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Abstract 

In recent years the biofuels have been promoted as an alternative fuel for transport in order to 

solve problems of rising oil prices, energy security and environmental concerns attached to 

increased greenhouse gas (GHG) emissions. 

 

The European Union`s Directive 2009/28/EC sets obligatory share for its Member States of 10% 

share of renewable energy in transport sector by 2020. This target will be mostly achieved by 

promotion of biofuels, more specifically biodiesel, thus the aim of this paper is to analyze 

consumers preferences and attitudes towards biodiesel and their willingness to pay. 

 

For the purpose of analysis, the Choice Experiments (CE) technique has been employed using 

stated data obtained from a face to face survey conducted in the province of Barcelona (Spain). 

Results suggest that level of consumption of biodiesel is quite low among the sample and that 

respondents generally don’t have a high level of knowledge about main features of biodiesel. 

Moreover, they believe that the production of biodiesel using the agricultural raw material might 

play an important role in raising food prices. While the overall perception towards biodiesel is 

positive, respondents believe that the biodiesel is less polluting than the conventional one and its 

production can make county less energy dependent, they are reluctant to pay a premium for it 

and still prefer to use the conventional fuel for their vehicles. Our results may provide an 

interesting context for the further possibilities in development of market of biodiesel in Spain. 

 

.  
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Chapter 1 - Introduction 

 
Renewable energy sources are becoming increasingly important issue in political agenda of the 

countries all over the world. They are considered to be a main drive of economic progress while 

enabling countries to reduce energy dependency, achieve goals of sustainability and enhance 

competitiveness (Elberhri et al, 2013).  

 

In last decades, the global debate on environment and climate change was primarily focused on 

the reduction of emission of CO2, which is considered to be a major source of greenhouse gas 

effect (Sobrino and Monroy, 2009). As a consequence, the Kyoto Protocol has been established, 

that obliged subscribed countries to set maximum emissions of GHG. Thus, many countries 

adopted policies and strategies to diversify its energy sources in many sectors and transport being 

most important one.  

 

The European Union faces two major challenges in transport sector. Firstly, the European Union 

depends greatly on imported energy sources, especially oil, which is one of the fossil fuels that 
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contribute to increased concentrations of greenhouse gases in the atmosphere. The transport 

sector in the EU accounts for more than 30% of energy consumption, of which 98% is based on 

fossil fuels. This situation limits the possibilities to meet obligations from Kyoto Protocol and 

increases the energy dependence of the EU (Cansino et al., 2012). Secondly, recent increase in 

prices of fossil fuels and uncertainties regarding its availability generates concern over price 

volatility and possible interruptions in supply. 

 

Biofuels as a renewable energy source has been seen as a solution to address the challenges. 

Their use in recent years has experienced a remarkable growth and the European Union and its 

member states have adopted a series of measures to promote their use and production. They have 

significant role in numerous international issues such as mitigation of CO2 emission levels, 

reducing oil prices volatility and increasing energy security. Moreover, biofuels can support 

economic development by creating new sources of income in rural areas (IEA, 2011). 

 

Overall there are several reasons for public support of biofuels development: 

 

• To reduce greenhouse gas (GHG) emissions – complying with commitments laid down in 

Kyoto Protocol and to help climate change protection 

• To decrease dependence on foreign energy imports, since it has virtually no oil 

production and raw materials for production of biofuels can be produced within EU 

• To diversify energy sources  

• More stable fossil fuel prices since biofuels can replace them on market 

• To support rural development creating activities in rural area and creating demands for 

agricultural products thus providing additional source of income for the primary sector 

 

The Directive 2009/28/EC on the promotion of the use of energy from renewable sources set up 

mandatory targets for its Member states to 20% share of renewable energy in the total energy 

consumption and 10% share of energy from renewable sources (primary biofuels) in all forms of 

transport by 2020. However, Member states may introduce themselves the measures that 

promote biofuels consumption in order to reach this goal.  
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Renewable energy policy in Spain, with emphasis on biofuels, progressed in lines with other EU 

counties and presents a response to the main challenges that Spanish energy sector faced in last 

decades.  There are several reasons why Spain is an interesting for the topic of biofuels: high 

degree of dependence on imported energy sources, high energy consumption per unit of GDP 

and environmental problems mainly caused increased GHG emissions from transport sector 

(Loureiro et al. 2013). 

 

However, there is some controversy surrounding production and use of first-generation biofuels. 

Recent studies reveal that they can actually increase GHG emissions, reduce biodiversity, impact 

food security and worsen water quality and availability (Sexton and Zilbeman, 2008). Moreover, 

costs of their productions are significantly higher compared to production of fossil fuels, which 

is why governments provide them with public support to reduce their price on the market. Still, 

opinions on the use of biofules are still divided, while some strongly believe they can help 

countries achieve their strategic goals in energy sectors, others raise doubts about their 

sustainability and side-effects of their production in the future.  

 

In this thesis we will focus specially on one type of biofuels, biodiesel. More precisely we will 

focus on first-generation biodiesel that is produced from raw agricultural materials.The EU is the 

world’s largest biodiesel producer, on volume basis representing about 70% of the total biofuels 

market share in the transport sector (EU Biofuels Annual Report, GAIN, 2012). Moreover, the 

biodiesel also plays a predominant role on Spanish market of biofuels, being a third producing 

country and thus is a focus of this study. 

 

Hypothesis 

 

Consumer`s decisions on fuel purchases are very important for the aspect of market development 

of biofuels. The main objective of this thesis is to estimate consumers’ willingness to pay for 

biodiesel and analyze reasons behind their purchasing decisions of fuel for their cars. Several 

attributes have been introduced to test their influence on their purchasing process and 

consequently their willingness to pay. In order to estimate consumer preferences, the Choice 

Experiment technique has been employed using the data obtained from the survey conducted in 
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the province of Barcelona (Spain). Additionally, we analyze consumer’s general knowledge on 

biofuels, environmental attitudes and opinions on ongoing issues attached to the usage of 

biodiesel. More specifically, we aim to test in this study the following aspects: 

 

• How much consumers are willing to pay for the biodiesel   

• Effect of socio-economic features of the sample towards their willingness to pay.  

• Other factors that influence WTP such as environmental awareness and general 

knowledge on biofuels 

• Possible trade-off that respondents would made if biodiesel may affect price of other raw 

materials such as cereals and consequently the price of bread  

 

After this introductory part, the thesis is structured as follows: Chapter 2 gives an overview of 

situation in energy sector in both EU and Spain. Chapter 3 provides background information on 

biofuels and main concerns regarding their use and promotion. Following two chapters presents 

the policy framework in EU and Spain and analysis of the market of biodiesel in Spain. Chapter 

6 gives a literature review for the study in context continuing with the methodology on choice 

experiments in the next section.  Chapter 7 describes survey design while chapter 8 gives the 

analysis and discussion of results. Finally in the Chapter 8 I draw main conclusions to this study.  

 

. 
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Chapter 2 - Energy context in EU and Spain 

Energy policy is without doubt one of the most important and most complex political issues 

today. Tightly connected with problematic of climate change presents one of the highest 

priorities of the EU.  

 

Like all other major industrialized regions, the European Union primarily relies on fossil fuels to 

produce its electricity. It largely depends on imported energy for running its economy, thus 

unstable and volatile prices of oil prices and disruptions in supply make EU highly dependent 

and vulnerable to the external impacts. 

 

Renewable energy sources can help reduce dependence on fossil fuels, improves security of 

supply, and reduces greenhouse gas emissions creating environmental benefits while 

contributing to competitiveness of economy. Thus, development of renewable energy takes a 

central place in overall energy policy of the EU. The aim is to transform EU`s economy from one 

that is predominately based on imports of fossil fuels to a more indigenous low carbon economy 

based around energy efficiency.  
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However, EU is still struggling to make its energy market work. Market failures are connected 

with low level of competition, significant external costs related to climate change, environmental 

pollution, security of supply, and technological innovation. To compensate for the market 

failures, EU has a range of policy measures such as support schemes, standards, and 

administrative rules to promote renewable energy development (EC, 2013). 

 

According to data of Eurostat the whole EU is energy deficient, with energy dependency of 52, 

71% in 2010. However, these data vary widely between its member states. Despite the relative 

stability in consumption patterns in last two decades, there is a change in energy mix and 

exhaustion of resources in EU, which consequently raises imports and makes EU continuously 

dependent on fossil fuels.    

 
Figure 2.1.: EU-27 Energy import dependency

 
Source: Eurostat, April 2012 

 

Total energy production in EU in 2010 was 837 Mtoe while gross inland consumption accounted 

for 1759 Mtoe. Conventional fossil fuels take the biggest share in energy production (coal 

19.6%, oil 12.3% and gas 18.7%), while renewables accounts for 19.9%.  In the consumption 

conventional fuels account for 76%, with very small share of renewable of 9.8%.  

 

Table 2.1: Energy production and Gross inland consumption in EU (2010)  
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 Energy production by fuel 
(Mtoe) 

Gross Inland Consumption 
(Mtoe) 

Coal 163.9 280 
Oil 102.7 617.1 
Gas 156.3 441.8 
Nuclear 236.6 236.6 
Renewables 166.6 172.1 
WasteNon-Renewable 11.1 11.2 
Total 837.2 1759.1 
Source: Eurostat, April 2012 

 

According to latest available data from 2010, the transport sector has the biggest share in final 

consumption in EU, followed by households and industry, while agriculture and fishery take just 

insignificant share in overall share. 

Figure 2.2: Final energy consumption by sector in EU (2010) 

 
Source: Eurostat, April 2012 

 

In transport sector there is hardly any diversification of energy sources where fossil fuels account 

for 98% of total consumption.  In this context, renewable energies, more specifically biofuels, 

can play important role in decreasing energy dependence, mitigating climate change and 

promoting rural development.  

 
Situation in Spanish energy sector is relatively similar to the one on the EU level. According to 

available data from Eurostat the final energy consumption in 2010 was 90.6 Mtoe. The transport 

sector holds a largest share, accounting for 41.6%, followed by industry 25.83% and households 
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18.21%. Moreover, petroleum and products account for more than a half (51.3%) in total energy 

mix, followed by electricity (24.72%), while renewable energy accounts for just 5.96%. 

 
Figure 2.3: Final energy consumption by sector in Spain (2010) 

 
Source: Eurostat, April 2012 

Figure 2.4: Final energy consumption by fuel/product in Spain (2010) 

 
Source:Eurostat, April 2012 

 
In transport sector the final consumption of petroleum and products in 2010 was 35 436 ktoe, 

while final consumption of biofuels was 1436 ktoe, with biogasoline accounting for 230 ktoe and 

biodiesel for 1206ktoe. Also, Spain`s energy sector is characterized with significant import 

dependency. 

 

Figure 2.5: Energy import dependency of Spain  
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Source: Eurostat, April 2012 

 
Total production of energy in 2010 was 34.3 Mtoe where nuclear energy had a largest share of 

46.65% in total energy mix, followed by renewable energy with a share of 42.86%. Net imports 

in 2010 were in total 106.3 Mtoe, with oil accounting for 64.82% and gases 29.07%, while 

renewable had a small share of 0.38%. 

 

The gross inland consumption in Spain was 130.2 Mtoe in 2010, were oil accounted 46.54%, 

gases for 23.96, nuclear for 12.29% and renewables for 11.6%. 

 

Figure 2.6: Gross Inland Consumption is Spain (2010)/ Energy mix (%) 

 
Source: Eurostat, April 2012 
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The final breakdown for the consumption of renewable energy indicates that biomass and 

renewable wastes take the biggest share.  

 

Figure 2.7: Gross Inland Consumption of Renewable Energy in Spain (2010) 

 
Source: Eurostat, April 2012 

 

Moreover, in the transport sector the road transport is responsible for the 97% of total 

consumption. Due to the fact that road transport mostly uses fossil fuels it is the main target 

when designing polices for renewable energies.  

 

Figure 2.8: Energy consumption by transport sector in Spain (2011)

 
Source: IDAE 

 

After reviewing the relevant data it can be concluded that transport sector plays a dominant role 

in energy consumption in both EU and Spain. Since transport sector largely depends on fossil 
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fuels (oil, coal and gas) which are mostly imported from politically unstable parts of the world, 

the EU has a special interest in promotion of renewables for transport, more specifically biofuels, 

thus securing sources of energy, reducing reliance on imported fossil fuels and developing long-

term replacement for fossil fuel. In parallel, biofuels contribute in battle against climate change 

by reducing the GHG emissions in atmosphere. 

 

In the next chapter the main features of biofuels are described along with, their benefits and 

current issues regarding their use.  
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Chapter 3 – Background on biofuels   

3.1. What are biofuels? 

EU defines biofuels as liquid or gaseous fuels for transport produced from biomass1

 

.  They can 

be produced directly from plants and indirectly from industrial, commercial and agricultural 

waste. However, in order to be considered as biofuel, fuel must contain over 80% of renewable 

materials. 

Crops used to make biofuels are generally high in sugar (such as sugarcane, sugar beet, and 

sweet sorghum), starch (such as corn and cassava) or oils (such as soybeans, rapeseed, coconut, 

sunflowers, and palms). There are two main types of biofuels which are currently used 

commercially in transport and seen as fossil fuels substitutes: ethanol as substitute for gasoline 

and biodiesel as substitute for conventional diesel.  Ethanol is derived from starch or sugars that 

are processed by yeast or bacteria-mediated fermentation, or from cellulose. Biodiesel fuels are 

extracted from oil crops with suitable solvents or through mechanical processing and conversion 

of oil into diesel fuel by a transesterification process. 

 

Bioethanol is an alcohol obtained by distillation of carbohydrates (carbohydrates, sugars and 

starches) derived from organic matter, mainly cereals (maize, wheat, barley, rye) and crops with 

high sugar composition (sugar beet, cane sugar). Bioethanol is used in mixtures of different 

concentrations to obtain biofuels cleaner, the most common being the E5, E10 and E85 (gasoline 

with a 5% ethanol, 10% and 85% respectively). 

 

Biodiesel can be used alone or in mixture with diesel oil obtained by refining crude oil in any 

ratio. Depending on the share bio-fuel blend, biodiesel is called B100 (pure, 100% biodiesel), B5 

(5% biodiesel, and 95% fossil diesel), B20 (20% biodiesel and 80% fossil diesel), etc. 

 

                                                 
1 Biomass means the biodegradable fraction of products, waste and residues of biological origin from agriculture, 

forestry and related industries including fishers and agriculture, as well as biodegradable fractions of industrial and 

municipal waste (EU directive)  
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Biofuels are sometimes referred to as first and second-generation biofuels depending on the 

source of materials used for production, production costs, prices and CO2 emissions.   First-

generation biofuels or conventional biofuels are made from sugar, starch, vegetable oil or animal 

fat using conventional technology. Second-generation biofuels also known as advanced biofuels 

are from lignocellulosic biomass or woody crops, waste matter from food crops or residues from 

other non-food processes (Sobrino and Monroy, 2009). 

 

Although the production of first-generation biofuels had been rising in last decade and it has 

been established that they can minimize CO2 emissions and dependence on fossil oils, many 

concerns have been raised about their sustainability. Mostly, there are concerns about 

displacement of food-crops, land use and effects on the environment and climate change. Main 

disadvantage of first-generation biofuels is related to the fact that they may raise the prices of 

food and food availability since they are produced from commodities that are also used for food.  

Additionally, scientists claim that biofuels are not cost efficient abatement technology, thus in 

order to make serous impact on reduction of emissions in transport sector biofuels technologies 

must become more effective.  Therefore an effort has been made to make more advanced 

biofuels which resulted in the creation of second-generation biofuels.  Since they are produced in 

more sustainable manner they can offer environmental benefits such as lower carbon emissions 

and lower sulfur compared conventional petroleum-based fuels. However, they are not yet 

widely available commercially since the production of these fuels is not cost effective at the 

moment due to many technical barriers that need to be overcome before their full potential can 

be realized.   

 

According to Renewable Energy Directive 2009/28/EC, second-generation biofuels will get a 

double credit, meaning they will count double towards the ten percent target for renewable 

energy in transport by 2020. 

 

 

 

 

http://en.wikipedia.org/wiki/Lignocellulosic_biomass�
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 3.2. Unintended impacts of biofuel`s technologies 

Biofuels are currently the most important form of renewable energy in road transportation 

followed by an increasing trend in consumption.  Although, they have been promoted in recent 

years as a response to energy security and climate change concerns, some unintended impacts of 

their use are notable as well.  Recently, there has been a debate about social and environmental 

costs of the current first-generation biofuels technologies. 

 

 3.2.1. Rising food prices: Food versus fuel debate 

 
Rapidly rising food prices in last decade have become a global concern and imposed an 

additional burden on poor and developing countries. It is argued that the increase of production 

of biofuels might have contributed to that situation since the raw materials used for the 

production of current first-generation biofules are commodities used for food (see for example 

Mitchell, 2008; Gerber et al. 2008). While there is no argue that the increasing demand for 

feedstock from the biofuel sector is among several factors that could have impacted agricultural 

commodity prices, the magnitude of biofuels impacts on food markets remains to be ambiguous. 

It is widely accepted that this recent increase in food is a results of various factors such as 

population growth, poor harvests, the structural change in food demand in certain countries and 

high oil prices; and that the scale of their effects is complex and rather uncertain. It is however 

important to mention that biofuels also raise the costs of agricultural commodities not directly 

used in energy production. By raising demand for inputs in farm production, from tractors and 

fertilizer to water and land, they raise production costs throughout agriculture in general (Sexton 

et al. 2008).  Moreover, biofuels could increase demand for staple crops as long as crop prices 

are not too high to make biofuels unprofitable, thus the growth of the biofuels industry might be 

a possible cause of the global food crisis, but certainly not the most significant factor. 

 

3.2.2. Land use changes 
 

The growing demand for biofuels assumes an increase in the land required for the cultivation of 

the feedstock for their production. There are concerns that the use of crops for biofuels could 

displace existing agricultural production which could cause the expansion of cropland to replace 



19 

 

those crops that had been used for biofuels instead of other uses, such as food or animal feed and 

in that way risk food security. 

 

Increased production of biofuel crops has the potential to compete with food production for 

arable land and could require conversion of natural lands with resulting carbon emissions, threats 

to biodiversity, and possible increased use of fertilizers and pesticides. Furthermore, the 

production of biodiesel causes both competition for water and the pollution of remaining water 

resources. 

 

Some biofuels can be produced without harmful changes in land use, and these have great 

potential to reduce global warming pollution, like for example fuels made from biomass waste 

products or perennials grown on land that is not currently used for or suited for food crops 

(Mandil and Shihab-Eldin, 2010). On the other hand, there are types of land that should not be 

used for the production of biofuels, such as forest that are high in carbon and rich in biodiversity. 

Studies show that when crop-based biofuels contribute to deforestation  or other damaging land 

conversions, the pollution benefits can be compromised or even eliminated, potentially 

producing a net increase in pollution. 

 

Another criticism to the production of biofuels is the fact that monoculture production is harmful 

for biodiversity leading to reduced availability of habitats form may species of plants and 

animals and it can also have consequences on food diversity (FAO, 2007). A potential solution 

for these issues could be the use of second -generation biofuels, but as discussed before these 

fuels are not yet commercially viable.  

 

3.2.3. GHG emissions 
 

Due to increasing concerns about climate change and the growing CO2 emissions from the 

transport sector, biofules have been seen as a solution for the potential reduction of GHG 

emissions. However, in recent years there has been a debate among researchers about the actual 

effect of first-generation biofuels on reduction of GHG emissions (for example see Searchinger 

et al. 2008; Fargione et al, 2008; Bozbas, 2008). While analyses differ, the literature suggests 
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there is modest greenhouse gas savings associated with the first- generation biofuels and that 

certain biofuels may actually lead to increase in emissions.  Whether bioethanol and biodiesel 

emit more or less CO2 in burning process than conventional fuels is the matter of how it is 

produced and from what raw materials and it is mostly associated with biodiesel that is produced 

from soy and palm oil and bioethanol that is produced from corn. 
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Chapter 4– Policy framework for biofuels in EU and Spain 
 

In the last ten years the European Commission has adopted a number of documents and 

regulations governing sustainable system of measures on promotion and use of biofuels that will 

encourage Member States to fulfill common stated goals.  

 

The basic document of the European Communities in relation to the use of biofuels was a 

Directive 2003/30/EC of 8th May 2003 on the promotion of the use of biofuels and other 

renewable fuels for transport.  The purpose of the Directive was to encourage the use of biofuels 

and other renewable fuels in order to replace the diesel fuel and gasoline for transport purposes 

in all Member States and in that way contribute to following objectives: meeting the 

commitments on climate change, security of supply and sound ecological conditions promotion 

of renewable energy sources. The Directive states that Member States should set national 

indicative targets and ensure that a minimum proportion of biofuels and other renewable fuels is 

set on their markets. Reference values of recommended targets were 2% in 2005 and 5.75% in 

2010. The Directive stopped to be valid in 2010 and was and still is a subject of much criticism 

because the main raw materials for the production of biofuels were food products. 

 

Lessons learned from long-term application of Directive 2003/30/EC and Directive 2001/77/EC 

on the encouragement of production of electricity from renewable sources, resulted in a proposal 

for a new Directive for the period up to year 2020. Following the agreement at Community level, 

the proposal was accepted by the European Parliament and the Council in April 2009. The 

Directive 2009/28/EC was adopted to promote the use of energy from renewable sources, and 

subsequent amendments and repealing Directive 2001/77/EC and 2003/30/EC. Directive 

2009/28/EC regulates the issue of the production and use of all forms of renewable energy: 

electricity, biofuels and heating and cooling energy. The Directive defines mandatory targets for 

the Member States, to be achieved by 2020 and was transported to the national legislation of 

Member States by 5th December 2010. 

 

Renewable Energy Directive sets up the mandatory national targets of overall 20% of energy 

from renewable sources in Community’s gross final consumption of energy and a 10% share of 
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energy from renewable sources (primary biofuels) in all forms of transport by 2020. The goal for 

20% renewable energy in total energy consumption is an overall EU goal, thus the Directive sets 

different targets for different Member States within this overall target, based on each  member 

state`s capacity. Therefore, some will have to reach much higher targets than the 20% renewable 

energy by 2020, whereas other will have much lower targets.  On the other hand, the 10% target 

for renewable energy in transport is obligatory for all member states. 

 

The main novelties that Directive brought in the field of biofuels are as follows: 

 

• Binding target for each member state to 10% share of energy from renewable energy 

sources consumed in transport by 2020.  

• to meet binding targets to prove the viability of producing materials for biofuel in 

accordance with prescribed sustainability criteria 

•  the contribution of biofuels produced from wastes, residues, non-food cellulosic 

materials and lignocellulosic materials will be calculated twice (encouraging 

development production technologies of second -generation biofuels) 

•  in addition to biofuels, the mandatory share of 10% can be counted in other forms of 

renewable energy used for transportation, such as renewable electricity and hydrogen 

produced from renewable sources 

 

The Directive proclaims development and adoption of the  National Renewable Energy Action 

Plans (NREAP) at the level of Member States which, that among other things, defines national 

goals of renewable energy consumed electricity, energy for heating and cooling and  energy for 

transport by 2020. Additionally, Directive states that the production of energy crops for biofuels 

should be done in accordance with sustainability criteria, to ensure a consistent approach 

between energy policies and environmental protection. 

 

In April 2009, Directive 2009/30/EC was adopted to revise the Fuel Quality Directive (Directive 

98/70/EC).  Directive sets environmental requirements for petrol and diesel fuel in order to 

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32009L0030:EN:NOT�
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:31998L0070:EN:NOT�
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:31998L0070:EN:NOT�
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reduce their air pollutant emissions. These requirements consist of technical specifications for 

fuel content and binding targets to reduce fuels’ greenhouse gas emissions during their life cycle. 

 

European Commission adopted the Biomass Action Plan (COM (2005) 628) in 2005. This 

document describes the steps which should be taken to encourage the use of biomass for 

renewable energy production. Since sector of transport is key energy sector that uses mostly 

conventional fossil fuels it was concluded that liquid biofuels as the only direct substitute for oil 

in transportation should have a considerable political support.  

 

EU Strategy for Biofuels (COM (2006) 34) complements the Biomass Actions Plan and fortifies 

the framework for the development of policies to encourage the use of biofuels and other 

renewable fuels in the transport sector within the Community.  

 

As member state Spain is obligated to adopt EU legislation on renewable energy sources and 

transport it to its national legislation and comply with the commitments approved on renewable 

energy. The main legislative reference in Spain is the Order of Ministry of Industry, Tourism and 

Commerce ITC/2877/2008 from 9th October that establishes a mechanism for promoting the use 

of biofuels and other renewable fuels for transport purposes and establishes the obligation for 

certain subjects of establishing a minimum annual amount of sales or consumption biofuels. This 

order designated National Energy Commission (ComisiónNacional de Energía (CNE)) as a entity 

that is responsible responsibility for the management of a mechanism certification and 

supervision and enforcement of obligations selling biofuels in Spain and authorizes it to issue 

necessary circulars performance of their duties as such Certification Body. 

 

Royal Decree 459/2011 from 1st April establishes minimum mandatory annual targets for sale 

and consumption of biofuels for transport in years 2011, 2012 and 2013.  This Decree modified 

the Royal Decree 1738/2010, of 23rd of December and elevated the targets for biofuels from  

5,9%, 6,0% and  6,1% to  6,2%, 6,5% and 6,5% respectively in years in question. To this end, 

three objectives are set which are expressed as minimum energy content, relative to the energy 

content in gasoline, diesel and in total petrol and diesel that is sold or consumed.   
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Table 4.1: Minimum mandatory targets for sale and consumption of biofuels in Spain 
The minimum amount of 
certificates of biofuels  

2011 2012 2013 
6.2% 6.5% 6.5% 

The minimum amount of biofuels 
in diesel certificates  

2011 2012 2013 
6% 7% 7% 

The minimum amount of biofuels 
in gasoline certificates  

2011 2012 2013 
3.9% 4.1% 4.1% 

Source: Royal Decree 459/2011 
 

Furthermore, Royal Decree 1597/2011 from 4th November has a threefold purpose: regulates the 

bioliquids sustainability criteria established by Community legislation, establishes the national 

system for verifying the sustainability of biofuels and bioliquids and configurates the double 

value of certain biofuels to comply with mandatory targets on energy from renewable sources in 

transport. The transitory provision of the Decree established that starting from January 1st 2013 

only sustainable fuels will count against the national targets.  

 

Later, Order IET/822/2012 of 21st April has been approved, which regulates the allocation of 

biodiesel production quantities for the calculation of compliance mandatory targets for biofuels 

and promotes the domestic biodiesel transport industry. This Order establishes a procedure 

according to which for biodiesel can be computed for the purposes of promotion mechanism, you 

must first demonstrate that has been produced in plants allocated amount. 

 

This Order is important because it lays down the rules for biodiesel production quota which 

could reduce the imports from the non-EU countries, following the agreement on Council of 

Ministers on implementing a quota system under which only EU producers can apply for the 

production quotas. Moreover, only production under quotas will be countable for meeting 

national targets (Spain`s Biodiesel Standing Report, GAIN, 2012). 

 

Article 4 of Directive 2009/28/EC establishes the obligation of all MSs to elaborate National 

Renewable Energy Action Plan (NREAP) for period 2011-2020 and lay down annual objectives 

in terms of proportion of the renewable energy source as a percentage of overall energy 

consumption by sectors.  Consequently, Spain had set targets in transport sector as follows: 
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Table 4.2:  Spain`s targets for renewable energy source as a percentage of final consumption in 
transport sector 
Year 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

Target (%) 6.1 6.5 6.5 8.2 9.3 10.4 11.1 12.0 12.7 13.6 

Source: NREAP 
 

Also, NREAP predicts that the biodiesel consumption would be 2.6 million MT by 2020, which 

would be almost 60% of production capacity. The NREAP proposed specific measures in the 

biofuel sector that included:  

 

1. Draft technical specifications for B30 and E85 and incorporate these into the Spanish fuel 

quality regulation 

2. Design and implement an AENOR quality assurance system for biofuel production 

processes.  

3. Design and implement a sustainability control system throughout the entire value chain of 

biofuels marketed in Spain in accordance to the requirements laid down in Directive 

2009/28/EC of 23 April 2003. 

4. Maintain and adapt the scheme for compulsory use of biofuels in transport beyond 2013 

5. Amend special duty legislation which permits the use of biogas as a fuel for transport 

vehicles under the same conditions as bioethanol and biodiesel.  

6.  National Technological Development Support Programme in the biofuel sector: 2G and 

biorefineries.  

7. Government administrations set an example by encouraging the purchase of vehicles 

designed to use labeled blends of biofuels in their fleets and in the awarding of transport 

concessions.  

 

There are 3 relevant authorities in Spain that participate in implementation and establishment of 

regulations. Above mentioned CNE, the Directorate General for Energy Policy and Mines and 

Institute for Energy Diversification and Saving (IDAE), both belonging to Ministry of Industry, 

Energy and Tourism sty of Industry, Energy and Tourism. 
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It is important to mention that significant advances have been made in the development and 

promotion of biofuels, followed by increasing supply. However, growth in production capacity 

was not followed by consumption levels, recording a very low market acceptance (Gilardo et al; 

2010). This situation can be explained by the fact that production costs for biofuels are much 

higher that for conventional fuels which leads to their higher price on the market. Fossil fuels are 

extracted from geological formations and later on just processed and directly delivered to 

consumers while production of biofuels requires inputs of raw materials with expensive and 

complex processes of transformation (Sobrino and Monroy, 2009).  Moreover, production costs 

of biofuels depend on prices of the raw materials, cost of oil, share of imports and 

competitiveness of agricultural markets. Consequently, from the economic point of view biofuels 

are uncompetitive with fossil fuels at the moment. In order to be profitable price of biofuels must 

cover production and distribution cost and be competitive with price of the conventional fuels 

(Ryan et al, 2004). 

 

For this reason countries have introduced policies to promote consumption of biofuels. EU 

Biofuels Strategy distinguishes four broad groups of biofuel policy measures: 

 

1. Budgetary support ( such as direct support to biomass supply and fuel tax exemptions for 

biofuel producers) 

2. Consumption targets - blending or use targets ('mandates'), which impose a minimum 

market share for biofuels in total transport fuel 

3. Trade measures  ( import tariffs  and measures to stimulate productivity) 

4. Efficiency- enhancing measures at various points in the supply and marketing chain 

 

Most of these measures promote domestic production and consumption while trade measures 

reduce access to domestic markets in order to promote domestic biofuel production. Member 

states can choose which of these measures they want to use in order to encourage consumption of 

biofuels and consequently reach the objectives stated in RED. Most frequently used measure is 

tax exceptions (partial total) to compensate for the higher cost of their production, usually 

combined with blending mandates. 
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Chapter 5 – Analysis of biodiesel market in Spain 
 

In the Spanish market of biofuels, biodiesel plays a predominant role since the consumption of 

bioethanol is negligible comparing to USA, which is the case for all European countries 

(Perdiguero and Jimenez, 2011).  

 

Spain is among top three member states in terms of biodiesel production and consumption. 

However, there is a very low use rate of installed capacity which is mainly caused by 

competition from biodiesel imports from third countries.  In last years there was an evident 

increase in production capacity but on the other hand the moderate growth in demand and strong 

increase in imports.  

 

Table 5.1: Biodiesel production capacity in Spain 

Year 2005 2006 2007 2008 2009 2010 2011 

Biodiesel (1000 MT) 100 248 815 2.070 4.100 4.300 4.500 

Source: Spain Enacts Biodiesel Production Quota System, GAIN Report, 2012 

 

Table 5.2: Biodiesel consumption in Spain  

Year 2008 2009 2010 2011 
Consumption (1000 MT) 588 1.028 1.362 1.520 
Source: Spain Enacts Biodiesel Production Quota System, GAIN Report, 2012 

 

According to CNE total sales of biofuels in 2011 were 2,366,801 m3, which represents a 17.02% 

increase compared to 2010 and 61.14% on 2009. Annual sales of biodiesel in 2011 accounted for 

77.35% of total biofuels sales with most of the biodiesel sold in Spain (98.29%) being a biodiesel 

mixture with conventional diesel. On the other side, if we talk about share of biofuels sold with 

respect to conventional fuels, the percentage is very low with biodiesel accounting for only 

6.85% in total sales of diesel.    

 

In 2011 imports accounted for 80% of biodiesel consumption with Argentina being the Spain`s 

biggest supplier accounting for almost 60% of overall imports.  
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Table 5.3: Spain’s biodiesel suppliers (1000 MT) 

Year 2008 2009 2010 2011 
EU-27 192 341 180 168 
Argentina 0 197 436 695 
Indonesia 73 36 187 325 
India 0 9 12 15 
Malaysia 6 20 21 5 
USA 98 4 0 0 
Others 1 2 1 2 
Total 370 610 838 1.211 
Source: Spain Enacts Biodiesel Production Quota System, GAIN Report, 2012 

 

Spain’s biodiesel sector relies heavily on raw material imports for its domestic production. 

According to latest officially available information from CNE annual report for 2013 following 

percentage of the feedstock that was used for the domestic production of biodiesel in 2011:  

44.81% was produced from palm oil, 24.96% of recycled oil, 23.88% from soybeans, while 

animal fats, rapeseed and sunflower oil have been used in minor proportions.  Considering the 

county of origin of the feedstock for production of biodiesel, over 70% is imported from third 

countries (mostly Argentina and Indonesia), Spain accounts for 24.89%, while other countries 

have just a minor share in imports 

 

Table 5.4: Raw materials used for the domestic production of biodiesel (%) 

Year 2009 2010 2011 
Palm oil 38.3 42.66 44.81 
Recycled oil  10.53 14.31 24.96 
Soybeans 42.82 35.53 23.88 
Animal fats 2.4 4.02 4.42 
Rapeseed 2.62 2.42 1.13 
Sunflower oil 2.65 1.06 0.36 
Source: CNE 

 

With respect to biodiesel consumed in Spain, the major feedstock is soybean, with a percentage 

of 51.40%, followed by the palm (40.07%), recycled oil (5.6%) and, to a lesser extent, canola 
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(1.58%), animal fat (0.98%) and the canola oil (0.26%). CNE data on origin of feedstock for 

biodiesel consumed in Spain reveal the low importance of domestic raw materials with only 

4.52% share, while imports from Argentina, Indonesia, Malaysia and Brazil account for more 

than 85%.  

 
Bearing in mind that Spain`s production of soya beans is almost zero and oilseed crops are 

mostly used at the food market and that the production, the huge imports of raw materials for the 

production may pose a problem for Spain in order to develop market for biofuels(Spain’s 

Biodiesel Standing Report, GAIN,2011). 

 

According to National Renewable Energy Action Plan (NREAP), Spain has adopted a rather 

proactive approach to the current EU legislation under Directive 2009/28/EC.  Namely, it has set 

a renewable energy target in the transport sector 3.6 points above the 10% binding European 

objective for 2020, out of which 87% should come from biofuels.  These initiatives may lead to 

significant future changes in the transport sector in Spain, providing a useful context for the 

present study.   

 
Nevertheless, it is estimated that countries of the EU will have to import biofuels in order to meet 

mandatory targets stated in RED. However, estimations are that Spain along with some other 

MSs will be able to achieve consumption targets with less volume of imports (Cansino et al. 

2012). 

 

As pointed out before MSs use a set of measures to promote biofuels. Spain has been one of the 

countries that reached higher level of consumption in recent years since it implemented the 

broader range of tax incentives in this period combined with more demanding biofuel blending 

mandates. Tax incentives consisted of tax reliefs on mineral oil duties and on vehicles 

registration tax for flexible fuel vehicles and taxes on a release for consumption of petrol and 

diesel (Cansino et al., 2012). 

 

Moreover, Order ITC/2877/2008 established the zero tax rate on biofuels until 31st December 

2012. This exception is introduced to compensate for the higher cost of biofuels production 

while taking into account the environmental benefits from usage of biofules (Perdiguero and 
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Jimenez, 2011). Also, introduction of quota system under Order IET/822/2012 should increase 

the national production. 

 
There have been several studies that analyzed the market of biofuels in Spain. Perdiguero and 

Jiménez (2011) assessed different factors that can affect introduction of biodiesel in the Spanish 

gasoline market.  They analyzed the role of market structure, local government actions, technical 

problems associated with penetration of biofuels on the market and estimated how apublic 

policies can encourage the use of biodiesel. Results show that all the mentioned factors 

significantly affect the market development of biodiesel. Sobrino et al. (2010) analyzed market 

penetration and competiveness of biofuels in fuel market in order to determine whether biofules 

will become competitive with conventional fuels in the future. Their results shown that biofuels 

have low level of penetration on the market and that there is no reason to belive that they will 

become competitive on the market in the near future due to the fact that raw materials used for 

production of biofuels depend on the oil quotations. Sobrino and Monroy (2009) did critical 

analysis of EU directive that regulates use of biofuels referring to case of Spain and concluded 

that it is not profitable for Spain to use biofuels neither from economic point of view nor 

considering GHG emissions.  
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Chapter 6 –Theory and methodology 
 

 6.1. Literature review 

 
Due to the growing interest in renewable energy resources, in last years numerous studies have 

been published with the attempted to place a value on renewable energy sources through stated 

preference techniques. Choice experiment technique has been widely used for the assessment of 

WTP for renewable energy. Thus, Bergmann et al. (2008) used choice experiments to quantify 

peoples' preferences over environmental and employment impacts as a result of deployment of 

renewable energy projects in rural areas of Scotland.  Longo et al. (2008) investigated consumers 

WTP for electricity from renewable energy sources and found that consumers put higher value 

on alternative sources of energy.  Borchers et al. (2007) assessed WTP for green electricity in 

general and for different green energy sources. Ku and Yoo (2010) investigated renewable 

energy investment in Korea and found that Korean public puts a value on the protection of 

wildlife, reduction of pollution, and increased employment opportunities. Bergmann et al. (2006) 

quantified people’s preferences over the social and environmental impacts of hydro and wind 

power as well as biomass production, and focused in differences in preferences between rural 

and urban citizens. Scapa and Willis (2010) conducted a research in order to estimate WTP for 

renewable energy in the UK. Kosenius and Ollikainen (2012) used CE to show environmental 

and societal trade-offs of renewable energy sources.  Solomon and Johnson (2009) used 

contingent valuation approach to estimate public perception on climate change through 

willingness to pay for biomass ethanol. Loureiro et al. (2013) analyzed social preferences in 

Spain for climate change policy. Their results showed positive WTP for a policy that reduces 

GHG emission through biofuels. 

 

Studies that have particularly focused on willingness to pay for biofuels are much scarcer. The 

literature research showed several studies that have been conducted in this area using contingent 

valuation as a technique for estimation.  Solomon and Johnson (2009) used contingent valuation 

to obtain the WTP for biomass ethanol in USA finding that the main factors are income levels, 

political orientation, gender and concern about climate change.  Petrolia et al. (2010) analyzed 
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the preferences of consumers regarding fuels with different percentages of ethanol (E-10 and E-

85) in USA. In general they observe a positive perception and WTP towards these fuels, 

although consumers generally favor other alternatives for transport.  Savvanidou et al. (2010) 

conduct a survey of car users and report a similar lack of knowledge on biofuels in Greece, even 

though around 45% of drivers would be willing to pay a premium for biofuels.  Jeanty et al. 

(2007) and Jeanty and Hitzhusen (2007) estimated WTP for reduction of air pollution which is 

caused by using biodiesel in USA. However, literature research brought me to only two studies 

by Giraldo et al. (2011) and Gracia et al. (2011) that focused on willingness to pay for biodiesel 

using choice experiments as a methodology. These studies were conducted in Spain and their 

results showed that, although consumers have low levels of knowledge about biodiesel, that there 

is a positive perception on biodiesel due to its environmental impacts, which consequently 

showed that consumers are willing to pay more for biodiesel than for conventional diesel.  

 

As a result of these findings, this study aims to fill the gap in the existing literature by attempting 

to elicit consumer preferences for biofuels by investigating WTP for biodiesel in the province of 

Barcelona (Spain), taking into consideration the current discussions surrounding the 

development of alternative fuels for transport.  

 

 6.2. Research methodology 
 

The Choice experiments (CE) technique is one of the most used stated preference method to 

assess the value of non-market goods or newly introduced products on the market by using 

individuals’ stated behavior in a hypothetical setting. The origin of the CE can be found in the 

conjoint analysis and was initially developed in the marketing and transport literature by 

Louviere and Hensher (1982) and Louviere and Woodworth (1983).  However, over the last two 

decades it has been widely applied in many areas such as health (Ryan and Hughes, 1997; Ryan, 

1999) and environmental valuation (Adamowicz et al., 1994; Rolfe and Bennett, 1996; Hanley et 

al., 1998; Blamey et al., 2000; Bennett and Blamey, 2001; Kallas et al., 2007) and in food 

(Kallas et al., 2013; Loureiro and Umberger, 2004; Rigby and Burton, 2003). 
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Choice experiment is one of the most frequently used methods in the estimation of individual 

preferences. It implies the choice of the most preferred option relative to other options. The aim 

is to see how people respond to a range of choices and determine their willingness to pay for a 

certain good or service as they are presented with real life choices. 

 

Within choice experiment respondents are presented with choice cards that include two or more 

alternatives that describe different states and are asked to choose their preferred one. A baseline 

alternative that describes present state (status quo) or no-choice alternative is usually included in 

every choice set. Thus, a choice set assumes a choice between a constant ``status quo`` situation 

and number of proposed situations for a better replication of real market conditions.  This 

exercise is repeated several times with respondents choosing their preferred alternative every 

time and responses are used to assign the value that is placed on each attribute. Each alternative 

is described with several characteristics, known as attributes, where every attribute takes 

different levels.  This implies that when respondents make their choice they make a trade-offs 

between the levels of the attributes in the different alternatives presented in the choice set. Based 

on repeated observations of choices, one can examine how the levels of various attributes 

influence individual utility, and compare them with a priori expectations. 

 

Biodiesel is used on voluntarily decisions of the consumers since it is just an available option on 

the market of fuels. Analyzing the consumer preferences and perception on biofuels is essential 

when designing the national policies to encourage the consumption of biodiesel and achieving 

targets stated in RED.  

 

In this study we firstly used Conditional Logit (CL) and in a subsequent step we applied the 

Random Parameter Logit (RPL) model to evaluate consumer’s willingness to pay for biodiesel.  

CL model is the simplest model of all choice experiment models resulting from Gumbel (or 

Weibull) distribution. It is build on assumption of ‘independence of irrelevant alternatives’ (IIA) 

which establishes that the ratio of the probabilities of choosing any two options will be 

unaffected by the attributes or availability of other options. When using a CL models it is 

necessary to carry out the test for IIA and if it fails the alternative model should be considered 

(Bateman et al., 2002). On the other hand the RPL relaxes the IIA and requires a simulated 
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maximum likelihood procedure. It generalizes standard logit (CL) by allowing parameters 

associated with observable variable to vary randomly across respondents. 

 

 6.3. Theoretical framework 
 

The theoretical foundation of CE method lies in Lancaster’s theory of value (Lancaster, 1966) 

and in Random Utility Theory.Within the Random Utility Theory framework (Thurstone, 1927; 

McFadden, 1973) the indirect utility function for each respondent can be expressed as: 

 

Uij =  Vij +  eij                                                                                                                               (1) 

 

where 𝑈𝑖𝑗 is person i’s utility of choosing alternative j, 𝑉𝑖𝑗 is the deterministic component of 

utility and 𝑒𝑖𝑗   is a stochastic element (error) that represents unobservable influences on 

individual choice. 

 

Suppose that individual i chooses alternative g from the choice set C. If the rational behavior is 

assumed the respondent will choose alternative g in preference to j if 𝑈𝑖𝑔 > 𝑈𝑖𝑗. Hence, the 

probability that any respondent prefers option g in a choice set to any alternative option g can be 

written as: 

 

Pig = Prob �Uig > Uij� =  Prob [�Vig − Vij� > �eij > eig �] , for every j in C, where j≠g          (2)       

 

In order to derive explicit expression for this probability, it is necessary to know the distribution 

of the error terms. Assumption is that 𝑒𝑖𝑗 for every j in C are independently and identically 

distributed (IID) and in accordance with extreme-value distribution (also known as Weibull or 

Gumbel distribution):  

 

Prob (eij ≤ t) = F(t) = exp  [− exp(−t)]             (3) 
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The above distribution of error term gives a rise to multinomial (or conditional) logit model 

because it is a multiple choice generation of the binary logit model. Thus, we can show that 

choice probabilities have the following form (McFadden, 1973): 

 

Pig = exp (µVig)
∑jexp (µVij)

                 (4) 

         

Where µ is a scale parameter, which is inversely proportional to the standard deviation of the 

error term distribution and it is commonly assumed to be one. An important implication of this 

specification is that selections from a choice set must obey independence from irrelevant 

alternatives (IIA) property, known as Luce`s axiom (Luce,1959), which that probability of option 

being chosen should be unaffected by the inclusion or omission of other alternative options.  The 

IIA property derives from IID and in order to validate it commonly employed test is that of 

Hausman and McFadden (1984).  If the IIA property is violated then more complex statistical 

models are used in order to relax some of the used assumption. 

 

Next, the model is estimated by maximum likelihood procedure (Hanley et al, 2000): 

 

Log L = ∑𝑖=1
N ∑𝑗=1

J 𝑦𝑖𝑗log [
exp (µVij)

∑𝑗=1
𝐽 exp (µVij)

]                         (5) 

 

where 𝑦𝑖𝑗 is an indicator variable that takes value of one if respondent j chooses option i and 

zero. 

 

Once the parameters are obtained the willingness to pay can be estimated following the linear 

utility function in equation (1) the marginal change in any if the attributes can be expressed as 

ratio of coefficients stated in (6) where 𝑏𝑐  is a coefficient of any of the attributes (Hanley et al, 

2000): 

 

WTP =   −bc 
by

                  (6) 
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The discrete choice model explained above is the Conditional Logit (CL) Model that assumes 

heterogenic preferences, meaning that parameters are fixed and take same value for all 

respondents. Now, let assume that preferences are not homogenous so that individuals differ 

from each other when they make their choices. This will lead us to Random Parameter Logit 

model (Train, 1998; Revelt and Train, 1998; Train, 1999) that introduces a random component in 

the parameters. In the CL the parameters are fixed and take the same value for all respondents 

while the RPL specifications introduce a random component in the parameters. It is significant to 

mention that RPL does not assume IIA assumption and it used to relax the assumption if it is 

violated in CL model.   

 

Like in any Random Utility Model of discrete choice models we assume that any individual i 

faces a choice between among alternatives in the choice set J in every choice occasion t. The 

utility that respondent i obtains from choosing alternative j from a choice set in a choice occasion 

t can be expressed as follows: 

 

Uijt = βi
`xijt +  eijt               (8) 

 

where 𝑥𝑖𝑗𝑡  is a vector of observed variables while coefficient 𝛽𝑖 is unobserved for each individual 

i and it varies across individuals with density f(βi|θ*), where θ* are parameters of this 

distribution; 𝑒𝑖𝑗𝑡 is an extreme value error term independently and identically distributed (IID) 

over alternatives and independent from 𝑥𝑖𝑗𝑡  and 𝛽𝑖. 

 

It can be noted that these are CL model specifications except that coefficient 𝛽𝑖varies across 

individuals instead of being fixed. 

 

In the RPL model the conditional probability that individual i chooses an alternative j from a 

choice set in a particular choice occasion t can be express as: 

 

Lijt(βi) = exp(βi
`xijt)

∑j exp(βi
`xijt)

(9) 
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If it was known that 𝛽𝑖 takes value β, the probability of particular option being chosen would be 

given by a standard logit. However,  the values of 𝛽𝑖 are not known, thus the probability of 

choosing option i in choice occasion t is the integral of conditional probability in (9) over all 

possible values of 𝛽𝑖, which depends on parameters of distribution of 𝛽𝑖: 

 

Qijt (θ*) = ∫ Lijt(βi)f(βi|θ*) dβi        (10) 

 

For the maximum likelihood estimation, the probability of each respondent`s sequence of 

observed choices is obtained by following expression: 

 

Si(βi) = ΠLij(i,t)t(βi)                                                                                                                 (11) 

 

where ij(i,t) denotes the alternative that person i chooses in choice occasion t, with the 

assumption that βi=β. 

 

Given that 𝛽𝑖 is unobserved, the unconditional probability for this sequence of choices is integral 

of (11) over all possible values of β: 

 

Pi (θ*) = ∫ Si(βi) f(βi|θ*) dβi                                                                                                       (12) 

 

The coefficient vector 𝛽𝑖 is the parameter associated with person i, representing that person`s 

preferences. These preferences vary over people; the density of this distribution has parameters 

θ*. The goal is to estimate θ*, that is, the population parameters that describe the distribution of 

individual parameters.  

 

The log-likelihood function is: 

 

LL (θ) = ∑i ln Pi (θ)               (13) 

 

Since the integral in equation (12) cannot be calculated analytically, the log-likelihood function 

is maximized via simulation. In particular, P(θ) is approximated by a summation over randomly 
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chosen values of 𝛽𝑖 generated by Halton draws (Train, 1999). For a given value of the parameters 

θ, a value of 𝛽𝑖 is drawn from its distribution.  On basis of this draw of  𝛽𝑖, 𝑆𝑖(𝛽𝑖),  the product of 

standard logit is calculated. This process is repeated for many draws and the average of resulting 

values if 𝑆𝑖(𝛽𝑖) is taken as the approximate choice probability: 

 

SPi(θ) = (1/R) ∑r=1,…,RSi (𝛽𝑖
𝑟/𝜃) 

 

Where R is the number of draws of  𝛽𝑖, (𝛽𝑖
𝑟/𝜃) is the r-th draw from f(βi|θ*) and SPi(θ) is the 

simulated probability of preson i`s sequence of choices. SPi(θ) is unbiased estimator of Pi(θ)  

whose variance decreases as number of draws increases. It is strictly positive for any realization 

of the finite R draws, such that the log of the simulated probability is always defined.The 

simulated log-likelihood function is constructed as SLL(θ)= ∑iln(SPi(θ)) and the estimated 

parameters are those that maximize SLL.  
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Chapter 7- Survey design 
 

 7.1. Questionnaire design 
 

Data was collected from the survey conducted among 300 individuals in province of Barcelona 

during 2010. Target respondents were car users/owners and interviews were conducted face to 

face.  The aim of the survey was to indentify consumer’s attitudes and preferences regarding the 

consumption of biodiesel and consequently their willingness to pay for biodiesel.  

 

The questionnaire compromised three sections.  In the first one the respondents were asked to 

answer questions about their knowledge on biofuels, consumption pattern of biodiesel, their 

opinion whether production of biofuels can raise food price, land use issues, environmental 

attitudes and valuating environmental impact of various renewable energy sources. The second 

part contained choice modeling exercise which is the basis for the results that will be presented 

in this study, while third part of the questionnaire contained questions on socio-demographic 

characteristic such as residence, gender, age, income level, size of household, educational level 

and type of employment (for the sample of the questionnaire see Appendix A). 

 

The stages involved in the design of a CE are the same regardless of study setting. According to 

Hanley et al. (2001) the choice experiment exercise has been defined as consisting of following 

stages: 
 

1) Selection of attributes 

2) Assignment of levels 

3) Choice of experimental design 

4) Construction of choice set 

5) Measurement of preferences 

6) Estimation procedure 
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 7.2. Identification of attributes and levels 
 
When purchasing a product consumers usually face a numerous choices thus facing a complex 

decision making procedure among all available alternatives.  The first and most important step in 

choice experiment is to evaluate attributes and their levels for the good or service in question. 

When defining attributes the researcher needs to evaluate which are the most important attributes 

that consumers take into consideration when purchasing a product and that are also relevant for 

the analysis.  

 

After reviewing the market conditions and literature research on relevant topic of biofuels, four 

attributes have been selected, each of them taking 2 or more different levels: 

 

1) Type of diesel – This attribute was straightforward since it is a main objective of the 

study.  According to the available mixtures of biodiesel on the Spanish fuel market, I 

asses 4 levels of this attribute, one of them being a conventional diesel and other three 

mixtures of 10,20 and 30% for the biodiesel 

2) Location of petrol stations – this attribute takes two levels in order to show whether the 

location of petrol station effects the decision of the consumers, thus taking into account 

petrol stations that are on the ``usual route`` and ``outside the usual route`` of the 

consumers 

3) Type of the petrol station – according to the available type of petrol stations in Spain, I 

assign 2 levels for this attribute, one is referred to local petrol stations and other one to 

multinational ones. 

4) Price of the bread – This attribute is included to show impact of its price increase on 

consumers’ decisions towards purchase of fuels since it is the one of the essential food 

commodities. I evaluate 4 levels for this attribute where bread price is: unchanged, 

increase for 5%, 10% and 20%. 
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Table 7.1: Attributes and levels  

Attribute Levels 

Type of diesel 
Normal diesel; biodiesel 10% mixture; biodiesel 20% mixture; 
biodiesel 30% mixture 

Location of the petrol 
station 

The usual route; outside usual route 

Type of the petrol 
station 

Small petrol stations; large multinational petrol stations 

Price of bread Unchanged; increases 5%; increases 10%; increases 20% 
Source: Author 

 

All attributes were codified with effect coding as discrete variables. The base levels for each 

attributes are as follows: for the ``type of diesel`` attribute the base level is ``normal diesel``, for 

the ``location of petrol station`` is ``on the usual route``, for ``type of the petrol station`` is 

``small local petrol stations`` and finally for the ``price of bread`` attribute the base level is 

``unchanged``.  

 7.3. Experimental design and sample 
 

After assigning the attributes and their levels the next step includes the application of 

experimental design. The choice sets were created using orthogonal design created with SPSS 

19.0 which resulted in 24 choice cards. The selected 24 choice cards were grouped into 2 blocks 

with each one of them containing 3 or 4 attributes that took different levels. To avoid fatigue 

effects associated with multiple scenario valuation tasks the 24 choice cards were divided into 3 

combinations of choice cards thus each containing 8 choice cards. The first combination of the 

cards (A) did not contain price of bread as an attribute while two other combinations of the cards 

(B and C) contained all 4 attributes2

                                                 
2 Note: The combination of the choice cards were labeled as A, B and C, not to confuse them with options given in 

the choice cards referred to Option A and Option B 

. This differentiation was made in order to estimate how the 

changes in price of bread can influence the purchasing decision of fuels. The first combination of 

cards was selected by 150 consumers, while other two were selected by remaining 150 

respondents with 75 respondents choosing each. For more details about design of choice cards 

see Appendix B. 
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The respondents were asked to choose one of combinations the cards to respond, so each 

respondent needed to choose 8 times between 2 block where each choice card comprised two 

off-sets options with different attributes followed by a third option in form of follow-up question 

that allowed not to choose any off-set option but to remain in the status quo. 

 

In application of CE two approaches are usually used for constructing the choice set, forced and 

non-forced choice. The non-forced approach includes a ‘’fixed alternative’’ in the choice set thus 

allowing a no-choice response. This option is usually referred to as opt-out option (null option or 

outside option) and allows respondents to choose neither the hypothetical product neither 

preferred alternatives. On the other hand, the forced choice relies on forcing participants to 

choose from a set of alternatives (Kallas et al., 2013). 

 

Although the non-forced choice is advisable because it more realistically depicts hypothetical 

markets, we use forced choice approach because a car/users owners are in need to purchase fuels. 

The procrastination of purchasing decision in this case would be damaging because it is cost- and 

time- consuming.Also, when respondents are confronted with forced choice set, they will try to 

choose a best available option, which would reveal the structure of their preferences and allow 

more precise comparison of level and attribute of the good in question (Kallas et al, 2013). 

 

Therefore we applied the Dual Response Choice Experiment (DRCE) design. Following a 

classical design a respondents are firstly asked to choose from a set of available alternatives in 

forced-choice (without a no-choice option). Later in same choice card the choice experiment is 

repeated with inclusion of no-choice option, so called follow-up question.  

 

Introducing a follow-up question, after forcing consumers to select their preferred product is 

significant for our case because it allows the respondents to face purchase/no purchase decision 

which increases the share of the no-choice option compared when it is available in the initial 

choice set ( for the example of the choice card see Figure B.1). 
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Data used in this analysis were obtained from a face-to-face questionnaire completed in a 

controlled environment. The population represents consumers over 18 years of age who are car 

users/owners and thus regularly purchase fuels. The questionnaire was conducted in province of 

Barcelona (Spain).  

 

Table 7.2.: Survey technical sheet 

Population Residents of province of Barcelona 

Filter Drivers of diesel engine cars 

Sample design Stratified sample by age and gender 

Sample size 300 

Error ± 5.66 

Control measure Pilot survey (10 questionnaires) 

Data November, December 2011 
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 Chapter 8 – Analysis and discussion 

 8.1. Sample characteristics 

 
Sample accounted for 300 car owners/users over 18 years of age that regularly purchase fuels. 

Most of the respondents were male (72, 33%) with an age between 30 and 44 and living in 

households of 3 or 4 people. More than a half of participants had university level studies and 

were employees with income between 1000 and 2500€ per month. 

 
Table 8.1: Sample characteristics 
Variable definition Value 
Residence  
Barcelona city 50% 
Province of Barcelona 50% 
Gender  
Male 72,3% 
Female 27,7% 
Age   
18-29 22.3% 
30-44 39.7% 
45-69 26.7% 
Over 60 11.3% 
Members of household (average members from total sample) 3 
Level of education  
Not completed elementary school 2,33% 
Elementary school 7,33% 
High school 35% 
University 55,33% 
Income level  
Less than €1000 17,06% 
Between €1000 and 2500 58,7% 
More than €1000 24,23% 
Employment situation  
Student 8,36% 
Employee  60,2% 
Entrepreneur 19,73% 
Retired  5,35% 
Housewife 0 
Unemployed 6,35% 
Source: Author 
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8.2. Descriptive analysis 
 

 8.2.1. Consumption of fuels 

 

At the beginning consumers were asked to state how much money they spend on fuels per week 

and whether they pay for the fuels by themselves. Answers show that majority of respondents 

(53%) purchase fuels in amount of 1-25€ per week, while the average consumption of all sample 

is 32.06€ per week. In addition, vast majority of respondents (86%) pay themselves for the fuel.  

 

The next two questions referred to the year of the registration of vehicles and average 

consumption of their cars per 100km. Half of respondents (51.5%) had new cars registered after 

2006,  37.1% registered its vehicles in period between 2000 and 2005, while small percentage of 

respondents (11.3%) had restively old cars registered before 1999. The average consumption of 

cars was 6.49 liters per 100 km.  

 

Moreover, the respondents were asked to evaluate the degree of importance of different attributes 

when making their decision on purchasing fuels. They were offered with scale ranging from 0 to 

10 where 0 indicated the lowest impact and 10 indicated the highest impact.  

 

Figure 8.1: Level of impact of the attributes when making purchasing decision 

 
Source: Author 
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The most important attribute is price with an average of 8.5, which is expected, followed by 

proximity of the petrol station with an average of 6.4.  The type of biodiesel had an average of 

7.5 and finally local of multinational gas station had an average of 4.5.  

 

The actual consumption of biodiesel among respondents is very low with only 1% or respondents 

that use biodiesel always and 16% of those that use it occasionally. As the most important 

reasons for not using biodiesel respondents indicated the fact that is not recommended by the 

manufacturers of vehicles and that actually haven’t decided still whether to use it or not with 

20.8% and 20.4% respectively. 18.4% of respondents answered that it is not available in most of 

the petrol stations and 13,6% answered that they are unaware of existence of biodiesel and its 

characteristics. 

 8.2.2. Knowledge on biodiesel 

 

Almost all respondents (91.7%) in the survey were familiar with the existence of biodiesel but 

when it comes to their knowledge about raw material that are used for the production of biodiesel 

almost half of the respondents did not answer to this question while the ones that did mostly 

stated that biodiesel is produced from corn (16.3%), sunflower oil (11.7%) or rapeseed (10.7%). 

Also, only less than one third of respondents answered the question about the percentage of 

biodiesel mixture that is available on the market mostly stating that those are 10, 20 and 30% 

mixture  

 

Most of the respondents (55.33%) believe that use of biofuels may raise the prices of food in the 

future and 53% of them believe that agricultural land should be used for their production. 

 

 8.2.3. Environmental attitudes 

 

Attitudinal questions provide an opportunity for better understanding of consumer preferences. 

Thus the following questions examine the respondent’s attitudes towards the ongoing issues 
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connected to use of biofuels in order to evaluate more precisely the factors that affect 

respondent’s choices in the choice experiment exercise.  

 

In the next set of questions the respondents were asked to: 

 

1) Evaluate the impact that presented factors could have on rising the food prices  (Table 

C.1) 

2) Assign the level of respect energy sources place on the environment (Table C.2) 

3) To which extent they agree with presented statements (Table C.3) 

4) Assign level of consideration for the alternative means of transport if the price of fuel 

continues to rise (Table C.4) 

 

They were presented with a scale from 0 to 10, where zero always indicated the lowest level of 

impact/respect/agreement and 10 presenting the highest one.  

 

Concerning the impact of factors on increase in the price of food commodities, respondents 

believe that the most significant factor is speculation on prices in the global market followed by 

political reasons. It is interesting that although majority of respondents believe that the 

production of biofuels is a cause of recent price increase they believe that this factor contributes 

in average only 5.52 to 10 among other factors, which represents the lowest average level of 

impact among all factors in question. 

 

Next, respondents believe that solar and wind energy pay the highest level of respect to 

environment, while according to them the fossil fuels and diesel are the least environmentally 

friendly. When it comes to the assessment of statements related to some characteristics of 

biodiesel they most strongly agree that biodiesel is less polluting than conventional diesel and 

that production of biodiesel can make the country less dependent on fossil fuels. On the other 

hand they don’t seem to agree that performance (number of kilometers traveled) of biodiesel is 

higher than that of conventional diesel and they wouldn’t accept the increase in food prices for 

the reduction of fuel prices in the same portion.  
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The respondents were also asked to picture a real life situation in which they are at the petrol 

station to fill up the tank and later on to state what price increase compared to conventional fuel 

they are willing to pay for one liter of biodiesel. More than a half of respondents (59.36%) are 

not willing to pay more for a liter of biodiesel compared to a price of normal fuel, 11.66% are 

willing to pay a price increase of 5% and 7.77% the price increase of 10%, while the rest of 

respondents (in negligible percentages to the whole sample) are willing to pay a price increase of 

1,2,3 or 4%.  

 

In the second part of this question the respondents were asked to assign level of consideration for 

the transport alternatives if the price of fuel continues to rise. Following the answers it can be 

concluded that respondents would highly consider all of the stated option. Using a public 

transport is most considered option among respondents, followed by electric hybrid car option 

and driving less. To some extent opinions are divided when it comes to using a bicycle as an 

alternative where half or respondents would consider it to high extent while the other half 

wouldn’t.  

 

At the end, the respondents were asked which of the following options is more important for 

them: 

A) Decrease of fuel prices and increase of food prices in the same proportion or 

B) Increase of fuel prices and decrease of food prices in the same proportion 

Answers show that for 88.26% of respondents the more important is option B. 

 

 8.3. Choice experiments results 

 
This section analyses the results from Choice Experiments that serve for estimating willingness 

to pay and consumer preferences towards biodiesel which is the aim of this study.  

 

Firstly respondents were asked to choose the type of the card they are going to answer A, B or C.  

Most of the respondents (50%) have chosen the choice card A, while 24.67% choose card B and 

25.33% have chosen card C.  
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Following the results from the choice experiment exercise we used two specifications for the 

analysis of data. The Conditional Logit (CL) and the Random Parameters Logit model (RPL). 

For the purpose of the analysis the NLOGIT 4.0 is used as software.  

 

In this study, the analysis begins by considering CL specifications to capture heterogeneity by 

classic methods and to see whether the IIA property is violated. IIA assumption is a key 

assumption for the CL models. To test whether or not the IIA property holds, a likelihood ratio 

test is carried out. The likelihood ratio test statistic asymptotically follows a chi-square 

distribution with one degree of freedom under the null hypothesis that the errors are 

uncorrelated.  

 

Following the values of pseudo R-sqrd it can be concluded that there is a low fit of the model. 

Moreover, the results of Hausmann-McFadden test show the violation of IIA property, making 

these CL model not suitable for the analysis. The chi-squared statistic show values of 51.7565 

[8] for respondents choosing combination of choice cards B and C and 32.6223 [5] for 

respondents choosing combination of choice card A, which allows the rejection of the null 

hypothesis (for more details see Table D.1). 

 

Due to these findings we specified the model that relaxes the IIA property and therefore we used 

the RPL model as an alternative to account for correlation in the unobserved part of utility. RPL 

assumes a continuous distribution of the parameters to introduce heterogeneity. The results show 

enhance in pseudo R-squared and improvement in Akaike Information Criterion (AIC) showing 

a lower value which makes this model a better fit for the analysis. Therefore, I will use results 

from the RPL model for drawing a conclusions for this study.  

 

 8.3.1. Model specifications 

 
We estimate 2 models: the basic model with the attributes only and a hybrid model including 

socio-economic factors.  In the basic model I use both CL and RPL specifications, while in 

hybrid model we use the CL estimates. Bearing in mind that choice cards have different 
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attributes (the choice card A does not include price of bread as an attribute), we  firstly observe 

both models excluding choice card A form the set (Group 1) and later on excluding choice cards 

B and C from the set (Group 2) in order to get observation for the choice card A. 

 

 8.3.1.1. Basic model 

 

In the basic model we specify CL and RPL model without including socio-economic elements, 

depending only on site attributes. For each attribute the base level is set as the constant base. The 

model parameters estimated then reflect differences in choice probabilities between those base 

levels and specific attribute levels. Since we used forced choice when constructing the choice set, 

the no-choice option is excluded from the estimates, thus focusing on the results obtained from 

the first step of the choice set (question 1 in Figure B.1).  

 

To better understand the relative importance of all levels for each attribute it is important to 

calculate the utility of base levels, since they are not directly estimated in the model. Using the 

Wald statistics the coefficients are calculated as -1xβp, where p is total number of levels for each 

attribute.  

 

Following the results from for the basic models using both CL and RPL estimates presented in 

Table D.1. and D.2, it can be concluded that respondents are more likely to choose normal diesel 

over biodiesel blends, local over multinational gas stations and gas stations that are on their 

habitual route to the ones that are not.  Moreover, as expected individuals prefer that price of 

bread remains the same compared to any increase in price.  

 

Finally, in order to have an overall view of consumers’ preferences, I calculate the relative 

importance of all the attributes. It is presented as ratio of particular attribute’s utility to the sum 

of all attribute’s utility: 
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where kO  is the relative importance of the attribute; max ku is utility of the attribute’s most 

preferred level and min ku  is utility of least preferred level of the attribute. 

 

According to results from Table D.3 all the attributes are statistically significantly different from 

zero at 1% or 5% level, except for the attribute ‘type of petrol station’ in RPL estimates for 

respondents in group 2.  The signs of the coefficients are positive; this meaning that as the level 

of any of these attributes increases the utilities of respondents will increase as well.  Results 

show that respondents from group 1 in both models value the most attribute `price of bread` 

followed by `location of petrol stations`, `type of diesel` and finally `type of petrol station`. On 

the other hand, for respondents from group 2 most important attribute is `location of petrol 

station`, followed by `biodiesel` and finally `type of the petrol station`. 

 

The next step is calculation of WTP. As it can be seen from the example of choice card (Figure 

B.1) the price was not include as an attribute in the choice sets, but we asked respondents in a 

follow up question to state their WTP for the chosen alternative. However, this is not a usual 

practice in CE models where by default price is included in the choice set in order to estimate 

WTP. In this survey, the respondents were asked to state their WTP directly, putting a current 

price of conventional diesel as a reference.  This approach allowed an insight in WTP of every 

respondent to every combination of attributes which provided more information without 

restricting the price. Moreover, with this approach it was possible to calculate the WTP that each 

respondent has for each level of each attribute. 

 

For the purpose of calculating WTP we employed the following steps: 

1. We use RPL results since the model showed to be a better fit and because we were able 

to obtain the individual estimates.  

2. We calculate the relative importance for each attribute and for each individual of the 

sample. 

3. The WTP for each attribute is calculated taking into consideration respondent WTP as an 

average of the valuation of the 8 cards he answered. 



52 

 

4. In the fourth step we calculated the range of utility/disutility for the levels valued 

positively or negatively for each attribute. 

5. In the fifth step, the WTP for each attribute calculated in the third step is assigned for the 

positively valued levels taking into consideration their relative importance. For the 

negatively valued levels, an equal value of the WTP (but in negative term) is assigned to 

them taking into consideration their relative importance. 

6. Finally, the WTP for each attributes and levels is obtained. 

 

The respondents choosing a no-option in the follow up question for all cards were excluded from 

the estimation. 

 

The results (Table D.4)suggest that respondents choosing combination of the choice cards B and 

C (group 1)  are willing to pay in average 1.10€ for their preferred options, while respondents 

choosing combination of the choice cards A (group 2) are willing to pay 1.17€ which is below 

the presented market price of 1.26€ per liter of conventional diesel. The difference in WTP 

among two groups of respondents can be explained by inclusion of the attribute `price of bread`. 

It is notable that respondents from group 2 are in average willing to pay more, which could mean 

that the respondents’ decisions on purchasing fuel are influenced by the possible change in price 

of bread. The bread is one of the essential food commodities and therefore it is expected to 

assume that people are sensitive to its price change and that they are more reluctant to purchase 

fuel if it affects the price in any way.  

 

When it comes to type of the fuel respondents from group 1 are willing to pay 0.11€ for the liter 

of conventional diesel, while only 0.09€ and 0.05€ for liter of biodiesel mixtures of 20% and 

30% respectively. However, for biodiesel mixture of 10% they are willing to accept the purchase 

only with the discount in price of 0.14€. For the respondents from group 2, the WTP for 

conventional fuel is higher and it amounts to 0.49€ per liter but for the biodiesel mixtures they 

are only willing to purchase if there is a discount in price of 0.08€, 0.21€ and 0.28€ per liter for 

the biodiesel mixtures of 10%,20% and 30% respectively.  
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Next, respondents from group 1 are willing to pay 0.17€ per liter of fuel in order to their stay on 

their habitual routes and respondents from the second group 0.126€. This means that they are 

willing to accept a discount in price of 0.17€ and 0.126€ in order to buy on gas stations that are 

not on their habitual route. Moreover, respondents choosing combination of cards B and C are 

willing to pay 0.097€ in order to purchase at local petrol stations, while they will only buy fuel at 

the petrol stations that are outside their habitual route if the price decreases for 0.097€.  On the 

other hand respondents from group 2 are reluctant of purchasing fuel on their habitual routes and 

demand a discount in price of 0.5€, while they are willing to pay 0.5€ for the purchase of fuels at 

stations that are not on their habitual route. 

 

As for the price of bread, respondents are willing to pay 0.613€ per liter of fuel for price to 

remain the same, 0.014€ when price increases 5%, while they are willing to purchase fuels only 

with the discount of 0.158€ and 0.471 when price of bread increases 10% and 20% respectively.  

 

The results generally show low level of WTP. This can be explained by the fact that people buy 

fuels only because they have to at price that it is set up in the market, however they actually 

value less the utility gained from usage of any type of fuel, regardless of the possible 

combination of the attributes. 

 

 8.3.1.2. Hybrid model 

 
We now turn to the hybrid model specification incorporates the socio-economic features in order 

to increase model significance by adding more heterogeneity. The inclusion of socio-economic 

attributes in the analysis is important to analyze preference heterogeneity towards biodiesel.  

 

Results from the hybrid model suggest that preferences are heterogeneous for only some socio-

economic variables and categories due to the hypothetical conditions of the experiment and the 

fact that there is generally low level of usage of biodiesel among respondents. 

 

In general all respondents prefer to purchase fuel on local petrol stations while for the males this 

attribute has the highest significance (Table D.5.). Also, respondents living outside Barcelona 
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value this attribute more along with respondents in age group from 30 to 59 years, living in 

families of 4 to 6 members that are employed and with university degree. Respondents choosing 

combination of the choice cards B and C (group 1)  that place the highest value on this attribute 

are the ones that have income level over 2500€, while among respondents choosing combination 

of the choice crads A(group 2) those are the ones with an income between 1000 and 2500€. 

 

Also, all the respondents gain more utility from the petrol stations that are on their habitual 

routes (Table D.6.). This attribute has the highest significance for the females from the group 1 

and for males in the group 2.  Residents of Barcelona living in families of 3 members that are 

employed with income level over 2.500€ place a higher value on this attribute.  Respondents 

from group 1 with secondary educational level, that are employed and have between 30 and 59 

years prefer this attribute more than the rest, while from group 2 those are employed respondents 

with university education that are 18 to 29 years old. 

 

Generally the preferences towards type of fuel are not statistically significant; however they gain 

higher utility from filling up the tank with conventional diesel compared to any mixture of 

biodiesel (Table D.7.). From the group 1 the preferences are heterogeneous only employed 

respondents for conventional diesel and biodiesel mixture 30%, male respondents for 

conventional diesel and biodiesel mixtures of 10 and 30% and people that reside outside 

Barcelona for biodiesel mixture 30%.  In the group 2 males show heterogeneous preferences 

only for conventional diesel, while employed respondents with income between 1000 and 2500€ 

towards conventional diesel and biodiesel mixture 30%. 

 

Respondents clearly prefer the situation where the price of bread remains the same (Table D.8.). 

This attribute has the highest significance for males in age group of 30 to 59 years that are 

employed. Also from group 1, the respondents that have income between 1000 and 2500€ prefer 

that there is no increase in price while for the other socio-economic groups preferences are not 

statistically significant.  

 

Following the pattern for the decomposition of WTP that was applied to whole sample, I 

calculate individual average WTP for each social variable (Table D.9). From both groups 
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females assign higher levels of WTP along with respondents with university education, income 

over 2500€ that are employed and within age group of 30 to 59 years. As for the family 

members, in the first group higher WTP is assigned by the respondents living in families from 4 

to 6 members, while for the second group those are the ones that live in families of 3 members. 

Also, from the first group respondents living outside Barcelona are willing to pay more than the 

residents of Barcelona, while for the second group it is vice versa.  
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Chapter 9 – Conclusions and discussion 
 

 
Road transport is a cause of two major problems in energy sector in Spain: increasing GHG 

emissions and dependence on imported fossil fuels. The promotions of biofuels, particularly 

biodiesel, have been seen as a solution for these problems and thus it represents one of the main 

objectives of energy policy within the country.  

 

Recently there has been a steady increase of production of biodiesel in Spain. However, there is a 

moderate growth in demand sector, increase in imports and generally low penetration of 

biodiesel on the Spanish fuel market.   

 

Biodiesel stated being commercialized to greater extent just in last couple of years, thus it can be 

considered as newly introduced product to the market. However, the main constrained related to 

its further development and penetration on the market seem to be involvement of consumers 

which is why in this study we analyze public awareness and preferences toward purchase of 

biodiesel. For tailoring public polices it is of crucial importance to know how much the 

consumers are willing to pay for biodiesel and how well they are introduced to its characteristics. 

For the purpose of analysis choice experiment technique has been employed as valuation method 

due to its capacity to analyze preference for complex goods and decision and due to its versatility 

in dealing with hypothetical scenarios to be values by respondents.    

 

Results from the CE models indicate that biodiesel will penetrate the market in higher volume if 

it is available on large number of petrol station. This is due to the fact that respondents in the 

survey place high value on the stations that are on their usual route and give a negative value to 

the ones that are not. If consumers need to change the route in order to get fuel, the disutility of 

such action would be higher than potential utility they can gain from using biodiesel. Moreover, 

consumers clearly prefer to purchase fuel on the local petrol stations compared to multinational 

petrol station.  

 

When it comes to the type of diesel, the results indicate that respondents prefer to buy 

conventional diesel compared to any biodiesel mixture.  However, the possible explanation for 
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these results can be found in the fact that among investigated sample there is low level of usage 

of biodiesel where only 1% of consumers use biodiesel constantly and only 16% use it 

occasionally. The reasons for not purchasing the fuels were mostly because it is not 

recommended by the manufacturer of vehicles and that most of consumer never thought of using 

it. Moreover there is generally low level of knowledge on main feature of biodiesel. Although 

almost all the respondents are aware the existence of biodiesel, less than half of them are able to 

state raw materials used for the production. Also, the biodiesel on the market is not pure; it is a 

mixture of conventional diesel with 10, 20 or 30 percent of biodiesel. However more than two 

thirds of respondents did not know answer to the question or they answered wrongly. 

Additionally, respondents believe production of biodiesel can raise the food prices. 

 
Results regarding price of bread were straightforward. Respondents strongly prefer that the price 

of bread remains the same and they would not accept any increase in food prices for the decrease 

in price of fuels in same proportion. Also, the price of bread is the most significant attribute 

where consumers are placing the highest value on its base level (the price of bread remains 

unchanged).  

 
Bottom line, the most preferred combination for respondents would be to purchase conventional 

diesel on the local petrol stations that are on their habitual routes while the price of bread 

remains the same.  

 
The results for WTP are suggesting the same, overall respondents are not willing to pay more for 

liter of biodiesel compared to conventional diesel and they generally assign them negative values 

of WTP, meaning that they are only willing to buy it if there is a discount in price. Also, they are 

willing to pay more in order to purchase fuel on local petrol stations on their habitual routes, and 

they would accept to purchase fuel only if the price of bread remains the same.  

 
What seems to be a paradox is the fact that respondents generally agree that conventional diesel 

is unfriendly for the environment and that is more polluting than biodiesel. Also they agree that 

the production of biodiesel can decrease energy dependency, but still they assign conventional 

diesel with highest level of WTP and place the highest value to the utility gained from its usage. 

This can be explained by the fact that most of the vehicles are not adapted to biodiesel thus many 
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of consumers don’t consider it as an option. Also, biodiesel is not available on many petrol 

stations and consumers are reluctant to change their routes only to fill up the tank with biodiesel 

regardless the possible benefits. Finally, consumers have strong attitudes towards any price 

increase in food commodities and most of them believe that production of biofules can actually 

raise the current prices, which is probably one of the main reasons why the biodiesel will remain 

to have a low level of consumption and will be assign with low level of WTP as long as there is 

any possibility that it can affect the food security.  

 
Even at this point when biodiesel is subsidized, the WTP is below the WTP for the conventional 

diesel, thus it can be concluded that if there is no public support polices the consumption of 

biodiesel would be virtually zero.  If Spain wants to achieve its ambitious target of 13.6% share 

of renewable energy in transport sector by 2020 it will need to reconsider their policies and raise 

awareness of the consumers. Making biodiesel available in greater number of petrol stations and 

increasing consumers’ knowledge on positive characteristics of biodiesel can increase the WTP 

and allow its higher share on the market.  

 

Other studies conducted in Spain on the same topic (Giraldo et al. (2010) and Gracia et al. 

(2011)) suggest that consumers are willing to pay 5% more in order to use biodiesel compared to 

the price of normal diesel. The difference in our results may be due to the differences of our 

choice experiments design and the specified model. In our experiment, the price was not 

included as an attribute in the choice set but we asked respondents to place their actual 

willingness to pay for their preferred combination of attributes, which depicted more realistic 

preferences of the consumers.  

 

However, the small size of the sample and limited geographical coverage implicate that in order 

to get a real picture of the research topic it is necessary to undertake a wider research. 
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Appendix A – Sample of the questionnaire 
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1 

Estudis previs indiquen que les persones en 
general, responen a les enquestes d'una manera 
diferent a la forma d'actuar en la vida real. És 
important que per contestar aquesta pregunta, per 
favor, s'imagini que està en un benzinera i vol 
repostar.Quin increment del preu respecte del seu 
combustible habitual estaria disposat a pagar 
perun litre de biodièsel?___________%. 

 
1. Si els preus dels carburants continuen 

augmentant, quina deles següents alternatives 
està disposat a considerar? 

0 1 2 3 4 5 6 7 8 9 10 
0: Mai ho consideraria ...10 Segur que ho consideraria 

Utilitzar més el transport públic (metro, tren, bus)  
Conduir menys   
Utilitzar la bicicleta en els meus desplaçaments  
Cotxe híbrid elèctric  

 
2. Quina opció (A ó B) és més important pervostè: 

Disminució del preu de 
combustible i augment dels 
preus dels aliments en la 

mateixa proporció 

Augment del preu del 
combustible i disminució del 

preu dels aliments en la 
mateixa proporció 

(A)    (B)    
 

3. Si us plau, abans de seguir amb el qüestionari 
vagi a la pàgina següent. Per cadascuna de les 
targetes facilitades contesti les preguntes 
demanades. 

 
4. Quin tipus de targeta ha contestat? (es troba a 

dalt a l'esquerra en la primera fulla de les 
targetes):  A   B   C 
 

5. En una escala d'1 a 5, descrigui com de 
complicat li haresultat triar entre les alternatives 
anteriors. 

Fàcil Una 
micafàcil 

Ni fàcil 
Ni difícil  

Una 
micacomplicat complicat 

     
 

6. En una escala d'1 a 5 indiqui amb quin nivell de 
confiança hafet la seva elecció de les 
alternatives. 

amb molts 
dubtes 

amb 
certs 

dubtes 

amb una 
confiança 

mitjana 
amb 

confiança 
amb 

molta 
confiança 

     
 

7. Segons la seva opinió, quin és l'aspecte més 
important quan decideix repostar? Indicar el grau 
d‘importància dels diferents aspectes. 

0 1 2 3 4 5 6 7 8 9 10 
0 (Gens important)...................10 (Molt important) 

Tipus de Dièsel  
Proximitat  benzinera  
Gasolinera local o multinacional  
El Preu  

1. Residència:........................ 
 

2. Any de naixement:…….. 
 

3. Sexe:  Home Dona 
 

4. Quantes persones viuen a la seva llar. Nombre de 
membres inclòs vostè:__________ 
 

5. Quin és el seu nivell d’estudis? 
Estudis primaris no completats 
Estudis primaris 
 Estudis secundaris 
 Estudis universitaris 

 
6. Quin és el seu ingrés personal aproximat? 

Inferior a la mitjana (inferior a 1.000 €/ mes) 
 Igual a la mitjana (entre 1.000 i 2.500 €/ mes) 
 Superior a la mitjana (superior a 2.500€/ mes) 

 
7. Situació laboral: 

 Estudiant 
Assalariat 
Empresari/Autònom 
Jubilat/da 
Mestressa de casa 
A l’atur 
 
Nº Telèfon o e-mail: (Control de qualitat): 
___________________________________ 
 
Observació: 
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Appendix B – Design of choice cards 

 

Type of diesel Normal diesel(0) 10% mixture(1) 20 % mixture(2) 30 % mixture(3) 

Type of 
petrolstation 

Multinational petrol 
stations (0) 

Small 
localpetrolstations(1)   

Location of 
petrolstation At usual route (0) Outside usual 

route(1)   

 

8 cards are generated with 150 consumers choosing this choice  

Choice sets (A) 

0 1 1    3 0 0 
2 1 0    1 0 1 
2 0 1    1 1 0 
0 0 0    3 1 1 
1 0 0    0 1 1 
1 1 1    0 0 0 
3 0 1    2 1 0 
3 1 0    2 0 1 

 

Type of diesel Normal diesel (0) 10 % mixture(1) 20 % 
mixture(2) 

30 % 
mixture(3) 

Type of 
petrolstation Multinationalpetrolstations(0) Small local 

petrolstations(1)   

Location of 
petrolstation On usual route (0) Outside usual 

route (1)   

Price of bread Reamainsthesame (0) +5% (1) +10% (2) +20% (3) 

 
16 cards are generated, 8 for each choice set, with 150 consumers choosing these two choices, 

with 75 of them choosing B and 75 of them choosing C.   

 Choice sets (B and C) (Factorial Blocking) 
 

2 1 1 2    1 0 0 1 (B) 
3 0 1 0    2 1 0 3 (C) 
2 0 0 3    1 1 1 2 (C) 
2 0 1 1    1 1 0 0 (B) 
3 1 0 1    2 0 1 0 (B) 
0 1 1 1    3 0 0 0 (C) 
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2 1 0 0    1 0 1 3 (C) 
0 0 1 2    3 1 0 1 (C) 
1 1 1 0    0 0 0 3 (B) 
3 1 1 3    2 0 0 2 (C) 
1 0 0 1    0 1 1 0 (C) 
0 0 0 0    3 1 1 3 (B) 
3 0 0 2    2 1 1 1 (B) 
0 1 0 3    3 0 1 2 (B) 
1 1 0 2    0 0 1 1 (C) 
1 0 1 3    0 1 0 2 (B) 

 
 

Figure B.1 : Example of the choice card  

OPTION A OPTION B 
Biodiesel 20% mixture Biodiesel 10% mixture 

Small local petrol stations Large multinational petrol stations 
Outside usual route At usual route 

Price of bread increases 10% Price of bread increases 5% 
 

OPTION A    OPTION B  

1. If the options A and B are the only one available, which one would you choose? 

 

2. If you could choose any of the two previous options which one would choose? 

OPTION A    OPTION B                              NONE 

 

If answering A or B in the second question and given that the average price for DIESEL in 

Catalonia in the last month was 1.26 € / liter, how much are you willing to pay for a liter of fuel 

for your selected option above:____________€/liter  
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Appendix C - Results from attitudinal questions 

Table C.1: Level of impact of factors on raising the food prices (%) 

Level of impact (%) 0 1 2 3 4 5 6 7 8 9 10 N/A 
Climatic causes 1.33 2 5 5.67 6 16 11.67 18.67 17.67 8 7.67 0.33 
Speculations on prices 
at global level 0 0.33 1 1.33 1.67 5.67 9 15.33 25.33 14.33 25.67 0.33 
Political reasons 0.67 2.67 2.67 3 4 10.67 9.67 15.33 20.33 8.67 22 0.33 
Production of biofuels 2.67 1.67 5.33 9.33 7.33 23.67 13.67 16.67 11.67 3 4.33 0.67 
Increasing demand for 
food in emerging 
countries 

1 0.33 4.67 3.33 5 17.33 12.67 18.67 18.67 8.33 10 0 

Increase in fuel prices 0.33 0.67 3.33 5.67 3.33 14.33 13 16.67 17.67 10.33 14.67 0 
Source: Author 

Table C.2: Level of respect for the environment from energy sources (%) 

Level of respect (%) 0 1 2 3 4 5 6 7 8 9 10 N/A 
Natural gas 3.33 1.67 6.67 7.33 6 25.33 14.67 11.67 13 6 4.333 0 
Diesel 10.3 4 17.33 18 13.33 20 5.33 4.33 6 0.33 1 0 
Biodiesel 1.67 2.67 6.67 7.67 9.67 24.33 12.33 15 11 4.333 3.67 1 
Petrol 10.67 12 19.33 17.33 14.67 16 3 2.33 1 2 1.67 0 
Solar electricity 2 1 1 1 0 3 2.67 8.67 17.33 24 39.33 0 
Water electricity 2.67 0.67 1 1.33 2 9 5.33 16.33 21.67 16.33 23.33 0.33 
Electricity with fossil 
fuels 7.33 8 13 11.33 9.33 24.67 7.67 5.67 5.33 2.33 4 1.33 

Nuclear power 30.33 10.67 10.33 11.33 7 11.33 4.67 5 5.67 1 2.67 0 
Wind power 1 1.33 1.67 0..67 1 5 333 13.33 13.67 24.67 34.33 0 
Source: Author 
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Table C.3: Level of agreement to the statements (%) 

Level of agreement (%) 0 1 2 3 4 5 6 7 8 9 10 N/A 
Biodiesel is less polluting than 
conventional diesel 3.67 2 1.67 0.67 1.33 22.33 7.33 14.67 16.33 8 20.33 1.67 

The production of biodiesel will make us 
less dependent on fossil fuels 2.67 1 2.33 3.33 2.33 23 9.67 17.33 13 8.67 15.33 1.33 

Biofuel production is  major cause of 
rising prices for some food commodities 2 0.67 4.33 3.67 4.33 24.67 10.67 14.67 14.67 10 8 2.33 

I would accept an increase in food prices 
in exchange for a reduction of fuel prices 
in the same proportion 

30.33 7 17 7 3.67 17 3.33 4.33 5 2.33 2 1 

When using biodiesel  I  believe there is 
no differences in the consumption of my 
car comparing to conventional diesel 

3.33 2 1.33 3 3 51.33 5.67 4.67 8.67 5.67 5.67 5.67 

Performance (number of kilometers 
traveled) of biodiesel is higher than that 
of conventional diesel 

7.67 2.67 5.33 3.33 4 57 3 2 3.33 1 2.67 8 

Source: Author 
Table C.4: Level of consideration for alternatives if the price of fuel continues to rise       

Level of consideration (%) 0 1 2 3 4 5 6 7 8 9 10 N/A 
Using public transport 9.33 1..33 3 3.33 1 6.33 4.33 8.67 15.33 10.67 36.67 0 
Driving less 11 2 5 2.67 3.33 10 5.33 9.33 13.33 10.67 27.33 0 
Using a bicycle 25.67 2 4.33 5.67 4.33 6.67 7.67 9.33 11.33 5.33 17.67 0 
Electric hybrid car 8.67 0.67 3 1.33 3 14 7.33 7.67 15 9.33 29.67 0.33 
Source: Author 
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 Appendix D – Results from basic and hybrid model 

 Table D.1: Results of the basic models estimations (CL and RPL estimates)       

β (mean value) CL model RPL model 
GROUP 1 GROUP 2 GROUP 1 GROUP 2 

Local petrol stations 0.15525*** 0.07826* 0.17120*** 0.00680 
On the usual route 0.27396*** 0.63964*** 0.29934*** 1.01657*** 
Biodiesel 10% -0.28896 -0.11597 -0.29085*** -0.12417 
Biodiesel 20% 0.09662 -0.35575*** 0.09762 0.41763*** 
Biodiesel 305 0.07366 0.09690 0.08869 -0.25868* 
Price of bread increases 5% 0.02120 - 0.02701 - 
Price of bread increases 10% - 0.30999*** - -0.35262*** - 
Price of bread increases 20% -0.84500*** - 0.934439*** - 

 S.D of random β 
 0.01006 0.55333*** 

0.04671 0.85103*** 
0.21506 0.26137 

0.57124*** 0.92171*** 
0.20491 1.38230*** 
0.01725 - 

0.39592*** - 
0.44285*** - 

Log-L -1250.2778 -1280.2778 -1300.7569 -1283.1792 
R-sqrd 0.0950 0.1250 0.1380 0.2096 
R2adj 0.0920 0.1231 0.1321 0.2062 
Chi-sqrd 51,7565 [8] 36.6223 [5] -  - 
AIC/N 1.925 1.928 1.921 1.754 
N 1184 1168 1184 1168 
***,**,* Statistically significant at 1%, 5%, 10% level 
Source: Author 
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Table D.2: Utilities of the base levels of all attributes in CL and RPL model 

β (mean value) CL model RPL model 
GROUP 1 GROUP 2 GROUP 1 GROUP 2 

Multinational petrol stations -0.15525*** -0.07826* -0.17120*** -0.00680 
Outside usual route -0.27396*** -0.63964*** -0.29934*** -1.01657*** 
Conventional diesel 0.11868 0.56863*** 0.10454 0.80049*** 
Price of bread unchanged 1.13379*** - 1.26000*** - 
 ***,**,* Statistically significant at 1%, 5%, 10% level  
Source:Author 
 
Table D.3: The relative importance of attributes in CL and RPL model 

Attribute CL model RPL model 
GROUP 1 GROUP 2 GROUP 1 GROUP 2 

Type of petrol station 9,57%*** 6,63%** 9,7%*** 0,42% 
Location of petrol station 16,89%*** 54,2%*** 16,96%*** 62,27%*** 
Type of diesel 12,56%*** 39,16%*** 11,2%*** 37,31%*** 
Price of bread 60,98%*** - 62,15%*** - 
 ***,**,* Statistically significant at 1%, 5%, 10% level 
Source: Author 
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Table D.4: Average willingness to pay in basic model 

WTP average (€) GROUP 1 GROUP 2 
Type of diesel 
Normal diesel 0.110 0.493 
Biodiesel 10% -0.147 -0.085 
Biodiesel 20% 0.095 -0.213 
Biodiesel 30% 0.050 -0.289 
Location of petrol station 
On usual route 0.171 0.126 
Outside usual route -0.171 -0.126 
Type of petrol station 
Small petrol stations 0.097 -0.5 
Large multinational petrol stations -0.097 0.5 
Price of bread 
Unchanged 0.613  
Increases 5% 0.014 
Increases 10% -0.158 
Increases 20% -0.471 
Total 1.10 1.17 
Source: Author 
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Table D.5: Estimation of Hybrid model for the type of petrol station                                                                                      
TYPE 

 

VARIABLES 

LOCAL PETROL STATIONS MULTINATIONAL PETROL STATIONS 

GROUP 1 GROUP 2 GROUP 1 GROUP 2 

Gender 
Male Female Male Female Male Female Male Female 

0.17** 0.12* 0.06** 0.12* -0.17** -0.12* -0.06** -0.12* 

Residence 
BCN Other BCN Other BCN Other BCN Other 

0.08* 0.21* 0.04* 0.12* -0.08* -0.21* -0.04* -0.12* 

Age 
18-29 30-59 >60 18-29 30-59 >60 18-29 30-59 >60 18-29 30-59 >60 

0.04* 0.18* 0.21 0.04* 0.10* -0.09 -0.04* -0.18* -0.21 -0.04* -0.10* 0.09 

Family members 
0-2 3 4-6 0-2 3 4-6 0-2 3 4-6 0-2 3 4-6 

0.11* 0.14* 0.21* 0.08* -0.01* 0.09 -0.11* -0.14* -0.21* -0.08* 0.01* -0.09 

Educational level 
Primary  Secondary University Primary  Secondary University Primary  Secondary University Primary  Secondary University 

0.26 0.17* 0.12* 0.17 -0.02* 0.12* -0.26 -0.17* -0.12* -0.17 0.02* -0.12* 

Employment 

situation  

Student Employed  Retired Student Employed  Retired Student Employed  Retired Student Employed  Retired 

0.03 0.16* 0.14 0.11 0.09* -0.11 -0.03 -0.16* -0.14 -0.11 -0.09* 0.11 

Income level 
<1000 1000-2500 >2500 <1000 1000-2500 >2500 <1000 1000-2500 >2500 <1000 1000-2500 >2500 

0.17 0.13* 0.22* 0.11 0.09* 0.02* -0.17 -0.13* -0.22* -0.11 -0.09* -0.02* 

Source: Author 
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Table D.6: Estimation of Hybrid model for the location of petrol station                                                                                      
LOCATION 

 

VARIABLES 

ON THE USUAL ROUTE OUTSIDE USUAL ROUTE 

GROUP 1 GROUP 2 GROUP 1 GROUP 2 

Gender 
Male Female Male Female Male Female Male Female 

0.27** 0.33** 0.59** 0.78* -0.27* -0.33* -0.59** -0.78* 

Residence 
BCN Other BCN Other BCN Other BCN Other 

0.39* 0.19* 0.74* 0.53* -0.39* -0.19* -0.74* -0.53* 

Age 
18-29 30-59 >60 18-29 30-59 >60 18-29 30-59 >60 18-29 30-59 >60 

0.19* 0.31* 0.23 0.79* 0.63* 0.39 -0.19* -0.31* -0.23 -0.79* -0.63* -0.39 

Family members 
0-2 3 4-6 0-2 3 4-6 0-2 3 4-6 0-2 3 4-6 

0.18* 0.35* 0.33* 0.58* 0.84* 0.65 -0.18* -0.35* -0.33* -0.58* -0.84* -0.65 

Educational level 
Primary  Secondary University Primary  Secondary University Primary  Secondary University Primary  Secondary University 

0.37 0.28* 0.25* 1.00 0.59* 0.63* -0.37 -0.28* -0.25* -1.00 -0.59* -0.63* 

Employment 

situation  

Student Employed  Retired Student Employed  Retired Student Employed  Retired Student Employed  Retired 

0.49 0.27* 0.21 0.67 0.67* 0.39 -0.49 -0.27* -0.21 -0.67 -0.67* -0.39 

Income level 
<1000 1000-2500 >2500 <1000 1000-2500 >2500 <1000 1000-2500 >2500 <1000 1000-2500 >2500 

0.19* 0.25* 0.43* 0.75 0.57* 0.81* -0.19* -0.25* -0.43* -0.75 0.57* -0.81* 

Source: Author 
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Table D.7: Estimation of Hybrid model for the type of fuel                                                                                               
FUEL 

 

VAR 

CONVENTIONAL DIESEL BIODIESEL MIXTURE 10% BIODIESEL MIXTURE 20% BIODIESEL MIXTURE 30% 

GROUP 1 GROUP 2 GROUP 1 GROUP 2 GROUP 1 GROUP 2 GROUP 1 GROUP 2 

Gender 
Male Female Male Female Male Female Male Female Male Female Male Female Male Female Male Female 

0.16* -0.02 0.58* -0.02 0.23* -0.51 -0.11* -0.51 0.01 0.35 -0.38* 0.35 0.06* 0.18 -0.09* 0.18 

Residence 

 

BCN Other BCN Other BCN Other BCN Other BCN Other BCN Other BCN Other BCN Other 

0.18 0.09 0.60 0.54 -0.23 -0.35 -0.14 -0.09 0.08 0.10 -0.34 -0.37 -0.03 0.16* -0.12 -0.07 

Age 
18-29 30-59 >60 18-29 30-59 >60 18-29 30-59 >60 18-29 30-59 >60 18-29 30-59 >60 18-29 30-59 >60 18-29 30-59 >60 18-29 30-59 >60 

0.18 0.10 0.13 0.91 0.36* 1.35 -0.36 -0.24 -0.46 -0.23 -0.04* -0.40 0.08 0.10 0.09 -0.54 -0.23 -0.87 0.10 0.03* 0.23 -0.15 -0.09* -0.07 

Family 

members 

0-2 3 4-6 0-2 3 4-6 0-2 3 4-6 0-2 3 4-6 0-2 3 4-6 0-2 3 4-6 0-2 3 4-6 0-2 3 4-6 

0.00 0.36 0.10 0.49 1.00 0.50 -0.28 -0.24 -0.35 -0.06 -0.29 -0.10 0.10 0.10 0.09 -0.26 -0.42 -0.40 0.17 -0.22 0.16 -0.17 -0.29 0.03 

Educat. 

level 

Prim Sec Uni Prim Sec Uni Prim Sec Uni Prim Sec Uni Prim Sec Uni Prim Sec Uni Prim Sec Uni Prim Sec Uni 

-0.03 0.05 0.20 0.08 0.80 -0.35 -0.15 -0.18 -0.38 -0.14 -0.14 -0.10 0.21 0.15 0.02 -0.09 -0.52 -0.30 -0.04 -0.02 0.15 0.15 -0.14 -0.10 

Employ. 

situation  

Stud Empl Retired Stud Empl Retired Stud Empl Retire Stud Empl Retired Stud Empl Retir Stud Empl Retir Stud Empl Retire Stud Empl Retired 

-0.13 0.15* 0.02 1.02 0.40* 1.39 -0.48 -0.26* -0.42 -0.15 -0.05* -0.57 -0.48 -0.26* -0.42 -0.63 -0.27* -0.74 0.32 0.02* 0.35 -0.24 -0.08* -0.07 

Income 

level 

<1000 10-2500 >2500 <1000 10-2500 >2500 <1000 10-2500 >2500 <1000 10-2500 >2500 <1000 10-2500 >2500 <1000 10-2500 >2500 <1000 10-2500 >2500 <1000 10-2500 >2500 

0.29 0.02 0.25 0.29 0.36* 1.41 -0.42 -0.24 -0.33 -0.42 -0.02 -0.21 0.04 0.19 -0.12 0.04 -0.27 -0.27 0.09 0.02* 0.20 0.09 -0.07 -0.08 

Source: Author 
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Table D.8: Estimation of Hybrid model for the price of bread                                                                                              
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Source: Author 
 
 

 

PRICE of 

BREAD 

 

VARIABLE 

UNCHANGED INCREASES 5% INCREASES 10% INCREASES 20% 

GROUP 1 GROUP 1 GROUP 1 GROUP 1 

Gender 
Male Female Male Female Male Female Male Female 

1.05* 1.43 0.07* -0.11 -0.25* -0.52 -0.86 -0.80 

Residence 

 

BCN Other BCN Other BCN Other BCN Other 

1.09 1.19 -0.2 0.06 -0.23 -0.38 -0.84 -0.87 

Age 
18-29 30-59 >60 18-29 30-59 >60 18-29 30-59 >60 18-29 30-59 >60 

0.97 1.18* 1.16 0.16 0.01* -0.14 -0.35 -0.27* -0.44 -0.77 -0.92 -0.59 

Family members 
0-2 3 4-6 0-2 3 4-6 0-2 3 4-6 0-2 3 4-6 

1.21 1.25 1.00 -0.04 0.10 0.04 -0.44 -0.40 -0.11 -0.72 -0.96 -0.93 

Education 

 level 

Primary Secondary University Primary Secondary University Primary Secondary University Primary Secondary University 

1.69 1.08 1.07 -0.29 -0.01 0.11 -0.49 -0.35 -0.24 -0.91 -0.72 -0.94 

Employment 

situation  

Student Employed  Retired Student Employed  Retired Student Employed  Retired Student Employed  Retired 

1.12 1.12* 1.28 -0.07 0.03* -0.02 -0.26 -0.28* -0.52 -0.79 -0.87 -0.74 

Income level 
<1000 1000-2500 >2500 <1000 1000-2500 >2500 <1000 1000-2500 >2500 <1000 1000-2500 >2500 

1.33 1.16* 0.92 0.00 -0.01* 0.09 -0.45 -0.32* -0.16 -0.89 -0.83 -0.85 
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Table D.9: Average willingness to pay among social groups 

 GROUP 1 GROUP 2 

Gender 
Male Female Male Female 
1.09 1.13 1.17 1.19 

Residence 

 

BCN Other BCN Other 
1.18 1.04 1.12 1.19 

Age 
18-29 30-59 >60 18-29 30-59 >60 
0.99 1.13 1.08 1.13 1.21 1.18 

Family members 
0-2 3 4-6 0-2 3 4-6 
1.08 1.11 1.10 1.19 1.11 1.22 

Educational level 
Primary Secondary University Primary Secondary University 

1.08 1.04 1.16 1.17 1.15 1.19 
Employment 

situation  
Student Employed Retired Student Employed Retired 

1.11 1.12 0.99 1.12 1.19 1.10 

Income level 
<1000 10-2500 >2500 <1000 10-2500 >2500 

0.93 1.10 1.15 1.09 1.18 1.19 

Source: Author 
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