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Abstract

World effort to reduce climate changes drives demand for more environmentally

friendly alternative fuels, since transport emits quarter of total greenhouse gas

emissions. For many years biofuels were main mean for achieving more green

transport. Nevertheless, there are rising concerns that some of biofuels have

negative environmental and social impacts sometimes worse than fossil fuels.

This work links European Union’s biofuels development with expansion of nat-

ural gas caused by exploitation from shale formations. We examine relation-

ship between biodiesel, natural gas and relevant commodities by using the price

transmission framework. Results indicate weak slowly increasing negative price

relation between biodiesel and natural gas. Our work finds favourable legisla-

tion for future application of natural gas vehicles. Nonetheless, we conclude

that the expansion will not be driven by exploitation of shale gas at European

Union territory.
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Abstrakt

Světové snahy sńıžit klimatické změny zvyšuj́ı poptávku po alternativńıch palivech,

které jsou šetrněǰśı k životńımu prostřed́ı, neboť doprava emituje čtvrtinu

skleńıkových plyn̊u. Po mnoho let byla biopaliva hlavńım prostředkem snižováńı

emiśı v dopravě. Nicméně objevuj́ı se názory, že některá biopaliva maj́ı neg-

ativńı socio-ekonomické dopady, někdy až zavažněǰśı než fosilńı paliva. Tato

práce spojuje vývoj biopaliv v Evropské Unii a rozmach zemńıho plynu źıskávaného

z břidlic. Práce zkoumá cenové vztah bionafty, zemńıho plynu a relevantńıch

komodit. Výsledky naznačuj́ı slabý negativńı pomalu rostoućı cenový vztah

mezi bionaftou a zemńım plynem. V práci nacháźıme př́ıznivou Evropskou

legislativu pro budoućı využit́ı vozidel poháněných zemńım plynem. Nicméně

docháźıme k závěru, že tento rozvoj nebude tažen težbou zmńıho plynu z břidlic

na územı́ Evropské Unie.
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Chapter 1

Introduction

World effort to reduce climate changes drives demand for more environmen-

tally friendly alternative fuels, since transport is one of the largest contributor

to greenhouse gas emissions. States create distribution networks and encour-

age their production through favourable regulation. The most successful are

biofuels. Many states successfully created economic environment that makes

biofuels competitive with traditional fossil fuels. Nevertheless, rush for a new

types of fuels, mainly biofuels, does not have desired results. There are rising

concerns that some of biofuels have negative environmental and social impacts

sometimes worse than fossil fuels. Biofuels are known as one of the causes

of rising food prices and they are being associated with negative impact on

engines. Furthermore, the boom of fracking has driven prices of oil products

down which makes biofuels more costly alternative. Along with other things

that is being mentioned as one of the obstacles for future development of bio-

fuels (McCarl, 2015). On the other hand, fracking brings another alternative

fuel on the market. Development of fracking enabled exploitation of gas and

oil from shale and pushed prices of natural gas down. Natural gas is sometimes

called ”transition fuel” to low carbon energy systems and it can be used in

transportation for meeting environmental targets since it burns with very low

emissions.

The purpose of this thesis is to analyse whether there is a connection be-

tween biofuels and natural gas as alternative fuel. We use various econometric

approaches to find price linkages between them and determine whether they

compete as a substitutes with use of price transmission framework. Further,

we review relevant literature and legislation to estimate future development of

both biofuels and natural gas in transportation in the European Union (EU).
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The thesis is structured into two main parts, literature review and analyt-

ical part. In the literature review chapter, we give background on production

of both biofuels and shale gas. We present their advantages and drawbacks.

Further, we review EU’s legislation and regulation connected to the biofuels

market and introduce applications of natural gas in transportation as an al-

ternative fuel. The aim of the analytical part it to examine price transmission

among group of commodities and to find possible relation between specified

biodiesel and natural gas. In the last chapter, we summarize and comment on

our findings.



Chapter 2

Literature review

2.1 Biofuels

Biofuel is a fuel derived from organic matter. It can be obtained directly from

plants or indirectly from agriculture, domestic, or industrial waste. Term bio-

fuel covers wide range of fuels from solids to gases. Nevertheless, main interest

of this work belongs to the liquid ones, ethanol and biodiesel, as they are

substantive part of transportation sector. This section focuses on the first gen-

eration biofuels, because they account for substantial part of world production

and are those that are produced from food crops. We provide introduction

to biodiesel and ethanol, state their pros and cons and policy development in

the European Union (EU) based on BABU et al. (2013), EU Biofuels Annual

2014 (USAD Foreign Agricultural Service), the Worldwatch institute (2011),

Renewable Energy Directive (RED) (2009), Rosegrant (2008), and data from

Eurostat. We finish this section with description of Fisher-Tropsch process

based on Ojeda and Rojas (2010) and Swain et al. (2011).

2.1.1 Biodiesel

Biodiesel or fatty acid methyl ester (FAME) is a representative of first gen-

eration biofuels. The first generation biofuels are those that come from food

crops, more precisely from sugarcane, starch and vegetable oils.

Both major producer and consumer of biodiesel is Europe with Germany

as a leader. Biodiesel holds approximately 80 percent of the transport biofuels

market in the EU. According to the Worldwatch Institute (2011), the EU holds

approximately 53 percent of the market share in the production of biodiesel.

The most common feedstock for biodiesel in the EU is rapeseed. It accounts for
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approximately 58 percent of a total European production followed by palm oil

that contributes with 16 percent of the production in 2013. Although the EU is

the largest biodiesel producer, EU’s production capacity is underused. In 2015,

the EU is projected to produce 11 billion litres with production capacity of 26

billion litres, i.e. 42 percent of the capacity (USAD-FAS, 2014). Abdelradi and

Serra (2015) assign the idle capacity to intensive public promotion of biofuels,

subsidized biodiesel imports from Argentina, Indonesia and the US. However,

the global increase in agricultural commodity prices raised feedstock costs and

thereby affected production as well.

Conventional biodiesel is produced by process called transesterification. The

most common form of biodiesel arises when vegetable oils are transesterified

with alcohols. The great advantage of biodiesel over ethanol is that the trans-

esterified oil (biodiesel) has similar characteristics as mineral diesel and it can

replace it without any modification of the engine. Thus, is can be blended with

fossil fuels at any proportion (BABU et al., 2013).

2.1.2 Ethanol

While biodiesel is mainly produced and consumed in Europe ethanol has pri-

macy in the world. The largest producer is the United States (US) followed by

Brazil which is the largest exporter (BABU et al., 2013). The EU is the third

largest producer of biofuels altogether, but it holds only 28 percent share in

the production of bioethanol.

The most common feedstocks for production of bioethanol are sugar, corn,

soybean and wheat. As bioethanol is the most common biofuel in transport it

is ready to replace gasoline (BABU et al., 2013). There are various blends with

gasoline. Usual blends are E10 and E15 where number stands for percentage

content of ethanol in a fuel, however, Brazil has mandatory use of 27.5 percent

bioethanol (Dezem, 2014). Policy like that has capacity to reduce greenhouse

gases (GHG) emissions, because ethanol increases octane in gasoline and im-

proves its emissions. On the other hand, it also has some drawbacks. Using

bioethanol in higher blends can damage the engine by corrosion due to its wa-

ter content. Nevertheless, there are flexible fuels vehicles (FFVs) which are

designed to burn gasoline even in E85 blends or higher. This type of vehicle is

common in Brazil and the US, however not in the EU. In Brazil, FFVs accounts

for approximately 55 percent share of total fleet and industry expects that the

share will reach 80 percent in 2020 (USAD-FAS, 2014). However, main interest
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of this work is the EU, thus we provide more detailed overview of EU regulation

in subsequent subsection.

2.1.3 EU policy development

The first regulation which launched broader development of biofuels was Direc-

tive 2003/30/EC sometimes called ”Biofuels Directive 2003.” It bound Member

States (MS) to develop national policy frameworks for biofuels development. It

also set indicative targets of 2 and 5.75 percent use of biofuels and other renew-

able fuels in transport in 2005 and 2010, respectively. Nowadays EU biofuels

market mainly depends on ambitious targets set within the EU Energy and

Climate Change Package (ECCP) (2009) through Renewable Energy Directive

2009/28/EC (RED). These targets are known as ”20-20-20” targets and define

three main objective to achieve in 2020. They are:

• A 20 percent reduction in EU greenhouse gas emissions from 1990 levels;

• A 20 percent improvement in the EU’s energy efficiency;

• Raising the share of EU energy consumption produced from renewable

resources to 20 percent.

Part of the third target is to reach minimum of 10 percent share of renewable

energy in transportation sector in all MS. The use of biofuels in transport sector

accounted for 5.4 percent in 20131. Therefore, it seems that substantial part

of the 10% share will be arranged by biofuels, broadly speaking there has to

be nearly twofold increase till 2020. Information under National Renewable

Energy Action Plans2 (NREAPs) predicts that the overall share of renewable

energy in 2020 will be 20.7 percent, i.e. even above the target (USAD-FAS,

2014). Share of renewable energy in the total energy consumption was 15

percent in 20133 which kind of confirms that prediction.

The ECCP is followed by the 2030 climate and energy policy framework. It

continues in the objectives set out in the RED. Proposed legislative requires at

least 40 percent reduction in GHG emissions in 2030 compared to level in 1990.

The objective is likely to be achieved by reducing GHG emissions 43 percent

1Eurostat: Share of renewable energy in fuel consumption of transport,”tsdcc340”, down-
loaded: March 23, 2015

2NREAPs are national policies developed by each MS to meet RED targets
3Eurostat: Share of renewable energy in gross final energy consumption,”t2020 31”, down-

loaded: March 23, 2015
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below the 2005 level in sectors covered by the EU emission trading system.

Furthermore, the framework sets targets that requires increasing both energy

efficiency and share of renewable energy in EU’s consumption to at least 27

percent in 2030. The proposed framework should ensure EU’s economy and

energy to be competitive, secure and sustainable.

The largest impact on biofuels development in EU has the Fuel Quality

Directive (FQD) (2009). It requires 6 percent reduction in GHG intensity of

the fuels used in vehicles by 2020. Nevertheless, this restriction is imposed on

whole life-cycle of the fuel and not only on the final consumption. It means

that emissions from extraction, processing and distribution are included into

calculations. Although, the reduction is likely to be achieved mainly through

intensive use of biofuels the FQD sets some restrictive criteria to ensure their

sustainability and to minimise possible externalities resulting from their pro-

duction. Directive states that GHG emission must be 35 percent lower than

from the fossil fuel they replace. This requirement is gradually increased till

60 percent threshold in 2018 for new installations. Further, the feedstocks for

biofuels cannot be grown on land with high biodiversity or high carbon stock.

Since food-based biofuels contribute to land conversion, the European Com-

mission (EC) proposed to limit amount that can be counted into 10 percent

renewable energy share in transport sector target. Only recently at the end

of April 2015, the European Parlament (EP) passed amendment to the RED

and the FQD which caps this amount to 7 percent and deals with indirect

land-use change (ILUC). The measure should arrange larger contribution to

the 10 percent target from the second and third generation biofuels which do

not require additional land. Amendment further encourages to shift produc-

tion from conventional to advanced biofuels by setting indicative target of 0.5

percent. Document also introduces incentive for renewable electricity use in

transport. Namely, multiplication by factor 5 for electricity from renewable

sources in electric road vehicles and 2.5 for rail road. However, exact threshold

for the first generation biofuels was subject of vigorous debates for past three

years. A bargaining about exact form of the regulation caused biofuels policy to

be uncertain and left the market hesitant. The European Biofuels Technology

Platform (EBTP) prepared report which seeks for crucial obstacles at Euro-

pean biofuels market. According to responses from national agencies4, they

obtained, while technological barriers are being significantly mitigated, indus-

4Questionnaires was sent to Governments, Line Ministries, Agencies and Associations
in EU28 and Energy Community Contracting Parties (EnC) in mid-2014.Feedback was re-
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try suffers mainly from aforementioned uncertainty about regulatory framework

and EU strategy for advanced biofuels at the same time. Biofuels industry also

lacks consistent approach at national level. For instance, the Parliament of

the Czech Republic currently discuss extension of amendment to the Act for

promotion of biofuels for the next five years (The Ministry of Agriculture of

the Czech Republic, 2015). It is in compliance with the RED (2009), however

the amendment mainly promotes first generation biofuels which may not be in

accordance with forthcoming amendment to RED and FQD which contrarily

restrict conventional biofuels and promote advanced ones. Hence, it will prob-

ably enforce additional amendment to Czech act. Nevertheless, the new limit

for conventional biofuels is stated in terms of energy content and even though

total last year’s consumption of the first generation biofuels accounted for 6.5

percent in the Czech Republic, their energy content represented only 5.5 per-

cent of the total consumption (Tramba, 2015). Therefore, there is possibility

to increase sales by one-quarter for producers. Although the EU’s amendment

was finally passed, incoherent actions definitely do not suit market and can

potentially deter future investments. Further, the RED introduced so called

double counting for second generation biofuels. It should have assured more

intense use of them. However, both double counting and reduced blending

mandates in some countries resulted in declining biodiesel consumption by 5

and 9 percent in 2012 and 2013, respectively (USAD-FAS, 2014). The double

counting measure is being criticised for vague definition of what can and cannot

be counted twice toward RED 10 percent target and the fact that each MS can

determine what can be counted twice.

2.1.4 Impact on food prices

While biofuels promise relatively favourable GHG emission reduction both in

life-cycle and combustion, some questions arise about impact of biofuels on

prices of food crops and consequently on eatables. Price linkages between

agricultural commodities and corresponding biofuels have been investigated by

numerous studies. For instance, Krǐstoufek et al. (2014) quantified price trans-

mission between biofuel and its respective feedstock. According to the study,

ethanol price is elastic to the corn while biodiesel is related to German diesel.

ceived from France, Netherlands, Norway, Spain, Sweden, Latvia, Germany, Greece, Hungary,
Kosovo, Macedonia, Moldova, Poland and United Kingdom.



2. Literature review 8

Further, the price transmission was changing over time with peak in 2008. The

findings are in accordance with another studies that indicate increasing pos-

itive correlation among agriculture commodities and energy prices before the

so called food crisis in 2008 (Abdelradi and Serra, 2015; Busse et al., 2012).

However, Busse found link among biodiesel, rapeseed and soy oil prices as well.

Besides, their dependence was changing over time with respect to policy devel-

opment. On the other hand, Abdelradi and Serra (2015) examined EU biofuel

market and assert that biodiesel price does not affect rapeseed price, however

it can cause instability in the market by increasing rapeseed price volatility.

Conversely, rapeseed price strongly affects biodiesel price. The study further

claims that stocks of rapeseed and euro-dollar exchange rate have positive in-

fluence on volatility in biodiesel price. They conclude that EU biofuel industry

cannot increase long run food prices.

There are various national policies to fight with food price spikes like en-

couraging imports by reducing tariffs. In the short-term price increases are

mitigated mainly by increasing available supplies. However, these measures

are constraint by both physically in terms of production and politically when,

for instance, given amount of potential food corps is used for production bio-

fuels to satisfy mandatory blends (FAO, 2014).

The largest attention gets food crisis in 2008, when food prices soared by

40 percent (Rosegrant, 2008). Practically all agricultural commodities were

affected. Rosegrant claims that one of triggers of the crisis was biofuels devel-

opment. High demand for biofuel feedstocks was offset by larger part of crops

that used to serve for food production. According to the the International Food

Policy Research Institute’s IMPACT model, increase in demand for biofuels is

estimated to have accounted for 30 percent of the price increase in case of grain.

Even larger impact is estimated to maize price. According to the model, the

increase in biofuel demand has accounted for 39, 21 and 22 percent in price in-

crease of maize, rice and wheat, respectively. While such kind of price increase

may not be serious issue in rich countries, people in developing countries could

feel it substantially, since they spent considerable portion of their income on

foodstuff. Therefore, second and third generation biofuels are being promoted

these days.
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2.1.5 Fisher-Tropsch Synthesis

With connection of the future development of the second generation biofuels

term Fisher-Tropsch synthesis (FTS) is being inflected frequently. The FTS is

a process that converts mixture of carbon monoxide and hydrogen (CO/H2 also

referred as syngas) into liquid hydrocarbons (Ojeda and Rojas 2010). Great

advantage of the FTS is that syngas can be obtained practically from every

source that contains carbon. In early days of the FTS, the major feedstock for

syngas was coal (coal-to-liquids, CTL). Thereafter, companies started to use

natural gas (gas-to-liquids, GTL) and recently, the FTS was proved to work

with biomass (biomass-to-liquids, BTL). In the context of biofuels, the BLT

process seem to be a right way of development in production of second gen-

eration biofuels. The BTL promises substantial GHG benefits, relative to the

refinery produced gasoline. Swain et al. (2011) estimate that life-cycle GHG

emissions savings from BTL range between 60 to 90 percent in comparison to

refinery. However, achievement of such benefits strongly depends on a feedstock

used. Aforementioned values refers to forest wood which has lower negative im-

pacts on biodiversity than agricultural land. For instance, feedstock like straw

and short-rotation wood are estimated to have even worse impacts than petrol,

mainly due to the estimated land use impacts. Further, they claim that GHG

emissions from the GTL are comparable to those from refinery, i.e. ±5 percent.

There is not big difference in GHG emissions from production between GLT

and BLT. The difference follows rather from the estimates of life-cycle GHG

emissions connected to feedstocks. So BLT-fuel is CO2 neutral in comparison

to fossil fuel since it only releases CO2 which was captured from the atmosphere

earlier. Further it has practically no sulphur and aromatic components which

are serious air and water pollutants. However, sulphur serves as a lubricant in

an engine. Its absence can be solved by blending synthetic fuel with biodiesel

which has low sulphur content but still good lubricity property (Swain et al.,

2011). Thus BLT-fuel is cleaner in terms of combustion than the fossil fuel,

however with a few exceptions its production has higher negative environmen-

tal impacts.

Synthetic fuel produced by using the FTS can be used in pure form or

in blend with conventional gasoline. Therefore, it directly compete with tra-

ditional oil fuels and its economic feasibility depends mainly on the price of

crude oil. Furthermore, BLT production costs greatly depend on production

scale as well. Large scale BLT plants benefit from economy of scale and the
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optimum scale of the BLT plant lies between 16,000 and 32,000 barrels per

day, according to the Swain et al. They further claim that BLT fuel is com-

petitive with oil prices around $605. Nevertheless, large initial investment for

BLT plant and highly volatile oil market make it less economically attractive.

If suitable feedstock is used, the FT conversion can be environmental effective

and can bring desired GHG savings. Therefore, it can be convenient means to

support EU’s climate change strategy and eligible for EU endowment to make

it more economically feasible.

2.2 Natural gas

In this section we provide introduction for shale gas, state its advantages and

potential drawbacks and controversies and its policy development in the EU.

Further, we describe application of natural gas as an alternative fuel. Section

is based on Nash (2010), Asche et al. (2012) The Energy study 2013 (Federal

Institute for Geosciences and Natural Resources), Erbach (2014), Short-Term

Energy and Summer Fuels Outlook (EIA, 2015), Wang et al. (2011), the Di-

rective 2014/94/EU and data from U.S. Energy Information Administration

(EIA).

Phrase ”shale gas” has been mentioned in plenty of headlines with links

to energy independence in recent years. It should be noted that shale gas is

a designation for natural gas trapped in hydrocarbon rich shale formations.

Although, it may seem like gas from shales is a new discovery at first sight,

that kind of gas reserves were known for quiet long time. Nevertheless, ex-

traction of natural gas from shale formations was economically unattractive.

Only recent advances in development of directional well drilling and hydraulic

fracturing with high natural gas prices prior to 2008 have made production of

shale gas lucrative (Nash, 2010). However, gas price plummeted in 2009. The

price drop is assigned not only to excessive supply shift, but also to overall

economic decline after 2008 financial crisis when oil and other types of energy

prices have fallen as well (Asche et al., 2012). Despite the low prices of both oil

and natural gas in recent months, production in the US is expected to grow by

5 and 1.9 percent in 2015 and 2016, respectively (EIA, 2015a). Consumption

will increase as well. The EIA predicts that US power and industrial sector

demand will increase by 11.5 and 4.9 percent in 2015, respectively. The growth

5They calculate with production costs of 15ACct/L
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in consumption of industrial customers is driven by low natural gas prices as

they take advantage of energy costs. Pioneer in shale gas production is the US

where share of shale gas on total natural gas output soared from 1 in 2000 to

40 percent in 2012 (EIA, 2015b). The share is projected to grow and the US is

predicted to become natural gas exporter before 2020. Asche claims that very

important role in the US shale gas production development had substantial de-

cline in extraction of conventional gas onshore. The decline was accompanied

by excess of inexpensive drilling capacity which made extraction from shales

even more attractive. Nevertheless, the US is not only country which has a

shale gas reserves. The EIA estimates that there are 7,299 trillion cubic feet

(tcf) of technically recoverable shale gas resources worldwide. China’s reserves

is estimated to be largest in the world of 1,115 tcf of technically recoverable

shale gas. Estimates for countries with biggest reserves are depicted in table

2.1. Even though, the table does not contain any European country, accord-

ing to the Germany’s Federal Institute for Geosciences and Natural Resources

study carried out in 2013, whole Europe is estimated to have 14 trillion m3

(approximately 500 tcf) of technically recoverable shale gas reserves. Largest

estimates are assigned to Poland and France with 148 tcf and 137 tcf, respec-

tively.

Table 2.1: Top 10 countries with technically recoverable shale gas re-
sources

Rank Country Shale gas (tcf)

1 China 1,115
2 Argentina 802
3 Algeria 707
4 U.S. 665
5 Canada 573
6 Mexico 545
7 Australia 437
8 South Africa 390
9 Russia 285
10 Brazil 245

World Total 7,299

Source: Technically Recoverable Shale Oil and Shale Gas Resources: An Assessment of

137 Shale Formations in 41 Countries Outside the United States. U.S. Energy Information

Administration. 2013.
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2.2.1 Development in the EU

As we mentioned above, Europe has relatively large shale gas reserves even

comparable to the US6. Some European countries are enthusiastic about shale

gas development. They argue for shale gas as solution to lower energy de-

pendence on Russia. These concerns had become stronger after the Ukraine

crisis. It worth mention that the EU imports 53 percent of its energy needs7.

In 2013, 10.7 tcf of natural gas was imported. It was 66 percent of total EU

consumption. Major supplier was Russia which accounts for 39 percent of im-

ported gas (Erbach, 2014). Further, combustion of natural gas produces less

CO2 emissions than burning of coal. This is a powerful argument for meet-

ing GHG emission targets set by EU, however there are some concerns about

life-cycle GHG footprint of shale gas that have to be addressed (Wang et al.,

2011). Nevertheless, there are many obstacles that have to be overcome before

commercial production can start. Opponents of shale gas warn about many

environmental risks accompanied with horizontal drilling and hydraulic frac-

turing. Hydraulic fracturing is a drilling method used to recover shale gas. It

is a process when water, sand and chemicals are injected into rock formation

under high pressure in order to break up the rock and extract gas or oil. There

are great concerns whether the mixture of water and chemicals can contami-

nate adjacent drinking water sources (Asche et al., 2012). In addition, there

are some clues that unconventional production of shale gas is connected with

earthquake occurrence. Europe is more densely populated then the US, thus

it will be much difficult to find place where drilling wells could be set up to

be both far from inhabited area and in proximity of pipeline network. Due to

many environmental hazards, numerous countries proceed with caution in shale

gas development. For instance, French government banned hydraulic fracturing

for shale gas in 2011 due to concerns about its environmental impacts. Govern-

ment cancelled exploration licences as well. President Francois Hollande (2013)

added: ”As long as I am president, there will be no exploration for shale gas

in France.” On the contrary, majority of Poles support shale gas exploitation

as well as Polish government. They promised tax exemption for shale gas ex-

traction until the end of 2020 to encourage exploration. Nevertheless, the first

attempts of drilling did not reach expectations. Furthermore, the EC started

investigation of Geological and Mining law that Polish government adjusted to

6The Energy Information Administration estimates that the US has 665 tcf of technically
recoverable shale gas reserves.

7Eurostat: Energy dependence,”tsdcc310”, downloaded: March 28, 2015
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be more favourable with respect to shale gas exploration. The EC claims that

the law violates environmental impact assessment directive. While there are

some more countries that support shale gas exploration like the United King-

dom (UK) and Romania, general stance on the EU states can be described

with words ”caution” and ”negative attitude” towards future development or

waiting for appropriate environmental and social impact studies.

2.2.2 Natural gas as an alternative fuel

Both biofeuls and natural gas are directly or indirectly in form of additives used

in transportation sector. During intensive government policies of reducing GHG

emissions both energy sources promise significant GHG savings. This section

introduces application of natural gas as an alternative fuel in transportation

sector and its possibility of reduction both costs and GHG emissions. The sec-

tion is based on Stephenson et al. (2012), Beach (2013), National Petroleum

Council (2007) and Chemlink assessment of GTL (2007).

Climate changes place us in a difficult situation when meeting of energy

needs is accompanied with reducing GHG emissions. While transportation

sector contributes nearly quarter to EU’s total GHG emissions, application of

more GHG friendly fuels is crucial in meeting environmental targets. Both

aforementioned resources have proponents which promoting their environmen-

tal friendliness.

Undoubtedly, natural gas is the ”cleanest” fossil fuel in term of combustion.

It burns cleaner and more efficiently than coal and oil. Furthermore, it is a

prominent way how to support discontinuous supply of energy from renewable

resources with easily dispatchable and scalable generators in power generating

industry. The Intergovernmental Panel on Climate Change called it a ”bridging

fuel” and experts see natural gas as a transition fuel to the low carbon energy

system (Stephenson et al., 2012).

There are variety of technologies that enables natural gas to be used in

transportation. Most commonly, natural gas is used as liquefied natural gas

(LNG) and compressed natural gas (CNG). The LNG is produced by cooling

down natural gas to approximately -150 ◦C depending on the composition of

the gas. The conversion process removes compounds such as water vapour,

CO2 and sulphur which results in purer methane that emits lower emissions

during combustion. Both CNG and LNG have lesser energy density. Therefore,



2. Literature review 14

natural gas powered vehicles require larger fuel tanks than diesel or gasoline

powered vehicles. In case of CNG, there are additional requirements on fuel

tank. It has to be capable of sustaining high pressures of fuel. Although LNG

does not require such high pressure tank, its tank has to be capable of insulation

of fuel to keep it cold. Such properties causes fuel tanks to be large and heavy

and they often fill significant space in vehicle. Thus, it is unlikely to place drive

using CNG or LNG to passenger car, since it would take up precious passenger

or a trunk space. That’s why they are mainly used in heavy and medium duty

trucks. Due to lower energy density nature of these fuels, such vehicles have

limited tank range, however they can be suitable for municipal buses and fleet

passenger vehicles in case of CNG. LNG with higher energy density than CNG

is suitable for long-haul tractor trailers (Beach, 2013). Naturally, development

of CNG and LNG vehicles has to be accompanied with development of appro-

priate filling stations.

Another way how to implement natural gas into transportation sector is

through GTL process (see FTS section). Natural gas can be converted into

gasoline or diesel hydrocarbons that are similar in terms of energy density and

can be used in common vehicle. Fuel produced through GTL process may

has properties that allow for better engine performance and potential GHG

emissions reduction (Beach, 2013). It has to be mentioned that natural gas

and biomass, as a feedstocks for the FTS, compete as direct substitutes. For

instance, US startup company Primus Green Energy, primarily specialized on

production of gasoline and jet fuel from biomass, used natural gas as a feed-

stock in low natural gas price period. The company projected that they could

be competitive till price of $65 per barrel of crude oil (LaMonica, 2012). Al-

though world price of crude oil currently oscillates around $50 per barrel, there

were only few periods of time when the price was below $65 in past decade.

Nevertheless, this estimate is conditional on cheap natural gas. According to

the National Petroleum Council (2007), GTL process requires approximately

10 thousand cubic feet (mcf) of natural gas to produce 1 barrel oil-equivalent

product output. Having todays price of $4.8 per mcf8 for natural gas, it would

result in output of $48 per barrel of oil-equivalent, so hardly competitive cur-

rently. Nevertheless, if GTL plant was made at place where natural gas is

extracted, the EIA estimates that the cost of GTL fuel would be around $25

per barrel. To achieve such price, natural gas that would be flared at oil well

otherwise, has to be used as a feedstock.

8The Energy Information Administration: Industrial price, Jan 15, 2015
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While there is a potential for reducing fuel costs in CNG and LNG systems,

total costs of shift from diesel or gasoline powered vehicles to natural gas vehi-

cles would be extensive. An average price of CNG or LNG vehicle is higher than

conventional vehicle and if we add costs of maintenance facilities, we conclude

that it is not that much economically attractive (Beach, 2013). Even though it

is costly alternative, it is a cleaner alternative and suitable for city buses and

for medium and heavy duty trucks. Therefore, again with appropriate state

support it can be applicable means for meeting environmental targets and, as

we state in following subsection, the EU reckons with it in near future.

2.2.3 EU legislation and its impact

While the EC is sceptical in exploration of shale gas, it counts with natural gas

based alternative fuels such as CNG and LNG in future. Directive 2014/94/EU

on the deployment of alternative fuels infrastructure, adopted in the fall 2014,

introduced EU’s efforts to lower GHG emission from transport and to reduce

dependence on oil. There are some principal barriers that prevent clean fuels

such as LNG, CNG, but also electricity and hydrogen from more intensive use.

Firstly, the high cost of vehicles naturally deters people from buying them.

Further, there are only few refuelling and recharging stations, because there

are few alternative vehicles. Hence there is a little incentive for customer to

buy it which causes producers to sell at high prices. It is a vicious circle and

the EC tries to correct this market failure by regulation. Directive binds MS

to develop national policy frameworks for support of alternative fuels, primar-

ily their distributional infrastructure. Document requires installation of LNG

filling station along the Trans-European Transport Network (TEN-T) with dis-

tances 400 km, the minimum tank range of LNG heavy-duty motor vehicles.

Similar requirements are placed on CNG stations. Targets are set to achieve

by 2020 and the aim of the directive is to create Europe-wide alternative fuel

station network with common standards for their design and use.

A natural gas vehicles (NGVs), vehicles with CNG or LNG drive, are not

much widespread in the EU yet. Their share among all vehicles accounted for

0.41 percent in 20149. However, development of NGVs differed significantly

across Europe in the past decade. There are countries with much larger fleets.

For instance, Italy had 885,300 NGVs which represented 2.16 percent of the

total vehicle population. For reasons we stated in previous section, NGVs

9NGVA Europe: European NGV statistics, European NGV shares in total vehicle market
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are more often used in medium and heavy duty vehicles. They account for

6.91 and 5.4 percent among municipal buses in the Netherlands and Sweden,

respectively. Gas-powered vehicles are attractive not only for its environmen-

tally friendliness, but also for prices of CNG and LNG fuels. According to the

Natural & bio Gas Vehicle Association (NGVA), average CNG price of litre of

gasoline and diesel equivalent was AC0.72 and AC0.81, i.e. 54 and 64 percent of

actual gasoline and diesel average price in the EU in 201410. It can be source of

considerable savings for company with large fleet. While NGVs still represent

only mirror portion of total vehicles on road, their numbers have been growing

rapidly in recent years. Let’s take more detailed look at the CR. According to

the Czech Gas Association (CGA), there were 8,500 NGVs on Czech road in

2014, however 2000 vehicles were added to the fleet in the same year which is

approximately 30 percent growth. Further, NGVs hold 0.83 percent share on

all new registered cars which is almost twofold increase in compared to 0.46

percent from 2013. The ČPS expects that there will be total of 9, 581 NGVs

on road in the second quarter of 2015 which means comparable growth to the

previous year. Vast majority of NGVs in the CR is represented by cars and

light duty vehicles, however subsidy of AC40 million from the Czech Ministry of

the Environment will help to replace 300 buses by CNG ones. It will increase

public transport fleet of 500 CNG buses that are already on roads. Consump-

tion of natural gas as fuel has been increasing along with the NGV fleet and

infrastructure by 50 and 36 percent in 2014 compared to 2012 and 201311, re-

spectively. The NGVA stated that the CR is on a good way to fulfil objectives

set in the Directive on alternative fuels infrastructure. The CR is not the only

one who experience boom of gas-powered vehicles and it seems that the EU’s

regulation works well. To sum up, while NGVs still represent only little share

of total amount of vehicles, there has been substantial increase both in number

of vehicles and consumption and the growth is likely to continue.

10NGVA Europe: European NGV statistics, Comparison of fuel prices in Europe
11Czech Gas Association: Statistic of NGV in the Czech Republic, 2004-2014



Chapter 3

Analytical part

In the analytical part we study relationship between biodiesel, as a most impor-

tant biofuel in the EU, relevant feedstock commodities and fossil fuels. Main

interest is to capture relationship between biodiesel and natural gas. They are

both used either directly as a fuel or indirectly in form of additives in transport.

We described several applications of natural gas as a fuel or as a feedstock in

production of synthetic fuels (GLT). Therefore, our purpose is to find price

linkage between biofuel and natural gas to support the claim that they com-

pete as as alternative fuels and potential substitutes.

3.1 Theoretical framework

Biofuel market is subject to substantial regulation in the EU. In fact, reg-

ulation creates biofuel market through indicative or mandatory targets and

corresponding incentives such as blending mandates and production subsidies.

Serra et al. (2008) described biofuel market as standard supply and demand

market with technical and regulatory barriers. They used such framework to

study nonlinear price transmission in corn-ethanol-oil price system in the US.

This framework suits the EU biofuel market well. Blending ”wall” or manda-

tory blending mandates can be assigned to regulatory constraint. It lays down

minimum quantity of biofuel that has to be placed on the market. On the other

hand, technical constraint represents production limits and technical limits of

biofuel application as a fuel. In actual fact it sets maximum quantity of biofuel

that can be put on the market. We can imagine them as vertical lines in stan-

dard economic supply and demand equilibrium model. These constraints may
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set such conditions that market equilibrium is unachievable. For example, when

price of relevant fossil fuel decreases, demand for biofuel shifts which results in

lower price and less quantity of biofuel on the market. Supply function behaves

in a similar way when price of relevant feedstock increases, which pushes bio-

fuel price up. However, technical and regulatory barriers can prevent market

from achieving new equilibrium. Price and quantity are then determined by

the barrier which results in price above the equilibrium price. Moreover, these

barriers may vary over time due to regulation changes or technical innovations.

That can cause demand and supply functions to follow nonlinear patterns in

converging to those constraints (Krǐstoufek et al., 2014). Further, they claim

that, as a cause of constraints, supply and demand functions will rather change

their shape than perform horizontal or vertical shifts like in a standard eco-

nomic framework. It is another argument for nonlinear nature of supply and

demand which leads to price dependence and co-movements among commodi-

ties.

For estimation of price dependences econometrics often uses log-log model.

Estimated coefficient than represents elasticity of one commodity to another.

However, if we consider model of prices in logarithmic form on both sides of an

equation:

logPj = α + βlogPi + υ (3.1)

Estimated coefficient β represent elasticity in form e
Pj

Pi
=

∆Pj/Pj

∆Pi/Pi

. It is not

a standard microeconomic cross-price elasticity which describes how demanded

quantity of one commodity reacts to changes in price of another one. It is

defined as eji =
∆Qdj/Qdj

∆Pi/Pi

and it gains positive and negative values which cor-

responds to their microeconomic relation, i.e. if they are gross substitutes or

gross complements, respectively. However, if we lack data on demanded quan-

tity the elasticity from log-log model serves as a good substitute. It is conve-

nient to distinguish between them since both captures different phenomenon.

Thus, we call it price transmission between commodity i and j as Krǐstoufek

et al. (2014) do. The price transmission represents how price of a commodity

j reacts to changes in price of a commodity i (Krǐstoufek et al., 2012). In fact,

they showed that price transmission is a ratio between own price elasticity of

demand and aforementioned cross price elasticity of demand for a commodity

j.
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e
Pj

Pi
=

∆Pj/Pj

∆Pi/Pi

=
∆Pj/Pj

∆Pi/Pi

×Qdi/∆Qdi

Qdi/∆Qdi

=
∆Pj/Pj

∆Qdi/Qdi

×∆Qdi/Qdi

∆Pi/Pi

=
1

ediPj

×ediPi
=
ediPi

ediPj

(3.2)

If absolute value of price transmission is less than one, then price of commodity

i - Pi reacts more to the changes in demanded quantity Qdi of commodity i than

of commodity j (Krǐstoufek et al., 2012). That is what one would expect. To

capture introduced possible nonlinearities on biofuel market, we use approach

proposed by Krǐstoufek et al. (2014). The standard log-log model is extended

by expression that capture price dependence to second order polynomial.

ePi
Pj

= α + γ1Pi + γ2P
2
i (3.3)

Therefore, the model for price transmission between two commodities that

allows for nonlinear relations is stated as follows:

logPj = α + β0logPi + +β1Pi + β2P
2
i + ε (3.4)

According to Krǐstoufek et al. (2014), proposed framework is able to control

for not only price dependence, but also for time dependence which is benefit

over standard constant elasticity approach that assume constant elasticity over

time. It enable us to analyse development of the price transmission between

desired commodities over time and connect it to certain occurrences on market.

3.2 Data description

Our dataset consists of time series of biodiesel, related fossil fuels and feedstocks

prices. Target market of this work is the EU, thus we analyse biodiesel and

closely related commodities. In a previous studies German diesel was found to

have price link with biodiesel and it is undoubtedly its close substitute. Further,

we include prices of relevant feedstocks into our dataset. Rapeseed as the most

common used feedstock for production of biodiesel in the EU and soybeans are

included. Besides, we add time series of prices of Brent crude oil and the UK

natural gas. Our dataset contains information on demanded quantity of some

of variables. they turned out to be good instruments within 2SLS estimation.

Time series range between April 2009 and January 2015. Unfortunately, our

dataset does not contain year 2008 when the food crisis occurred. Since prices
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of biodiesel are illiquid, we use weekly data for our analysis. Summary statis-

tics are enclosed in the Appendix. All series were obtained from the Thomson

Reuters Contributed Data. Summary of commodity tickers is presented in ta-

ble 3.1.

Table 3.1: Analysed commodities

Commodity Ticker Contract type

Biodiesel FAME FOB ARA spot, ARA OTC
Diesel ULSD10 spot, ARA FOB

Crude oil BRENT CRUDE JU futures, ICE
Rapeseed RAPESEED EU MA futures, MATIF
Soybeans CBT SOYBEANS MAY5 futures, CBOT

Natural gas NAT BAL PT MAY futures, ICE

It is know from previous literature that oil and gas prices and generally

series of prices of energy commodities contain unit roots, i.e. their series are

non-stationary and first-order integrated (Asche et al., 2012). Since presence

of unit root in time series can have substantial effect on statistical inference,

we test for it. If time series is found to be highly persistent , i.e. contains

unit root, cointegration analysis have to be used. However, it is convenient to

detrend the series and account for seasonal cycles first, because trending series

can be easily confused with highly persistent series. Appropriate detrending

and seasonal adjustment of the series are not common in related literature what

raises questions about their results (Krǐstoufek et al., 2014). Data filtering was

done by Stata with use of Butterworth filter. Estimated trend and seasonality

can be seen in the figure A.1 in the Appendix. We applied ADF, DF-GLS

and KPSS tests on detrended series in logarithmic form thereafter. We also

provide test statistics for original series. Null hypothesis of ADF and DF-

GLS is that time series contain unit root. Contrary, KPSS assumes series

stationary under the null. Results are depicted in table 3.2. It shows test

statistics and corresponding 5 percent critical values. They differ for original

and detrended series, because we used tests that account for linear trend in

case of original series. However, unit root is not rejected in any of original

series even though that applied tests accounted for trend. Only discrepancy

comes from KPSS statistic on original series of natural gas which does not reject

trend stationarity. The p-value is greater than 10 percent. Whereas we apply
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test on properly detrended series that was purged of seasonality, the results

are straightforward. Unit root is rejected in every series and stationarity is

not rejected in case of the ADF, DF-GLS and KPSS, respectively. Therefore,

cointegration technique can not be used and the OLS or 2SLS, alternatively, is

right approach.

Table 3.2: Tests for unit root

Original series Detrended series
ADF DF-GLS KPSS ADF DF-GLS KPSS

Biodiesel -2.167 -2.293 0.152 -5.049 -3.838 0.0167
Natural Gas -2.927 -2.727 0.116 -5.807 -3.620 0.0159

Diesel -1.002 -0.769 0.318 -6.373 -5.812 0.0167
Brent -0.616 -0.756 0.343 -6.276 -4.978 0.0177

Rapeseed -2.127 -1.845 0.192 -6.145 -2.362 0.0178
Soybean -2.316 -2.369 0.184 -6.192 -2.322 0 .0178

5% critical value -3.410 -2.872 0.146 -2.860 -1.979 0.463

Source: Author’s computations in Stata.

3.3 Econometric model

Here we present our model. The model was build on relevant literature re-

viewed in previous sections and available dataset to capture price links between

biodiesel and natural gas. Dependent variable is BiodieselPrice and it occurs

in the logarithmic form in the model. Set of explanatory variables consists of

prices of diesel, natural gas, Brent crude oil, rapeseed and soybean. According

to the section 3.1, prices occur as in the logarithmic form, level form and the

second order polynomial. Additionally we used information on demanded quan-

tity of some of commodities in the 2SLS estimation, because they turned out to

be good instruments. Variables are DieselPrice, NGasPrice, NGasV olume,

BrentPrice, BrentV olume, RapeseedPrice, RapeseedV olume, SoybeanPrice

and SoybeanV olume. The model is stated as follows:

logPBt = α +
5∑

i=1

βilogPit +
5∑

i=1

γiPit +
5∑

i=1

δiP
2
it + ut (3.5)

where PBt and Pit represents biodiesel price in time t and prices of aforemen-

tioned commodities, respectively. t corresponds to the week, thus t=1,2,...,522
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since we have observations for that number of weeks. The error term ut consti-

tutes of unobserved effects which are uncorrelated with explanatory variables.

We used various estimation methods to precisely estimate the price transmis-

sion between analysed commodities. Applied approaches are described in the

Methodology section.

3.3.1 Expectation

Based on the previous research, we expect the largest price transmission effect

between biodiesel and diesel, since they are undoubtedly the closest substi-

tutes. Certainly, strong price transmission is expected among feedstocks as

well. Again, such price links were found before (Krǐstoufek et al., 2014). How-

ever, we expect rapeseed price to have larger effect than soybean, because it

is the most common feedstock for biodiesel in the EU. The price transmission

among biodiesel, crude oil and natural gas is hard to forecast since their sep-

arated effect has not been estimated yet. We think that most of information

on crude oil is contained in diesel prices as well and if our hypothesis of price

link between natural gas and biodiesel is correct, then the price transmission

should be very low in case of crude oil.

3.4 Methodology

In this section, we present procedures that we used to properly estimate our

model. We provide description for the Prais-Winsten and the 2SLS methods.

We continue with description of the Durbin-Watson test for serial correlation

and the Hausman specification test. Section is based on Wooldridge (2009).

3.4.1 Prais-Winsten

If we find that disturbance in the model follow AR(1) process, i.e. are serially

correlated, OLS inference is no longer valid and we have to correct for it. The

Prais-Winsten method is one of few possibilities how to transform the data to

remove the serial correlation. The AR(1) model of errors can be written as

ut = %ut−1 + et, t = 1, 2, ..., n (3.6)
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where et are serially uncorrelated errors. Let consider model with a single

explanatory variable

yt = α + βxt + ut, t = 1, 2, ..., n (3.7)

where ut follows process specified in equation 3.6. Then the Prais-Winsten

method suggests to write model 3.7 for time period t − 1. Thus for t ≥ 2, we

write

yt−1 = α + βxt−1 + ut−1 (3.8)

yt = α + βxt + ut. (3.9)

We multiply first equation by % from the equation 3.6 and subtract it from

the second one afterwards. The idea is to get serially uncorrelated errors et.

yt − %yt−1 = (1− %)α + β(xt − %xt−1) + et, t ≥ 2. (3.10)

We can rewrite equation as

ỹt = (1− %)α + βx̃t + et, t ≥ 2, (3.11)

where ỹt and x̃t are so called quasi-differenced data. By application of

this procedure we lose first observation. However, that can be easily fixed

by multiplying equation 3.9 for t = 1 by (1 − %2)1/2. It using the fact that

V ar(ut) =
σ2
e

1− %2
> σ2

e = V ar(et) where | % |≤ 1. Therefore, we obtain errors

with same variation for first observation as well. The first observation looks as

ỹ1 = (1− %2)1/2α + βx̃1 + ũ1 (3.12)

where ũ1 = (1−%2)1/2u1, x̃1 = (1−%2)1/2x1 and ỹ1 = (1−%2)1/2y1. Variation

of the error in 3.12 is equal to variation of errors in 3.11, i.e. V ar(ũ1) =

(1−%2)V ar(u1) = σ2
e . If we use OLS regression on model 3.11 and add 3.12 we

obtain BLUE estimators of α and β. Prais-Winsten estimators are example of

feasible generalised least squares (FGLS) estimators. They are asymptotically

more efficient than OLS estimators when errors follow AR(1) process.
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3.4.2 Two Stage Least Squares

When one or more explanatory variables suffer from endogeneity, OLS esti-

mators are generally inefficient. The 2SLS method mitigates the endogeneity

problem and gives us consistent estimators. Source of the endogenity can be

either an omitted variable, an error-in-variables or simultaneity. Let assume

model

y1 = α + β1y2 + β2x+ u (3.13)

where variable y2 is suspected to be endogenous, i.e. suffer from one of

the mentioned problem. We call such equation structural equation. Consider

further that we have variable z which satisfies these two conditions:

Cov(z, u) = 0;

Cov(z, y2) 6= 0.

The first condition means that z is exogenous in the equation and is also

referred to as instrument exogeneity. It means that after the y2 and unobserved

effect in the error u has been controlled for, z has no partial effect on y1.

The second condition is referred to as instrument relevance. It requires that

variables have to be related in either positive or negative way, i.e. it has to

have partial effect on the endogenous variable y1 after x has been controlled

for. In other words, coefficient π1 in the following equation has to be different

from zero.

y2 = π0 + π1z + π2x+ v (3.14)

This equation is called reduced form. The 2SLS procedure then regresses

y1 on fitted values ŷ2 from OLS regression 3.14 and x, in fact ŷ2 is used as

instrument for y2. OLS estimates α̂, β̂1 and β̂2 from regression

y1 = α + β1ŷ2 + β2x+ e (3.15)

are called 2SLS estimators. The error term e = u+β1v is uncorrelated both

with ŷ2 and x. It is using the fact that suspected correlation of y2 and u is

purified in regression 3.14. The method can be extended to the case with more

endogenous variables with at least same number of exogenous variables.
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3.4.3 Tests

To decide which econometric method suits out data best, we have to apply

two crucial tests. The Durbin-Watson tests for serial correlation and we use it

to decide whether we have to correct for it with Prais-Winsten method. The

Haussman specification test helps us to decide between OLS and 2SLS, i.e. to

find out if an endogeneity is present.

The Durbin-Watson tests for AR(1) serial correlation. Its statistic (DW) is

based on the OLS residuals and it is defined as:

DW =

n∑
t=2

(ût − ût−1)2

n∑
t=2

û2t

(3.16)

The DW statistic is closely related to %̂ from regression of OLS residuals on

its lagged values.

ut = α + %ut−1 + et (3.17)

Even for small sample sizes, DW statistic is close to

DW ≈ 2(1− %̂). (3.18)

The DW distribution is derived under full set of classical linear assumptions.

Since % is predominantly positive, hypothesis are stated as follows,

H0 : % 6= 0 (3.19)

against alternative

H1 : % > 0. (3.20)

Therefore, rejection of the null hypothesis requires DW to be statistically

less than two. Since the relation to the % is only approximation, the DW statis-

tic has to be compared with two critical values dU and dL upper and lower,

respectively. If DW < dL, then we choose to reject the null in favour of alter-

native. If DW > dU , we fail to reject the null hypothesis of serial correlation.

Finally, if the DW statistic lays between upper and lower critical value, the

test is inconclusive.

The Hausman specification test directly compares estimated coefficients

from OLS and 2SLS regression and evaluates whether the differences between
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them are statistically significant. Following scheme summarizes consistency of

procedures under both hypothesis. Hypothesis are:

H0 : difference in coefficients is not systematic

H1 : difference in coefficients is systematic

H0 H1

OLS consistent & efficient inconsistent

2SLS consistent consistent

If we reject H0, we choose 2SLS. However, if we fail to reject H0, we choose

OLS since it is more efficient than 2SLS.

3.5 Results

According to the computation provided in section 3.2, the data does not contain

unit roots, thus cointegration analysis is not valid approach and we applied OLS

estimation. The Breusch-pagan test confirmed presence of heteroskedasticity

with chi-square statistic χ2 = 108.51 with p-value practically zero. There-

fore, we accounted for it by using heteroskedasticity robust standard errors.

We verified assumption about serial correlation then. The Durbin-Watson test

produced statistic DW = 1.105. Lower critical value for 1 percent significance

level is 1.691. Consequently, we concluded that our errors follow AR(1) pro-

cess and we had to use the FGLS estimation, since the usual OLS inference

is no longer valid under presence of serially correlated errors. More precisely,

we used the Prais-Winsten method that accounts for the first observation and

makes the FGLS more efficient in finite sample sizes. We estimated the model

by the 2SLS procedure and we used serial correlation robust standard errors

to account for the serial correlation. The Hausman specification test yielded

statistic 9.65 which corresponds to p-value 0.29. Thus, we chose to not reject

the H0 which means that there is not enough evidence for presence of endo-

geneity and Prais-Winsten procedure is consistent. Estimated regressions are

depicted in the Appendix. We left only significant variables in the final model.

The model meets assumptions. We accounted for time trend and seasonalities.

Serial correlation of errors is corrected by the FGLS estimation and we con-

trol for heteroskedasticity by using robust standard errors. The model is by

definition linear in parameters. The R2 = 0.2865 which means that the model

explains 29 percent of the variation in the data.
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The model predicts that largest price transmission pertains to diesel. Ac-

cording to the model, the price-dependent transmission between biodiesel and

diesel is linear and for our data on price of diesel, which ranges between $447

and $1075, the price-dependent transmission reaches almost -2 for the the high-

est prices. Estimated price transmission for soybeans and rapeseed is compa-

rable. It ranges between 0.6 and 1.3 for both commodities. The estimate for

natural gas is still statistically significant with p-value 0.036. The price trans-

mission between biodiesel and natural gas is predicted to be the lowest among

analysed commodities. However, is reaches -0.3 for higher prices of natural gas

which can be considered economically significant as well.

Figure 3.1: Estimated price-dependent price transmission with 95%
confidence boundaries

Source: Author’s computations.

Furthermore, with our model we are able to comment on development of

the price transmission over time. The figure 3.2 shows steadily growth of the

absolute value of price transmission for the biodiesel-diesel pair from 0.8 and

peaks approximately at 2 in the first half of 2011. The following years are

represented by fluctuations between values 1.5 and 2. The effect plummets

sharply at the end of 2014 when oil prices dropped. The development of the

price transmission over time among soybeans, rapeseed and biodiesel is again
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comparable. Their development can be described by three spikes in 2011, than

in summer of 2012 and last in the first half of 2014. Most of the time the price

transmission stays around value 1, however in the end of a tracked period it

substantially dropped in case of soybeans and followed by resurgence in case of

rapeseed. We present development for natural gas price transmission as well,

even thought it attains much lower magnitude. We again present it in absolute

value since the relation is estimated to be negative. The relation gradually

grows from 2009 with fluctuations around its trend. It decreases sharply in

2014 together with price of natural gas.

Figure 3.2: Development of the price transmission over time with 95%
confidence boundaries

Source: Author’s computations.

3.6 Discussion

The estimated price link between biodiesel and diesel is negative and the

strongest among analysed commodities. While we expected strong relation

within this pair, the negative price link is opposed to previous studies. The

positive relation was quantified between German biodiesel and diesel. However,

we use different time series in our work. Our dataset contains time series for

ARA biodiesel and diesel. Their prices are created by trading in three ports
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the Antwerp, the Rotterdam and the Amsterdam. It suggests that prices of

our commodities have different mutual responsiveness than German consumer

biodiesel and diesel. The price transmission represents how price of one com-

modity reacts to changes in price of another. According to results, if price of

diesel increases, the price of biodiesel decreases. Therefore, we can refer to them

as so called ”price substitutes.” Another explanation can be that commodities

in ports yield to speculations. The relation with soybeans and rapeseed price is

strong as we expected. Again, the price transmission is estimated in different

direction in case of soybeans price compared to the previous studies. However,

according to the results when price of corresponding feedstock rises, the price

of biodiesel rises as well. This is what one could expect. The price transmis-

sion between biodiesel and natural gas is the weakest one. We can still denote

is as significant. Their relation is negative similar to the diesel, however in

a much smaller size. From the figure 3.2 we see that the price transmission

gradually grows over 5 years. Since, introduction of different technologies into

transportation takes a while, the price transmission would rise gradually rather

in a long term. That is in conformity with the fact that natural gas as an al-

ternative fuel has experienced boom only recently, thus our dataset may not

capture such phenomenon so far. However, we think that as the number of

NGVs and consequently consumption of natural gas based fuels will grow, the

price link may strengthen in a long term.
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Conclusion

Biofuel industry has come long way in the past decade. Through favourable

regulation MS successfully managed to place biofuels on the market and their

consumption reached to units of percent. After years of development the vast

majority of biofuels on the market comprises of the first generation biofuels.

They were proved to have impact on food prices, besides there are concerns

that they cause more environmental damage than fossil fuel they replace. The

first generation biofuels contribute to land conversion to agricultural fields. The

impacts of production of biofuels are referred to as indirect land-use changes

and they are treated in the last legislation affecting biofuels. In effect of en-

vironmental and social impacts they have, the European Commission decided

to cap their amount that can be counted towards Renewable Energy Directive

target to 7 percent. It is sign that the EU is turning its support elsewhere.

An alternative is an advanced biofuels which use organic waste as feedstock,

however their share on the market is mirror.

On the other hand, the Directive on alternative fuels infrastructure adopted

in the fall 2014 promotes besides biofuels other alternative fuels. The aim of the

directive is to create Europe-wide alternative fuel station network with common

standards for design and use. One of involved alternative fuels is natural gas as

the cleanest fossil fuel. The Directive promotes the CNG and the LNG drive as

their are suitable for medium and heavy duty trucks and buses and can lower

greenhouse gas emissions. Although, NGVs still represent only mirror portion

of total vehicles on road, their numbers have been growing rapidly in recent

years. Natural gas is sometimes called bridging fuel to low carbon energy sys-

tem. However, whole life-cycle of a fuel has to be taken into consideration. We

reviewed relevant studies connected to impacts of shale gas exploitation. There
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are serious concerns about environmental impacts of hydraulic fracturing and

shale gas exploitation in a large scale is not likely to happen in most of the

Member States. Still natural gas from conventional extraction can serve as

alternative fuel as well and there is a plenty of it.

In the analytical part, we analyse price transmission among biodiesel, diesel,

rapeseed, soybeans, crude oil and natural gas. We found significant price link-

age between biodiesel, diesel, soybeans, rapeseed and natural gas. However,

our findings suggest different direction of the price transmission among diesel

and soybeans. We think that the difference comes from different nature of our

data. We analyse prices of ARA biodiesel and diesel. Their prices are created

by trading in three ports the Antwerp, the Rotterdam and the Amsterdam.

They are created differently than German consumer biodiesel which was used

in previous studies. According to results, if price of diesel increases, the price

of biodiesel decreases. Therefore, we can refer to them as so called ”price

substitutes.” Another explanation can be that commodities in ports yield to

speculations. The highest price transmission between biodiesel and diesel is

estimated in 2011 and contrary, the sharpest drop occurred in the second half

of 2014 when oil prices dropped. The price transmission between biodiesel and

its feedstocks is strong as well. We observe price transmission increases in 2011

and 2012 which correspond to food prices spikes in those years. The fact that

price transmission between biofuels and relevant commodities increases during

period of high prices of food is in accordance with previous studies. Further-

more, the pair biodiesel-natural gas shows gradual increase over 5 years with

sharp drop in 2014. The slow growth after 2009 can be assigned to gradually

increasing exploitation of natural gas from shales which was increasing world’s

gas production over that period. However, the magnitude is rather low. We

think that the relation should increase rather in long run, since introduction

of different technologies into transportation is long process. Moreover, natural

gas as an alternative fuel has experienced boom only recently, thus dataset may

not capture such phenomenon so far.

Thus does the shale gas revolution mean the end of biofuels? The revolution

in onshore exploitation of gas and oil from unconventional resources brought

prices of oil products down. What is mentioned as a one of the obstacles for

biofuels. However, there are plenty of others and if the EU as well as other

states want to support environmentally friendly fuels, the shale gas does not

seem to be the right way for now. Biofuels still have support in EU’s legislation

and it is no likely to completely diminish in near future, however the EU starts
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to count with other alternative fuels besides biofuels, thus their importance will

be smaller.
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Appendix A

Tables

Table A.1: Summary statistics

Variable Mean Std. Dev. Min. Max. N
BiodieselPrice 278.212 108.044 87.5 535 302
DieselPrice 840.950 162.667 447.75 1075.5 302
NGasPrice 51.77 13.645 20.1 72.38 302
NGasVolume 37316.142 17378.408 9325 94160 302
BrentPrice 97.455 18.472 50.11 126.65 302
BrentVolume 831664.036 229455.232 246497 1476185 302
RapeseedPrice 393.383 73.932 255.75 525.25 302
RapeseedVolume 14909.235 6771.067 2525 36841 302
SoybeanPrice 1264.598 206.616 885 1764.5 302
SoybeanVolume 293426.642 224660.41 401 914977 302

Source: Author’s computations in Stata.



A. Tables II

Table A.2: OLS Estimation

Variable Coefficient (Std. Err.)
log(Diesel) -3.66063† (2.07831)
log(NaturalGas) 0.37457 (0.28929)
log(Brent) 3.64236∗ (1.80789)
log(Rapeseed) 3.44126∗∗ (1.08391)
log(Soybean) -1.76576† (1.04036)
Diesel 0.00255 (0.00260)
NaturalGas -0.01668∗ (0.00680)
Brent -0.04039∗ (0.01862)
Rapeseed -0.00556∗ (0.00265)
Soybean 0.00223∗ (0.00088)
NaturalGas2 -0.00015 (0.00039)
Brent2 -0.00024 (0.00051)
Diesel2 0.00001 (0.00001)
Rapeseed2 -0.00002 (0.00002)
Soybean2 0.00000 (0.00000)
Intercept -0.00219 (0.01050)

N 302
R2 0.54935
F (15,286) 33.29298
Significance levels : † : 10% ∗ : 5% ∗∗ : 1%

Source: Author’s computations in Stata.



A. Tables III

Table A.3: 2SLS Estimation

Variable Coefficient (Std. Err.)
log(Diesel) 0.70005 (0.73333)
Diesel -0.00308 (0.00093)
Diesel2 0.00001 (0.00000)
log(NaturalGas) 0.12306 (0.30967)
log(Rapeseed) 4.04527 (1.28732)
log(Soybean) -1.97956 (1.04493)
NaturalGas -0.01013 (0.00711)
Rapeseed -0.00710 (0.00324)
Soybean 0.00239 (0.00084)
NaturalGas2 -0.00031 (0.00048)
Rapeseed2 -0.00002 (0.00002)
Soybean2 0.00000 (0.00000)
Intercept 0.00354 (0.01335)

N 302
R2 0.53658
F (12,.) 20.21911
Significance levels : † : 10% ∗ : 5% ∗∗ : 1%

Source: Author’s computations in Stata.

Table A.4: Prais-Winsten Estimation

Variable Coefficient (Std. Err.)
Diesel -0.00182∗∗ (0.00029)
NaturalGas -0.00414∗ (0.00196)
Rapeseed 0.00254∗∗ (0.00057)
Soybean 0.00078∗∗ (0.00014)
Intercept -0.00115 (0.01214)

N 302
R2 0.2865
F (4,297) 18.62163
Significance levels : † : 10% ∗ : 5% ∗∗ : 1%

Source: Author’s computations in Stata.



A. Tables IV

Figure A.1: Log-prices vs. trend and seasonality

Source: Author’s computations.
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