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Analyza Nékladi a Prinosi Biopaliv v Ceské republice

Souhrn

V poslednich letech se biopaliva stala jednim grilzh paliv v energetickém sektoru.
Ceska republika rowZ rozvinula sektor s bio palivy, a sestavila obekogsenzus o jejich
dulezitosti a vyhodach. Nicménfada ¥dci a asociaci, jako Sorda a kol., Ajanfvi
Organizace spojenych naiodro vyzivu a zergdélstvi a dalsi, vidi v této expanzi bio paliv
n¢kolik nedostatl. Z tohoto divodu cisté naklady spojené s vyuzitim bio paliv nejsou
v Ceské republice jagrstanoveny. Je zde mezera ve vyhodnoceni nélkigtinosi tohoto
pramyslu. Cilem této diplomové prace je zmirnit tutcezeru vyzkumem dopéd
ekonomického blahobytu spojeného s uzitim bionaftyioethanolu, v rozvijejicim se
pramyslu Ceské republiky se zahrnutim politiky bio paliv. Ajia naklad a ginosi byla
provedena na zakladeorie o spdtbitelském a producentskérrepytku. Tato analyza je
podpdena ekonometricky modelovanymi funkcemi poptavkyabidky vybranych bio
paliv. Vysledky tohoto vyzkumu jsou proti@tiné, nicméa je jisté, Zze vyuZiti bionafty a
bioethanolu a dotaci s nimi spojenymi, se do ekakpstatu projevilo se ztratou 9 109 mil.
K¢. Vysledky vyzkumu poukazuji na problémidlip intenzivni finagni podporou ze strany
vlady Ceské republiky v sektoru biopaliv, a zartvepozotuji na potebu nafistu
negimych metod financovani, jako jsou investice do R&Do infrastruktury.

Kli ¢éové slova: Biopaliva, bionafta, ethanol, dotadéeskéa republika, obnovitelna energie,
analyza naklatl a ginodi, regresni analyza, ceny potravin, naklady na nivptostedi,
ekonomické naklady, efekt dobrych Zivotnich podrkjrspotebitelsky gebytek, pebytek
vyrobce.



Cost Benefit Analysis of Selected Biofuels in thezéch
Republic

Summary

In the last several years biofuels became oneeoffrtin drivers of the energy sector. Czech
Republic as well developed its biofuels sector gaderal consensus on the importance of
advantages related to biofuels has been establidhedever, many researchers and
associations such as Sorda et al., Ajanovic, FaddAgriculture Organization of the United
Nations, etc. see several shortcomings of biofuelsstry expansion. Therefore, the net
costs of biofuels utilization in the Czech Repulare not clear yet. There is a gap in the
estimation of economic costs and benefits of tdestry. This thesis aims to narrow the gap
with a research on economic welfare effects of imiesel and bioethanol industry
expansion in the Czech Republic including the fadbbiofuels policies. Cost benefit
analysis was conducted with a consumer and prodawrptus theory approach based on
econometrically modeled functions of selected atfudemand and supply. The results of
the research are contradictory, however it is dlear biodiesel and bioethanol utilizations
and subsidies presence on the market result ingheconomic loss of 9.109 million CZK.
The research outcomes prove the problem of tomsetalirect financial support of the
biofuels sector in the Czech Republic and the nieedcrease indirect methods of support
such as investments in R&D and infrastructure dgwekent.

Keywords: Biofuels, biodiesel, bioethanol, subsidies, Cz&#dpublic, renewable energy
policy, cost benefit analysis, regression analysix prices, environmental costs, economic
costs, welfare effect, consumer surplus, produgess.
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1 Introduction.

In 20" century life was driven by fossil energy and emewadays fossil fuels cover
the most part of world’s energy demand. Howevergitent years, renewable energy has
become a topic of a high scientific and practio&tliest. Renewable energy sources counts
for 13% of total global energy consumption (Ho, N@uo, 2015) and include biomass,
wind, geothermal sources, sun, etc. Bioenergy potiau is one of the most developed
alternatives to fossil energy.

Several main factors provided attention to renewabhergy sources: high
dependence on limited fossil fuels and unstablenaitket, climate change problems (M.
Burkart, S. Mayfield, 2013). Firstly, there is &at tendency for more and more countries
to give high priority to the energy security andiependence. Instability in Middle East
countries influences negatively to oil market andrlds economy. Miller (2014) has
reviewed the literature and mentions that suffici@mount of the previous studies have
reported rapid oil supply ran out in the nearesuriet He as well claims that: “Simple
mathematics says that if the rate of consumptiaeeas the rate of resupply, eventually
the supply will be used up.” Therefore, severabaeshers believe that biofuels industry
development can be a chance for developed andagerglcountries to supply their energy
demand within the country and diversify export stioe.

Climate change is another significant problem thates countries to change their
energy strategies. According to Statista (2016Gyer the past decade, carbon dioxide
emissions increased by around nine billion metiitst. Asia Pacific region is a leader in
carbon dioxides emissions followed by North Ameriedl and Eurasia (Statista, 2015).

Kyoto Protocol was created in 1997 and approve200b in order to decrease the
problem of GHG (Green House Gas) emissions (Kyatimeol.com, 2015). This Protocol
set targets to decline GHG emissions for its membar average it is 5% reduction over
1990 levels and for EU the target varies from 6%8%(Capros, 2000).

In order to face Kyoto Protocol obligations andrease energy independence
countries have overall two ways: to develop altevesenergy industries or decline demand
for fossil fuel within the country by decreasingmier of transport. Now it is impossible to
remove completely all transport system, which, atiog to Leite et al. (2013), “plays a
major role in production of GHG emissions as wsllb&ing responsible for 28% of total

world primary energy consumption, mainly consisidossil fuels”. As far as the transport
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system is still one of the essential part of the kountries were forced to invest in biofuels
(green fuels) production.

The term biofuel refers to “liquid or gaseous fukgs the transport sector that are
predominantly produced from biomass” (Demirbas, 80®iofuels are produced from
biological waste and biological raw materials sashcorn, sugar cane, raps and soybean.
Most frequently analyzed biofuels are bioethanal lbindiesel. As already mentioned, green
fuels have several advantages, which may be thadkeyccessful replacement of fossil
fuels.

However, an increasing concern on biofuels sudbdihaforces researches to pay
more attention to the analysis of potentially negagnvironmental consequences, question
of food vs. fuel competition for agricultural landd economic unsustainability of some kind
of biofuels due to high prices and lack of techggl¢van Eijck et al., 2014, p 115-116).

Despite disadvantages, development of biofuels bgypme an important step to
strengthening the ecological energy strategiesratdlie world. However, production and
utilization of green fuels requires governmentahtool and development of effective
policies that may help to decrease unsustainafeetsf

Biofuels governmental policies vary from countrydountry and from region to
region depending on economic, social, environmesitalation and supply of biomass
resources (Banse et al., 2011). North, South Araaaid EU are the leading producers of
biofuels in the world, thus significant number tidies were based on the policies of these
regions.

European Union, however, have a specific struchaeinfluences the character and
forms of the policies in alternative energies agale and biofuels in particular. Each state
of EU has its own economy and industry structurat tre influenced by existing
interconnection within the European market. Europeaergy policy is closely connected
to Kyoto Protocol’'s targets and obligations. Rabati al. (2014) lists several official
directives and documents that regulate energy isattBU, such as The “Green Paper”
(2000), The Directive 2003/30/EC (2003) or The Regigle Energy Directive (RED), etc.
Implementation of EU policies may vary from membemember as each country of EU
has its own energy strategies, however all mentimare common goals they need to fulfill.

Czech Republic is a member of European Union 2004. As all the members, this

country should follow all directives and plans &f Byet it also has its own energy strategy.
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Czech Republic has one of the highest levels ai@roc development among new members
of EU, however, this country has significant prabsewith pollution. According to Numbeo
data, Czech Repuplic have high pollution index 2#9, while German is 29.2 (Numbeo,
2016). Biofuels industry was considered to havensog perspectives in Czech Republic
and government settled several programs suppdttiagndustry.

Many scientists studied the question of biomassiendsage as well as analyzed
overall efficiency of EU environmental policy imphentation in Czech Republic. Sauer et
al. (2012) conducted a research on assessmenviobremental policy implementation on
case studies of air emission from large plantssaiid waste landfilling in CR. Jehickova
and Morris (2007) have estimated effectivenessi®iGzech government policy supporting
the usage of wood waste as a fuel. Lewandowskil €2011) modeled biomass prices for
bioenergy market in Czech Republic.

Despite an existing adequate amount of studiesiomad above, there has been
insufficient amount of studies for cost benefitdmeation of biofuels industry specifically
in the Czech Republic. To the author’'s knowledgemix there were no research papers,
available in English, with the analysis of the bés@l and bioethanol utilization contribution
to the welfare of the Czech Republic. While biotuptoduction and consumption in CR
have been growing, the full cost of biofuels u#tion is not clear. It is necessary to conduct
cost benefit analysis of biofuel utilization to pose adequate recommendations for the

biofuels policies that would maximize social we#fan the Czech Republic.
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2 Thesis Aim, Objectives and Methodology.

This chapter will present the main aim of the thesbjectives that will help to
achieve it and the methodology of the research seileral research limitations.

2.1 Objectives.

Biofuels industry is rapidly developing in the franof new energetic and
environmental strategies around the world. The E&&public is not the exception. Czech
government implemented wide programs of financhegltiofuels sector expansion. Despite
several researches done on the topic of biofudlsarCzech Republic, there is still a gap in
the estimation of economic costs and benefits@ifridustry. This thesis aims to narrow the
gap with a research on economic welfare effecthefbiodiesel and bioethanol industry
expansion in the Czech Republic including the faofdiofuels policies.

The research questions of this thesis are:

* What are the economic costs and benefits of bietliasd bioethanol
utilization in the Czech Republic;

* How these costs and benefits ratio contributebeontelfare of the country.
The aim will be fulfilled by accomplishing of thesesearch objectives:

* Examine the concept of biofuels and their main benand shortcomings.

» Identify main factors of biofuels supply and demand

» Examine the existing world practice of policiesmofuel industry including
European Union.

» Study and compare the existing policy on biofuelshie Czech Republic to
the overall best practice biofuel policies in EU.

» Calculate producer and consumer surplus and tatiihie effect of biodiesel
and bioethanol utilization in the Czech Republic.

* Propose recommendations on increasing the effigiehbiofuels policy in
the Czech Republic based on results gained fromberefit analysis.
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2.2 Methodology.

According to Holland (2012), cost benefit analysisjects and policies in general
helps to provide information to answer several tjaoesdepending on the time framework
chosen for the analysis:

* Ex-ante scale. Is or will the activity be worthvé#ll Here the decisions are
taken on what project to choose, if it is a prdiigato invest in the particular
project (policy), etc.

* Ex-post scale. Was the project (policy) worthwhild@re the activity is
evaluated based on existing statistics and results.

Massiani (2015) divides existing approaches toctb&t benefit analysis into three

main groups:

1. Forecastswhich are made by creation of simplified market eled

2. Simulation scenarios modeighich Massiani mainly uses for his research. This
group deals with comparison of different modele@nsecios of resources
allocation.

3. Evaluation of the outcomeEhis group goes along with the ex-post classifarati
mention above. The analysis of cost and benefitsasle based on the real
observations of existing market or project.

The literature review shows that one of the mostuspproach to the cost benefit
analysis is simulation scenarios, where authorsotqyredict and evaluate the outcomes of
activities and compare two or more scenarios (MassR015; Santamaria et al., 2015;
Thengane et al., 2014). There are several autvbisuse ex-post analysis (Bell et al., 2011;
Lu et al., 2012; Tol, 2012;) and those, who comb&eenarios approach and ex-post
evaluation (Gao et al., 201Btgller et al., 2014). This thesis aims to evaluate tlomemic
welfare effects of the biodiesel and bioethanolstdy expansion in the Czech Republic,
therefore the best approach is considered to bexfpost analysis, based on real industry

statistical data.

In the frame of outcomes evaluation, there arers¢papers and books that connect
the cost benefit analysis with the consumer andyrer surpluses. Dreze and Stern (1987)

as well as Campbell and Brown (2012) mention tHevesce of the welfare analysis
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(consumer and producer surplus) and cost-benddlysis. Puget Sound Regional Council
Report (2009) presents the cost benefit analysiggubie surplus theory, however, they
mention only consumer surplus and do not analyeeptioducer surplus. Miron (2009)

names the cost benefit analysis is a key applicaifahe consumer and producer surplus

theory.

The author of this thesis agrees with a tight cotioe between the welfare
estimation and cost benefit analysis as this coatiain allows building the wider picture of
outcomes. Therefore, the methodology of this papdouilt on the ex-post evaluation
analysis using the theory of consumer and produagiuses. In general, the methodological

framework of this thesis looks as follows:

1. Research and building of the theoretical framewarkbiofuels industry in the
Czech Republic.

2. Comparative analysis of the biofuel policies irfeliént countries.

3. Building economic and econometric models (Leastsgmethods) to estimate
the production and consumption functions of theli@sel and bioethanol in the
Czech Republic.

4. Plotting the curves of supply and demand for biselieend bioethanol in the
Czech Republic using real data of December 201drghsons.

5. Estimating the consumer and producer surplusesanfidsel and bioethanol

industry and the subsidies influence on the totfave of the country.

In the first part of the research there were methafdsecondary research used, the
gathering of scientific literature and the analysis published data connected to the
development of the biofuels industry, its main digibns and characteristics. Closer

attention was paid to the analysis of bioethandllaodiesel main characteristics.

Further based on available scientific source thearbanefits and shortcomings of
the biofuels were analyzed. This analysis helpedbwdd theoretical basis for the
understanding of costs and benefits of biofuel$ization. Furthermore, comparative
analysis of the benefits and challenges of firsiegation and second generation biofuels was

made.
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The analysis of the main factors influencing demamd supply of biofuels was made
in order to provide information for the settlemeitthe econometric model of bioethanol
and biodiesel demand and supply in the Czech Republ

Next step was to examine the world practice oftloéuel policies to build a picture
of the most used methods and instruments of suppdrtontrol biofuels market. The Czech
Republic biofuel policy was also examined in ortierbuild the picture of the current
situation on the market and main factors influegdiofuels from the government side. The
policy was compared to the main world practicesis Tdnalysis was utilized to create
recommendations after the estimation of the ecooomslfare effect of bioethanol and
biodiesel utilization in the Czech Repubilic.

Subsidies effects to the consumer and producerdusugnd total welfare were
illustrated and explained in the theoretical fraragkn order to understand the mechanisms
and apply them to the estimated model of biodiesel bioethanol supply and demand
curves in the Czech Republic.

In order to answer the research questions the eweinc model of biodiesel
production and consumption was constructed. Tls¢ $ilep was identification of the main
explanatory variables that will be included in thegressions, based on theoretical
background. The main factors of supply are thegpoicbiodiesel and bioethanol (CZK per
ton), amount of subsidies in million CZK (as itisnsidered to be a very significant factor),
rapeseed and sugar beet prices in CZK per tono&s of production). Main consumption
factors are biodiesel and bioethanol price (CZKtpn}, average salary (CZK), NAFTA and
gasoline prices in CZK per ton (as substitute gji@nd blending obligations of biodiesel
and bioethanol in %.

The second step was the data mining, which wagectgahg due to the low market
transparency. The data was gained on a monthlg bash January 2010 to December 2014,
overall 60 observations. The main sources usedlda mining were Czech Statistical
Office, Czech Ministry of Industry and Trade, ThenMtry of Agriculture of the Czech
Republic and web-source Kurzy.cz.

The stationarity of time-series was tested with Augmented Dickey-Fuller unit
root test using Gretl Software. The test showed #taost all time-series were non-

stationary; accordingly, the data had to be modifiehe author has chosen the method of
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seasonal dummy variables, as it showed better ntpdgity, than first-differences method
and logarithms introductiorGranger and Newbold, 1974; Woolbridge, 2009

After the data was modified, it was possible toldtine basic econometric model,
where the author introduced main variables-factufrroduction and consumption of
biodiesel and bioethanol in the Czech market. Befanning the regression the model was
modified again due to multicollinearity betweenraag obligations (BIObl) variable and
fossil fuels price (FFPr) variable.

Methodology literature review showed that many atghrecommend to use two
steps least square method while building supplyderdand curves instead of simple least
square method. This is explained by the existinguganeous relationship between supply
and demand functions, thus the separate estimataynlead to biased result$ames and
Singh, 1978; Majerus, 1982; Epple and McCallum,22@0n, 2011; Liu, 2011)

When the final functions of production and consuoptvere built, it was necessary
to run the verification tests on normality of stital error, the presence of heteroscedasticity
and autocorrelation. Parameter significance wasddsy the p-value criteria.

In order to plot the supply and demand functionbiotliesel and bioethanol in the
Czech Republic, the real observation data (Decen20d”d) we put to the estimated
functions of selected biofuels production and comstion. The producer and consumer
surpluses we calculated using graphical and mattieshanethods. The subsidy was
introduced to the model via assumption based orr@éhkobservations. The cost benefit
analysis was held comparing the changes in consameérproducer surpluses and the
government spending connected to the subsidieehibdiesel and bioethanol market of

the Czech Republic.

2.3 Research Limitations.
The main challenge of this research is low trarepae of biofuel industry in general

and in the Czech Republic particularly. Europeaniobnhave implemented several
Directives and laws on biofuels industries in membeuntries, however informational
support on the industry is very poor. The probldriow information availability results in
limitations with data that was gained for this pautar research.

Data set for the regression analysis was limite@Ganonthly periodswhich is
enough to build the model, however the quality leé tmodel could be better with the

extension of the data set.
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3 Literature review
3.1Biofuels Industry: Main Definitions and Characteristics.

This chapter will provide analysis on the basicdiofuel industry, presenting the
main definitions and characteristics as well asoali discussion on benefits and challenges
of biofuels implementation. Author presents charid statistical evidence on the positive
and negative influence of biofuel industry expansieurthermore, the analysis of the
industry supply chain allows making conclusionstba main determinants of biofuels
supply and demand. There will be made the comparamalysis of the biofuel policies in

the main players of the market and the analysitee®fCzech Republic biofuel policy.

3.1.1 Industry development history.
Historically bioenergy was the first type of ener@yailable to people. They have

used wood to warm their houses, to cook and latex &uel for the transport. Plant and
vegetable oils also have a long history of develepm

In the early 18 century vegetable fats and oils were used foeslighting and house
warming. Next century was rich for the inventiorssthere was the first alcohol engine
created by Samuel Morey in as well as Otto-cyclevingpon ethanol by Nicholaus Otto
(Kolb, 2014).

Bioethanol as a fuel was used long time beforeopeim. However, particularly in
U.S., bioethanol had no opportunity to become ¢laeling fuel due to spirits tax imposed by
the government in 1860 to finance the Civil Wartsd&olb, 2014). After the war period
Henry Ford promoted bioethanol as a fuel for adtical machinery and vegetable oils as a
transport fuel were introduced by Diesel (Goldergb2014).

In 1930s around 30 industrial countries (tropicalitries and EU) implemented
blending obligations or tax subsidies to maintaofuels industry. Brazil with a long history
of sugarcane bioethanol development and in 193@seg minimal obligatory blending
requirements of 5% (Goldemberg, 2014).

In 1973 many countries oil-importers realized thiair foreign debt increased
heavily due to oil shock. It became critical to lr@conomy to develop technologies that
will allow to decrease the dependence on impoffossil fuels. After oil prices recovery
governments did not pay enough attention to biopudicies and programs maintenance,

which resulted in production decline. During thatipd analysts were predicting the rising
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importance of sustainable fuel and advised to ooetresearch and development processes
not only because of economic, but also environnieetsons.
Figure 1 Global biofuel production, billion liters 2000-2012

80 -+
US bioethanol
70 -+ US biodiesel
W Brazil bioethanol
®0 7w Brazil biodiesel
llisgy: (1 OECD Europe bioethanaol
-« OECD Europe biodiesel
—40 ~ Other bicethanol
o .
= W Other bodiesel
=30
20 +
10
0 T T T 1 T 1
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Source: European Parliamentary Research Servids, 20

In the 2% century biofuel industry may be seen as a pagtaifal bioenergy industry.
Figure 1 illustrates a rapid growth of biofuels gwotion in the world, which, according to
some analysts, is connected to introduction of isligss into this sector. It can can be seen
that US is still a leader in biofuels industry, remgr Europe shows significant increase
especially in biodiesel production.

Total world production of biofuels in 2013 counttat 120 billion liters, which
covered about 3.5% of international transport fdemand (OECD/IEA, 2013). EU
bioethanol production in 2014 is estimated at 5IBob liters (GAIN Report, 2015)
According to some forecasts by 2050, bioethanollandiesel would be the dominant fuels

to power passenger cars and heavy vehicles. (Gaig €015).

3.1.2 Biofuels definition and types.
One of the most widespread definitions of biofualshe literature presents it as a

liquid or gaseous transport fuel predominantly mafdeiomass and created to supplement
petroleum-based fuels. (Demirbas, 2008; Bouchat.e2014; Ho et al., 2014; Speight and
Radovanovic, 2015; etc.) In biofuels industry biesiasually stands for biological material
that was derived from a living organism as wellfrasn plants. (Biomass Energy Center,
2011). Biomass is currently the only renewable $é@tk material to produce liquid fuel.

There are several types of biofuels, accordincheokind of biomass that is used for the
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production, according to the technology of produttor according to the form of the
biofuel.

According to the technology and biomass used ferptoduction, biofuels can be
divided into three main groups: first generatioofbels, second generation and third
generation (see Figure 2). Important fact is that gtructure, functions and properties of
biofuels do not change on the way from the firghi third generation. The evolution is in
the sources that are used to produce biof@&dmsmgere V. et al., 2011

First generation biofuels (1G) are made of biontesssed from food crops. These
biofuels are mainly derived from sugar, starchjreiifats and vegetable oil. The main
sources for the first generation biofuels are staya, wheat, corn, soybeans, rapeseed, palm
oil and sugar beet. As can be seen from the Figufiest generation biofuels can be liquid
— bioethanol, biodiesel, vegetable oils and bi@ethgaseous biofuels — biogas and syngas;
and solid biofuels. 1G biofuels are well-known anmtlely used as the technology of
production allowed to put them to mass market (Stred., 2008).

Figure 2 Classification of biofuels
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Second generation biofuels (2G) or "improved bitsfueare derived using new
technologies from non-food sources: certain tydespecially grown energy crops, waste
and food waste timber. The final product (eg, deflic bioethanol) in their physical
properties is the same as that produced by thenodmdpy of the first generation, but the
product 2G is considered more acceptable in tefragstainable development. A new trend
is the use of bioenergy feedstock algae (see Figur&nergy output processing of algal
biomass is considered to be superior to any otbarfood raw materials. Other second
generation biofuels are cellulosic ethanol, biolgen, biomethanol, mixed alcohols, wood
diesel, etc.

Several commercial plants producing 2G biofuelsay exist in US mostly also in
China, Germany, Sweden, etc. However, overall prtdu is still very low comparing to
the 1G biofuels and to the goals that were setaftvanced biofuels. For example, in the
United States the Environmental Protection AgeidA) had to decrease mandates for 2g
biofuels usage production every year since 201€e&d of the planned 1.75 billion gallons
in 2014 there were used only 17 million gallon&)d (Huenteler et al., 2014).

Despite the fact that analytics predict the dombeaaof advanced biofuels in the
future and agree that 1G biofuels have limited capdo replace fossil fuels, for today
volumes of 1G biofuels production increase. Takingconsideration that it will take
significant amount of time for advanced biofuels dapture the market (with existing
capacity, prices and technologies), it will belstdluable to concentrate analysis on 1G

biofuels.

3.1.2.1 Bioethanol.
General definition of bioethanol is “ethanol proddcfrom vegetative biomass

through fermentation” (Guo et al., 2015). It is on@ant to distinguish the difference
between ethanol and bioethanol as these two fuelsalavays mistakenly accepted as
synonyms. Both of them are alcohol based fuels,gvewthere are significant differences
in the production technology.

Ethanol, which is produced in large amounts aratedvorld (mostly South Africa
and Saudi Arabia), is a petroleum product. It islenhy the hydrolysis of ethylene (ethylene
+ H20), a major petrochemical (Tamers, 2006). Patro-derived ethanol (synthetic
ethanol) is a widely used industrial solvent and laa considerable variety of other

applications. The only, but significant differenlbetween ethanol and bioethanol is that
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synthetic ethanol comes from fossil raw materiald bioethanol is derived as a result of
vegetative biomass fermentation. (Tamers, 2006at T why only bioethanol can be
considered as a renewable green fuel.

On the Figure 3 it can be seen that sugar-basedhaiool production is easier, than
starch-based production. In the first case bioethenderived directly by the process of
fermentation using several species of yeast. Thet miolespread feedstock used to produce
bioethanol around the world and particularly in &e for today is corn (Ho et al., 2014),
(European Renewable Ethanol, 2015). Fermentatiorstarfch-based biomass is more
complicated, because starch should firstly be Hydeal to fermentable sugars by enzymes.
(Lin, Tanaka, 2006). Starch-based production is emenergy demanding and more
expensive.

Figure 3 Bioethanol production process.
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Source: GNS Science, 2009; own computation.

In 2014 total world bioethanol production was 245#0lions gallons which is
around 773,7 million tons (Renewable Fuels AssantGlobal fuel bioethanol production
had grown for 7% as a result of declined productiosts: good corn and sugarcane harvests
and significant decline of crude oil prices. Acaagito the REN21 (2015) the United States
produced around 58% of all bioethanol, followed Brazil (28%), China (3%), Canada
(2%), and Thailand (1%); the European Union accedifibr 6% of global production, led
by France and Germany.

Bioethanol can be used directly as a fuel or bldnaligh petrol. E85 which stands
for 51-83% of bioethanol depending of the regiod amather conditions and can be used

only in flexible fuel vehicles. Intermediate blensisch as E20 and E30 contain 20% and
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30% of bioethanol respectively. E10 and E15 are-liemded fuels and usually are not
considered as a an alternative fuels (Alternativel$-Data Center, 2014). All of these blends
allow to decrease the side effects of fossil enasgy For example, Ho et al., (2014) mention
that E10 alone reduces the usage of petroleunttodécreases GHG emissions for 2% and
cuts fossil energy use for 3%.

3.1.2.2 Biodiesel.
In order understand what is biodiesel, it is nemgsto mention diesel definition.

Diesel is a liquid hydrocarbon fuel produced foretrpleum by fractional distillation (Guo
et al., 2015). Fractional distillation is a procesmixture (crude oil) separation into different
components (fractions). One of crude olil fractiadiesel oil (BBC, 2014).

On the contrast, biodiesel is a yellow liquid fdetived from biomass (vegetable oill,
animal fats, algal lipids or waste) by the techgglof transesterification (Guo et al., 2015).
Production process of biodiesel is illustrated loé Figure 4. The main purpose of the
transesterification is to lower viscosity of thege¢able oil. It allows transforming the large
molecule structure of vegetable oils to straighicttired molecules that can be used in the
typical diesel engines (Demirbas, 2008). It cansken that during the production of
biodiesel there are also side products such asswodgch can be removed by the washing
a drying process and then reused.

Figure 4 Biodiesel production process.
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Source: Guo et al. (2015); own composition.

24



As well as bioethanol, biodiesel is also blendegroportions with diesel fuel. The
most frequent blends are B100 (pure biodiesel), 226 biodiesel, 80% petroleum diesel),
B5 (5% biodiesel, 95% petroleum diesel) and B2 (@#%diesel, 98% petroleum diesel)
(Alternative Fuels Data Center, 2014). Pure biagiean be used in all vehicles that work
on diesel; however, there are some limitationshenémperature conditions.

In general, biodiesel production uses mainly oretagle oils of rapeseed in Europe
and soybeans in United States and Brazil and palimlodonesia. China also uses different
side products such as used cooking oils and arfiat®l REN21 (2015) sites that world
production of biodiesel increased 13% to 30 billldres. Europe in 2014 was the leader
producer of biodiesel and counted for 39% of atideesel production and showed a 9%
growth comparing to 2013 (REN21, 2015). The Uni&dtes count for 16% of the world
total, Brazil and Germany together — for 11%, Inekia — 10%, and Argentina — 9.7%
(REN21, 2015).

To summarize, bioethanol and biodiesel are the osest biofuels around the world
according to statistics. The high speed of indudgyelopment was due to the oil crisis in
1970s and increased government support during 2@Déspite the fact thatsland 2¢
generation biofuels industry show growth, there @m®ues that should be taken in
consideration while building the strategy of deypahent.

3.1.3 Benefits and challenges of biofuels.
Bioethanol and biodiesel of all mentioned generstidhave advantages and

disadvantages that stimulate new research profectseate cheaper and more effective
renewable fuels that can be used worldwide. Tableigtrates most common benefits and
challenges of % and 29 generation biofuels that are discussed among titierand
policymakers.

One of the reason why first generation biofuelsk®iis growing is that there is already a
well-known production technologly.is less time- and other resources consumingiiiol la
new factory or expand the existing one. Advanceduiels consume more investments in
the implementation of the complicated technology.éxample, Leite et al. (2013) mentions
difficulties connected to the harvesting of algadl anicroalgal cultures that are used as non-
food biomass material for 2G biofuels productioheTask is challenging because these
micro pieces can not be reached as easily as comegmtable oil plants, as well as the fact

that algals are very thin therefore the procedsaoiesting should be very gentle.
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The second benefit of 1G biofuels grows from thetiomed first reason. If there is
already a clear technology of production, then potidn costs are lower and more
production facilities can be build. This stimulaté® growth ofcommercial useMany
advanced biofuels are now on the pilot stage amaatr produced commercially due to high
production costs. Despite that there are alreadgragfactories around the world that started
to produce 2G biofuels, the production amount séthains very low comparing to 1G
industry and it will take time to develop the marke

Table 1 Benefits and challenges comparison analys$ 1G and 2G biofuels

Benefits 1G 2G
well-known technology + -
commercial use + +-
can be price competitive to petroleum +/- -
decreases GHG emissions +/- +
renewable raw materials + +
rural development + +
reduce dependence on fossil fuels + +
third countries development + +
uses non food biomass - +

Challenges 1G 2G
land and crops demanding technology + -
food prices correlation + -
high government support needed + +
emissions decrease may be eleminated + -
massive water usage + +/-
new difficult technology - +
low rate of commercial use - +
not price competitive with petroleum| -/+ +

Source:Leite et al. (2013), Ajanovic (2011), Abdelaziz &t(2013), Bellof et. al (2014), own composition.
The question obiofuels’ price competitivenessgith petroleum is widely discussed

among economists. Biofuelsforeurope.eu (2015)eréport “Competitiveness: Biofuels vs
Petroleum-based fuels” mention that advanced biefaan be competitive to fossil fuels
only with technology development, large scale pobidun and oil price around 60-170 USD
per barrel. Further more, they write that at a loprece of 60USD per barrel competitiveness
is possible only for 1G biofuels in a perspectiv020-2030. Other researchers, such as
Ajanovic (2011), Abdelaziz et. al (2013), Bellof. etl (2014) concluded that overall
according to production cost scenarid$ generation biofuels are planned to be more
competitive than St generation biofuels. Stephen et al. (2012) coreclingit “in order for
second-generation bioethanol to compete with §esteration bioethanol, large cost

reductions must occur in a number of areas, inndne capital and operational costs of
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most of the units” within technological chain. Ret&#end of dramatic decline of crude oll
price, which now costs around 23-24 USD per b@Blelomberg, January 2015), rises many
guestions on how the competitiveness of biofuelsbeiinfluenced.

Greenhouse gas emissions reductisrconsidered as one of the most important
strategic reasons of biofuels industry developmbtany researchers (Sims et al., 2008;
Eijck et al., 2014; Burkart and Mayfield, 2013; @het al., 2014; Raboni et al., 2015; and
others) mention the potential of biofuels to redGt¢G emissions.

Figure 5 shows evidence on the positive (to sormengxinfluence of different
feedstock biofuels to carbon intensity decline carmyg to fossil fuels usage. Biofuels
produced from waste (UCO, MSWOF, tallow and mangrew the best positive results
(Raboni et al., 2015). Piroli et al.(2015) menttawo main channels through which the use
of biofuels may reduce CO2 emissions:

1. Fuel substitution effecthis effect occurs when fossil fuel is replacgdinfuels on
different markets.

2. Consumption effectGreenhouse gas emissions may be reduced if pnoease
caused by biofuels leads to a decrease in theudtgial commodity demand for food
and feed. CO2 absorbed by crops dedicated to fedded production is not isolated
because people and livestock eat and release Gli(et al., 2015).

Figure 5 Carbon intensity of biofuels resulting fran different feedstock and technology,
compared to traditional fossil fuels.
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Source: Raboni et al., 2015

However, on the figure it can be seen that sewmofiels such as biodiesel made of
oilseed rape and soy and corn, sugar cane biodtdanmt show significant deduction of
the carbon intensity in comparison to gasolineseliand natural gas. For example, some of
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the most toxic pollutants (e.g. benzene, 1, 3-bate] toluene, xylene) decrease when using
bioethanol, others (e.g. formaldehyde, acetaldehyei®xyacetyl nitrate) increase (Raboni
et al., 2015).

This insufficient reduction in GHG emissions by hiGfuels are connected to several
reasons: the usage of fossil fuels and fertiliziensng production cycle of biomass, energy
usage and emissions from the industrial convergimtess, emissions from the final
combustion of the liquid fuel (Sims et al., 2008).

Indirect land usage change also provokes GHG eomssncrease (Sims et al., 2008;
Piroli et al., 2015). Several papers prove dirdtece of increased biofuels feedstock
production to deforestation rate and resultingellease of carbon from forest soil and peat
layers (HLPE, 2008; Havlik et al., 2011; Ciaiarakt 2013; Achten et al., 2013; and others).
Some research show that the amount of GHG emis§fiomsdeforestation may be larger
than the benefits of reduction caused by biofusts HLPE (2008) have used a worldwide
agricultural model to estimate from land use chaageconcluded that “corn-based ethanol,
instead of producing a 20% savings, nearly douiplesnhouse emissions over 30 years and
increases greenhouse gases for 167 years. Bidfapisswitchgrass, if grown on U.S. corn
lands, increase emissions by 50%".

Green paradox is another channel through whichublsf can increase GHG
emissions (Sinn, 2008). Biofuel industry developtream shift gasoline supply curve to the
right as “owners of non-renewable resources wobguathe rate of capital gains on these
resources and thus are motivated to extract ttaaks of oil more rapidly in order to convert
a larger portion of their wealth into cash and secpit as financial capital” write de Gorter
and Drebik (2011). The shift of supply curve progska decline of world gasoline prices,
which then results in higher rates of consumptiod higher GHG emissions (Piroli et al.,
2015).

First generation biofuels made of feedstock in@ehs demand for energy crops
and increase their price. As a result the sameakaim green paradox works for the farmers’
reaction to higher crop prices. Farmers are matvdb accelerate sales by increasing
harvests. They start to use more fertilizers, denagobpping, etc, which may as well increase
greenhouse gases emissions (Piroli et al., 2015).

Although overall net change of GHG emissions dubitduels introduction is still

not clear, Piroli et al. (2015) conducted an ecoeipital research, where they estimated the
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impact of the increase in biofuels production on2@&missions. Economists concluded that
in a medium and long-run period (1961-2009) bicduatgely reduce world CO2 emissions
level, however they admit that in a short run emiss may increase temporally.

One of the most important benefits of 2G biofuatsnparing to 1G isusage of
nonfood biomassRecently there have been significant amount dfatks risen about
correlation between first generation biofuels depeient and food prices increasing
(Cobuloglu et al., 2015; Sexton et al., 2008; Déawsret al., 2009; Ciaian and Kans 2011;
Bolognini, 2015; von Braun, 2008). Global organiaas, such as IMF and World Bank state
that biofuels largely contribute to food commoditiprices growth. According to IMF
estimations around 70% of the increase in corneprand 40% of the increase in soybean
prices were provoked by the growing demand forusts; and World Bank argues that up
to 75% of the food prices growth was due to biogypatevelopment (Ciaian and Kancs,
2011). World Bank report is based on survey of fgpoites from 2002 and 2008 and
estimates that higher fertilizers and energy prpresoked an increase of food prices only
for 15%, while biofuels expansion resulted in adapcrease of 75% (Chakrabortty, 2008).

At the same time there are several researches wimotdconfirm the direct impact
of biofuels expansion to the food prices growtlghsas Ajanovic (2011), who writes that
for now no significant impact of bioenergy prodoctito feedstock prices can be confirmed
and co-existence of biofuels and food productigoissible, especially for the 2G and other
advanced biofuels. Similarly, European CommissiiiDg) states that “the European Union
currently uses less than 1% of its cereal prododtbanake bioethanol. This is a drop in the
ocean. It uses two-thirds of its rapeseed cropakeiodiesel, but in fact European rapeseed
production accounts for about 2% of global oilsdechand’

There is a strong reasoning laying under theseeros®f rapid food prices growth.
As the demand for food is in general inelastic,tiast vulnerable parts of society, such as
people with very low income are considered to bé&athighest risk. Von Braun (2008)
explains the connection between low-income grodgseople and biofuels industry: poor
people are impacted by biofuels as consumers af &ow energy, as farmers producing
agricultural commodities, and as workers in labarkets. From one hand, the increase in
food prices will give a chance to poor farmersamgbut from another, the majority of poor
people, who are the consumers, will have to redheeconsumption and change their

nutrition (von Braun, 2008). As biofuels remain omiethe main strategy for reducing
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dependence on fossil fuels and improving envirortaiesituation, policymakers should also

pay significant attention to the food security diggss and protection of vulnerable groups
of population, therefore the question of biofuelkerin food security should be as clear as
possible.

Despite mentioned possible negative impact of leisfio poor people, there is an
opinion that biofuels can also help developing ¢oes. According to Eijck et al. (2014)
investing in feedstock production industry develemtnmay become a solid basis for profit
on the growing biomass market inside and outsideldping country as well as for new
generation biofuels production when technologiesobee available. However, for now
there is low probability thateveloping countriesill be able to reach the level of technology
development and investments needed for a large ba#biels production, especially second
generation.

To summarize, first generation biofuels were ainedolve problems of highest
priority for the nations: dependence of fossil fuahd decrease of ecological pollution.
Opinions on the positive and negative influenc&®fbiofuels expansion has been differed
with time and debates are still active. The fuktsoand benefits of biofuels utilization are
still unclear, yet the level of the world 1G bioksiproduction is growing. In order to estimate
costs and welfare effects to maximum possible |evas important to understand main
factors that build demand and supply of biofuelg@meral and specifically in the Czech

Republic.

3.1.4Main factors of biofuels supply and demand.
Identification of the main builders of demand ang@y of the bioethanol and the

biodiesel have crucial importance in the analy$ithe market effects. Estimation of those
effects is possible by economic and econometricattiod, therefore factors that determine
demand and supply of biofuels should be clearledtaefore introduction to the model.
Factors influencing demand.
Price of biofuelsThis factor has an opposite influence on biofugmadnd as the
higher is the price the less people will be ablafford using it.
Income.Income will have a direct impact to the biofuelsissamption. The higher
income is the more people will be able to switchitduels consumption from petrol/diesel.
Policies on biofuels consumption stimulati@overnments are motivated to increase

the demand of biofuels as it will go along with ithgustainability and strategic energy
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programs. The main instrument influencing consuampis blending obligations. This is
obligatory percentage of biofuels mixed with fogagls. This obligations tent to increase
with time and vary from country to country, for exale, Czech Republic has obligatory
4.1% for bioethanol and 6% for biodiesel (Sims, PO0and Russia does not have any
obligatory blending requirements.

Price of substituteThis factor is one of the main problem for thefbbe market as
biofuels are considered to be uncompetitive toifdgsls. There is a positive correlation
between price of petroleum and diesel and demanblidéuels: the cheaper is the gasoline
the lower is biofuels consumption. Accordingly, gavments are trying to solve this
problem with different policies influencing the paction costs of biofuels aiming to
decrease the final price and make biofuels morepetitive. This question was significantly
important in past three decades and had becomemesncrucial with the new oil prices
dramatic decline that started in 2014.

Number of cars using biodiesel and bioethaiibis factor has a positive correlation
with biofuels consumption as the more there cargh wengines adapted to
bioethanol/biodiesel, the hire will be the biofuaiensumption. Car producers now
manufacture flex-fuel vehicles (FFVs) that can ps&ol and biofuel blends, particularly
E85. According to U.S. Energy Information Admington database (2015) number of
alternative fuel cars in United States is slowlgr@asing from 128.66 millions in 2012 to
128.97 millions in 2015.

Population levelhas also positive correlation with the demand arfuels. The
higher is the population level, potentially the mavill be the consumption of biofuels.

Factors influencing supply.
Theoretically, there are several main factors thedvily influence supply of the

product or commodity:

- Price of the produccommodity). There is a direct relation betweelcgof a
product and supply as the higher will be the prusteris paribus, the more
producers will be willing to sell the product.

- Cost of productiorfdepend on production cost structure). Costsmitilnave an
influence to the profitability of the supplier: thégher are the production costs

the less will be the profitability (ceteris paribuk means that less producers will
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be willing to use their limited resource for thelustry with low profitability,
they will prefer to switch to more profitable areas

- Technological improvement§his factor has direct influence on supply as it is
connected to the production costs. The more updatdte technology the less
costly will be the production, therefore it may rease productivity and/or
profitability and attract new suppliers to the nmetrkThis factor is significant
when the technology is already implemented to tmarnercial use.

- Government policiedncrease in taxation and/or decrease in subsglipport
will negatively influence the quantity of supplypdavice versa lower taxation
and/or subsidies in the industry will rise profitaip and increase supply.

Biofuel prices tend to have a long term correlatioth oil prices and energy crops
prices according to the research of MerkushevaRaqmsomanikis (2014). They conclude
that there is a relationship: according to estioretioil market acts like a dominant in a pair
bioethanol-oil prices with bioethanol price adjastito the trend that is determined by oil
prices. This may be explained by the fact thatgnerops depend on oil prices heavily and
at the same time are one of the main factors ifubie economy.

Ajanovic and Haas (2010) write that the most inficiag factors onbiofuels
production costsre feedstock costs, investment costs, fixed anidile O&M (operating
and maintenancejosts, distribution and retail costs and policiestaxes and subsidies.
Biofuel and petroleum has some similar componemt&imction in the supply chain, but
unlike petroleum, biofuels have different structufer example, petroleum is gained from
point sources (drill shafts) and as high-energysderiquid can be carried over a long
distance with minimum transport costs; at the sime biofuel is made of biomass which
is located on wide areas, depends on season amde®gignificant collection and transport
costs (Yue et al., 2014).

Prices of feedstocksave high volatility due to many factors thatufhce their level:
harvest, fertilizers costs, oil prices, land costher capital costs. There is different data on
the most used feedstock for bioethanol and bioteseind the world. It depends on the
agricultural portfolio of each region and tradingusture among countries. For U.S.
bioethanol remains the main used liquid biofuelerdéiore one of the main factors
influencing the supply of biofuel is corn (Sordakt 2010). European union produces more

biodiesel than bioethanol, therefore the main fafdoEU will be rapeseed. Meanwhile for
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the bioethanol production EU uses mainly maizewahédat (ePure, 2015). Czech Republic
in particular concentrates also on biodiesel pradndFAME) where the main feedstock is
rapeseed, meanwhile the sugar beet is the domemengy crop for bioethanol production
(EAGRI, 2014).. According to the data of AgriculiiMinistry of the Czech Republic
(EAGRI, 2014) in 2013 there was produced around3.@#busand tons of bioethanol and
80,9 thousand tons were made of sugar beet. Thendemost widespread source for
bioethanol in Czech Rebublic is corn (EAGRI, 2014).

Festel et al. (2014) mentions that overall produrcttosts of biofuels can decline
with time as there is an economy of scale effedtaagain of experience tachnologysage.
There are many R&D programs on the European andtges level that finance
technological development of 2G and other advarumetuels production. Despite first
generation biofuels still dominate the market, miaghnological financing goes to advanced
biofuels therefore 1G biofuels R&D is stagnating #@nmeans that for now this factor has
lower influence to the biofuels supply increase.

Government policiemfluencing supply of biofuels mainly concentratetaxes and
subsidies (Thuijl and Deurwaarder, 2006; Wieserghal., 2009; Sorda et al., 2010; Linares
and Perez-Arriaga, 2013; Marousek et al., 2015; athers). Sarda et al. (2010) also
mentions more specific government interventionsieduels production chain with support
of feedstock crops, labor, capital and land as aslimport tariffs that protect national
biofuel producers.

It can be seen that biofuels demand and supplefeeted by many factors that
sometimes can have correlation between each @nerof the main specifics of the market
is that the price, which in theory should be onéhefmain important factors, tent to be less
important on biofuels market because of a very Bigsidies that provide competitiveness
to petroleum and diesel. The current trend of didgs decline has a significant negative
effect on the subsidies power.

Biofuels were invented to serve main purposes ofassing dependence of fossil
fuels, providing energy security and increasing@&gioal and social sustainability. Historic
development of the biofuels industry revealed bigmehd challenges that world is facing
with green fuels expansion. Biofuels significangdlifficult to overestimate. This industry
allowed starting a way to sustainable liquid fusttwill be available worldwide. Main

players of the market such as United States, Br&zitopean Union and others create
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programs to maintain the expansion of green funelastry. Yet, despite all existing positive
effects, there are significant debates risen orgtlestion of the main biofuels’ side effects
such as pressure on food prices, high subsidiesaarnidcentives, decrease of expected rate
of GHG emissions reduction, etc. Some of theselenob will be solved by commercial
implementation of advanced biofuels. However, uthg world production of second
generation biofuels will be sufficient, there shiblle effective and transparent policies
controlling 1G biofuels (as the most wide spreadill green fuel) and aiming to decrease
negative side effects of this industry. Leadingrdaes producing and using biofuels have
a long track of alternative energy policies inchglbiofuels programs. There are as well
benefits and challenges that countries are faaimigpg implementation of biofuels policies,

therefore it is crucial for main players to consittee sharing of policies best practices.

3.2 World Biofuel Policies: Example of United State, Brazil and European Union.
This part presentsomparativeanalysis of the biofuels policies of the main dos

and regions producing green fuel: United StateaziBrEuropean Union in general and the
case study of biofuels market and biofuels politthe Czech Republic.

3.2.1 Main aims and challenges of biofuel policies.

Energy sector is one of the most important strategmponents of each country.
Alternative energy sector grows very rapidly andflels market in particular. Developed
countries have longer history of biofuels poligiesgrams development, however, more and
more developing countries put biofuels to the nhiginof aims.

Biofuel policies have three main objectives of grégel promotion:

1. The need talecrease dependenon scares and expensive fossil fuels.

2. Improve the environmental situation dgcreasing GHG emissioriespecially

by the pressure of the Kyoto Protocol agreements).

3. Agricultural and rural development

Another important policy objective that is connecte biofuels promotion is the
control of resource allocatioan the biofuels market (FAO, 2008). In the caseoohpletely
free market conditions with no governmental regakabn the biofuels market, there is high
possibility that resource allocation would not Imefavor of green fuel industry. Low
efficiency, high costs and lack of competitivenfiss of all would force farmers to switch

to more profitable agricultural production of footbps, the same would happen with the
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final user, who would prefer to consume petroleurdiesel instead of expensive biofuels.
Yet as the biofuels industry is important for deyed countries (developing countries also
increase attention to it) governments have to aueinto the market and use instruments to
reallocate resources.

Building and implementing policies on biofuels metrks a challenging task for the
government. This market is characterized by lowndparency, tight connections to
agricultural market, low efficiency and high cosied other significant challenges.
Therefore, policymakers should work on two direasiofrom one hand, the government
should use available instruments to promote anéldp\green fuel industry; from another
hand, policymakers should work on eliminating ocréasing the negative effects of the
industry.

There are several kinds of policy instruments #ratused on different stages of the
biofuels production supply chain. Figure 6 représempport instruments that are usually
used by the government during main stages of ptauand consumption. Land, fertilizers,
water and energy are the main input resourcesekample, fertilizers are one of the most
expensive inputs, accordingly government providdssilies to fertilizer producers in order
to decrease the final price of the input. Governnagso can provide discounted tariffs for
water and electricity usage for the farmers, pratyenergy crops as well as to biofuel
producers.

Agricultural subsidies are well-known direct instrent that is used by majority of
the countries. Farmers, who are producing the tangeluct (in case of 1G biofuels it is
energy crops), got subsidies to cover part of tbests. This instrument becomes a major
stimulus for the farmers to switch from food crapguction to energy crop production.

Farm income support is usually a number of diregtnpents to farmers and their
partners that is provided if the farm is followingrtain conditions: producing beneficial
product, follows rules of sustainable productiomvides target volumes of production, etc.
(Australian Government, Department of AgricultuneldNatural Resources, 2014).

Governments use strong trading instruments to prbiefuels industry on the stage
of production as well as on the stage of the fimatiuct. Despite the fact that most developed
countries are now members of trading organizatisnsh as WTO and the rules of those
organizations significantly limit the use of prdieaist instruments, governments still use
tariffs to protect their agriculture and biofuet®r (FAO, 2008).
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Figure 6 Types of Support Along Biofuels Supply Chia
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Tax incentives, tax credits and exemptions are algely used instruments of
biofuels industry support. These instruments arectkd to the consumers of biofuels as
they stimulate to use biofuels as an alternatieé fliax credits give the possibility to deduct
specific amount from the tax payment in case ofillinlg approved target in biofuels
consumptionlfivestopedia2016).

Blending obligations set up minimum quantitativega share that the producers of
the final fuel should add to their final product Already mentioned in the second chapter,

there is a wide variety of biofuel blends on the'ke#t bioethanol from 85% to 10% share
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and biodiesel from 100% to 2% share. Each coumttyy $p blending obligations according
to the biofuels policy goals and confirms these daées by legislation. In the European
Union each member should follow the common targétdending shares.

Subsidies effects

Figure 7 illustrates the effect of production sdlgsin the total welfare. It can be seen
that the amount of the subsidy (Z) increases tfee®fe producer price, therefore the supply
curve shifts to the right with an increase of qitgrgupplied (Dorward, 2009). Subsidy
implementation results in consumer surplus incréaapezoid “abef” on the Figure 7) and
producer surplus increase (trapezoid “dcba” onFilgere 7). These increases in consumer
and producer surpluses are covered by the growitieigovernment expenditures connected

to the subsidy implementation (rectangular “dcef”).

Figure 7 Subsidies effect on the welfare
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Source: Dorward, 2009

It can be seen on the Figure 7 that the area adrgovent expenditures is higher than
the areas of producer and consumer surplus incréagedifference is in the area “bce”,
which represents the deadweight loss — the netoaenloss of the country (Dorward,
2009). This theoretical example can be also apptigte biofuels market, where subsidies
are used as the main instrument of production eagament.

Economists argue that the best sustainable waypjoost biofuels industry is solving
structural problems, such as financing research deeklopment processes, supporting
infrastructure development, etc. and direct insents such should be removed (Sorda et al,
2010; Poonyth et al., 2004).
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Food and Agriculture Organization of the United iNi@as$ in its report “THE STATE
OF FOOD AND AGRICULTURE. BIOFUELS: prospects, risksd opportunities” (2008)
publishes a research, which aimed to estimateftbet ©f direct biofuel policies elimination
in OECD' and other countries. Figure 8 illustrates the et (for 2013-2017) influence
of liquidation of direct biofuels policy methods Ibaoethanol production and consumption

levels in different countries and regions.

Figure 8 Total impact of removing trade-distorting biofuel policies for bioethanol,
average for 2013-2017
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It can be seen that the largest decrease of bioatlcansumption will occur in the
European Union (as the government support in #gibn is one of the highest among all
members) and in the United States. Brazil in contvall increase bioethanol production
(sugarcane bioethanol) as this industry is veryetigped and has relatively high efficiency.
Overall world consumption and production of bio@tblawill decrease for around 14 billion

litres.

1 OECD stands for the Organization for Economic @eration and Development, which aims to encourage
sustainable policies to improve economic and soemll-being around the world. In 2015 there were 34
countries — members registered. (OECD, 2016).
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Figure 9 Total impact of removing trade-distorting biofuel policies for biodiesel,
average for 2013-2017
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Figure 9 summarizes the results of direct suppartubls policies for biodiesel
industry. The decline in production and consumptisnalso significant due to high
dependence of this industry on subsidies. The EaopJnion will suffer the most as its
biofuels industry concentrates mainly on biodiggeduction.

The results of FAO research show that biofuels strguaccording to their prediction
is not ready for the elimination of direct suppimam the government and is too dependent
on it. On the other side, keeping the biofuels @eon continuous financing does not
contribute to the industry cost-efficiency. Theh®sld be a reasonable mix of direct and
indirect instruments for the biofuel policies. Cakrcountries tent to use the same most
popular instruments, yet there are sometimes sugnif differences in their structure. In
order to build a clear picture of benefits and mdéties of the biofuel policies it is important
to examine the real examples of their implementaiio main regions and countries-

producers.

3.2.2 Biofuels policies in the United States, Brazil anthe European Union.
Brazil, United States and Europe have common reasmndeveloping biofuels
policies. Long historical track of biofuels industievelopment and rapid growth of the

industry in last three decades require balancedy @nd consistent policies to promote and
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control biofuels expansion. Table 2 shows real glamof the instruments of biofuels
policy that are used in the United States, Brazd the European Union. The majority of
authors mainly mention direct monetary instrumeotsthe analysis. This leads to the

conclusion that non-monetary indirect instrumemgsused rarely among countries.

Brazil.
Majority of authors (FAO, 2008; Sorda et al., 2016hnson, 2015) point out Brazil

as a country with the most developed and succepsfidy of biofuels commercialization
and promotion track. Intensive biofuels developmsatted in 1970, when the oil crisis
revealed shortcomings of oil dependence. Histdyi&azil concentrated on the production
of bioethanol from sugarcane rather than biodig®ak of the first documents regulating
biofuels market development was National Ethanabglam Protocol (Pro Alcool),
introduced in 1975 (De Moraes, Undated). Natiomalgpam on bioethanol development
aimed to promote the use of alternative fuel anapadharket for the massive bioethanol
production. Therefore, government also made an iitapb strategic step of making an
agreement with main car producers for developingaaket for modified vehicles long
before the technology of flexi-fuel vehicles wasgented (Sorda et al., 2010).

Implemented subsidies aimed to support target drofvthe bioethanol industry for
temporary period. However, after the second oisisrthe government had to prolong
subsidizing. Deregulation policy was implementezhfrthe beginning of 1990s aiming to
support commercialization of ethanol industry: sdies were illuminated. This step had a
negative influence on the bioethanol productiorelgyet, the problem was partly solved by
introduction of blending obligations of 20-22% fdf petrol distributed around the country,
later blending mandates were risen up to 25-27%(F2008).

Brazilian bioethanol was estimated as one of thsetmpoce-competitive biofuels on
the world market (around $US 37) and its compeditess remains even with oil price of
$US 42 per barrel (de Almeida’s et al., 2007), whitould be important with the recent
rapid depreciation of oil. Sorda et al. (2010) utide that such low price exists because of
relatively low production costs, which are possiieause of developed and cheap resource
base of sugarcane and the fact that governmengpbsiuduring infant stage allowed to save
money for large investments to the research andldement of the industry.

Despite the policy of liberalization, Brazilian ggmment applied tax exemptions

and tax incentives for ethanol industry (Table #@iethanol fuel has lower federal duties
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(22% comparing to 47% for gasoline), VAT for bicatiol is 36% (for gasoline — 50%) and
there is no excise tax for bioethanol fuel (de Abhaeet al., 2007; Sorda et al., 2010; Johnson,
2015).

Biodiesel industry based on soybean, on the contambioethanol liberalization
policy, is supported by subsidies as infant industhere are also significant tax incentives
and exemptions from 73% up to 100% (Barros, 20BG6nvernment as well uses imposed
import tariff of 14% to protect biodiesel producéBarros, 2014). Furthermore, in order to
assure the target production levels the governmoeganizes auctions where it buys given
guantities of produced biodiesel.

Overall Brazilian policy on biofuels may be consebkas successful. Government
supported bioethanol industry during its early depment and after liberalization created
favorable conditions for the growth using directlamdirect methods (such as encouraging
business networks among farmers). However, Stattehal. (2013) write about several
shortcomings of bioethanol policy such as: singtgpdocus that had a negative influence
on agricultural diversification or dominance ofgaragribusiness companies and exclusion
of small farmers from the production process. Tésearch shows that there a lot of similar
approaches between bioethanol and biodiesel pdiiatythe latter has faster development
speed and there are chances that government valblleenot to repeat the mistakes.

The United States of America.

This country as well as Brazil concentrated maioythe bioethanol production
based on corn. Main documents regulating the biofu@ustry are:Renewable Fuel
Standard (2010), Energy Independent and Security(Z@07) (Sorda et al., 2010). U.S.
implemented financial encouragement programs #feefirst oil crisis as well as did Brazil.
There was tax exemption for bioethanol blendedsfi€0% of petrol excise (FAO, 2008).
Later the government created a Volumetric Ethaxolde Tax Credit (VEETC), which gave
51% of tax credit for each (even imported) 3,78&r4 (1 gallon) and later was extended for
biodiesel giving a credit of $US 1 per 3,875 lit€tgyallon) (Sorda et al, 2010).

Government also used the instrument of blendinggatbns to promote the
production and consumption of the bioethanol. Adeay to FAO (2008), mandates firstly
were imposed in 2005 by the Energy Policy Act arehévable Fuels Standard for the
content of 28,4 billion liters (7,5 billion gallonby 2012. These blending obligations were
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extended to 34 billion liters (9 billion gallons) 2008 and to 136,3 billion liters (36 billion

gallons) by 2022 (FAO, 2008).

Table 2 Main Instruments of Biofuels policies in USBrazil, EU.

Countries/ United States Brazil European Union
Elements Bioethanol | Biodiesel | Bioethanol | Biodiesel Bioethanol | Biodiesel
UUET Corn soy bean| sugarcane| soy bean S Lo rapeseed
feedstock y 9 y cereals P
Energy Policy Act (2005),| National Ethanol Program DIEENES ADUEENIEC,
2003/96/EC, 98/70/EC,
: Renewable Fuel Standar Protocol, Agroenergy :
Controlling . S : Common Agricultural
(2010), Energy Policy Guidelines, National :
programs . - Policy, Renewable Energ
Independent and Security Program on Biodiesel L
Act (2007) Production and Usage DIEGVE (NED),
20/20/2020 Package
. subsidized ag for energy crops on set-
Subsidies TEBEY el - cz?\ncelled infant aside areas, 45 EUR /
local level in 90s .
industry hectare
Anti-
0, 0,
Tariffs ARIOEL - - 14% dumping BELE
valorem 3 valorem
duties
federal
: Ta>§ 15 EEalEEE - duties 22%, for the feedstock producers
incentives producers VAT 36%
Tax no excise
: - - tax for 73%-100% | for the feedstock producers
exemptions bioethanol
1 USD$
0,
Tax Credits B per ol per 3,785 - -
liters .
liters
Voluntary, | Voluntary,
Blending 34 billion liters by 2008, =0 . for ex. for ex.
obligations 136,26 billion by 2022 AV 2R Germany Germany
2,8% 4,4%
grants for auctions production quotas, quotas
infrastructure where based on GHG emissions
Other . :
instruments development - - government | saving, grants for capital
project of E85 buys given costs of feedstock
production guantities production
Non-market education programs for _Sp_eC|aI programs fo_r education programs for
. building business relations
instruments farmers for farmers farmers

Source: FAO, 2088; Sorda et al., 2010; Linares.e2@13; Barros, 2014; own composition.

As far as American bioethanol has cheaper impompsiitors (e.g. Brazil), the
government imposed import system of tariffs: adxerin duty of 2,5% and a tariff of $US
0,54 per each 3,785 liters (Kowplow and Steenlii@08). Important is that the U.S.

government mixed import tariffs with blending olaigpns, because even when the
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producers are protected from the foreign competittbey still have to compete against
substitutes on the national market.

As it can be seen from the Table 2, USA have a widssidies instrument for the
national and local level. There are subsidies lierfeedstock producers, subsidies for the
production-related capital, as well as output-exlasubsidies that are directly paid to
producers for target amounts of bioethanol productiThere is also a wide system of
subsidies for research and development, for thesldpment of the infrastructure and
support of flexi-fuel vehicles (FFV) market devetognt (FAO, 2008).

In general, the U.S. biofuels policy tents to hdke widest set of multi-level
monetary instruments such as subsidies, tax exengptincentives and credits imposed on
national and local levels. The policy is criticizémt the enormous spending (around 16
billion $US yearly), which is stagnating the conifpetness of the national biofuels industry
(Kowplow and Steenblik, 2008; Sorda et al., 20IBe government also uses non-monetary
methods for biofuel industry maintenance such asa&tbnal programs for farmers. Overall,
biofuels policy portfolio should be extended by widset of indirect methods and
simultaneously constricted by the decrease of naopgtackage. These steps will provide
balance and build the solid basis for the industdgpendence.

European Union.

Biofuels policy was established in EU in 2003 ahd main aim was to decrease
GHG emissions. On the contrary to Brazil and th®.JJEuropean Union biofuel industry is
mainly based on the biodiesel production from rapds Bioethanol industry has lower
levels of production and the main feedstock it use&®rn and cereals (FAO, 2008).

Active promotion of biofuels in Europe started frahme Directive 2003/30/EC,
which set voluntary targets for member states off@@biofuels content by 2005, 5,75% -
by 2010 and 10% fulfilled by 2020 (Sorda et al.uBuignon, 2015). Member states were
free to set their own targets within national eeemd biofuel policies, for example
Germany settled targets of 4,4% for the biodiesatent and 2,2% for bioethanol content.

Several countries imposed tax exemptions and taentives for feedstock
producers. According to the common EU policy, staambers should get the allowances
for the tax exemptions given to the farmers (vanijlfland Deurwaarder, 2006 ).
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Most of EU state members use tariff instrumentsptotect national biodiesel
producers. Import tariffs are introduced for thes¥iBavored Natiofl§MFN) and are 6,5%
ad valorem duty (see Table 2) for biodiesel (Sadal., 2008). EU also introduced anti-
dumping duties for the bioethanol imported from th&., Indonesia and Argentina (Flach
et al., 2014).

Common Agricultural Policy@QAP) played an important role in the biofuels industry
development. One of the main reforms was assigalioyt 95% of set-aside land for crop
feedstocks (Sorda et al., 2008). Those areas ysdallnot suit for food agricultural
production, therefore government created an oppitytéor farmers to use this land for the
energy cops. There were several subsidies progragmsiuced in a frame of CAP, mainly
for the feedstock producers using set-aside l[abBdEWUR per hectare (FAO, 2008).

Biofuels also get indirect support from Europeatigoes on rural development as
well as through user incentives. There are seeshatational programs for farmers as well
as grants for capital costs coverage in case ifdtmer decides to start biofuels feedstock
production (FAO, 2008). User incentives give carieductions and free parking for eco-
friendly vehicles and FFV, this instrument succelgfvorks in Sweden (Wiesenthal et al.,
2009).

Linares et al. (2013) mention three main problefriSuwopean biofuels policy. One
of them is large amount of regulating documentslanki of harmonization between them.
This problem complicates creation of clear poli@esnational levels. Researchers rise the
question of goals settlement: whether biofuel itgugrowth should be equal for all member
states or there should be correlation with theadpction capacities. Another question is
customer preferences. The research from Germarweshthat most part of the consumers
prefer to buy low-blended fuel because they areeored about the engine safety and about
negative environmental impact of 1G biofuels dekee by mass media. Low
competitiveness is also mentioned as one of themyajoblems, as the industry has
significant monetary support from the governments.

To summarize, as well as other countries, Eurojp#aan member states use many
monetary supporting instruments with much lower antaf indirect methods. European
Union have created significant legal base contrglibiofuels industry development,

2 According to WTO Wto.org), MFN means that “every time a country lowersaalé barrier or opens up a
market, it has to do so for the same goods oraesvrom all its trading partners — whether rictpoor,
weak or strong”. https://www.wto.org/english/thewsdwhatis_e/tif_e/fact2_e.htm
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however the system of those documents is comptiGated not clear for the implementation
in member states. This is a challenging task tatera harmonized policy along all member
states and it should become one of the main aintiseolist. Until the policy on biofuels will
grow to regional level from the local one and vl able to bring clear common goals, it
will be hard to develop sustainable biofuel indystr

3.2.3 Biofuel policies in the Czech Republic.

The Czech Republic as well as other countriesamépseveral energetic challenges
that are connected to the use of fossil fuels. Qe main is heavy dependence on the
import of crude oil and petroleum. Czech Repubéis b developed transport system and it
consumes around two-thirds of all oil used in toargry (IEA, 2014). The most used
transport fuel is diesel due to its comparativedowrice as a result of tax benefits from
government. The Czech Republic has a wide tradatgark and its geographical location
in the center of Europe and accession to the Earopmion provide significant increase in
the level of heavy good vehicles resulting in higiemand for diesel (IEA, 2014). Figure
10 presents the structure of oil demand by sectecofhomy and it can be seen that transport
demand has been increasing considerably from 198btihhe simultaneous shrinking of
industry oil demand.

Figure 10 Oil Consumption by Sector in the Czech Ramiblic, 1973 - 2011
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Source: IEA.org, Energy Supply Security, Czech Repud014
International Energy Agency estimates that more 8626 of all oil demand of the

Czech Republic is met by imports from such coustee Russia, Azerbaijan and Kirgizia
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(IEA, 2014). Therefore, this import dependence esuxial strategic problem for the Czech
Republic.

Another important goal for the Czech Republic egyesgctor is sustainable
development. The Czech Republic, as well as othentcies, has obligations for the GHG
emissions decrease and is trying to find effectivays to fulfil this goal. Taking in
consideration that the main demand for oil now doas the transport sector, biofuels are
one of the key ways to decrease the risk of engeggndence, increase self-sufficiency and
decrease ecological negative effects of fossikfudlization.

According to the Ministry of Agriculture of the Cde Republic (2014), biofuels
market of the country is mainly based on the biselioroduced from the rapeseed.
Bioethanol presents lower share of the market aqptaduced mainly from sugar beet and
corn.

Jurik (2015) writes that he first steps for complefbel policy were made in the
beginning of 1990s with the program “Oleoprogramvhich aimed to support the
development of the biodiesel from rapeseed oil g€sapd oil methyl esters RME).
“Oleoprogram” introduced financial support in tloerh of low or zero interest loans for the
production startups. This program build a solidd&s the RME production growth in the
Czech Republic: from 5 600 tons in 1993 to 2760 tm 1997 (Czech Statistical Office,
2012).

The entrance to the European Union in 2004 brosgmificant challenges for the
biofuels policy of the Czech Republic as well as dther new member countries. The
majority of the problems were connected to the tadegm of legal base to the European
standards. Furthermore, Europe had higher enviratah@éequirements and the Czech
Republic had to make costly investments in the kbgveent of new technologies and
fostering biofuel market. Czech biofuels market waanted additional opportunities of
support for the transition period connected to Btk entrance until 2006 (van Thuijl and
Deurwaarder, 2006). In 2004 tax incentives wenm®diced in a form of lower excise duties
for the fuel blends with biodiesel.

The Czech Republic followed aims of the main Direxg of The European Union
on biofuels policy, but there were main Documeht tvere created on the local level in a
frame of environmental and energy policies. The fane is Act N 86/2002, which main aim

was to foster the air protection (Mikulasova, 20T%)e second is Decree N 229/2004, which
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was created to control import of biofuels to thee€@z Republic (Mikulasova, 2015). The
third document was the Government Order N 66/208%¢h created a basis for biofuels
market liberalization based on the targets impdsethe European Union (EAGRI, 2014).
Additionally the Czech Republic adapted EU RED DBlingee and applied main aims into the
Act on Air Protection 201/2012 and Government Or8&t/2012, where there were new
targets for biofuels development presented: sHidrmfuels in general fuel mix was targeted
at 5,75% by 2016, GHG emission decrease for 2%0l4$ 2nd minimum emission savings
from biofuels sector of 35% by 2016 (Mikulasoval3p

Despite the aim of biofuels market liberalizatiomdathe agreement of subsidies
elimination by 2006, Czech Republic still have devprogram of financial biofuels support.
The European Union settled significant debateshensubsidies programs on the Czech
biofuels market: according to the data of the Miyief Agriculture (EAGRI, 2014) overall
financial support from 2010 up to 2010 was 318Ijillions CZK (which is around 128,339
millions eurd). Furthermore, according to Organization for Eauitwo Co-operation and
Development (OECD, 2016) data there were tax imeesitof 39,89 euro for hectoliter
biodiesel and 47,46 euro for hectoliter of bioetilaihe debates were also aggravated by
the fact that the company Agrofert — the biggeshopmlist on the agricultural market — is
owned by the Czech Prime Minister iy 2015). The government was ready to eliminate
the subsidies to biofuels sector in order to stbiva debates connected to political question,
however in 2015 there was a decision of subsidigslopgation excepted
(Ekonomika.idnes.cz, 2015).

Besides tax incentives and subsidies, the Czechilifepas well as other member
states, implemented set of blending obligationshiodiesel and bioethanol, which goes
along with the aims of EU. Minimal biodiesel blengitarget was set on the level of 6% and
4,1% for the bioethanol (EAGRI, 2014).

Overall, the biofuel policy of the Czech Repubbcheavily influenced by the EU
Directives and main goals. Mikulasova (2015) urided that Czech biofuels market still
does not work on the full capacity and is not cotitipe. Van Thuijl and Deurwaarder
(2006) criticize Czech biofuels policy system fagth bureaucracy and state that too
complicated system of taxation and overall busirasgronment lowers the industry’s

attractiveness. Furthermore, the Czech biofuelgstrgl has very low transparency with few

31 EUR = 24,786 CZK in the end of 2010. http://wkwmrzy.cz/kurzy-men/historie/EUR-euro/2010/
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historical data available, which complicates thalgsis of this market. The government
should develop more indirect instruments to in@ed@® competitiveness of the industry.
European Union critics on subsidies prolongatianlbgal issues as there were made several
agreements on the common policies, however, takingonsideration that many other
member states (e.g. Germany and France) still us®tary instruments to support their
local biofuel markets, the pressure on the CzeghuBlee should be whether extended to all
member states or closed.

There is an obvious consensus that biofuels ateategic industry that will allow
solving at least three main world problems: elinendependence on the oil and fossil fuels,
decrease GHG emissions, improve ecological sitnaéind bring new opportunities for the
agricultural and rural development. Advanced bitsfudeally should play the main role at
the world biofuel market; however, there are stdl clear technologies that would allow
producing 2G and 3G biofuels commercially withestdt the same price level as 1G biofuels
to give a slight chance for competitiveness. Splér biofuels are the main force and their
utilization is connected to several benefits andriglomings. Therefore biofuels policies
have to work on two main directions: improve thentcol and performance of first
generation biofuels and build favorable conditidmrsthe development of advanced kinds
taking in consideration previous policies mistakes.

Biofuels policies examples analyzed in this chaptewed that the most widespread
instruments used for the biofuels market suppod sanbsidies, tax incentives and
exemptions, blending obligations and tariffs. Mare the support is given on all stages of
biofuels supply chain from the feedstocks to thmalficonsumer. Analysis showed that
biofuels policies start to adapt and improve towsahentioned shortcoming of 1G biofuels.
For example, governments started to pay attentidhe important problem of biofuels and
food prices correlation, food land competition anglemented motivation programs for the
use of set-aside non-food areas for energy-crops.

As already said there are many challenges for bigbolicies now, but there are
things that can be done to increase the their tefegeess. First, all policies should set clear,
realistic and goals and use flexible instrumentsifd those goals. Now most of the policies
tent to be very ambitious, which does not helpuibdosustainable goals.

Second, national and local policies should be haimea and have common

transparent system of goals and instruments. Tlie example here is the European Union
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and its member states. The EU biofuel policies khbe constructed taking in consideration
capabilities and peculiarities of each member sta¢his will help to increase effectiveness
within member states and result in overall regiguaitive effect.

Third factor is technology investments and improeaim of biofuels market
infrastructure. These investments will have indirédevelopment effect, but will help to
increase competitiveness of the biofuels. Goverrisnehould also closely work with car
producers and include this industry into biofueliges targets. Several motivational
instruments can be used, such as tax incentivesder to increase the development of FFV
production and their wider implementation to thekea

Policymakers also should pay close attention tsgorers’ motivation. Consumer
education programs are crucial in order to build pgositive image of the biofuels and
decrease common doubts on the engine securitygmsbhletc. Furthermore, the successful
example of Sweden shows that such motivationsess garking for eco-friendly cars do
work and should be considered for wider implemeorat

The last important recommendation is given by Lésaand Perres Arriaga (2013).
They write that biofuels overall cannot solve allr gproblems with food prices, land
competition, rural development, etc. There shoeldter policies (agricultural, ecological,
rural, etc.) that will be harmonized with biofuelligies.

The Czech Republic is not an exception in the oabefuels policies problems. The
main shortcoming of the policy is the significamtancial support that has a track of more
than fifteen years. Subsidies do play a key rolheCzech biofuels market development,
but at the same time they have negative influemcewo payers welfare, consumers welfare
and overall welfare of the country. This negatiViea is also supplemented by all other
mentioned disadvantages of biodiesel and bioethanizlation. From the other side biofuel
industry plays important role in the rural and egtiural development. This industry creates
working places and should have as well a positifkience to the total welfare of the
country. Therefore, the question of positive angatiee effects of biofuels industry in the
Czech Republic is not clear. Next chapter pregemgsminary research with estimations of

the costs and benefits of bioethanol and biodesigation in the Czech Repubilic.
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4 Cost-Benefit Analysis of the Biodiesel and Bioethanh Utilization
Contribution to the Welfare of the Czech Republic

This chapter will present the preliminary researafich aims to estimate the
positive and negative influence of the biodiesall &methanol utilization in the Czech
Republic. This research will be based on the amalyisthe demand and supply curves of
the biofuels (biodiesel and bioethanol) in the @zZRepublic market. The analysis will allow
to estimate consumer and supplier surplus and &sswiell as the loss for the government
that occurs after subsidies implementation. Thesignations will provide basis for the
conclusions on the effect of the biodiesel and thiaeol utilization to the total welfare of

the country.

4.1 Data introduction and modification.
Biofuels market of Czech Republic lacks transpayeard it results in a shortage of

data available for the analysis, which influendesmodel quality. Main sources of the data
for this research are Czech Statistical Office, welrce Kurzy.cz and Ministry of Industry
and trade.

The model uses 60 monthly observations from Jarn2@t® to December 2014. The
basic data set of time-series is presented in thpeAdix 1 and includes: combined
production of biodiesel and bioethanol (tons), comet consumption of biodiesel and
bioethanol (tons), subsidies amount (million CZKdice of rapeseed (CZK/ton), price of
sugar beet (CZK/ton), bioethanol price (CZK/toripdiesel B100 price (CZK/ton), average
salary (CzK), diesel fuel price (CZK/ton), gasolin@ice (CZK/ton) and blending
obligations (%).All monetary units were deflatediwconsumer price index (CPI). Variable
were given shortened codes in order to simplifyubage in the model.

Table 3 summarizes all variables that are includatie model and their shortened
names (codes). Taking in consideration that the ehadns to describe the market of
biodiesel and bioethanol together, bioethanol andiésel price were combined in mixed
biofuel price indicator (CZK/ton). Prices were miaccording to the weights of separate
biodiesel and bioethanol production in the totafiels production. The same principle was
used for the modification of separate resourceeprim mixed resource price indicator

(CZK/ton) and modification of fossil fuels in a neia fossil fuel indicator (CZK/ton).
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Table 3 Variables summary

Variable

Variable name Units code
Production tons Prod
Consumption tons Cons
Mixed biofuel price CZK/ton BFPr

Mixed resource price CZK/ton ResPrice

Mixed fossil fuel pricel  CZK/ton FFEPr
Average salary CZK AvSal
Subsidies million CZK SBSD
Blending obligations % BIObI

Source: own computation

4.2 Economic models.
Estimated model of supply and demand of biofueth@&Czech Republic should go

along with economic theory. Therefore, it is impoitto introduce the economic model of

supply and demand and make assumptions that aeetexito fulfilled.

4.2.1 Supply economic model
Theoretically, supply function should be represeéritg the function where quantity

supplied depends on the price of the product acifaf production costs:
Qs = f(P, W), where Qs stands for quantity supplieds a price of the product and
W is the production costs factor (Epple and McGall2005).
In the research the estimated supply depentis on
» Price of biodiesel and bioethandiodiesel price is presented by the price in
CZK per ton of B100 fuel, which is pure biodies&fdc, 2015). Bioethanol
price is in CZK pet ton (Afdc, 2016).
» Cost of productiotiactor is presented by rapeseed price (CZK pét tmgar
beet price (CZK per ton) (Czech Statistical Offi2616).

In the case of the Czech Republic biofuels matketge is a significant dependence
of the supply on the amount of subsidies providgthle government\Mikulasova, 201p
Therefore subsidieshould be included to the model as one of the rfaators of supply.
Subsidies are presented in the model in million8aK (EAGRI, 2014).

Economic model of supply looks as follows:

Prod = f (BFPr, ResPrice, SBSD), where

Prod — quantity produced in tons

4 See the Appendix 1 for the data set on supplytfomc
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BFPr — mixed price of bioefuels CZK/ton

ResPrice — mixed resource price CZK/ton

SBSD — amount of subsidies in million CZK.

Assumption®

It is assumed that quantity supplied will have direlation with BFPr, and SBSD
variables: the higher are the prices of the prodnct subsidies, the higher should be the
amount of supply. Subsidies are the main instrurased! to support domestic biodiesel and
bioethanol producers in the Czech Republic.

In contrast, variables connected to the costs ofliymtion should have opposite
relation with supply quantity (Lin, 2011). The hegtwill be the prices of rapeseed and sugar
beet (ResPrice) the higher will be the costs ofipation and as a result the lower profit:
producers will decrease the production to decréaseosts or from the other hand, fewer
producers will continue to produce with that amoafrprofit. In the current model it is also
assumed that all amount produced is all amount Imahptherefore the variable Prod
presents data of total biodiesel and bioethanalyethion in tons and is used as observation

of the supply quantity.

4.2.2 Demand economic model
Liu (2011) uses price of the product and incomenam factors of demand, Epple

and McCallum (2005) add as well the price of thiessitute product:

Qd =1(P, Y, S), where Qd is the quantity demandred the price of the product,
Y stands for income and S — substitute price.

Czech market biodiesel and bioethanol demand msedeiilt with reference to the
economic theory and practical issues connectechéobiofuels market of the Czech
Republic. Therefore, the main factors of the madelas follows:

» Price of biodiesel and bioethandiodiesel price is presented by the price
in CZK per ton of B100 fuel, which is pure biodieg@&fdc, 2015).
Bioethanol price is in CZK pet ton (Afdc, 2016).

» Average salanjin CZK, which presents the income factor in the slod
(Tradingeconomics, 2015 and Stats.oecd, 2015)

» Price of substitutes expressed through the price of the diesel fUldFNA
in CZK per ton and gasoline price in CZK per toru(gy.cz, 2016)

> All assumptions here and after are discussed aetéris paribuscondition.
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The government regulates Czech market of the msetliend bioethanol.
Particularly, demand is influenced by the instrutra@drthe blending obligations, mentioned
in the second chapter of this thesis. Accordinglgnding obligationdor biodiesel and
bioethanol should be included as factor in the rhod@s factor is expressed through the
amount of percent that overall should be obligatoryed with diesel and gasoline on the
Czech market (OECD, 2016).

Based on the mentioned factors and on the dataficettebns, the demand model
was constructed:

Cons =f (BFPr, AvSal, FFPr, BODbI), where

Cons — amount of biodiesel and bioethanol prodircéoins

BFPr — mixed biofuel price in CZK/ton

FFPr — mixed fossil fuel price in CZK/ton

AvSal — average monthly salary in CZK

BObl — blending obligations for biodiesel and bleetol in %

Assumptions

It is expected that there should be positive refetnip of biodiesel and bioethanol
consumption with variables of substitutes’ priceA@N A and Gas), with average monthly
salary variable (AvSal), with blending obligatio(BObl) and import variable (Imp). An
increase in each of these factors will result miticrease of the consumption. If substitutes
become more costly, consumers prefer to buy thexrative product that will become
relatively cheaper for them. When the average gatareases, more consumers are be able
to switch to eco fuel. Growth in blending obligatsoresults in increase in the consumption,
because fuel companies are obliged to buy and anld biofuels to the fossil fuels.

Consumption will have negative dependence on thediésel (B100) and
bioethanol (BEth) prices as the higher is the ptineelower is the quantity demanded. It is
as well assumed that all demanded amount of binethand biodiesel is consumed,
therefore variable Cons presents data of totaliesed and bioethanol consumption in tons

and is used as observation of the demand quantity.

4.3 Econometric model specification.
Demand and supply model is presented by the systeguations, which shows the

simultaneous dependence of quantity supplied aaatdqy demanded on the price of the

product (Majerus, 1982). Several researches wratewhile estimating the model of demand
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and supply it is necessary to run a maelultaneouslybecause direct separate estimations
of supply and demand will result in bias resulsni@és and Singh, 1978; Majerus, 1982;
Epple and McCallum, 2005; Lin, 2011; Liu, 2011)r BEas reason, the model of supply and
demand of biodiesel and bioethanol in the CzechuBlapis built using the two least square
method (TLSM) (James and Singh, 1978; Woolbrid@®92. The model is processed using
Gretl software (Cotrell and Lucchetti, 2016).

Simultaneous econometric model of biodiesel anéthemnol supply and demand is

presented as follows:

(1)

{Const = a,,K; + a1, BFPr; + a; ,AvSal, + a,,FFPr; + a; BlObl; + B,,Prod; + &,

Prod; = a, K; + a,,BFPr; + a; SBSD; + a,, ResPrice; + f,, Cons; + &,

where

ay,, ay,, Ay, A, A1, Ga,, Oz, Az, Ay, - Structural parameters of each explanatory
variable;

B, , B2, —Structural parameters of dependent variables;

K, —constant;

£1,, &, —€rror terms of each equation.

According to the assumptions mentioned in economaxel description, it is
assumed that in econometric model structural paemse, ,, ay,, a;, az,, az,, f1,, f2, >0
anday,, a,, <O0.

Moreover, structural parameters of the coefficaritiofuel price subsidies expected to have

high significance, because the market is heavibsslized.

4.3.1 Stationarity test and data modification.
Before running the regression it is essential $b ttge data set for stationarity. Time

series are called stationary, when their probgbdistributions don not change over time
(Woolbridge, 2009). If the probability distributisiof the time-series changes in time (non-
stationary data) then the model estimated throbghQLS or TSLSM becomes biased
(Granger and Newbold, 1974).

Gretl software allows testing time-series with dans only and with constant and
trend. Therefore before the test is it importaribtk at the variable time-series plot in order
to see if the constant and trend are presented.tAerit can be seen on the time-series plots
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(Appendix 2), all variables have constant and tremdept ResPrice and FFPr, which do not
have a clear trend on the plot. Table 4 presestdtseof Dickey-Fuller test that is used as
one of the possible test for stationarity.

Table 4 Dickey-Fuller test for non-stationarity resilts

Non-
, a-level of . . Data
Variable p-value i stationarity .
significance . transformation
hypothesis
Prod 0.5582 > 0.05 not rejected YES
Cons 0.1839 > 0.05 not rejected YES
ResPrice 0.1659 > 0.05 not rejected YES
SBSD 0.5357 > 0.05 not rejected YES
AvSal 0.00000007 < 0.05 can be rejected NO
BFPr 0.2837 > 0.05 not rejected YES
FFPr 0.2616 > 0.05 not rejected YES
BIODbI 0.5776 > 0.05 not rejected YES

Source: own computation with Gretl Software

As it can be seen from the result of non-statiapagst, almost all data is non-
stationary. That means it is not possible to udeSM until the data will not be transformed.
Granger and Newbold (1974), Woolbridge (2009) disciseveral methods of non-
stationarity elimination: first-differences methddgarithm and introduction of seasonal
dummy variables. All these methods were testedhleyauthor, and method of seasonal
dummy variables showed the best result for the inquaiaity.

In order to eliminate time trend (non-stationarfty)m the time series data, monthly

dummy variables were included in both equationthefsimultaneous econometric model:

{ COTlSt = alth + alzBFPT't + a13AUSalt + a14FFPT't + alsBIOblt + ﬁlZPTOdt + alsDZ + -+ alllez + glt
€)

Prod, = a, K, + ay,BFPT, + a3 SBSD; + ay ResPrice; + B, Cons, + ay Dy + -+ + @y, Dys + &,
whereb,, ..., D,;, are monthly dummy variables.

In this case dummy variablg (January) is taken as a basis. Other monthly dusimie
take the value 1 only once per year according ¢octtder and O in all other periods, for
examplep, has value 1 each year in February and in othermsahequals O (see Appendix
4) (Woolbridge, 2009). After the model was transfed and the problem of non-stationarity
was solved the TSLSM can be used as a method ffdisosupply and demand functions

estimation.
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4.3.3 Multicollinearity elimination.
It is important to check the variables for the nwallinearity — the correlation

between two or more explanatory variables (Woolid2009, p 96). If such a correlation

is present in the model, then the power of theredton will be lower because the correlation

between independent variable will add additionalseoand decrease the strength of

correlation with dependent variable.

Table 5 Correlation matrix of the supply-demand moet|

Variable | Prod Cons | ResPrice SBSD | BFPr | FFPr | BIObI
Prod 1 0.8715 0.1829 0.7740 0.44P9 0.2645 0.5174
Cons 0.8715 1 0.3172 0.5519 0.87| 0.2244| 0.4238

ResPrice 0.1829| 0.3172 1 0,.20860.4307| 0.5663 0.5112
SBSD | 0.7740, 0.5519 0.2086 1 0.6084 0.6284 0.8063
BFPr | 0.4429| 0.3453 0.4307 0.6084 1 0.4929 0.6313
FFPr 0.2645| 0.2244 0.56683 0.6284 0.4929 1 0.8014
BIObI 0.5174| 0.4238 0.5112 0.8063 0.6313 0.8014 L

Source: own computation, Gratl Software

Table 5 illustrates the correlation matrix of thggly-demand model. IT can bee
senn that all correlation coefficients between pedelent variables within one equation are
satisfactory, except the correlation between blegaibligations (BIObl) and the mixed
price of fossil fuels (FFPr), which is higher, tHa8. It means that one of the factors should
be excluded from the model. As far as BIObl hawengjer correlation (0.4238) with
dependent variable Cons, it is decided to elimikE®r variable with lower correlation
(0.2244) with Cons.

After model modification, econometric model loolssfallows:

COTlSt = alth + alZBFPT't + a13A175alt + alsBIOblt + ﬁlZPTOdt + alsDz + -+ alllez + glt

(4)

Prod; = a; K; + a,,BFPr; + a; SBSD; + a, ResPrice; + f,,Consy + a3 Dy + -+ ay, Dy + &,

4.3.4 Model identification

Before running the regression of both productiom aonsumption functions
function, it is important to check if none of thesguations is not a linear combination of
another Cechura and Maier, 2014). Identification processnade separately for each
equation. The condition of equation identificatien

k+x> AG—1 (5), where

56



k =+ is number of predeterminant variables that aramatided in the equation, but
are in the whole model;

AG is number of endogenous variables in the equation.

For thefirst equationfrom the system of equations (4):

k xx = 2 as there are two predeterminant variablesnotuded in the consumption
equation (SBSD and ResPrice) abd = 2, therefore we get 2 > 2-1, so the equation is
identified.

In thesecond equatioh * = 2 andAG = 2, which means that we get the same results

and the second equation is identified.

4.4 Econometric estimation of biofuels production and ensumption functions.

In order to plot the supply and demand functionbiofuels in the Czech Republic,
it is needed to estimate and built their functiensnometrically.

4.4.1 Production function estimation

On the first step the production function was eated using TSLSM and Gretl
Software. The results are presented in the Table 4:

Table 6 Biodiesel and bioethanol production functio estimation results

Variable | Coefficient | p-value | Significance
K -3500.94 0.4736

Cons 1.2137 1.61e-08 ***
ResPrice| -1.05747 0.013 *

BFPr 0.26312 0.183

SBSD 20.0582 0.3018

D12 -3862.76 0.0804 | *

a-level of significance =0.05 | R?=0.84

Source: own computation with Gretl Software
The equation of the estimated production functawoks as follow:

Prod = —3500.94 + 0.26312 * BFPr — 1.0547 = ResPrice + 20.0582 « SBSD + 1.2137 * Cons —
3862.76 Dy, + &, (6)

The results of the production function regressioffed from what have been
expected. Assumptions of correlation direction sigghificance of the consumption (Cons)

and resource price (ResPrice) were confirmed. Titeria of significance is p-value &

6 D,, dummy variable is incuded in the model as it wélused later for the computation of supply andatedrfunctions
in December 2014
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level of significance (Woolbridge, 2009), whichtims case is 0.05. The highest significance
belongs to the variable Cons, which shows tighteddence of the biofuels production on
the biofuels consumption on the market. Additionatructural parameter of Cons variable
Is positive. This goes along with the theory as liigher is the consumption the more
producers will be willing to participate in the piiection process as well as current producers
will try to increase the supply. Estimation showattwith an increase in consumption for 1
ton, the production will grow for 1.214 tones. Thaet that consumption grows for higher
amount than the production may be explained byptesence of imported biofuels on the
market or/and by the production surplus from tis¢ jbeeriods.

Price of resources (RecPrice) structural paranmetezgative and has relatively high
significance. It was expected that the biofuel picitbn will be higher with lower resource
prices and vice versa. According to the estimaifitine resource price will grow for 1 000
CZK, the production of biofuels will decline forQb6 tons.

However, the structural parameter of the subsiiesble (SBSD) did not show any
significance, which is very unexpected taking ingideration the real situation on the Czech
biofuels market. This may be happened becauseea$itiall observations amount, which
influences the quality of the model. This variabl@s decided to keep in the model due to
its importance for the analysis and the fact the $igh of the parameter meets the
expectations.

The same happened to the variable of biofuels gB&®r), which was supposed to
be significant. This variable is crucial for the debbecause it will form the supply function
for the supply curve plotting. Therefore, BFPr vadso kept in the model because of its
importance and the correct expected sign of thectstral parameter. The correlation
between production of biofuels and their price @ppdo be low in the model, however it
may be explained by the significant influence disdies on the real life market. Producers
still can increase the production with no relevatwéhe price if part of their costs will be
covered by the subsidy (Dorward, 2009). Overaltaih be seen that the €vefficient is
0.84, which means that chosen independent varidessibe the dependent variable (Prod)
for 84%. The quality of the model tents to be higbwever it is important to make the
econometric and statistical verification of the rabith order to be sure that the results are
not biased (Woolbridge, 2009; Charemza, 2003).
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Production model tests for normality, heteroscedastity and autocorrelation

Error term represents several things in the mdtdehn contain the omitted variables
that were not included in the model, errors thaieweade during data observation (statistical
noise) or errors connected with data estimatiowelsas approximation errors that appear
as a result of unknown functional form of the egquratWoolbridge, 2009).

It is an important for the error term to havamal distribution It means that the data
used for the model do not have shock values arkdéve are no signals of other problems
with model assumptions (Woolbridge, 2009gteroscedasticityest shows if the erray; is
changing in time. If the model is proved to havéehescedasticity problem, then it means
that the error terms are not possible to predict astimate (Maddala, 1992, p 201,
Woolbridge, 2009, p 264). Autocorrelation testsvehid the error terms correlate with each
other in different periods of time, which will alsdluence the quality of the model and may
make the results of estimation biased. If theranisautocorrelation in the model it means
that the error term is not independent and theeesame other factors influencing it
(Maddala, 1992 p 229-230).

Table 7 illustrates the results of the test fornmality, heteroscedasticity and
autocorrelation. All the tests were held using G&sftware. For all the tests the null
hypothesis (Ho) was tested. According to the atagapproach of hypothesis testing, Ho is
accepted, when p-value of the test is higher, than-level of significance (0.05).

Table 7 Heteroscedasticity, normality, autocorrelabn tests results for the production
function model

Test Ho p-value Result
Heteroscedasticity heteroscedasticity not 0.3739 > no N
(Pesaran-Taylor) present heteroscedasticity

error is normally normal
Normal distribution distributed 0.1236 >0 distribution
autocorrelation not
Autocorrelation (LM) present 0.4158 >0 | no autocorrelation

Source: own computation, Gretl Software

It can be seen by the test results that the maxkd dot have any autocorrelation or
heteroscedasticity and the error term has normslrilolition. This allows to make
assumption that the results of TSLSM estimation ao¢ biased and are sufficient
(Woolbridge, 2009).
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4.4.2 Consumption function estimation
Consumption function was also estimated using ntetbib TSLS in the Gretl

Software. Table 8 shows the results of the estonati

Table 8 Biodiesel and hioethanol demand estimatiomsults

Variable | Coefficient | p-value Significance
K 2524.73 0.8236

Prod 0.618681 | 3.49e-01p ***

AvSal -0.893518 | 0.089 *

BFPr -0.256476 | 0.0696 *

BIObI 3195 0.0099 el

D12 3962.55 0.0166 ok

a-level of signif = 0.05 |R?=0.84

Source: own computation, Gretl Software

The equation of the estimated consumption fundboks as follow:

Cons = 2524.73 — 0.256476 * BFPr — 0.893518 * AvSal + 3195 * BIObl + 0.618681 * Prod + 3962.55 * D,
+ glt (7)

Overall, the results of the demand function estiomago along with the theoretical
assumptions. The production (Prod) has a very tighhection with the dependent variable
(Cons). Structural parameter is extremely clogbeéd and thereore is very significant even
at the level of significance = 0.01. The parameter has positive sign, whichma&aat with
the increase of production for 1 ton, the consuampivill increase for 0.619 tons.

Biofuel price mix (BFPr), on the contrast with §w@duction function, is significant
with o = 0.1. Its structural parameter has negative sighich satisfies theoretical
assumptions: the higher is the price of the prodoictfuel) the lower is its consumption.
According to the estimations if the biofuels priwél grow for 1000 CZK per ton, the
consumption of biofuels will decline for 0.257 tons

Blending obligations present the factor of the gowgent policy in the model.
Estimation shows the high level of the parametgniBtance even at the level of
significancea = 0.01. The character of the relationship is #m@e as in the assumptions:
the higher are the blending obligations, the higisebiofuel consumption. If blending

obligations (BIObI) will increase for 1%, the bi@iuconsumption (Cons) will increase for
3195 tons.

Average salary structural parameter showed a negatelation with the

consumption, which goes against the theoreticalrapions. However the model shows the
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significance of the parameter with= 0.1. According to the estimations with an inseaf
the average salary for 1 000 CZK, the consumptidh decrease for 0.894 tons. This
distraction in the model can be explained by tkk tzf available data to increase the number
of observation, therefore the model have prelinyirdraracter.

Demand model tests for normality, heteroscedastigitand autocorrelation

Table 9 illustrates results of the model test fog error distribution normality,
heteroscedasticity and autocorrelation.

Table 9 Heteroscedasticity, normality, autocorrelabn tests results for the demand
function model

Heteroscedasticity  heteroscedasticity not 11964 > no
(Pesaran-Taylor) present ' heteroscedasticity
error is normally normal

Normal distribution 2.2166 >0,

distributed distribution

Autocorrelation
(LM)

Source: own computation, Gretl Software

autocorrelation not presentd.2096 >o. | no autocorrelatiorn

It can be seen from the tests results that ecomammadrification of the model is

fulfilled and the model seems to be unbiased affetcmunt.

4.5Biofuels supply and demand curves

After the functions of production and consumptioargvestimated, it is possible to
plot biofuels supply and demand curves. In ordéxuitd the curves the real observed values
were put into the estimated equations (Apple an@allcam, 2005). The observations period
is December 2014, which is the last period thevedted data set.

Prod = —3500.94 + 0.26312 * BFPr — 1.0547 * ResPrice + 20.0582 * SBSD + 1.2137 * Cons — 3862.76 * D,

(8)
Cons = 2524.73 — 0.256476 * BFPr — 0.893518 * AvSal + 3195 * BIObl + 0.618681 * Prod + 3962.55 * Dy,

After solving the equation (8) the functions of plypand demand look as follows:

Qs = 18311.67 + 0.26312 = BFPPr;

9)
Qd = 34406.08 — 0.256476 * BFPr

It is possible to plot the supply and demand cupfdsiofuels by calculating main
points of the plot using equations (9).
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4.6 Results and discussion
The Graph 1 represents the hypothetical modeledtsn of equilibrium on the

biodiesel and bioethanol market of the Czech Republe to high values of intercepts in
the equations the curves are significantly shiftethe right, therefore, scaled graph will be
also used for illustrations. The estimated equilitor price in the model is 30 974.82 CZK
per ton, which is very close to the real obsenade in December 2014 (28 687.18 CZK).
Equilibrium quantity supplied and consumed at firise equals 26 461.77 tons (Graph 1
and 2). Consumer surplus in case of the modeledil@gum is presented by the value of
triangle ABE square and equals 1 365.09 million CEKan be seen on the Graph 1 that
the producer surplus, which is presented by thelevalf trapezoid OBEC square, is
significantly smaller than the consumer surplusodBcer surplus equals 693.425 million
CZK.

Graph 1. Modeled equilibrium on the biodiesel and methanol market of the
Czech Republic, December 2014
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Graph 2. Scaled modeled equilibrium on the biodies@nd bioethanol market of the
Czech Republic, December 2014
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Subsidies

The analysis of the subsidies effect is complicabstause the market is already
built by the subsidy influence and as a resulsitsicture is unclear. However, it can be
assumed that the current situation on the real ehargk not the same as in modeled
equilibrium (Graphs 1 and 2). The quantity of bex#l and bioethanol produced in
December 2014 was 28 000 tons, therefore it isnasduhat the real supply curve should
cross demand curve in the point, where Qs equal®@&ons. It may be also concluded that

this shift of supply curve to the point of 28 0@d$ was provoked by subsidies.
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Graph 3. Subsidies introduction to the biodiesel and bioeth#ol supply and demand
market in the Czech Republic , December 2014
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It can be seen on the Graph 3 and 4 that the sapphe shifts to the right and now
it crosses the demand curve in the new point ofliequm Es. The quantity in the new
equilibrium position equals 28 000 tons and thegp@4 977.28 CZK per ton. This model
illustration is controversial as from one handnleg/ quantity supplied is the same as on the
real market in that period, from the other handdgeilibrium price that was formed by the
supply curve shift in now lower, than the real prian the biofuels market of the Czech
Republic. This inconsistence can be explained leyféitct that curves are built from the

estimated functions, the econometric model is priekary and can be improved in the future.
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Furthermore, the market is distracted by the sudsjidherefore, it is difficult to get precise
estimations.

Due to subsidies the effective price (Dorward, 208 2) for the producers moves
to the point 36 820.91 CZK per ton, however conggnage not ready to by 28 000 ton at
that price. Graphs 3 and 4 illustrate the chang®nmsumer and producer surplus. Trapezoid
BEEsG (Graph 4) represents the increase in conssumgius. The calculation of its square
value gives the amount of 163.318 million CZK, whis around 12% growth of the surplus
that consumers gained without subsidy on the mafketiucer surplus increase is illustrated
by the trapezoid BDFE and equals 159.194 milliorKC&hich is almost 23% increase in
producer surplus before subsidy.

Graph 4. Scaled subsidies introduction to the bio@isel and bioethanol supply and
demand market in the Czech Republic, December 2014
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These increases in the consumer and producer sungte totally financed by the
government. Total economic costs connected to ubsidy implementation are presented
by the rectangular DFEsG. The value of its squau@3il.622 million CZK. It can be seen
on the Graph 4 that rectangular DFESG is biggen tha sum of trapezoids BEESG and
BDFE, as it also includes triangle EFEs. This wmlarrepresents the deadweight economic
loss of the society due to the subsidy implememtadind it equals 9.109 million CZK.

Overall, it can be concluded that the implementatibthe subsidy provokes the net
economic loss for the Czech Republic. This lossisnected to the income shift from the
taxpayers to the producers and consumers of bieldaesl bioethanol in the Czech Republic
(Dorward, 2009, p. 2). Furthermore, the loss alsotains costs connected to the market
inefficiencies that are associated with subsidieplémentation, for example, ineffective
allocation of the resources. Furthermore, this t@gsbecome even bigger if environmental
shortcomings of the biodiesel and bioethanol ingustpansion will be added.

The research proved arguments stated in the themrétamework. First of all,
subsidies were proved to provoke economic lossicpéarly in the Czech Republic market.
Secondly, the biofuels market low transparency eadirmed by the difficulties with data
mining during the research. As a result, the esgchanodel is preliminary and therefore
considered not to be precise. Results are cons@leFrom one hand, all the verification
tests proved that the model is unbiased and seffficiMost part of the theoretical
assumptions made before the estimation were tdfiknd go along with the economic
theory. From the other hand, estimated values sorasthave significant differences with
the real life observed values, for example in thgecof total subsidies amount. Therefore,
the author recommends to consider the resultseofabearch, in particular the cost-benefit
analysis, to have theoretical character.

The main recommendations that can be proposed badbe results of this research
are as follows:

1. As the data analysis and model reveled the netogoimnoss provoked by subsidies, it
is recommended to consider decreasing the amoutieadirect financial support for
the biofuel sector in the Czech Republic. It isaclidat the full elimination of subsidies
Is not possible yet, because the market is not etithye. However, the share increase
of indirect support use such as R&D grants, edaopatif farmers and consumers,

blending obligations, etc. may result in lower distion effect for the market.
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2. The Czech Republic government should consider theease of investments in the
R&D of advanced biofuels technologies developmentcollaboration with and
financial support of the European Union. The adedrgofuels policy should not repeat
the same mistakes of past.

3. EU and the Czech Republic should increase the cabpe on the improvement of

biofuels market transparency.
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5 Conclusion
In the last three decades biofuels market showgdfgiant growth. The majority of

biofuels, which are presented on the market, belunghe first generation biofuels.
Considerable amount of the researchers discusgudstion of 1G biofuels sustainability.
This question is also unclear for the Czech Repubhrket.

This research meets the objectivegstimation the economic costs and benefits of
biodiesel and bioethanol use in the Czech Repablicexamination of how their utilization
influences the economic welfare of the country. Tdsearch questions were answered with
a help of theoretical model based on real life tsedes observations.

The main value of this paper is the methodologys@méng a set of methods and
instruments that were implemented for the cost-tieamalysis of the biodiesel and
bioethanol utilization in the Czech Republic. Te #xtent of the author’'s knowledge, there
are no research papers published in English wighsdime methodology applied for the
biofuels market of the Czech Repubilic.

The results of the research are contradictory. fdtmal framework reveled the trend
of rapid growth in biofuels industry around the idorhowever, according to some
researchers the market of the Czech Republic doewaerk for the full capacity. Despite
the stated benefits of 1G biofuels utilization, rtheare significant shortcomings that
challenge economic, social and environmental suesibdity of 1G green fuels.

Czech Republic as well as other countries produdingfuels have several
instruments to regulate this market. The main engke of the biofuels policy in the Czech
Republic is the significant subsidies that encoertige producers. Theoretical research
showed that subsidies result in market inefficiee@nd wrong allocation of the resources.
This was proved by the model analysis. Estimatsimsved that Czech subsidized market
of biodiesel and bioethanol has a shortcoming @fddesight loss (9.109 million CZK),
which means that subsidies implementation in atgior period result in overall net
economic loss for the country. This research caexibended to the long run period analysis,
which probably will confirm much bigger net loss.

The overall results of the model estimation areomemended to consider as
preliminary background for further research. Thaliy of the model and estimations may
be improved by the extension of the data set anodaction of additional variables that will

allow removing the existing inconsistence in sorhthe calculations.
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The research as well can be extended by the asalfythe environmental costs and
benefits of biofuels utilization in the Czech RelpaibThis can be done by the monetization
of GHG emissions based on EU emission trading sysited data on the volume of GHG
emissions changes associated with the Czech biséatdr.

Furthermore, it would be interesting to analyzthére is a tight connection between
biofuels expansion in the Czech Republic marketteertts in the food prices. This question
provokes wide debates around researchers anctissdisd among EU authorities, therefore
it may be important for the Czech Republic biofuetiustry development.

The future of biofuels industry in the Czech Repuisl unclear due to the uncertainty
of oil price on the world market. Biofuels were ped to have a chance to compete with

fossil fuels, however recent rapid decline of @itps puts the challenge to the new level.
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7 Appendix
Appendix 1 Basic data set

Total

blogir:zsel biod-li-g;aell and | Rapeseed| Sugarbeet Subsidies Average | Bioethanol | Biodiesel | Dioesel | Gasoline | Blending
Date bioethanol bioethan_ol price, price, mil. CZK '| salary, price, price, price, price, obligations,
production, consumption, | CZK/ton | CZK/ton CzK CZK/ton | CZK/ton | CZK/ton | CZK/ton %
tons tons
01.01.2010 24229 13762 6751,738 | 720,9533 42,43327 | 23682,1 13613,83 25081,57 | 11394,21 | 13977,6 9,30
01.02.2010 17108 15061 7081,511 721,67 53,35241 | 23859,2 12926,11 25134,90 | 11531,92 | 14229,6 9,30
01.03.2010 24681 16284 7217,478 | 720,9533 53,41742 | 23573,1 12628,44 | 24826,22 | 12356,20 | 15822,8 9,30
01.04.2010 23956 18583 7277,943 | 718,1009 57,58823 | 22339,7 11948,98 | 25830,15 | 13381,96 | 16331,9 9,30
01.05.2010 25992 16999 7466,403 | 717,3913 49,07785 | 23981,3 12748,90 | 27907,96 | 13188,45 | 15997,8 9,30
01.06.2010 26259 20505 7698,617 | 717,3913 68,38648 | 24315,9 12768,34 | 28896,10 | 13632,65 | 16370,9 9,30
01.07.2010 23037 24163 7408,243 | 712,4632 57,36171 | 23681,6 11679,28 | 24057,20 | 12701,06 15149 9,30
01.08.2010 20775 21150 7528,95 712,4632 63,42012 | 24320,7 14446,32 27071,36 | 12479,97 14208 9,30
01.09.2010 26519 24117 7623,529 | 711,7647 65,39592 | 224824 14228,07 | 25112,04 | 12369,9 13576,1 9,30
01.10.2010 28136 28104 8289,216 | 659,8039 67,4229 22240,5 12030,98 | 22507,00 | 12441,5 13767,5 9,30
01.11.2010 27937 26466 8461,765 | 678,4314 67,43786 | 24202,6 16220,56 | 27254,90 | 13026,8 14624,5 9,30
01.12.2010 23255 28034 8570,87 704,7898 67,2451 23504,4 16040,71 26951,54 | 14156,8 16541 9,30
01.01.2011 22740 28255 10140,61 | 701,0816 86,82077 | 24290,6 15680,91 26169,41 | 14640,4 16617,5 10,10
01.02.2011 20845 25477 11620,83 | 700,3929 84,28957 | 24228,3 16955,44 | 27659,28 | 14620,4 16875,5 10,10
01.03.2011 24737 27501 11632,25 | 701,0816 81,91428 | 23811,6 16468,77 | 27377,44 | 16573,2 19394,5 10,10

Source: Czech Statistical Office, Kurzy.cz, Minystf Industry and trade, own computation
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Appendix 1 Basic data set (cont)

Total

blogir:zsel biod-li-g;aell and | Rapeseed| Sugarbeet Subsidies Average | Bioethanol | Biodiesel | Dioesel | Gasoline | Blending
Date bioethanol bioethan_ol price, price, mil. CZK '| salary, price, price, price, price, obligations,
production, consumption, | CZK/ton | CZK/ton CzK CZK/ton | CZK/ton | CZK/ton | CZK/ton %
tons tons
01.04.2011 24279 30331 11510,83 | 701,7717 86,82959 | 23445,2 16032,01 25224,97 | 16935,7 20402,9 10,10
01.05.2011 23250 28924 11719,61 | 699,0196 91,29665 | 24464,6 17363,50 | 26596,64 | 15832,8 19448,7 10,10
01.06.2011 15833 28532 11561,89 | 700,3929 86,56577 | 24114,7 17178,05 25694,64 | 15663,9 18489 10,10
01.07.2011 14792 25260 10665,68 | 701,0816 94,71426 | 23306,6 16948,75 27138,64 | 161124 19669,4 10,10
01.08.2011 18110 26153 10630,29 | 701,0816 97,55961 | 23270,6 18743,79 28641,66 | 15445,8 18035,6 10,10
01.09.2011 22634 25113 10745,58 | 700,3929 79,96096 | 25560,7 15922,00 | 28164,47 16069 18048,6 10,10
01.10.2011 26863 25696 10648,09 | 702,8348 93,95759 | 22705,8 19277,32 31322,44 | 16352,3 17966,1 10,10
01.11.2011 24976 25469 10563,9 849,7561 93,70117 | 23756,2 20519,42 33128,92 | 17558,3 17855 10,10
01.12.2011 25449 27467 10516,6 817,3828 90,82926 | 24969,9 16376,06 | 30287,39 | 17372,8 18566,6 10,10
01.01.2012 26233 25153 10629,95 | 733,3333 104,5592 | 25091,9 16033,86 | 29661,84 | 18318,4 20197,2 10,10
01.02.2012 24021 26232 10698,17 704,918 108,6994 | 24177,5 15243,18 | 28530,10 | 18222,6 20767,7 10,10
01.03.2012 25385 29342 11002,89 | 704,2389 108,4823 | 24019,2 15630,34 | 29121,94 18480 22717,9 10,10
01.04.2012 25371 30892 11193,24 | 706,2802 117,6188 | 22795,1 15608,21 31028,30 | 18246,4 22390,6 10,10
01.05.2012 26302 31330 11742,25 | 708,3333 99,94384 | 25249,1 16292,47 | 33887,04 | 17722,8 21291,5 10,10
01.06.2012 22545 30067 11800 706,2802 139,7462 | 24373,5 16479,90 | 34092,48 | 16561,7 19793,7 10,10
01.07.2012 15350 27840 11834,14 | 709,0204 98,63631 | 24795,1 19677,56 | 35845,92 | 17904,3 21407,8 10,10
01.08.2012 18404 30246 11428,85 | 707,6476 108,6389 | 23770,6 18284,78 | 33314,89 | 18835,7 22322,4 10,10
01.09.2012 20165 25522 11588,97 | 706,9632 111,8841 | 23483,3 16760,62 30823,43 | 18291,2 20918,8 10,10
01.10.2012 24662 32503 11637,33 | 802,7079 115,2462 | 24451,8 17679,31 31638,57 | 18054,2 19720 10,10
01.11.2012 21684 21842 11881,21 | 821,8111 115,9848 | 24725,2 17158,89 31450,83 | 18050,5 19533,6 10,10

Source: Czech Statistical Office, Kurzy.cz, Minystf Industry and trade, own computation
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Appendix 1 Basic data set (cont)

Total
biodiesel | .. 1ot . - . | .
and blo_dlesel and Rapeseed Suggrbeet Subsidies Average B|oe.thanol B|0Q|esel D|c_)esel Gas_olme Bl_end_lng
Date bioethanol b|oethan'ol price, price, mil. CZK '| salary, price, price, price, price, obligations,
production, consumption, | CZK/ton | CZK/ton CZK CZK/ton | CZK/ton | CZK/ton | CZK/ton %

tons tons
01.12.2012 24813 20889 12163,09 | 787,1094 116,2923 | 24244,8 16404,76 | 30622,21 17418 19068,5 10,10
01.01.2013 21359 26215 11731,11 764,475 120,5957 | 23917,5 17300,94 31263,14 | 18020,7 20119,7 10,50
01.02.2013 19460 24293 11975,42 | 687,3156 128,4697 | 24919,3 17951,81 32293,86 18549 21566,2 10,50
01.03.2013 21416 18809 12114,06 | 687,3156 109,403 25455 17042,68 | 31507,23 | 17860,2 22920,6 10,50
01.04.2013 18123 20865 12000 687,3156 117,0824 | 24579,2 18985,77 | 32841,69 | 16893,1 20813,5 10,50
01.05.2013 29207 31332 11854,89 | 690,0296 144,4418 | 24940,9 18015,90 | 32054,72 | 17012,3 21106,6 10,50
01.06.2013 18503 25138 11437,99 | 687,9921 109,7132 | 25094,6 16452,62 30638,36 | 16768,6 20401,4 10,50
01.07.2013 20940 26509 10504,93 | 689,3491 128,0238 | 25030,4 18960,27 | 31262,33 | 17829,8 22170,8 10,50
01.08.2013 21438 29822 10156,96 | 690,0296 142,8681 | 25021,1 12546,80 | 25708,64 | 17912,1 21430,5 10,50
01.09.2013 23765 29972 9623,762 | 692,0792 125,2132 | 24460,7 17390,01 29222,07 | 17910,4 19767 10,50
01.10.2013 31521 26894 9237,859 | 787,9088 125,547 23658,5 16198,59 28953,70 | 17286,7 18543,5 10,50
01.11.2013 29418 28810 9369,931 | 821,9585 136,4821 | 25049,5 12774,11 26974,71 | 18037,7 19604,8 10,50
01.12.2013 31034 25408 9508,876 | 843,1953 125,4323 24666 17557,55 31234,15 18547 20270,4 10,50
01.01.2014 28160 30867 9690,619 | 820,3593 160,9021 | 26460,9 13959,23 24351,30 | 18342,7 20141,5 10,50
01.02.2014 26090 27875 9848,303 | 860,2794 148,0957 | 25667,4 16585,26 | 25306,53 | 18460,1 20899,6 10,50
01.03.2014 25686 27585 10056,89 | 860,2794 174,9319 | 25849,6 30429,88 | 31308,81 | 17817,5 21865,8 10,50
01.04.2014 28270 32263 10386,61 | 861,1389 184,3862 | 25555,1 18150,63 30069,93 | 18001,7 22523,9 10,50
01.05.2014 27920 40351 11002,99 | 858,5657 219,475 25940,7 17030,85 29439,39 | 18063,7 22299,4 10,50
01.06.2014 20152 37655 10880 862 176,8017 | 25899,8 16874,86 | 31614,29 | 18451,1 23245 10,50
01.07.2014 22878 38008 9200,995 | 857,7114 203,9917 | 24834,6 17468,06 | 36318,41 | 17951,3 22196,5 10,50
01.08.2014 24129 38215 9277,336 | 856,8588 188,0399 25355 17994,32 37219,54 | 18092,4 21429,2 10,50
01.09.2014 21334 34807 9061,569 | 863,9523 196,675 26108,2 13712,28 | 33862,96 | 17727,9 20788,2 10,50
01.10.2014 34954 42963 8974,181 | 802,3833 205,5312 | 24782,3 16883,64 | 34458,79 | 16342,7 18395,3 10,50
01.11.2014 33753 38877 8906,561 | 822,0676 190,0894 | 24830,4 21682,72 39193,41 | 15565,1 17064,5 10,50
01.12.2014 30102 29989 8951,049 | 816,1838 154,791 25687 17674,35 34308,55 | 12899,2 13751,2 10,50

Source: Czech Statistical Office, Kurzy.cz, Minystf Industry and trade, own computation
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Appendix 2

Figure 1 Time-series plot for "Prod" variable Figure 2 Time-series plot for "Cons" variable
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Figure 3 Time-series plot for "ResPrice" Variable Figure 4 Time-series plot for "SBSD" Variable
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Figure 5 Time-series plot for

"AvSal" variable
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Figure 6 Time-series plot for "BFPr" variable
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Figure 7 Time-series plot for

"FFPr" variable
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Figure 8 Time-series plot for "BIObI" variable

10.6

104 |

BIObI

98 -

96 -

94

g bl e L

2010 2011 2012

2015

Source: Gretl Software




