sciences, February, Vol. 106, No. 6. 

ISO (2006). “Environmental management - Life cycle assessment - Requirements and guidelines.” ISO 14044:2006; 

First edition 2006-07-01, Geneva. 

Itsubo, N., M. Sakagami, T. Washida, K. Kokubu and Atsushi Inaba (2004) “Weighting across safeguard subjects 

for LCIA through the application of conjoint analysis.” International Journal of Life Cycle Assessment, Vol. 9, 

No. 3, pp. 196-205. 

Itsubo, N., M. Sakagami, K. Kuriyama, and A. Inaba (2012). “Statistical analysis for the development of national 

average weighting factors – visualization of the variability between each individual’s environmental thoughts.” 

International Journal of Life Cycle Assessment, Vol. 17, pp. 488-498. 

Janda, K., L. Kristoufek, and D. Zilberman (2012). “Biofuels: policies and impacts.” Agricultural Economics – 

Czech Vol. 58, No. 8, pp. 372-386. 

Johnson, F., B. Kanninen, M. Bingham, and S. Ozdemir (2007): “Experimental Design for Stated Choice Studies”. 

In B. Kanninen (ed): Valuing Environmental Amenities Using Stated Choice Studies: A Common Sense 

Approach to Theory and Practice. Springer: P.O. Box 17, 3300 AA Dordecht, The Netherlands. 159-202. 

Melillo, J.M., Gurgel, A.C., Kickligther, D.W., Reilly, J.M., Cronin, T.W., Felzer, B.D., Paltsev, S.,Schlosser, C.A., 

Sokolov, A.P., Wang, X., (2009). "Unintended environmental consequences of a global biofuels program." MIT 

Joint Program on the Science and Policy of Global Climate Change, Report No. 168. Massachusetts Institute of 

Technology, Cambridge, USA. January. 

Miyake S., M. Renouf, A. Peterson, C. McAlpine, and C. Smith (2012). “Land-use and environmental pressures 

resulting from current and future bioenergy crop expansion: A review.”  Journal of Rural Studies, Vol. 28, pp. 

650-658. 

Petrolia, D., S. Bhattacharjee, D. Hudson, and B. Herndon (2008). “Do Americans Want Ethanol? A Comparative 

Contingent-Valuation Study of Willingness to Pay for E-10 and E-85.” Energy Economics, Vol. 32, No. 1, pp. 

121-128. 

Randall, A. (1991). “Total and Nonuse Values.” In J.B. Braden and C.D. Kolstad (eds): Measuring the Demand for 

Environmental Quality. North Holland, Elsevier Science Publishing Company Inc. 655 Avenue of the 

Americas, New York, N.Y. 10010, U.S.A. 303-321. 

Rajagopal D. and D. Zilberman (2007). “Review of Environmental, Economic and Policy Aspects of Biofuels.” 

World Bank Policy Research Working Paper 4341. 

Salvi, B.L. and N.L. Panwar (2012). “Biodiesel resources and production technologies – A review.” Renewable and 

Sustainable Energy Reviews, Vol. 16, pp. 3680-3689. 

http://www.eia.gov/forecasts/ieo/
http://www.eia.gov/forecasts/steo/report/us_oil.cfm
http://www.eia.gov/biofuels/biodiesel/production/archive/2012/2012_12/biodiesel.pdf
http://www.eia.gov/petroleum/gasdiesel/


SimaPro (2013). SimaPro Life Cycle Analysis version 7.3 (software) by Pre Consultants. http://www.pre-

sustainability.com/simapro-lca-software 

Soloman, B. (2010). “Biofuels and sustainability.” Annals of the New York Academy of Sciences ISSN: 0077-8923. 

Vol. 1185, pp. 119-134. 

Searchinger T, Heimlich R, Houghton RA, Dong F, Elobeid A, Fabiosa J, Tokgoz S, Hayes D, Yu T-H., (2008). 

"Use of US croplands for biofuels increases greenhouse gases through emissions from land use change." 

Science, Vol. 319, pp. 1238-1240.  

Train, K.E. (2009). Discrete Choice Methods with Simulation. New York, NY: Cambridge University Press. 

USDA-ERS (2013). “U.S. Bioenergy Statistics - Table 4, 6, 12, and 17.” United States Department of Agriculture – 

Economic Research Service. http://www.ers.usda.gov/data-products/us-bioenergy-statistics.aspx#.UiuTNT-

EUnh  Accessed 9/7/2013 

Wassell C., and T. Dittmer (2006). “Are subsidies for biodiesel economically efficient?” Energy Policy, Vol.34, pp. 

3993-4001. 

Ziolkowska J. and Simon L. (2011): Environmental Implications of biofuels – theoretical and empirical analysis for 

the EU and US.” Journal of the Japan Institute of Energy, Vol. 90, pp. 177-181. 

 

 

 

  

http://www.pre-sustainability.com/simapro-lca-software
http://www.pre-sustainability.com/simapro-lca-software
http://www.ers.usda.gov/data-products/us-bioenergy-statistics.aspx#.UiuTNT-EUnh
http://www.ers.usda.gov/data-products/us-bioenergy-statistics.aspx#.UiuTNT-EUnh


Table 1: Life Cycle Inventory Results  
 

Inventory Pollutant (P) or Resource (R) 

(Percentage Change from Petrodiesel) 

Fuel 

Type 

(kg/mi) 

VOC 

(P) 

CO 

(P) 

NOX 

(P) 

PM10 

(P) 

SOX 

(P) 

CH4 

(P) 

N2O 

(P) 

CO2 

(P) 

P 

 (P) 

CFCS 

(P) 

Crude 

Oil 

(R) 

Nat. 

Gas 

(R) 

ILUC 

(P) 

Petro-

diesel 

2.20

E-04 

4.09

E-04 

5.60

E-04 

4.85

E-05 

1.51

E-04 

9.83

E-04 

4.50

E-08 

4.72

E-01 

0.00 6.39

E-12 

1.59

E-01 

5.49

E-03 

0.00 

B20 

1.95

E-04 

 

4.06

E-04 

6.26

E-04 

5.09

E-05 

1.44

E-04 

8.63

E-04 

4.69

E-07 

3.95

E-01 

2.95

E-06 

6.93

E-12 

1.29

E-01 

7.89

E-03 

4.00

E-02 

B100 

1.60

E-04 

 

4.24

E-04 

 

8.97

E-04 

6.19

E-05 

1.17

E-04 

3.71

E-04 

2.21

E-06 

7.69

E-02 

3.45

E-05 

9.13

E-12 

7.52

E-03 

1.78

E-02 

2.05

E-01 

LCIA is compiled assuming the use of resources and release of pollutants is linearly related to total outputs of the system. International (including 
domestic U.S. and global) changes in indirect land use change are denoted in the column titled ILUC and are denoted in C02 equivalent units. 

  

 

 

 

 

 

 

 

  



Table 2: Characterization Factors for ReCiPe Endpoints 

Inventory Item Species.Yr/kg MJ/kg DALY/kg 

VOC     3.90E-08 

CO     1.78E-09 

NOx  1.01E-08   5.72E-05 

PM10     2.60E-04 

SOx  1.42E-08   5.20E-05 

CH4 
a
 1.42E-07   2.67E-05 

N2O 
a
  2.86E-06   5.37E-04 

CO2  1.87E-08   3.51E-06 

P 4.44E08  6.61E-03 

CFCs 
a
    8.03E-03 

Crude Oil   1.75E+01   

Natural Gas 
 
   1.16E+01   

ILUC
b 

  2.10E-07 
a) Characterization factors for CH4, N2O and CFCs are based on CO2 equivalent releases.  

They are derived by multiplying CO2 impacts by 23, 296 and 8500, respectively. 

b) Indirect Land Use Change 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



Table 3: Life Cycle Impact Assessment Results 

Fuel Type Environmental 

Damage 

(Species.Yr/mi) 

Resource 

Depletion 

($/mi) 

Human 

Health Risk
 

(DALY/mi) 

Petrodiesel  9.09E-09 2.9E+00  1.7E-06  

B20  7.5E-09  2.4E+00  1.5E-06 

B100  1.5E-09  3.4E-01  6.3E-07 
LCIA results from sum-product of Tables 1 and 2.  

 

 

  



Table 4: Demographics of U.S., Ohio, and Sample 

 Mean or Percentage 

 United States
a 

Ohio
b 

Sample 

HH Income ($/year) 52,175
c 

48,023
c 

52,290 

Age (years) 36.7 37.9 48.3* 

HH Members (#) 2.61 2.48 2.59 

Married (%) 54.4 54.5 47.7 

Female (%) 50.7 51.3 51.7 

Homeowner (%) 67.1 69.6 78.4* 

Bachelor’s Degree or Higher (%) 27.4 23.8 21.8 

White (%) 74.3 84.0 84.4 

Metropolitan
d
 (%) 80.3 71.4 75.8 

Valid Driver’s License (%) 88.0
e 

76.2 91.6* 
A pretest of the survey was fielded to assess understanding and improve questionnaire design prior to implementing the main survey. Failing to 
provide either day-to-day vehicle mileage or the last price paid at the pump resulted in exclusion from the analysis. Field dates were in 2009 from 

March 13 to March 23 and had a 62.5% completion rate. *Denotes statistically significant difference between Sample and State Means at the 0.01 

level. a) U.S. demographics obtained from U.S. Census Bureau’s American Community Survey 2006-2008 estimates (http://www.census.gov) b) 
State of Ohio demographics obtained from U.S. Census Bureau and Ohio Bureau of Motor Vehicles (http://www.bmv.ohio.gov) c) median 

household income in 2008 inflation adjusted dollars d) Metropolitan indicates Urban or Suburban resident. e) 2005 Carter-Baker Commission 

Report 
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Table 5: Parameter and Marginal Price Estimates (N=7274) 

Variables Mean 

(Standard Error) 
Marginal Price

c 

(Standard Error) 

ASC 1.105 

(0.069) 
 

Price ($/gal) -4.177 

(0.267) 
 

Environmental Damage
a
  -0.120 

(0.005) 
0.029 

(0.002) 

Natural Resource Use
a 

-0.092 

(0.005) 
0.022 

(0.002) 

Human Health Risk
a 

-0.141 

(0.006) 
0.034 

(0.003) 

McFadden’s Pseudo R
2 b

 0.344  

Log-Likelihood -5487.44  
All parameter estimates were significant at the 1% level. a) Assumed parameter distribution is normal 
b) See Green 2012, page 537, for a detailed discussion. c) Delineated in dollars. Figures are estimates  

of marginal WTP for the listed attribute as calculated using equation (3). Estimates are for marginal  

1% decrease from current, base levels. Estimated using Krinsky-Robb Simulation with 10,000 draws.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 6: Marginal Willingness-To-Pay ($/Gallon)   

Fuel Type MWTP 

(Standard Error) 
1 %  

Lower Bound 

99%  

Upper Bound 

B20 0.270 

(0.021) 
0.224 0.326 

B100 3.149 

(0.248) 
2.619 3.804 

Figures are estimates of marginal willingness-to-pay for the listed fuel as calculated using equation (9). Estimates are for a change 

from petrodiesel to the listed alternative. They are estimated using Krinsky-Robb Simulation with 10,000 draws. Emissions vectors for 

B20 and B100 are increased by 10% per gallon to account for the decline in mileage experienced relative to petroleum; this is on the 
conservative end of mileage reductions (Demirbas 2009, Wassell and Dittmer 2006). 

 

 

 

 

  



APPENDIX 

Figure 1: Index Descriptions 

The three index values for the Current Fuel Mix represent the impact that the current fuel 

mix has on the environment, natural resources, and human health 

The Environmental Damage Index 

An increase in the Environmental Damage Index means that there is more damage to the 

environment. Possible damages include: 

– Lower populations of various species including plants, worms, algae, amphibians, mollusks, 

crustaceans and fish. 

– Increased air, land, and water pollution creating a more toxic environment. 

The Natural Resource Use Index 

An increase in the Natural Resource Use Index means that there is increased strain on natural 

resources making it more difficult to extract minerals and fossil fuels, and that there are less 

available for future use. 

– Minerals, including lead, zinc, iron, copper, limestone and clay are used in countless consumer 

products. 

– Fossil Fuels, including oil, coal, and natural gas are used as energy sources for heating and 

cooling homes, electricity generation, and transportation. 

The Human Health Risk Index 

An increase in the Human Health Risk Index means that there is a higher risk of harmful effects 

on human health. Possible health effects include increased risk of: 

– Cancer, including thyroid, bone, breast, and lung cancers 

– Leukemia 

– Cardiovascular and respiratory diseases 

– Eye damage due to ozone layer depletion 

 

  



Figure 2: Prompt, Stimulus, and Choice Question Format for Conjoint Experiment 

[Q] Consider the following three fuel mixes. Each is characterized by different levels of 

the Environmental Damage, Natural Resource Use, and Human Health indices and a 

change in the fuel price per gallon. 

Current 

Fuel 

Mix 

$[GASPRICE] per 

gallon 

 

Fuel 

Mix A 

$[GASPRICE] per 

gallon 

 

Fuel 

Mix B 

$[GASPRICE] per 

gallon 

 

Assuming you are driving the same vehicle that you currently drive, and the expected 

fuel mileage does not change, which Fuel Mix would you prefer? 

□ I would prefer Current Fuel Mix 
□ I would prefer Fuel Mix A 
□ I would prefer Fuel Mix B 

 

Note: [GASPRICE] refers to the respondents reported price paid per gallon multiplied by the experimentally determined price level 
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