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Consumers’ preferences towards biodiesel in the Spanish transport sector.

A case study in Catalonia.

Abstract

In this paper, we analyse the opinions, attitudes and willingness of consumers to pay for
biodiesel as an alternative to diesel in Barcelona province. Data were gathered from face-to-
face structured questionnaires from 300 diesel car owners/users that regularly purchase fuel. A
variation of the traditional choice experiments (CE) was used by excluding the price attribute
from the design. In a subsequent contingent valuation (CV) exercise, respondents were asked
to state their maximum willingness to pay (WTP) for their preferred choice sets using the
“payment card” format. The relative importance of the attributes and levels were calculated by
estimating a random parameter logit model. The results demonstrated, contrary to the literature
in Spain, that consumers were not willing to pay for biodiesel, especially when its production
may negatively affect food prices. The main limitation was that car manufacturers do not
recommend its use. The public authorities are asked to work jointly with the automotive

industry to address this drawback.
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1. Introduction

Renewable energy sources are becoming an increasingly important issue in the political agenda
of countries all over the world. They are considered a primary driver of economic progress,
enabling countries to reduce energy dependency, achieve goals of sustainability and enhance
competitiveness (Elberhri et al, 2013). In the last decades, the global debate on the environment
and climate change was primarily focused on the reduction of the emission of CO2, which is
considered a major source of the greenhouse gas effect (Sobrino and Monroy, 2009). As a
consequence, many countries adopted policies and strategies to diversify their energy sources
in many sectors, transport being the most important one. According to Eurostat (Table 1), in
2011, the production of the total renewable energy' in the EU 27 has increased significantly,
reaching 208,006 thousand tonnes of oil equivalent (TOE). Germany leads the list of the EU
countries, followed by France, Spain and Italy.

Table 1. The major producers of biofuels in the EU 27

Total renewable

energy Biofuels biodiesel bioethanol
EU27 208,006 11,455 8,112 2,746
Germany 38,642 3,660 2,535 577
France 23,027 2,053 1,625 668
Spain 20,677 844 609 368
Italy 19,644 1,137 528 119

Values are expressed in thousand tonnes of oil equivalent (TOE). Source: Eurostat 2013.

The European transport sector, including the Spanish sector, faces two major challenges. First,
it depends greatly on imported energy sources, especially fuel oil, which is one of the fossil
fuels that contributes to the increased concentrations of greenhouse gases (Proost and Van
Dender, 2012). This sector accounted for more than 20% of the total EU emissions in 2010
(EEA, 2012). This situation limits the possibility of meeting the obligations of the Kyoto
Protocol and increases the energy dependence of the EU (Cansino et al., 2012). According to
the data from Eurostat, the EU is energy deficient, with energy dependency of 53% in 2010.
Second, price volatility, the continuous increase in the prices of fossil fuels, and uncertainties
regarding its availability generate concerns for its long term sustainability.

In this context, the Spanish transport sector experienced a significant increase in road
infrastructure of approximately 16,000 km in early 2012, behind only the US and China in
absolute terms (Loureiro, et al., 2013), and its greenhouse emissions have increased by 66%
since 1990. As indicated by Labandeira (2011), the low taxation of car fuels in Spain, which is
20% below the European averages for 2010, the shift of car fleets to diesel due to its low relative
price and the consequent increase of problems related to local greenhouse gases in Madrid and
Barcelona (Monzén and Guerrero, 2004 and Loureiro, et al., 2013) make this sector a relevant
case study.

Biofuels as a renewable energy source have been viewed for decades as a worthwhile alternative
to address these challenges. However, the shift toward this source remains weak (Lee and La
Voie, 2013). Their total production in the EU27 increased from 7 TOE in 1991 (mainly
produced by Austria) to 11,455 TOE. In 2011, Germany was the major European producer of

1 Following the Eurostat methodology, by total renewable energy we refer to the following: solar energy, solar thermal, biomass
and renewable wastes, wood and wood wastes, hydro power, wind power, solar photovoltaic and the tide, waves and ocean.
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biofuel, followed by France, Italy and Spain (Table 1). Biodiesel represents the major share of
biofuel production, reaching 71% (8,112 TOE) of the total EU 27 production. The EU is the
world’s largest biodiesel producer, representing, on a volume basis, approximately 70% of the
total biofuels market share in the transport sector (USDA, 2012). The largest producer of
biodiesel is Germany followed by France, Spain and Italy (Tablel).

In the last decade, the production of biofuels, in particular first-generation biofuels, has
generated a debate about the impact of production on food prices. The debate regarding the
negative effect of biofuels on food security around the world is not quite new. Within this
context, there are two clearly differentiated opinions on if and to what extent biofuel production
affects feedstock prices. On the one hand, certain studies have stated that biofuels are not
responsible for the price increase and volatility of feedstock. Ajanovic (2011) concluded that
the increases in biofuel production have a non-significant impact on feedstock prices in the case
of corn, wheat, barley, sugarcane, rapeseed, soybean and sunflower. Escobar et al., (2009) and
Rathmann et al., (2010) stated that rising feedstock prices are primarily related to other factors,
such as oil price developments, financial speculation and the recent strong economic growth of
China. However, on the other hand, several studies (Rajagopal et al., 2007; Tangermann, 2008;
Engdahl, 2008 and Rosegrant, 2008) noted that the food price increases have been mainly the
result of the expansion of biofuels. Mitchel (2008) mentioned that the biofuel market expansion
had led farmers to produce crops for the biofuels sector, driven by several subsidy programs, at
the expense of the local and international food markets. He concluded that the most important
factor in the growth of food prices is the large increase in biofuel production in the U.S. and the
EU.

In considering the empirical analysis of the relation between biofuel production and feedstock
prices, we can analyse two approaches: the first focuses on the supply side of biodiesel. This
approach analyses the advantages and shortcomings of the production and its relation to
agricultural feedstock and food prices. The second relies on the analysis of the demand side and
focuses on the social attitudes and opinions toward biodiesel and the public opinion on its
relation to the increase in food prices. The combination of both approaches is necessary to
determine the optimal provision of biofuels from a social point of view. In theory, once the
optimum is located, the policy authorities will be in a position to design the appropriate
instruments to correct the market failures.

In recent years, certain studies have addressed the first approach, especially after the 2008 food
price crisis, focusing their analysis on price volatility and the relationship between biodiesel
production and food prices (Serra, 2012). However, there is a scarcity of studies that have
focused on the perceptions of society regarding biodiesel production and the opinions and
acceptances of the role they play in rising food prices, in particular in Spain. In this context, the
main objective of this paper is to analyse consumer opinion and attitudes toward biodiesel as
an alternative fuel in Barcelona Province (Spain) and their willingness to pay for it. The
importance of using this region as a case study is the high degree of dependence on imported
energy sources, the high energy consumption per unit of GDP and the environmental problems
caused mainly by the increased GHG emissions from the transport sector (Loureiro et al. 2013).

2. Literature review

Biofuels are derived from biomass?, which mainly includes ethanol and biodiesel (FAO, 2007).
There are four known generations of biofuels. The first generation is directly related to a

2 As mentioned by the International Energy Agency, biomass is any organic, i.e. decomposing, matter derived from plants or
animals available on a renewable basis. Biomass includes wood and agricultural crops, herbaceous and woody energy crops,
and municipal organic wastes, as well as manure.



biomass that is generally edible (Lee and Lavoie, 2013) and produced directly from food crops.
The most common for ethanol production are corn, sugar beets and sugar cane, while for
biodiesel production palm oil, rapeseed and soybean are the main crops. The second generation
is produced from non-food crops, such as wood, organic waste (municipal solid wastes) and
other food crop waste. The third generation focuses on improvements in the production process
of biomass, introducing algae as a principal energy source (Chisti, 2007). The introduction of
algae is due to its potential to produce more energy per acre than conventional crops. The fourth
generation is similar to the second and third generations with the difference that during the
production process, the carbon emission is captured and stored, locking away more carbon than
it produces.

The biomass-based fuel may have advantages and disadvantages. From one perspective,
biofuels might be manufactured from a wide range of materials, thus improving the recycling
efficiency. They are easily renewable as new crops are grown and waste material is collected
(Charles, 2013). Moreover, because they are produced locally, they help reduce the foreign
energy dependency and create new jobs in rural areas (IEA, 2011, European Commission,
2009a). They also may provide economic incentives for the agricultural sector if the demand
for the energy crops increases. Finally, less carbon output and toxins are produced when it is
burned in comparison to the fossil fuels. However, biofuels may not be worth producing,
especially those from the first generation (Pimentel and Patzek, 2005). Those that are based on
raw agricultural material produce negative net energy gains because the carbon footprint (the
machinery necessary to cultivate the crops and the plants to produce the fuel) is high. Food
prices and shortages may also be affected. As the demand for raw agricultural material grows
for biofuel production, it could also raise the prices for the necessary primary food crops
(Sexton et al., 2008). Water demand for biofuel production is also high, both for the irrigation
of the crops as well as for the production process of fuel (Sexton et al., 2008).

Within this debate, the regulations for producing biofuels in recent years have undergone
remarkable changes. In September 2013, a narrow majority of European Parliament voted that
"first generation" biofuels should not exceed 6% of the final energy consumption in transport
by 2020, while advanced biofuels should represent at least 2.5% of the energy consumption in
transport. These changes affected the Directive 2009/28/EC on the promotion of the use of
energy from renewable sources, which set up mandatory targets for its member states of a 20%
share of renewable energy in the total energy consumption and a 10% share of energy from
renewable sources (primary biofuels) in all forms of transport by 2020. Member states may
introduce for themselves the measures that promote biofuel consumption to reach this goal. It
is worth mentioning that Spain has set a renewable energy target in the transport sector that is
3.6 points above the 10% binding European objective for 2020 (Cansino et al., 2012).

The renewable energy policy in Spain, with its emphasis on biofuels, progressed in line with
other EU counties and presents a response to the main challenges that the Spanish energy sector
has faced in the last decades. In the Spanish biofuel market, biodiesel plays a predominant role
because the consumption of bioethanol is negligible compared to the USA, which is the case
for all European countries (Perdiguero and Jimenez, 2011). This policy follows both the
Renewable Energy Directive (RED) (European Commission, 2009a) and the Fuel Quality
Directive (FQD) (European Commission, 2009b). The former involves the need to meet 10 per
cent of the transport energy demand from renewable sources by 2020; the latter, to reduce the
emissions of the transport fuels by at least 6 per cent by 2020.

In June 2007, Spain imposed mandatory biofuel blending for transport with Law 12/2007. The
FQD enabled fuel operators to market B7 and E10, which are blends with a volumetric biodiesel
content of 7 per cent and an ethanol content of 10 per cent, respectively. It is worth mentioning



that in 2011, biodiesel production in Spain has decreased from 841 TOE in 2010 to 679 TOE
as a result of the worldwide economic crisis. Biofuels in Spain are supported due to their joint
production with other public goods. The biofuel industry in 2011 was supported with €237
million for ethanol and €1,002 million for biodiesel (Charles et al. 2013). Biodiesel
consumption was supported with €0.31 per litre and €0.40 per litre for ethanol.

Without presenting an extensive review, fewer studies have focused on the public preferences
and the willingness to pay for biodiesel, in particular in Spain. In the US, Petrolia et al. (2010)
analysed the preferences of ethanol (E-10 and E-85); Delshad et al. (2010) also analysed
different policies to promote biofuel, and Solomon and Johnson (2009) analysed the WTP for
biomass ethanol. Savvanidou et al. (2010) studied car users and their WTP for biofuels in
Greece. Jeanty et al. (2007) and Jeanty and Hitzhusen (2007) estimated the WTP for the
reduction of air pollution, which is brought about by using biodiesel in the US. In Spain, Giraldo
et al. (2011) and Loureiro et al., (2013) focused on the willingness to pay for biodiesel. These
studies were conducted in Spain, and their results indicated that although consumers have low
levels of knowledge about biodiesel, there is a positive perception of biodiesel due to its
environmental impacts, which consequently demonstrated that consumers are willing to pay
more for biodiesel than for conventional diesel and are ready to use it.

In this context, our paper attempts to verify these hypotheses especially after the worldwide
economic crisis. This study aims to fill the gap in the existing literature by attempting to elicit
consumer preferences for biofuels by investigating the WTP for biodiesel in Catalonia (Spain),
taking into consideration the current discussions surrounding the development of alternative
fuels for transport.

3. Material and methods
3.1. Data sample and collection

The data used in this analysis were obtained from 300 face-to-face questionnaires with the
drivers/owners of diesel engine vehicles in the Barcelona Province (the city of Barcelona and
the suburbs). The population represents consumers over 18 years of age who are car
users/owners and thus regularly purchase diesel fuel (Table 2). We follow a quota sampling
procedure stratified by age and gender, and the participants are selected randomly. This
distribution, however, does not have to be in proportion to the population of Barcelona
Province, as we restrict the sample to consumers who own/drive a diesel vehicle. As we are not
able to access the total number of diesel vehicles registered in Barcelona Province and the
distribution of their drivers by gender and age, we use a proxy variable. The citizens with a
driver’s licence in the province of Barcelona stratified by age and gender have been used.
Nevertheless, this set does not reflect the citizens who drive diesel vehicles in each strata; thus,
we correct the strata percentage using the primary information obtained from face-to-face
interviews with several authorised car dealers and garages. The final description of the sample
is discussed in the results section.

Table 2: Survey technical sheet

Population . Residents of province of Barcelona
Filter _ Drivers of diesel engine vehicle
Sample design _ Quota sampling stratified by age and gender
Selection _ Random

Sample size _ 300

Error _ +5.66

Control measure Pilot survey (15 questionnaires)
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A structured questionnaire has been designed to analyse consumer preferences and
attitudes towards biodiesel as well as their maximum willingness to pay for it. The questionnaire
was divided into several parts:

* In the first part, consumer awareness and knowledge of biodiesel is measured (familiarity
with biodiesel, the raw materials to produce biodiesel and the present percentage of
biodiesel mixture in the market).

= In the second part, consumers were asked about the use of diesel and biodiesel as a fuel
in their cars, the frequency of use, their car’s fuel efficiency (I/km), the purchase, the
consumption and the year of registration.

* In the third part, respondents were asked to indicate their opinion towards the relation
between food and biodiesel and its environmental impact. They were also asked about the
alternatives that they would choose if fuel prices continue to rise. The questions were
formulated on an 11-point scale ranging from “0 to10”, the most understood scale in
Spain.

= The fourth part is focused on analysing the most important factors that consumers take
into consideration when deciding to refuel their car and their willingness to pay for
biodiesel, using an approach that applies the joint use of the choice experiment and the
contingent valuation

» The final part contains questions on the socio-demographic characteristics (i.e., gender,
family size and composition, age, education level, and income) and other psychographic
variables.

3.2. The experimental design

In analysing “complex goods” the choice experiment (CE) is one of the most relevant methods.
It involves the characterisation of the product through a series of descriptors that can be
combined following an orthogonal fractional factorial design to create different hypothetical
scenarios of the product (alternatives). The respondents are faced with several of these scenarios
(choice sets) and are asked to select their preferred alternative at different price levels while
implicitly making a trade-off between attributes. However, in our approach, we exclude the
monetary attribute from the design of the scenarios, and we subsequently ask respondents for
their maximum willingness to pay (WTP) following a contingent valuation (CV) exercise.
Within the CV, respondents were asked to state their maximum WTP using the “payment card”
format, as it combines both the advantages of the open-ended formats (the elicitation of the
point information of the WTP) and of the close-ended formats (the ease of the cognitive burden
on the interviewees) while minimising the risk of the “starting-price bias” associated with the
iterative bidding processes (Kallas et al., 2007). This procedure is related to the dual response
choice experiment (DRCE) design proposed by Brazell et al. (2006), with the exception that
the price in our case was set in a contingent valuation exercise. Asking consumers whether they
are willing to purchase the product emphasises the purchasing context, which leads the
respondents to focus more on their budget constraints and places more attention on the price.
In contrast, in the traditional single-stage CE, the respondents can be driven by reason and
logical arguments rather than by price considerations (McKenzie, 1993). Figure 1 represents
the experimental design used in our study.

First, individuals are asked to choose their preferred scenario from three possible alternatives.
Afterward, the respondents are faced with a “pay/not to pay” decision response mode for the
preferred scenario to set their maximum WTP. Introducing this follow-up question allows
individuals to approach the information twice regarding their preferences, first by stating what
they prefer and subsequently if they are willing to pay for it and if they can afford it. Asking



consumers about the maximum willingness to pay in a purchasing context may bring them to a
greater emphasis on their budget constraints.

Scenario A Scenario B None of them

Combination of the

different levels of the Combination of the different

levels of the attributes

attributes
1. If you could choose any of the three previous options, which one would you choose?
O O O

2. Given your monthly budget constraint and that the average price for “the product™ in
the last month was X € / unit of the product, choose from the following list of prices::

3. Of the selected scenarios, your willingness to pay is a maximum
of:

0 0.2 0.4 0.6 0.8 1.0 1.20 1.40 1.60 ; 1.80 2.0

€/unit

Figure 1: Example of the choice set

Due to the hypothetical nature of the assessment of the willingness to pay, a standard cheap talk
was used in the survey process as proposed by Carlsson et al., (2005) and Bosworth and Taylor
(2012): “Previous studies indicate that individuals in general respond to surveys differently
from the way they act in real life. It is quite common to find that individuals say they are willing
to pay higher prices than those that they are really willing to pay. We believe that this is due to
the difficulty in calculating the exact impact of these higher expenses on the household
economy. It is easy to be generous when in reality one does not need to pay more”.

Applying the previous design to analyse the attributes that consumers take into consideration
when he/she refuels and the relative importance of biodiesel, the first and most important step
is to identify the attributes and their levels. After reviewing the market conditions in Barcelona
Province and the abovementioned literature research on the relevant topic of consumer
preferences toward biofuels, four attributes have been selected with their levels:

1) Type of diesel. This attribute was straightforward because it is a main objective of the study.
According to the available mixtures of biodiesel on the Spanish fuel market, we assess four
levels of this attribute, one of them being the conventional diesel and the other three being
the mixtures of 10% (B10), 20% (B20) and 30% (B30) biodiesel.

2) Location of petrol stations. This attribute takes two levels to demonstrate whether the
location of the petrol station affects the decision of the consumers to select the preferred
station. We define the two levels as on the “usual route” and “outside the usual route” for
the consumers.

3) Type of the petrol station. For the more than 10,000 petrol stations in Spain, we assign two
levels for this attribute. The first one is referred to as the “local petrol stations”, which
represents the 33.85% that belong to local operators, cooperatives and supermarkets. The
other belongs to the “multinational operators”, which represents 66.15% of the total.

4) Price of the bread. Due to the potential relation between the feedstock price and biofuels
production, we used the price of bread as a proxy variable to analyse this trade-off.
Rosillo-Calle et al., (2009) mentioned that an increase in the cost of raw materials in the
US (vegetable oils) also leads to an increase in the commercial price of bread and
breakfast cereals. Pimentel et al. (2009) also noted that biofuel production in the U.S.
increases the price of bread among other food products by approximately 10% to 30%.
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Tokgoz et al., (2008) stated that biofuel production in the US had an impact on planted
acreage, crop prices, livestock production and retail food costs, leading to an increase
in the price of bread and bakery items. Thus, the price of bread was used due to its daily
consumption in our case study region and because consumers are more familiar with
this price. Second, its production is related to cereals and vegetable oils. This attribute
will indicate the impact of the potential price increase of bread as a result of increasing
biofuel production on consumer decisions to purchase biodiesel. We evaluate the
following four levels of this attribute for bread prices: unchanged, might increase by
5%, 10% and 20%.

Our sample was divided into two equal subsamples with 150 consumers each. Both subsamples
share all of the survey questions but differ by the number of attributes included in the CE
analysis. The choice sets were created using a fractional factorial orthogonal design. For the
first sample, we include the first three attributes (type of diesel, location of petrol stations, type
of petrol station), leading to eight choice sets that are presented for each participant. For the
second subsample, we include the fourth attribute (bread price), obtaining 16 choice sets. This
differentiation was made to estimate how the changes in the price of bread can influence the
purchasing decision for biodiesel and to compare how the preferences are affected by the
presence of this attribute. To avoid the fatigue effects associated with the multiple-scenario
valuation tasks, the 16 choice cards were divided into two blocks with eight choice sets each
following the factorial blocking procedure.

3.3. The econometric modelling

The choice data obtained from the first question in our experimental design (Figure 1) were
analysed using the traditional data treatment of the CE. Thus, following the Random Ultility
Theory (Thurstone, 1927), the subjects choose among scenarios according to a utility function
with two components: a systematic (i.e., observable) component plus a random term (non-
observable by the researcher):

Uin :Vin(x"sn)_l_gin (1)

Where U, is the utility provided by alternative i to subject n, V,, is the systematic component
of the utility, X; is the vector of attributes of alternative i, S, is the vector of socio-economic
characteristics of the respondent n, and &, is the random term.

To predict the subjects’ preferences for the attributes and their levels, it is necessary to define

the “probability of choice” that an individual n chooses the alternative i rather than the
alternative j (for any i and j within choice sets (C) ), which is equivalent to the probability

that U; is greater than U;. Several probabilistic models are available to analyse the choice-

stated data from the CE. The Conditional Logit Model (CL) is the basic model whereby the
probability that an individual n will choose alternative i (P, ) among other alternatives ( j =1

to J) of aset (C) is formulated as follows (McFadden, 1974):

e/Nin
P —- VieC (2)

in ]=J
S
=1

where 4 is a scale parameter that is inversely proportional to the standard deviation of the error

terms. Within this model, the V, must be defined. In our case, we follow a separable, additive
and linear utility function as follows:



Vio = BXy + o Xy + &, (3)

where (/) is a mean effect for each attribute level, (X, ) is the value of attribute k =1...K in
alternative i (¢, ) is the standard deviation, and &, is the error term. This utility specification

leads to the random parameters logit model (RPL)?, which has been applied in the study because
it accounts for the unobserved heterogeneity and allows obtaining the individual-specific
parameter estimates. For more details about the CE technique and the RPL model, see among
others Hensher et al. (2005) and Louviere et al. (2001).

3.4. The relative importance of biodiesel attributes and levels

From the RPL model estimates in the traditional discrete choice experiment, the marginal rate
of substitution (MRS) between attributes is usually calculated. Because one of the attributes is
expressed in monetary terms, it is possible to determine the implicit price (IP) of the attributes.
However, in this study, we use the marginal utilities estimates (/) attached to the levels of the

attributes to calculate the global utility (i.e., the relative importance) of each attribute (l,) and
their levels (I, ). Regarding the attributes, the ratio of the particular estimate to the sum of all

the estimates of a specific attribute is used to reveal its relative importance as follows (Smith,
2005):

(max B, —min f3, )
(max B, —min £, )

(4)

I, =

M=

=
Il

1

where (1) is the relative importance of the attribute (k); (max £, ) is the maximum utility of
the attribute (i.e., the most preferred level), and (min ) is the minimum utility (i.e., the least
preferred level).

Concerning the levels, it is necessary to distinguish between the positive (preferred) and
negative (non-preferred) levels (i.e., the levels with a positive contribution to the utility function

with a positive estimate (f, >0) (hereafter, £, ) and those with negative estimates (£, <0)
(hereafter, S, ). Thus, the relative importance of the preferred levels (Ill)is obtained by

1" = b , and for the non-preferred levels, ( Il;) is obtained by | = Be
k

B > Be

3.5. The joint use of the CE and CV: decomposing the WTP

The aim of the joint use of the results of the CE and the CV is to decompose the scenario WTP
into the attribute and the attribute levels WTP using their relative importance(l,, Il:, I;) .

Decomposing the value of a “complex good” into different values of their attributes and levels
is not new. Kallas et al., (2007) and Kallas and Gil (2012) decomposed the value of complex
goods (agricultural multifunctionality and rabbit meat) using the CV and the relative
importance of the attributes and levels obtained from the analytical hierarchy process (AHP).
However, in their procedure they assumed positive utilities for the attribute levels, which is

3 We started by estimating a conditional logit model. However, the result of the Hausmann-MacFadden test demonstrates the
violation of the IIA property. Thus, we specified the different types of model that relax the IIA, of which the RPL have
demonstrated the best goodness of fit.



rather restrictive. Thus, to alleviate this drawback, in this paper we propose the use of the CE
instead of the AHP to obtain the relative importance of the attribute and attribute levels.
Following the basic model presented by Kallas et al. (2007) and Kallas and Gil (2012), the
maximum willingness to pay (WTP) for the shift from “do not choose” to “choose” a preferred
scenario can be decomposed into the maximum WTP of their descriptors (i.e., the attributes and
attribute levels) using their relative importance (I).

Thus, the WTP for the k-th attribute is given by:
WTR, =1, xWTP; where I, =1 (7)
where the WTPs; refers to the willingness to pay for the chosen scenario.

For the attribute levels, we should distinguish between the preferred (£, >0) and the non-
preferred levels (S, <0). In the case of the preferred levels, their WTP (WTR") is calculated
by multiplying the positive value of the k-th attribute WTP (WTRP, ) by their relative importance

(1)) as follows:
WTR" =1 xWTR,  where Dl =1 (8)

Similarly, for the non-preferred levels, their willingness to pay (\NTPI;) is obtained by
multiplying the negative value of the (WTF,) by their relative importance(l, )

WTR =1 x(-WTR) where > I, =1 9

This is because the sum of the positive estimates is equal to the sum of the negative ones
(Z b= —Z B, ), which is a characteristic of the coding effect procedure that is often used in

the codification of attributes in the CE, as in our study (D>_ (B + B)=0=>_ B ==>_ ).

4. Results and discussion

4.1. Sample description

The sample consisted of 300 diesel car owners/users over 18 years old who regularly purchase
fuels. Most of the respondents were male (72, 33%), aged between 30 and 44 years and living
in three-member households. More than half of the participants had university-level studies and
were employees with an average income between 1000 and 2500€ per month.

The consumers were asked to state how much money they spent on fuels per week and whether
they paid for the fuels by themselves. The answers indicated that the majority of respondents
paid by themselves, and 53% of respondents spent 1-25€ in fuels per week, while the average
consumption is 32.06€ per week. The next questions referred to the year the respondents bought
the car and their average fuel consumption per 100 km. Half of the respondents (51.5%) had
cars registered after 2006, 37.1% registered their vehicles in the period between 2000 and 2005,
while a small percentage of respondents (11.3%) had old cars registered before 1999. The
average fuel consumption was 6.49 litres per 100 km.

4.2. Attitudes and opinions toward biodiesel

The actual consumption of biodiesel among respondents was very low, with only 1% of
respondents using biodiesel always, and 16% of them using it occasionally. The consumers who
have never or almost never used biodiesel were asked to indicate their reasons for such
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behaviour. The main reason was “not recommended by their vehicle manufacturer” (20.8%)
followed by “I had never thought in using it” (20.4%). The fact that biodiesel is not available
in most of the petrol stations was also an important reason (18.4%). Of the respondents, 13.6%
answered that they were unaware of the existence of biodiesel or of its characteristics. Although
biodiesel is cheaper or approximately the same price to conventional fuel in the area of
Barcelona, 12.4 % of the respondents answered that they did not use it because it is more
expensive. “I do not trust its reliability” and “I do not think that there is any difference from the
conventional” comprise 9.2% and 0.8%, respectively.

Nearly all of the respondents (91.7%) were familiar with the existence of biodiesel. Although
the percentage was significantly high, when consumers were asked to indicate two crops that
are used for its production, a significant percentage could not indicate any (48.7%). The others
mostly stated that biodiesel is produced from corn (16.3%), sunflower oil (11.7%) or rapeseed
(10.7%). In this context, the consumers were asked to indicate the percentage of the mixture
between conventional diesel and biodiesel allowed in the market in Spain; 18.3% of the
respondents answered the question correctly (10-30% of the mixture). However, the majority
of the respondents (81.7%) wrongly answered, or they did not know.

Participants were also asked to assess various statements related to certain characteristics of
biodiesel. The evaluation was on a scale of 0 “I strongly disagree” to 10 “I strongly agree”. The
respondents agreed with the notion that biodiesel releases less pollutants than conventional
diesel, with an average of 6.81. They also agreed that biodiesel will make the country less
dependent on fossil fuels. However, the respondents did not agree that the number of kilometres
travelled using biodiesel is greater than that of conventional diesel, with an average of 4.55.
Finally, the environmental issues related to biodiesel and other renewable energy were
analysed. Consumers were asked to rate from 0 to 10 the respect for the environment of the
different energy sources. Solar energy and wind energy were evaluated as the most
environmentally friendly energy sources, with an average of 8.43 and 8.2, respectively.
Hydraulic energy was close, with an average 7.61. However, the respondents evaluated natural
gas and biodiesel at a lower range, with 5.57 and 5.44, respectively. The low mean of biodiesel
may indicate that consumers do not consider biodiesel as a clear alternative energy source, as
it received a lower value than natural gas. The average level of respect for the fossil fuels was
4.2 for conventional diesel and 3.64 for gasoline. Finally, nuclear energy received a 3.14 and
thus is considered to be the least satisfactory energy for the environment.

4.3. The CE results

First, we started by checking for the IIA property. The results from the Hausman-McFadden
test for both subsamples indicated that the ITA property does not hold for the conditional logit
model (y*= 32.8752 with a p-value = .0000 for the first subsample and ¥*=67.8044 with a p-
value =.0000 for subsample 2). Thus, the RPL model will better fit our data set. Table 3 presents
the results of the RPL model for both samples. As can be observed, at the 99% confidence level,
we can reject the null hypothesis that all coefficients are jointly equal to zero. We thus do not
reject the overall significance of the model. The results exhibited an acceptable range of
goodness of fit through McFadden’s pseudo-R? value (0.256 and 0.226, respectively). It also
exhibited a satisfactory value of the predicted percentage of the correct classification (78.5%
and 76.9%, respectively). For the estimation of the random parameters, we assumed that the
attribute coefficients were normally distributed, as they better fit our stated data.

The positive or negative sign of the parameters indicates a positive or negative contribution to
the utility function. Thus, in both samples, diesel car users primarily prefer to refuel in their
habitual route and at the local petrol station. The results also indicate that in both cases the
respondents demonstrate a rejection of biodiesel in all its proposed mixture. This non-
acceptance of biodiesel is more accentuated when its production may increase the price of
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bread. The standard deviations of almost all random parameters are significant, confirming the
suitability of the specification of this model to our data.

Table 3: Results of the models’ estimation for data with and without information

Estimates

B

Random Parameters Logit Model

Type of petrol station (local)
Location (habitual route)
Biodiesel mixture 1 (10%)
Biodiesel mixture 2 (20%)
Biodiesel mixture 3 (30%)
Bread price increase (10%)

Bread price increase (20%)
Bread price increase (30%)

Opt-out option

Petrol station type
Location

Biodiesel mixture 1 (10%)
Biodiesel mixture 2 (20%)
Biodiesel mixture 3 (30%)
Bread price (increase 10%)
Bread price (increase 20%)
Bread price (increase 30%)

Log-Likelihood (0)
Log-Likelihood (0)
Log-Likelihood ratio
Pseudo R?

Predicted %

Observations

Sample 1 Sample 2
Random parameters £
0.036* 0.272%**
1.607*** 0.522%**
-0.164 -0.397***
-0.423%** 0.034
-0.450%* 0.076
- 0.190
- -0.096
- -1.886%**
Non-random parameters /S
1.107 %% 1.285%#*
S.D. of randomg;
1.022%** 0.198
1.538*** 0.659%**
1.018%** 0.541%**
0.831%** 0.426
1.983%%** 0.654%**
- 0.096
- 0.398**
- 1.104%%*
-955.08 -1,005.8
-1,283.17 -1,299.6
656.18 (0.000) 587.6 (0.000)
0.256 0.226
78.5% 76.9%

3,504 = 146 respondentsx8
choice sets x 3 alternatives

3,576 = 149 respondentsx8
choice sets X 3 alternatives

Significance levels: “"p<0.01; “p<0.05; “p< 0.10

To better understand the relative importance of all levels of the attributes, it is important to
calculate the utility of the base levels because they are not directly estimated from the model.
The coefficients of the reference level of each attribute are obtained following the coding effect
procedure. Thus, £ is calculated as -1x S, , where P is the number of the total levels of each

attribute. For the significance of the values, we employed the Krinsky and Robb (1986) the
method for 1000 random repetitions. The results are displayed in Table 4.
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Table 4: Utilities of the base levels of the attributes obtained from the RPL

Ao ftheat;frsi; lll::ls of the The marginal utl|tlr1]i)é %f F;[Ee base level from
Subsample 1 Subsample 2
Type (Multinational) -0.036" -0.272""
Location (non-habitual route) -1.607" -0.522""
Conventional Diesel 1.038"™ 0.287"
Bread price (unchanged) - 1.7917"

Significance levels: **p<0.01; “p<0.05; “p< 0.10

4.4. The WTP of the attributes and levels

The relative importance of the attributes and levels are displayed in Table 5. The results
indicated that for sample 1, the most important attribute was the ‘location of the petrol station’
followed by the ‘type of diesel’ and the “type of the petrol station”. For sample 2, the
respondents demonstrated the same preferences pattern. However, as expected, they exhibited
the highest relative importance for “bread price”. These values were used for the decomposition
of the WTP of the preferred scenarios into the WTPs of the attributes and levels. As observed,
the participants from the first sample demonstrated a willingness to pay 0.81€ for the location
of the petrol station, 0.37€ for the type of diesel and a non-significant 0.02€ for the type of
petrol station. The participants from sample 2 demonstrated the highest WTP for the attribute
“bread price” (0.79€) followed by the location (0.22€), type of diesel (0.15€) and finally the
type of the petrol station (0.12€).

Table 5. The WTP decomposition of attributes using the CE and CV results

Samplel | Sample 2 Sample1 | Sample 2 Samplel | Sample 2
l, WTR WTP,
Attributes (Relative importance of The attributes) | (Willingness to pay of the Attributes) | (Average value of ti:e WTP of the
| = (max 8, —min /3, ) WTP. = 1. xWTP selected scenario in each choice
K& . ko k si set) obtained from the CV
kZ (max A, —min 4, (€litre) (Ellitre)
=1
Type of petrol station 0.015 0.091™" 0.02 0.12™
Type of diesel 0.312™ 0.115™ 0.37"" 0.15 120 127
Location of petrol station 0.673™ 0.175™ 0.81"" 0.22" : ’
Bread price - 0.618™" - 0.79™"

Significance levels: **p<0.01; “p<0.05; “p< 0.10

In a subsequent step, the previous WTP values attached to the attributes (i.e., WIB, ) were

decomposed into the WTPs of their levels. The procedure and the results are exhibited in Table
6. In both samples, participants were willing to pay 0.018€ and 0.116€ for the local petrol
station. The respondents also demonstrated a WTP of 0.37€ and 0.106€ for conventional diesel.
However, they were not willing to pay a premium for biodiesel and for the different proposed
mixture. For the location of the petrol station, diesel car users exhibited a WTP of 0.808€ and
0.223€ if the petrol station is located in their habitual route, being the most important level in
the first sample. Finally, as expected for the attribute of bread price, the respondents were
willing to pay 0.710€ to keep it unchanged (i.e., a 0% increase), being the most important level.
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Table 6. Decomposing the WTP of levels using the CE and CV results

Positively valued levels ()

Negatively valued levels (4, )

Sample 1 Sample 2 Samplel | Sample?2 Sample 1 Sample 2 Samplel | Sample?2
Levels |+ \/\/‘|’|:>Ik+ |- WTP|;
Ik . Ik s
(Reative imporance o th posively. | 0TS Ty ey | (Relaive mporance ofthenegatvly | (0 S TR L iy
function, €/litre) function, €/litre)
= WTP! =11 xWTR, - =Fe WTP™ =1 x (WTR,)
By z B k k
Type of petrol Multinational - - - - 1.00" 1.00" -0.018" -0.116"
station Local 1.00 1.00" 0.018" 0.116" - - - -
Conventional 1.00™" 0.72* 0.374™" 0.106™ - - - -
Type of Diesel Biodiesel 10% - - - 0.16** 1.00™* -0.05*9* -0.146™"
Biodiesel 20% - 0.09 - 0.013 0.41 - -0.152 -
Biodiesel 30% - 0.19 - 0.028 0.43™ - -0.162™ -
L ocation Habitual route 1.00™" 1.00™" 0.808"™" 0.223™ - _ o o
Non-habitual route - - - - 1.00 1.00 -0.808 -0.223
Without increase 0% - 0.90™ - 0.710™ - - - -
Bread price Increase 10% - 0.10 - 0.075 - - - -
Increase 20% - - - - - 0.05 - -0.038
Increase 30% - - - - - 0.95"" - -0.747""

Significance levels:

*p<0.01; *p<0.05; "p< 0.10
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5. Conclusions

In this study, we assessed the consumer preferences toward biodiesel in the transport sector in
Catalonia Spain. The results demonstrated that the Spanish users/owners of diesel cars are not
willing to pay for biodiesel, which seems to be rejected in all the mixtures proposed; this result
1s contrary to the results obtained by Loureiro et al. (2013), who confirmed that consumers are
willing to pay 0.08 Euros/litre and Giraldo et al., (2010) who determined that Spanish users of
diesel are willing to pay up to 5% over the price of standard diesel.

The main factor for such rejection is that car manufacturers do not recommend its use as it may
negatively affect the efficiency of the engine. The data indicated that in Spain, few
manufacturers of cars currently accept the use of more than B5, while others do not recommend
any level of biodiesel to refuel. Vehicle owners are asked therefore to check the
recommendations of the vehicle manufacturer before using biodiesel, particularly if the vehicle
is covered by a new vehicle warranty. For instance, Toyota, Mercedes Benz and BMW (with
the exception of Germany) among other brands do not recommend the use of biodiesel in their
engines. Biodiesel requires certain changes in the engine, such as the use of synthetic plastics.
Thus, the term “non-recommended” indicates that any amount of biodiesel can damage the
engine, and the owner may lose the car warranty. However, other brands (for instance, Audi,
Ford, Honda, Seat...) allow the use of a maximum of 5% of the mixture of biodiesel in their
engines.

Although all of the respondents were familiar with the existence of biodiesel, they exhibited a
lack of information about its production and its situation in Spain at the moment. They did not
consider biodiesel as a clear environmentally friendly alternative energy in the transport sector,
and thus more studies are needed in the future. Another significant limitation is the lack of
biodiesel availability due to its low market share. At present, there are only 204 petrol stations
that offer biodiesel in Spain, which represents a very small portion (approximately 2%) of the
total number of petrol stations.

At the methodological level, our approach demonstrated the capacity to decompose the WTP
associated with any scenario into the WTPs of its attributes and levels using the relative
importance estimated from the CE. However, this approach needs to be validated and compared
with the traditional CE, and it is necessary to test the consistency of the results obtained. This
point is beyond our objective and will be assessed in future research.

References

Ajanovic, A. (2011) Biofuels versus food production: Does biofuels production increase food prices?. Energy,
36(4) 2070-2076.

Bergmann, A., Colombo, S and Hanley, N. (2008): Rural versus urban preferences for renewable energy
developments. Ecological Economics 65, 616-625

Borchers, A.M., Duke, J.M. and Parsons, G.R. (2007). Does willingness to pay for green electricity differ by

source?. Energy Policy 35, 3327-3334

Bosworth, R. and Taylor, L.O., (2012). Hypothetical Bias in Choice Experiments: Is Cheap Talk Effective at
Eliminating Bias on the Intensive and Extensive Margins of Choice? Journal of Economic Analysis &
Policy, 12(1):1-28.

Brazell, J.; Diener, C.; Karniouchina, E.; Moore, W.; Séverin, V. & Uldry, P. (2006). The no-choice option and
dual response choice designs. Marketing Letters, 17(4), 255-268.

Cansino, J.M., Pablo-Romero, M., Roman, R. and Yfiguez, R. (2012): Promotion of biofuel consumption in the
transport sector: An EU-27 perspective. Renewable and SustainableEnergyReviews. 16 (2012) 6013-6021

Carlsson, F., Frykblom, P. and Lagerkvist, C.J. (2005) Using cheap talk as a test of validity in choice experiments.
Economics Letters, 89, 147-152.

15



Charles, C. (2011) Global food prices and increased biofuel production : an overview of the food vs. fuel debate.
the Global Subsidies Initiative (GSI). available at http://www.cerium.ca/Global-food-prices-and-increased

Chisti Y. (2007) Biodiesel from Microalgae; Biotechnology Advances 25, 294-306.

Chris Charles Alicia Natalia Zamudio Tom Moerenhout Biofuels—At What Cost? A review of costs and benefits
of Spain’s biofuel policies

D. Rajagopal, S.E. Sexton, D. Roland-Holst and D. Zilberman (2007) Challenge of biofuel: filling the tank without
emptying the stomach? Environmental Research Letters, 2 (4)

Delshad, A., Raymond, L., Sawicki, V., Wegener, D., 2010. Public attitudes toward political and technological
options for biofuels. Energy Policy, 38, 3414-3425.

EEA, 2012. Greenhouse Gas Emission Trends and Projections in Europe. Tracking Progress towards Kyoto and
2020 Targets. European Environment Agency, Copenhaguen.

Elberhri A., Segerstedt A. and Liu P. (2013): Biofuels and sustainability challenge: A global assessment of
sustainability issues, trends and policies for biofuels and related feedstocks. Trade and markets division,
Food and Agriculture Organization of the United Nations, Rome

Engdahl, W. (2008) World Bank Secret report confirms biofuel cause of world food crisis. Global Research.
http://www.globalresearch.ca/PrintArticle.php?article]d=9547.

Escobar, C.; Lora, E.; Venturini, O.; Yanez, E.; Castillo, E. and Almazan, O. (2009) Biofuels: environment,
technology and food security. Renewable and Sustainable Energy Reviews, 13 (2009) (2009), pp. 1275—
1287

European Commission. (2009a). Directive 2009/28/EC on the promotion of the use of energy from renewable
sources (Renewable Energy  Directive, April  23). Retrieved from  http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0j:L :2009:140:0016:0062:en:PDF.

European Commission. (2009b). Directive 2009/30/EC on the quality of petrol and diesel fuels (Fuel Quality

Directive). Retrieved from http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32009L0030:EN:NOT
Eurostat (2013).

FAO (2007) Sustainable Bioenergy: A Framework for Decision Makers. Natural Resources Management and
Environment Department. N° A1094. Available at: ftp://ftp.fao.org/docrep/fao/010/a1094e/a1094e00.pdf

Giraldo, L., Gracia, A., DoAmaral, E. (2010): Willingness to pay for biodiesel in Spain: A pilot study for diesel

consumers. Spanish Journal of Agricultural Research, 18, 887-894.

Greene, W. H.; Hensher, D.A. and Rose, J.M. (2005). Using Classical Simulation-Based Estimators to Estimate
Individual WTP Values. Applications of Simulation Methods in Environmental and Resource Economics .
The Economics of Non-Market Goods and Resources, 6, 17-33.

Greene, W.H. (2004) Interpreting Estimated Parameters and Measuring Individual Heterogeneity in Random
Coefficient = Models. NYU  Working Paper No. EC-04-08. Available at SSRN:
http://ssrn.com/abstract=1282551

Jeanty, P.W. and Hitzhusen F. (2007): Using Stated Preferences to Estimate the Environmental Benefits of Using
Biodiesel Fuel in Diesel Engines, Bio-fuels, Food and Feed Tradeoffs Conference St. Louis, Missouri, April
12-13,2007

Jeanty, P.W., Haab, T. and Hitzhusen, F. (2007): Willingness to Pay for Biodiesels in Diesel Engines: A Stochastic
Double Bounded Contingent Valuation Survey. American Agricultural Economics Association Annual
Meeting, Portland, Oregon, USA

Kallas, Z.; Gémez-Limoén, J.A. and Barreiro, J. (2007). “Decomposition of the aggregated value of agricultural
multifunctionality: combining contingent valuation and the analytic hierarchy process”. Journal of
Agricultural Economics, 58 (2): 1-24.

KoseniusA.K. and Ollikainen M. (2012): Valuation of environmental and societal trade-offs of renewable energy
sources. University of Helsinki, Department of Economics and Management, Discussion Papers n:o 59

Ku S.J. and YooS.H. (2010): Willingness to pay for renewable energy investment in Korea: A choice experiment
study. Renewable and Sustainable Energy Review

Labandeira, X., 2011. Nuevos entornos para la fiscalidad energética. Informacion Comercial Espafiola. Revista de
Economia, 862, 57-80.

Longo, A., Markandya, A. and Petrucci, M. (2008): The internalization of externalities in the production of
electricity: Willingness-to-pay for the attributes of policy for renewable energy. Ecological Economics, 67,
140-152

Loureiro, M.L., Labandeira, X. and Hanemann M. (2013): Transport, Climate Change, and Policy Intervention: A
Study of Social Preferences in Spain. Energy Economics, 40(1) 126—133.

M. Rosegrant (2008). Biofuels and grain prices: impacts and policy responses. Testimony for the US Senate
Committee on homeland security and governmental affairs. International Food Policy Research Institute,
Washington, DC, www.ifpril.org

16



McFadden, D. (1974). “Conditional logit analysis of qualitative choice behavior”, In: Zarembka, P. (Ed.). Frontiers
in econometrics. Academic Press. New York.

McKenzie, J. (1993). A comparison of contingent preference models. American Journal of Agricultural
Economics, 75(3), 593-603.

Mitchel, D. (2008). A Note on Rising Food Prices. World Bank Policy Research Working Paper No. 4682.

Monzén, A., Guerrero, M.J., 2004. Valuation of social and health effects of transport-related air pollution in
Madrid (Spain). Science of the Total Environment, 334-335, 427-434.

Perdiguero, J. and Jimenez, JL. (2011): Sell or not sell biodiesel: Local competition and government measures.
Renewable and Sustainable Energy Review

Petrolia, D.R., Bhattacharjee, S., Hudson, D., Herndon, C.W., 2010. Do Americans want ethanol? A comparative
contingent-valuation study of willingness to pay for E-10 and E-85. Energy Economics, 32, 121-128.

Pimentel, D., A. Marklein, M.A. Toth, M.N. Karpoff, G.S. Paul, R. McCormack, J. Kyriazis, and T. Krueger
(2009). Food versus Biofuels: Environmental and Economic Costs. Human Ecology 37: 1-12.

Proost, S., Van Dender, K., (2012). Energy and environment challenges in the transport sector. Economics of
Transportation, 1, 77-87.

Rathmann, R.; Szklo, A. and Schaeffer, R. (2010) Land use competition for production of food and liquid biofuels:
an analysis of the arguments in the current debate. Renewable Energy, 35, 14-22.

Roland Arthur Lee and Jean-Michel Lavoie (2013) From first- to third-generation biofuels: Challenges of
producing a commodity from a biomass of increasing complexity. animals frontiers. 3(2), 6-11.

Rosillo-Calle, F.; Pelkmans, L.; Walter, A. (2009) A global overview of vegetable oils, with reference to biodiesel.
IEA energy, Task 40, available at
http://mobile.www.bioenergytrade.org/downloads/vegetableoilstudyfinaljunel8.pdf.

Savvanidou, E., Zervas, E. and Tsagarakis, K.P. (2010): Public acceptance of biofuels. Energy Policy, 38, 3482-
3488.

Scapa R. and Willis K. (2010): Willingness-to-pay for renewable energy: Primary and discretionary choice of
British households' for micro-generation technologies. Energy Economics 32 (2010) 129-136

Serra, T. (2012) Biofuel-related price volatility literature: a review and new approaches. The International
Association of Agricultural Economists (IAAE) Triennial Conference, Foz do Iguagu, Brazil, 18-24
August, 2012

Sexton S., Rajagopal D., Zilberman D. and Hochman G. (2008): Food Versus Fuel: How Biofuels Make Food
More Costly and Gasoline Cheaper. Giannini Foundation of agricultural economics, University of
California.

Sobrino, F.H. and MonroyC.R (2009): Critical analysis of the European Union directive which regulates the use
of biofuels: An approach to Spanish case. Renewable and Sustainable Energy Reviews, vol 13, number 9,
pages 2675-2681.

Solomon D.B. and Johnson H. N. (2009) : Valuating climate protection through willingness to pay for biomass
ethanol. Ecological Economics 68 (2009) 2137-21447

Tangermann Stefan (2008) What’s causing global food price inflation? Vox
http://www.voxeu.org/index.php?q=node/1437

Tokgoz, S.; Elobeid, S.; Fabiosa, J.; Hayes, D.; Babcock, B. ; Yu, T.; Dong, E.; Hart, C. (2008) Bottlenecks,
Drought, and Oil Price Spikes: Impact on U.S. Ethanol and Agricultural Sectors. Applied economic
Perspectives and policy 30(4), 604-622.

USDA Foreign Agricultural Service (2012): Global Agricultural Information Network Report: Spain Enacts
Biodiesel Production Quota System. Report Number: SP1213, 24th April 2012.

17



