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PREFACE

Croatia is a country in transition in South-Eastdpe and a candidate country for
joining the enlarged European Union. The countnyeslenced a period of significant
growth of the economy from the mid 1990’s, thougkuffered a mild recession in

1998-1999. Revival started from the beginning o0@0eaching the peak in 2002
with 5,2% growth rate with tourism, banking, andliinvestments leading the way.
Estimated growth rate for 2005 is 3,5%. In 2004] @Ration amounted 2,7% and,

according to ILO Survey, the unemployment rate Wa$8%. The main challenges
facing the country over the medium-term are stmattueforms of the state

administration and judiciary, the return of refugeand displaced persons, the
restructuring of the economy, the full integratminethnic minorities into society, the

adoption of obligations arising from the Stabilisatand Association Agreement with
the EU.

Croatia has an economy based on various servigés@me, mostly light industry.
Tourism is a notable source of income. The Grosm&iic Product per capita in
purchasing power parity terms for 2004 was USD QQ with following composition:
agriculture 8,2%, industry 30,1% and services 61,C%atia has an area of 56.538
km” and a population of 4,4 million (Census 2001), @fuivhich 45,7% live in rural
areas, which are less developed than the urbanammeparing to the EU standards.
Among the rural areas a polarization can be sedh, the villages closer to urban
industrial centres being far more developed thaipperal areas.

Family farming is the main form of agricultural piection. Farms with an average
size of 2,8 ha are holding two-thirds of total agliural land. Because the average
farm size is small, there is a strong tendencyfdomers to earn their income from
more than one source. Approximately 34% of allgheate farm owners work off the
farm and only periodically on the farm with the iynmembers. The socioeconomic
and political status of farmers is low. In additidghere are many farmers' interest
groups in Croatia, but they do not yet have synuiseml activities or strong impact.

The national strategy of the Government of Croegisommends the adoption of an
integrated approach to development covering diffesectors: agriculture, energy,
environment, tourism, etc. In the frame of thisgrated approach and as part of the
BIOEN national energy programme, the efforts toadtice biodiesel production into
the Republic of Croatia have started in the yed020'he objective of introducing
biodiesel industry is to reduce Croatian energyedepncy, comply with the relevant
EC Biofuels Directive, help improve the quality tife environment and diversify
production and employment in agriculture and indusEhe cultivation of energy/non
food crops to produce biofuels should be an argaadicular interest under Croatian
agricultural policy for creating new economic resms and preserving employment
in the rural communities. The production and usbiofliesel to replace fossil fuels in
transport also contribute to meeting signed comenitinand targets resulting from the
Kyoto Protocol to reduce green gas emission, intiaddto enhancing the tourism
industry by emphasizing environmentally consciopisraach.
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The Government of Croatia has requested UNIDOnanite and provide technical
assistance to achieve the aforementioned objectimethe frame of a preparatory
assistance project phase, UNIDO evaluated the bviasibility of introducing
biodiesel industry in Croatia, provided informatiand knowledge to enable taking
informative decision on the appropriate productmdrain and economic model to
adopt in function of available feedstock, markegsents, distribution channels,
promotional policies and financial mechanisms, aadommended guidelines for
regulatory measures to be put in place to promaididsel production and market
development.

This report summarizes the work done and resultsirdd within the frame of
UNIDO technical assistance project XP/CRO/03/02theoGovernment of Croatia.
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EXECUTIVE SUMMARY

The report summarised the work carried out as & gfarechnical assistance from
UNIDO to the Government of Croatia in order to smppefforts in establishing

biodiesel industry in Croatia. This should lead remluction of Croatian energy
dependency and help improve the quality of therenvhent and diversify production
and employment in agriculture and industry. Thedprtion and use of biodiesel to
replace fossil fuels in transport also contribugenteeting signed commitment and
targets resulting from EU Biofuels and other Dinee$ and Kyoto Protocol.

The intention of the report is to provide infornoatiand knowledge to enable taking
decisions on the appropriate production chain acgn@mic model to adopt in
function of available and potential feedstock, nearkegments, distribution channels,
promotional policies and financial mechanisms, and provide guidelines for
regulatory measures to be put in place to promaididsel production and market
development.

Biodiesel and its blends represents an excellebstgute of mineral diesel which
offers a variety of benefits, increased employmetgyelopment of rural areas,
increased security of energy supply and a betterativtrade balance. However,
biodiesel is still not cost competitive with minediesel without subsidies or tax
incentives except in cases where petroleum priceshggh in the extreme and
vegetable oil prices are low.

Feedstock cost is main factor affecting the contipetiess and profitability of
biodiesel production.. The current and potentiatifdock,in terms of both availability
and price, are identified and quantified, as wsll the factors that may impact the
identified feedstock use for biodiesel. Conseqyenthe importance of the
Government intervention with appropriate measures Wighlighted in order to
encourage the production of rapeseed and othesedil$or non-food purpose. The
measures will have to ensure, at least, the quemtitf feedstock required for the
planned production of biodiesel, increase the yietdrapeseed per hectare and
regulate market channels for produced rapeseednahdle financial incentives and
continuous education and expert support for farmass the most important
components.

To decrease the unit production costs it is necgseause a lower cost feedstock and
or to increase the economic performance of prodochy carefully choosing the
location of biodiesel processing plant. The usewaiste edible oils as possible
complimentary source or imports of cheap vegetatle from the global market
represent an interesting option especially in tiigal phase of biodiesel production in
Croatia. The selection of biodiesel production tmrain a harbour for example
would provide cheaper access for transportatideedstock and biodiesel products.

The selection of appropriate process technology @ladt production capacity is
considered important factors influencing the finahand economic performance of
the whole production operation. The selection sthéake into consideration a variety
of factors including feedstock availability and ftya ability to process multi

Promotion of Biodiesel Production in Croatidinal Report



feedstock, as well as, available market, investtentions and plans, etc. There are
numerous technologies available on the market toddgwever, the increasing

requirements for producing high quality biodieset@ding to strict fuel standards
has been the driving force for switching to teclog@s with accurate cleaning steps
for the final biodiesel which usually implies largeale production capacity. The
results of the financial analysis undertaken shwat the larger the scale of production
the better the results in terms of all financiad @eonomic indicators.

Having in mind the goal of establishing a sustai@ddiodiesel production in Croatia
and considering present higher costs of produatmmpared to mineral diesel, it is
necessary to develop and put in place a stable anesh of financial incentives..

This would include de-taxation, and, therefore, ldotesult in a direct loss of

Government revenue. However, the undertaken inptgub analysis of the rapeseed
biodiesel production chain has indicated that l@seli production will contribute

directly and indirectly to additional Governmenveaue, which would compensate
for the loss in tax revenues.

Due to its nature, biodiesel production and utii@ainvolve various sectors, interest

groups and market players and like other renewatidegy sources, biodiesel needs to
be put in the right context and dealt carefullyibtegrating its socio-economic and

environmental added values into the economic model.

Promotion of Biodiesel Production in Croatidinal Report



1 INTRODUCTION

Croatia is a country with poor fossil fuel resowcéround two third of the
consumption has to be imported. Of these petrolguoducts needs, diesel fuel
consumption for the transport sector has increasedound 1,1 million tons during
2004 and more growth is expected in the future.

Like most transition economies, Croatia, has gdmeugh severe changes in the
labour market since the 1990s. The unemploymeatinaCroatia ranges between 15
to 35% depending on the region. The policies desigilo reduce unemployment in
Croatia have concentrated so far on the averag ilethe country, however often a
regional/county approach would be more suitabléeal with the specific situation in

each region.

The production of biodiesel is seen by the Govemtnw Croatia as one of the
promising options to provide an integrated solutionenergy, environmental and
socio-economic concerns. Biodiesel production wag pf the National Energy
Programme BIOEN launched by the Croatian Governnrerftebruary 1997. The
objective of the BIOEN programme was that, at ledS% of Croatia’s energy needs
will be derived from biomass and waste by 20301His end, a biodiesel production
feasibility study has been undertaken and was ptedgo Ministry of Agriculture
and Forestry in 2001. The next steps in the bi@dlissplementation should be the
adoption of necessary legislation including staddand taxation exemption, forming
a clear national targets and strategy and the mantigtn of a demonstration plant,
which is expected to provide useful informationtbe basic part of the production
chain (rapeseed, oil and biodiesel), storage aadtibiodiesel especially, in relation
to economic models.

The Republic of Croatia became a party to the driiations Framework Convention
on Climate Change (UNFCCC) in 1996. Under the Aetig2 of the Convention,
Croatia undertaken the commitments outlined in Anihgo maintain its greenhouse
gas emissions at 1990 level. In March 1999, Creagjaed the Kyoto Protocol, which
globally entered into force on February 16, 200poiJits ratification by the Croatian
Parliament, Croatia will commit to reduce its enggs of greenhouse gases by 5
percent in relation to the base year, over the ciomemt period from 2008 to 2012.
Considering the very low initial level of emissioms1990, the Kyoto target will be
an extremely difficult task for Croatia. In 1990y0@tia had almost the lowest
emission of CQ per capita in Europe (4.8 t GQer capita), half the west European
average. After four years of negotiations, af' Tonference of the Parties, held in
Montreal 2005, Croatia is allowed a certain degyedexibility in determining its
reference level of greenhouse gas emission .Imme@roatia seriously committed to
consider renewable energy sources utilisation.

Croatia’s agricultural development has been stsorgffected not only by the
structural changes following the break-up of themfer Republic of Yugoslavia (50
percent of land was farmed by large heavily subedii vertically integrated
agricultural holdings), but also by demographic ndes after the Homeland War
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(high rate of absentee land ownership). The thre@magro-ecological zones differ
largely in crops and access to markets, but aliyeers in all regions have access to a
very high level of direct subsidies. The large nemiof very small holdings
(averaging approx. 2,8 ha) make outreach for tectrdssistance and economically
feasible production difficult. A well equipped ertgon service attempts to provide
specialized assistance also in agro-tourism, agdnic and traditional production.
The agricultural sector would benefit from the sesed oilseed production for
biodiesel through an increased usage of the cordite amounts of currently idle
acreage, the introduction of rapeseed as the @nog in crop rotation, a guaranteed
additional profit for farmers, and better expldat of farming machinery which
would all be summarized in increased profitabilié§ agricultural production.
Rapeseed meal being a by-product in the produciidnodiesel would contribute to
the replacement of animal protein feeds with protef vegetable origin in the
livestock production as a protective measure ag@nsephalopathy that has luckily
not occurred in Croatia.

This study has been conducted under the UNIDO grdfgomotion of Biodiesel
Production in Croatia with the main objective toerdify the most promising
opportunities for biodiesel production in Croatsmalyse barriers and concerns and
give recommendations to the Government of Croatthather relevant stakeholders.

Chapter 2 focuses on health, environmental, empéoynand other benefits of
biodiesel in relation with relevant Croatian natibstrategies and objectives. It also
analyses some legislative and economic circumssanaed the process of EU
accession. Chapter 3 is stressing the key factibestimg potential establishing of
biodiesel industry in Croatia, notably feedstocks@ed) supply, present diesel fuel
market and future development scenarios.

Chapter 4 gives a general technology overview oflieisel production processes,
biodiesel by-products and analyses some key igsusgstainable biodiesel industry
like site selection, process technology, policiesl ancentives. Chapter 5 gives
macroeconomic analysis of future biodiesel produrctin Croatia and deals with
changes in Government revenues. Chapter 6 desenitaegroposes policies, financial
mechanisms and marketing strategy promoting bietli@®duction.

In Chapter 7, a number of factors in technology&@n and technology company
overviews are given. Chapter 8 is on financial ysialof a proposed small and large-
scale of biodiesel production and elaborates needsodiesel de-taxation. Chapter 9
contains a comprehensive set of recommendations@rausions from this report.

Appendix 1 contain report of project workshop hetd15" December 2004 including
results from a short questionnaire targeting imgarguestions regarding the reasons
of the currently inexistent biodiesel production wsll as the future actions and
implementation measures needed in Croatia which semslucted as a workshop
follow-up. As a separate document, there is alspefgdix 2 which contains the
complete financial analysis prepared by ITPO ltahich summary and main findings
are presented in Chapter 8.
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2 BIODIESEL BENEFITS AND CROATIAN NATIONAL
STRATEGY

2.1 Biodiesel Benefits

From the utilization perspective, biodiesel and biends represent an excellent
substitute of mineral diesel. Thus, biodiesel femgushould be benchmarked with
mineral diesel features in all their aspects. Whidasumption features of biodiesel
results in, generally speaking, homogeneous resit#tsproduction features vary

according to the source of production. Namely, igsel can or could be obtained
from various sources such as different vegetabie animal fats, recycled edible oil

and, even, soapstocks. Consequently, biodieselptioth process greatly depends on
geographical and climate conditions as well as ntade and organisation of sectors
related to use of edible oils, such as cateringremu$eholds.

Here, the focus will be placed on biodiesel origgaafrom rapeseed and recycled
edible oil and the comparison will be taken fronotatandpoints: production and
consumption in respect to biodiesel benefits.

Generally speaking, basic emissions from biodiasdlits various blends ratios report
decrease in emissions of total hydrocarbon, carlmoonoxide and dioxide,
particulates, sulphur and an increase in nitrogadeoemission when compared to
mineral diesel emissions.

Table 2.1 Tailpipe emissions of carbon monoxide, particulai®, and SQ

Fuel type Cco PM NOx VOCs SOx
Diesel (no catalyst) 2,05 0,128 4,70 0,31 -
Diesel (catalyst) 1,52 0,077 475 0,19
Biodiesel 100% (no catalyst) 1,27 0,081 4,90 0,08 -
Biodiesel 100% (catalyst) 0,95 0,040 4,91 0,06

Source: C. Sharp, Southwest Research Institute, Telg#s, 1997

Domestic production of biodiesel improves energy-sdficiency of the country as
well as job creation.

Before starting, it should be emphasised thatiallibsel benefits are closely related
and, therefore, this chapter makes a whole ratten separate parts. The overall
benefits of biodiesel are proportional to the petage of biodiesel presence in the
blend with mineral diesel.
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2.1.1 Health Benefits

Production of biodiesel from recycled edible oideesses the problem of sewage or
other inappropriate disposal of used edible oilse Wwaste oil serves as food to
rodents and, from the experiences from severas;ittnhances their uncontrollable
multiplication which presents an undeniable heask.

Biodiesel is a non-toxic fuel with higher flash pbthan mineral diesel which makes
it non-flammable and non-explosive. In that serisediesel represents less health
hazard for all parties involved in its handling athstribution.

Consumption of biodiesel in transport brings numerdenefits regarding the
population’s health. The health benefits increaggther with the population density
of an area. Therefore, biodiesel is strongly recemted for appliance in public
transport in urban areas.

Biodiesel and biodiesel/mineral diesel blends hthee ability to reduce emissions
from diesel engines for many air pollutant prectssand lower toxicity of the diesel
particulate matter (PM) emissions, resulting in Itedenefits for the overall
population especially related to asthma and othgpiratory diseases caused from air
pollution.

Decrease in particulate matter, aromatic hydrogesbalkenes, aldehides, and
ketones in biodiesel and biodiesel/mineral diesehdls exhaust emissions benefits
with less mutagenic effects on mammals than mindieslel exhaust emissions itself.
Biodiesel has a straight chain molecule which hasaromatics. This gives great
advantage to biodiesel and its blends over mirdieslel regarding toxic and cancer
type of illness.

Specifically, the substitution of mineral dieselthwbiodiesel in city transport would
result in increased air quality in densely popuateban areas, which would in turn
insure a lower health risk associated with air ygadh. The emission reduction of
particulates, carbon monoxides and sulphur oxigesspecially important because of
the prominent role they play in public health risgspecially in urban areas where the
acute effects of these pollutants may be greates. important to note that most of
these reductions occur because of lower emissibtiseaailpipe and for busses and
vehicles operated in urban areas this translatas tven greater potential benefit.

Since biodiesel has low emissions, it is ideal dee in places like marine areas,
national parks and forests, and heavily pollutdtesi Smoke (particulate material)
and soot (unburned fuel and carbon residues) amecofasing concern to urban air
quality problems that are causing a wide range dveese health effects for their
citizens, especially in terms of respiratory impant and related illnesses. As an
oxygenated vegetable hydrocarbon, biodiesel itaglis cleanly, but it also improves
the efficiency of combustion in blends with petrote fuel. As a result of cleaner
emissions, there will be reduced air and waterupiolh from vehicles operated on
biodiesel blends.
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Between 1998 and 2000, the U.S. National Biodi&selrd has executed emissions
testing programs on biodiesel (known as Tier | Bridsting) which had included the
most stringent emission testing protocols everiredby USEPA for certification of
fuels or fuel additives in the U.S. The authordgrnolgéhat the data gathered through
these tests provide as nearly a complete inverdbthe environmental and human
health effects attributes of biodiesel as curreahhology will allow. Health effects in
Tier | testing were defined to include both aniraal human toxicity studies of any
duration, via any exposure route, as well as iroyinetabolic and structure-activity
analyses.

The tests for health evaluations were made indglewing aspects:

1. General toxicity in terms of body weight and feednsumption, clinical
observation, mortality, haematology (cell counts)l &linical chemistry (liver and
kidney function);

2. Pathology in terms of gross and histopathologyllafrgans;
3. Ophthalmology;

4. Neuropathology in terms of histopathology of brapinal cord and nerves as well
as brain glial fibrillary acidic protein;

5. Reproduction;

6. DNA damage in terms of micronucleus in bone marred blood cells and sister
chromatid exchange in lymphocytes.

The exposure conditions are shown in the tableselo

Table 2.2 Exposure conditions used for Tier | and Il testing

High Medium Low Control

NOX, ppm 50,7 25,6 52 0,6
CO, ppm 36,5 15,3 2,2 0,5
HC, ppm 0,50 0,3 0,1 0,1
PM, mg/ni 1,10 0,5 0,1 0,0

! United States Environmental Protection Agency
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Results showed:

1. No significant exposure — related effects on feedsamption, clinical condition,
mortality, ophthalmology, DNA (micro-nucleus, sistechromatid), neural
parameters, reproduction (fertility, teratology).

2. Minor exposure effect deemed not biologically siigant on body and organ
weights (lower liver weight and higher relative gl in lungs and testis in
females and in males, respectively) plus clinida¢mistry reported decrease in
four liver related parameters and increase in glaco

3. Minor exposure effects are related to lung histoplaigy were dose-related
increase in macrophages containing particulate ematere recorded. However,
there was no toxic effect as changes diminished 28 days of non-exposure.

Conclusions of the tests recorded that the onlyogioally significant biodiesel
exhaust exposure effect was a small effect in luaigbe high exposure level. Thus,
no observable adverse effect level was the medawel.|

It is important to point out that biodiesel carriedisputable potential benefits, but as
most of the other goods, its production should dreied out in controlled conditions
by people with proper training and experience aoidat home. Biodiesel production
involves hazardous chemicals (i.e. sodium hydrozide methanol) that represent the
risk of fire and explosion when handled poorly. tha other hand, already produced
biodiesel does not have any negative reactionssiith inhaling or swallowing.

2.1.2 Environmental Benefits

The utilisation of biodiesel has environmental bgsehat represent one of the major
driving forces for its greater introduction. Biogsé and its blends have reduced
greenhouse gasses (GHG) emissions compared to tfoseneral diesel. Using
biodiesel instead of fossil fuels reduces net eonssof carbon dioxide, which are
associated with global climate change. To elaboratbough emissions of carbon
dioxide are present in biodiesel combustion practss level of total carbon is not
increased since the carbon was not below but athevearth’s surface. Made entirely
from vegetable oils, biodiesel does not contain smiphur, aromatic hydrocarbons,
metals or crude oil residues and thus has manyngalyas over mineral diesel in the
environmental aspects such as air, water and shitjon.

All health benefits described in the previous pzah be applied on all mammals
which make biodiesel little, if any, threat to thabitat. Furthermore, biodiesel is
totally biologically degradable thus making spdisd leaks both in water and soil less
of a concern.

The absence of sulphur in neat biodiesel leadsrémaction in the formation of acid
rain by sulphate emissions which generate sulphacid in the atmosphere. The
reduced sulphur in the blend will also decreasddtiels of corrosive sulphuric acid
accumulating in the engine crankcase oil over time.
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Only in the emissions of NQ biodiesel showed either the same or higher leel

emissions than the mineral diesel. Still, thosessions could be lowered down to 25
percent by adjusting fuel injection timing in veleE running on biodiesel for which

catalytic converters and biodiesel sensor softwarsebeen already developed.

The overall results of life cycle paths for biogieand mineral diesel production give
the same positive impression of the biodiesel'sirenmentally friendly superiority
where “each litre of biodiesel saves the equivatérit,2 kg greenhouse gases (IFEU,
2003)". Recent EU studies and data published byCiwamission estimate the GO
emissions from traditional fuels used in transpae. diesel) at 3,2 tons/1.000 I,
including the whole cycle of fuel production anceu3he replacement of traditional
fuels by biofuels is calculated to produce L£€aving in the order of 2-2,5
tonnes/1.000 .

Although based on different assumptions, three istudordered chronologically:

ETSU (1996 and 1998), ECOTEC (1999) and IFE(2003) give reasonable
guidelines regarding the effect of biodiesel enoissito mineral diesel emissions.

Table 2.3 Comparison of biodiesel and diesel life cycle einiss

Biodiesel to Diesel emissions = 100%

Emission Straw* Gas**
Greenhouse gases 24% 30%
SOx 20% 30%
NOx 139% 132%
Particulate 106% 106%
VOC 44% 56%
CO 120% 140%

* processing fired by straw residues

**processing fired by gas

Source: ECOTEC, 1999

2 ETSU stands for Energy Technology Support Unit foe Energy and Environment Research
Programme of the UK Department of Trade and Commerce.

% IFEU - Institut fir Energie- und Umweltforschung Helberg GmbHwww.ifeu.de
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ECOTEC study complies with the ETSU study in greerde gases, NOQVOC and
CO emissions while strongly disagrees with,&@d particulates emissions findings.
Namely, ECOTEC claims the following ratios regaglibiodiesel and diesel life
cycle emissions. Values are organised by takingeraindiesel emissions as base of
100.

When looking to details of the life cycle of bios@, it becomes clear that it shows
both advantages and disadvantages towards minaséldproduction. IFEU has
summarized and simplified its findings in the figurelow:

Advantage for RME Advantage for diesel fuel

Energy saving : | |
Greenhouse effect ’J:

Acidification

Nutrient inputs

Photo smog
119

"

1100 km

10 15 20

|
|
|
|
Ozone depletion |
—I5

-10

[==]
(4]

Figure 2.1 Summarized effects of biodiesel (RME) and mineealall production
Source: IFEU, 2003

To summarise the results of comparison of thedyfele of mineral diesel to the one
of biodiesel, IFEU conclusion could be quoted: Bsdl is beneficial with respect to
the saving of fossil energy and to the greenhoifeetebut is detrimental regarding
acidification, nutrient inputs and ozone depletion.

Thus it is not possible to make a scientific, obyecdecision for biodiesel or mineral
diesel or their mixtures regarding environmenté@s. The decision has to have an
additional criterion which is, in this case, givbn the government of Republic of
Croatia, and the EU. The priority for Republic ofo@tia is to reduce energy
dependency on energy imports and decrease GHGienssss well as preventing the
process of deruralisation and rural population ergyment through increased use of

* Example how to interpret the top two bars in thgien: if biodiesel is used instead of diesel fuel on

a distance of 100 km the amount of energy saved do@lamount of energy required to produce 8
litres of diesel fuel and the amount of greenhousegsaved equals the amount of greenhouse gases
emitted due to the production and consumption ofrédliof diesel fuel. Converted into a different unit
approximately 2,2. kg of C{equivalents can be saved for each litre of biodiesed.
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renewable energy sources. Given this additionaisaet rules, biodiesel production
in Croatia seems like a logical choice for the giegcumstances.

There are some other impacts on the environmemnogea by traditional means of
acquiring petroleum, including exploring, drillirgnd transporting crude oil, that were
not assessed in previous figure. More importantlye use of mineral diesel
significantly contributes for many of the envirormie problems — greenhouse gases,
air pollution, groundwater and soil contaminatiand others. Utilisation of biodiesel
can play an important role in reducing emissionsmfrtransport for many air
pollutants, and unlike other ‘clean fuels' suck@spressed natural gas, biodiesel and
other biofuels are produced from renewable materidde agricultural crops, that
assimilate carbon dioxide from the atmosphere wime plants and vegetable oil.
Biodiesel has a higher centane rating than mirdéeslel, which means more efficient
biodiesel combustion.

The lack of heavy petroleum oil residues in theetafle oil esters that are normally
found in diesel fuel means that engines operatiiig bvodiesel will have less smoke,
and less soot produced from unburned fuel. In otbeed, biodiesel utilisation could
reduce city smog and improve air quality. Furtheince the biodiesel contains
oxygen, there is an increased efficiency of combuostven for the petroleum fraction
of the blend. The improved combustion efficiencyéos particulate material and
unburned fuel emissions especially in older engimiéls direct fuel injection systems.
The lack of toxic and carcinogenic aromatics (beezetoluene and xylene) in
biodiesel results in the fuel mixture combustiorsagmhaving a reduced impact the
environment.

Introduction of rapeseed as a third crop cultureuldioimprove yield and soil
recuperation of all cultures (such as maize andatyhiavolved via crop rotation. In
other words, reduced input of agrochemicals inserese of pest protection agents and
fertilizers would decrease impact of agriculturewaods soil pollution and
degradation.

Republic of Croatia faces the problem of deruréiisaand, consequently, fields are
turning into shrub land. Those shrubberies are ntiterisk of spontaneous fires
especially if neighbouring with a forest or popethtrea.

3.1.1. Employment

The introduction of biodiesel production in Croatiauld play a significant role not
only from energy point of view, but will also heip regulating the unemployment
rate, especially regional unemployment derivingnfrahe structural changes in
agriculture to take place. Production of biodidsain two feedstocks, recycled edible
oil and rapeseed methyl ester, is expected to ersateral new job opportunities in
the feedstock supply chain, both in the urban arkees to the required labour for
waste oil collection and cleaning, and more impdiain rural areas due to the
required labour for rapeseed agricultural produntishich will also lessen the urge to
abandon land and reduce the ongoing migrationaitites.
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Studies at EU level have demonstrated that the uystamh of biodiesel requires
directly or indirectly 50 times more work-effortath the refining of the same amount
of diesel. In addition, the number of job positidhat are expected to be created in
relation to biodiesel production has been estimatedange between 16-26 per
ktoe/year, depending on a number of local parameter

Increased production of raw materials for biofueldl contribute to the multi-
functionality of agriculture and provide a stimulissthe rural economy through the
creation of new sources of income and employmentesbiofuels are relatively
labour-intensive, especially in rural areas dutimg exploitation phase. Furthermore,
in many cases in the agro-food and forestry ingustriofuels could turn
problematical waste production into a sustainabbelpct.

Biodiesel production could contribute to agricudtudiversification and form part of
the job creation policy, which will contribute taifting in place a consistent and
lasting framework for guaranteeing the future oé tlural community. From the
farmer’s point of view, rapeseed growing for progtuec of biodiesel could provide
better income stability.

Rapeseed growing has a positive externality towaflsulture. Honey production
benefits, in all senses, from additional fieldblifssoming rapeseed.

3.1.1. Other Benefits

The introduction of biodiesel in Croatia would fgete the reduction of imported

fossil fuels consumption through the utilisationnattional energy sources. This will
result in diversification concerning energy typesl @&onsequently in increase of the
security of energy supply in the country.

It is also expected that the development of pradocind use of biodiesel in Croatia
will partly create a mushrooming effect of new imative technologies and facilitate
technology transfer from the EU to the whole Westalkan region and South-East
Europe.

The outcomes of the proposed project offer an dppdy for trade to promote

sustainable development, since the need for biedieghe EU, and subsequently in
other countries, could open a new market for intiegaagriculture products which
could particularly benefit countries dependent gricallture. Agricultural activity per

capita in Croatia and surrounding countries is wmrably higher then in EU

countries, therefore there is potential for sustiale farming of biodiesel.

Assuming that biodiesel will not be affected by fuessible rise in crude olil prices, its
introduction on the market can be expected to lsanedest effect in dampening the
effect of changes in crude oil prices on pricesl {i§i consumers.
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2.2 Croatian National Strategy and Objectives

Within its integration process into the EuropeanddnCroatia will have to adjust the
whole concept of the energy sector reform by inigolg a legislative as well as an
institutional framework in accordance to the Bdquis communautaire~ollowing
the European Council’'s political decision to opeasgatiations and to convene the
bilateral intergovernmental conference on accessiegotiations with Croatia were
formally opened on 3 October 2005 at the first ises®f the intergovernmental
conference between EU Member States and the RepablCroatia. The formal
opening of the negotiating process is followed bg tanalytical overview and
evaluation of the degree of harmonisation of naidegislation with theacquis
communautaireknown as screening. The main purpose of the serggmocess is to
determine the existing differences between theonatilegislation and thacquis
communautairefor every chapter which the national legislatioeeds to be
harmonised with until the date of accession. Onbihgis of the conducted analysis,
the candidate country is required to state wheithetll be able to fully harmonise
national legislation with thacquis communautair® individual chapters or if it will
require transition periods for complete harmongatand implementation of the
acquis communautairé&screening is conducted for every chapter indizilgu

The harmonisation and implementation of new leg@hiawill naturally be done
within limits of a particular national solution batso considering the fact that each
country of the European Union undertook the obiayatto change relationships
within the energy sector based on common rulegmé@ied by the European Union's
Directives. Specifically, the two EU directives aeding the production and
utilisation of biofuels are the following:

= Directive 2003/30/EC of the European Parliament asfdthe Council on the
promotion of the use of biofuels or other renewadhbiels for transport which
stipulates that EU member states should ensureathatnimum proportion of
biofuels and other renewable fuels is placed oir tharkets and to that effect set
national indicative targets. The Directive alsossetference values for these
targets starting from 31 December 2005 and untD8déember 2010;

= Directive 2003/96/EC of the European Council restaning the Community
framework for the taxation of energy products ateticity, which allows EU
member states to apply a total or partial exemptimnreductions in the level of
taxation to biofuels.

The Croatian energy policy today is directed towdrttreased efficiency, security of
supply and diversification, market deregulationd ahe use of renewables and
environmental protection. In accordance to thesdsgthe production of biodiesel is
seen by the Government as one of the importanbptio provide an integrated
solution to energy, environmental and socio-ecogommbncerns. The Croatian
Government has launched BIOEN programme that coviediesel production and
related regulations as a part of the National En@mpgramme as early as in February
1997.
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The first steps have been made: the Energy Actilamdelated Regulation regarding
renewable energy sources clearly recognises bofagla renewable energy source
and gives definition and classification of biofuéiscluding both liquid and gaseous
forms) (Energy Act, Official Bulletin (O.B) 68/01)n 2003, the Subcommittee for
biofuels was formed within the Technical Departm28itof the Governmental Office
for Standardization and Metrology, which defineé@ tBroatian norms for biodiesel.
This practically means acceptance of the EU nornilBERL4. The Subcommittee also
made a decision to allow the mixing of 5% of biedikin the standard mineral diesel
fuel without special marking. In 2002, the Croat@overnment has, based on the
proposal of the Ministry of Environmental Proteatiand Physical Planning, adopted
the Regulation on Quality Standards for Liquid Oil Fsjeihich was last amended in
August 2005. The Ministry has prepared fRegulation on the Quality of Biofuels
which was delivered in November, 2005 (O.B. 141/6%)wever, up till now,
biodiesel production and legislative framework feinement is yet to be unfolded.

In accordance to the requirements stipulated irediive 2003/30/EC, the Croatian
Government in th&®egulation on the Quality of Biofuedst a national target of 5,75%
share of biofuels in total consumption of fuels foansport, up till December 31,
2010, as well as formulate and put in place spesifipport measures to achieve this
target. These should include an overall nationah gbr the promotion of the use of
biofuels for transport, with the aim to establislgulatory environment for biofuels on
a fully commercial basis. In order to increase greportion of biofuel use and
promote the blending of biofuels into standard epaduels, it will be necessary for
the Government to approve the refund of the exaigg on biofuels.

The hypothetical amount of biodiesel productionsidered in this study should fulfil
proportions of biofuels and other renewable fudéced on the national market as
recommended in the Directive 2003/30/EC: 2% an&%, talculated on the basis of
the energy content, of all petrol and diesel fansport purposes placed on national
markets by 31 December 2005 and 2010, respectively. Howevas, iitnportant to
note that the Directive 2003/30/EC sets only refeee values for the national
indicative targets, thus allowing member stategpriovide derogation from the EU
reference values due to a number of reasons (imgudnited national potential to
produce biofuels from biomass, the use of biomasgdirposes other than transport,
and special technical and climatic characteristicthe fuel market). It is still upon
the Croatian government to decide on exercising right while building the national
biofuels strategy.

2.3 Conclusions

From the utilization perspective, biodiesel and hilends represent an excellent
substitute of petroleum diesel. Specifically, bes#l runs in any conventional,
unmodified diesel engine, resulting in the factttm@ engine modifications are

necessary for its use in vehicles no older thayeis. Furthermore, it can be stored
anywhere that petroleum diesel fuel is stored milieral diesel fuelling infrastructure

including pumps, tanks and transport trucks cans thuse biodiesel without

modifications.
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The replacement of petroleum diesel with biodiesi#érs a variety of benefits,
including health and environmental benefits, inseshemployment, development of
rural areas, increased security of energy suppWelt import of energy sources and a
better overall trade balance and others. Biodiasdl biodiesel/mineral diesel blends
have reduced emissions for many air pollutant psErs resulting in health benefits
for the overall population. These health benefitsease with the population density
of an area, thus it is strongly recommended tohisdiesel for public transport in
urban areas. Due to being a non-toxic fuel withhbrgflash point than petroleum
diesel, which makes it non-flammable and non-expégsbhiodiesel represents less
health hazard for all parties involved in its hanglland distribution. Additionally, the
production of biodiesel out of recycled edible aildresses the problem of sewage or
other inappropriate disposal of used edible oiking biodiesel instead of fossil fuels
reduces net emissions of carbon dioxide, whichamsociated with global climate
change. Furthermore, the absence of sulphur inbiediesel leads to a reduction in
the formation of acid rain by sulphate emissionsctviyenerate sulphuric acid in the
atmosphere.

The introduction of biodiesel production in Croatiauld play a significant role not
only from the energy point of view, but would aldwlp in regulating the

unemployment rate, especially regional unemploynutving from the structural

changes in agriculture. In that sense, biodieseldyction could contribute to

agricultural diversification and form part of thebj creation policy, which would

contribute to putting in place a consistent antingsframework for guaranteeing the
future of the rural community. The production ofvranaterials for biofuels would

contribute to the multi-functionality of agricultuproviding a stimulus to the rural
economy through the creation of new sources ofrre@nd employment. In many
cases in the agro-food and forestry industry, l@tsficould turn problematical waste
production into a sustainable product. The intréidmcof biodiesel in Croatia would

also facilitate the reduction of imported fossilel& consumption through the
utilisation of national energy sources, resultingdiversification concerning energy
types and consequently in increase of the secofrignergy supply in the country.

Within its integration process into the EuropeanddnCroatia will have to adjust its
energy sector reform process by introducing a latij® as well as an institutional
framework in accordance to the Eldquis communautaire

In order to meet the requirements stipulated ire@ive 2003/30/EC, the Croatian
Governmentn the Regulation on the Quality of Biofuskst a national target of 5,75%
share of biofuels in total consumption of fuels foansport, up till December 31,
2010, as well as formulate and put in place spesifipport measures to achieve this
target. These should include an overall nationah gbr the promotion of the use of
biofuels for transport, with the aim to establislyulatory environment for biofuels on
a fully commercial basis. In order to increase greportion of biofuel use and
promote the blending of biofuels into standard raduels, it will be necessary for
the Government to approve the refund of the exaigg on biofuels as introduced in
Directive 2003/96/EC.
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3 KEY FACTORS AFFECTING POTENTIAL
ESTABLISHING OF BIODIESEL INDUSTRY IN
CROATIA

3.1 Feedstock Supply Analysis

3.1.1 National Oilseed Production

The production of oilseed crops in Croatia is esed at approximate 90 thousand
hectares and is focused on 3 plants: soybean,osugrfland rapeseed, with soybean
dominating in acreage and vyield in the ratio of 38515 ha and 59:29:12 t,
respectively as shown in the Table 3.1.

Table 3.1 Production of oilseeds in Croatia

Year 1997 1998 1999 2000 2001 2002
Sunflower

acreage ha 16.946 28.642 41.996 25.715 25.336 26.835
production t 36.138 62.206 72.374 53.956 42.985 62.965
yield t/ha 2,13 2,17 1,72 2,10 1,70 2,35
Rapeseed

acreage ha 5.356 8.949 15.010 12.886 10.319 13.041
production t 11.181 21.967 36.020 29.436 22.456 25.585
yield t/ha 2,09 2,45 2,40 2,28 2,18 1,96
Soybean

acreage ha 16.030 34.015 46.336 47.484 41.621 47.897
production t 39.469 77.458 115.853 65.299 91.841 129.470
Yield t/ha 2,46 2,28 2,50 1,38 2,21 2,70
Total oilseed in ha 38.332 71.606 77.667 86.085 77.276 87.773

Source: Central Bureau of Statistics, 2004

Recently, there is an ongoing trend in increadigacreage and production of oilseed
resulting in almost double production in 2002 cormgato 1997. Proportionally, the
import of oilseeds has been decreasing ending paiitive foreign exchange balance
for rapeseed and sunflower in 1999. However, thianoa of production and
consumption of oilseeds and vegetable oils is séfjative with only 52% of self-
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sufficiency. In addition to that, the protectiorvies are decreasing both for raw
oilseeds and their products jeopardising the feabliss of success in the field of
oilseed production.

To the difference with other agricultural plantspguction of oilseed is specific by
being produced mostly on big agricultural areas edviiby business companies.
Generally speaking, about one half of the productaveas and two thirds of
production belong to agribusiness while productonfamily owned farms has been
contracted between the farmers and processors.

It is noticeable that the level of rapeseed yiedd Ipa is quite low, ranging from 1,52
t/ha to 2,45 t/ha, comparing to the yields of &tdnd more achieved in the EU. In
August 2005, aware of the low yield problem, notyofor rapeseed but also in
general, Croatian Parliament has adopted the ktgiru on Minimal Yield per
Hectare Assessment (O.B. 96/05) which defines tivénmal yield per hectare for
rapeseed of 1,70 t/ha. Briefly, in the sense of tthaav, if a farmer fails to achieve the
minimum required yield, in the normal cropping cimestances, the farmer loses the
right for the subsidies.

On the other hand, the Government is supportingeed production by giving the
highest amount of subsidies. All oilseeds are empassed within the national subsidy
programme that is based on production areas. Theumis of the subsidies for
oilseeds with comparison to those of wheat and enaie shown in the Table 3.2.

Table 3.2 Agricultural subsidies per cultures for relatedtcues

Culture Subsidy (HRK/ha)
Rapeseed 2.250
Sunflower 2.250
Soybean 1.650
Wheat 1.650
Maize 1.250

Source: Law on Governmental Support for Agriculfufishery and Forestry, O.B. 82/04, 9th June
2004

The subsidy for rapeseed is about three quartgisehithan those for wheat and
maize, due to the fact that there is recognize@exdemand for edible plant oil. On
the other hand, there is excess supply in wheatuaten and sufficient supply in
maize. However, in order to protect farmers’ incorse traditional cultures are
still subsidised. Mainly due to this reason, farsnare, at present, reluctant to switch
from the traditional cultures to new ones, resgltim low experience and
consequently low yield with growing rapeseed. lexpected that only significantly
higher margin could motivate farmers to switch. leaample, rapeseed producers
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from Osj&ko-Baranjska County are claiming that an amour2.800 HRK/ha would
be sufficient. If the Government recognises rapgggewing as one of the crops of
strategic importance, the solution could be foumddownwards cascading support
system which will start from, for example 2.800 HRK, as claimed by farmers. This
could then gradually decrease over years to thauat®h250 HRK/ha, as proposed by
the Ministry of Agriculture, followed by constaniggport from the Extension Service
regarding cropping techniques improvement. In g&ise, more farmers would be
willing to convert to rapeseed growing in the ilityears and would be able to
transfer their knowledge among each other. In titk &armers’ income would stay at
the approximate same level: decreased income frensubsidies but increased from
the harvested yield.

To understand the whole background of the nationiddeed production and
agriculture in general, it is important to streb® tongoing trend of decrease in
agricultural production and abandoning of the runaas. The total area of unused
agricultural area stays controversial. It variesnfr 102.422,97 ha (Agriculture
Census, 2003) to as much as 377.370 ha (Statistezabook 2003) depending on the
methodology. The Agricultural Census was executedcoming to the
recommendation of the EU and statements of the tamders. In this survey, the
emphasis was on the “used” areas. With this metlogglo the unused agricultural
area (it does not specify the type of the unusett@tural area) amounted 7,36%,
from total agricultural area of 1.391.621,95 hae Ttatistical Yearbook gives the
specific type of land and its use which gives thars of fallow and uncultivated
arable land of 35% in total arable area of 1.080.h8. Both data come from the
official source - Central Bureau of Statistics aegresent the same year.

One of the measures to prevent this negative trespkcially in the light of entering
the CAP, the Croatian Government has introducedrelpy taxation system in order
to motivate the farmers to continue with the cuaition. Agricultural Idle Land Tax is
a tax on the land which is defined as an areaitilegss agricultural land but it is out
of use for various reasons over a period of one. ydas tax is represents an income
for municipality or town to whose administrativertory the idle land belongs. The
idle land tax is described by Law on Local and Begl Communities Financing
(O.B. 117/93, 33/00,73/00, 59/01, 107/01, 117/(80/@2 and 147/03) and General
Tax Law (O.B. 127/00, 86/01, 150/02). The law peyes the owner or concession
holder that is neglecting the agricultural area enthan a year. The taxation base is
the quantity of the idle land stated in hectard® maximum annual penalty amounts,
depending on the agricultural land classificatitom 250 HRK/ha for meadows to
1.000 HRK/ha for orchards, olive yards and vinegarflrable land annual penalty
amounts up to 500 HRK/ha and the actual amountrilspen the decision of the local
(regional) authority.

According to the National Agriculture and Fisheryra®&egy, oilseeds industry has
enough capacity to process the existing produdiianit is not prepared for increase
due to the technological and technical disuse.

Oil from all three oilseed crops can be used fodlgsel production, although, apart
of economic justifiability, rapeseed oil is the rhesitable from the technical aspect
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of biodiesel production. Also, soybean oil is obtal through a series of processing
steps, which includes degumming. Degumming is thecess of removing
phospholipids, such as lecithin which complicates washing of crude biodiesel
produced by transesterification and increases @tamucosts.

3.1.2 Farm Structuresby Region

At present, statistics regarding the regional fatracture evaluations apart from the
national statistics shown below are not availaHiewever, it is reasonable to assume
that the former state farms, which were locatedhia fertile region of Slavonia,
represent the quite large and well organised famitts high productivity, while the
small private farms can be found in other regioasirtg quite serious limitations in
climatic and soil conditions and therefore rathemited tradition in rapeseed
production.

From the figures as shown below it can be seen dapptox. 83% of the land is
managed by family farms while approx. 17% by legalities i.e. large farms.
Distribution for oilseed cropping shows however @pp a 50/50 split where, in
rapeseed cropping, large farms are dominating &itB% share. Those larger units of
the legal entity farms are more suitable to supff@tadvanced cropping methods of
rapeseed with higher yield and agro- technolodioalw-how.

Table 3.3 Distribution of land management (legal entitiesfesnily farms)

Year 2000 2001 2002

Total land sawn in ha 1.071.573 1.091.211 1.096.601
Legal entities 187.407 184.951 182.596
Family farms 884.166 906.260 914.005
Total oilseeds in ha 86.919 78.075 89.065
Legal entities 45.143 38.551 42.276
Family farms 41.776 39.524 46.789
Total rapeseed in ha 12.886 10.319 13.041
Legal entities 10.588 8.115 10.309
Family farms 2.298 2.294 2.732

Source: Central Bureau of Statistics, 2004
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3.1.3 National Production and Consumption of Food Oils

Coverage of national demand for vegetable oilsvaaied between 60% in 1991, 83%
in 1993 and 71% in 1995. In order to cover the gégeeds are imported for crushing
in national oil mills.

In 2004 soybeans imports reached 103.109 t andosuaf imports were 4.537 t;
other key oil imports in 2004 were sunflower o@lp oil and rapeseed oil.

Table 3.4 Production of food oils in Croatia in tons

1995 1996 1997 1998 1999
Margarine 10.320 12.374 14.676 15.370 15.370
Rapeseed oil 6.221 3.063 2.731 6.725 11.951
Soy oil 11.700 10.000 16.200 15.600 15.900
Sunflower oil 10.800 14.100 16.500 16.500 16.500
Olive oll 5.447 2.293 1572 3.150 3.150
Others 509 370 321 435 135
Total 44.997 42.200 52.000 57.780 63.006

Source: FAO, 2002

3.1.4 Production Industry

Currently there are 3 relevant oil mills in place:
1. Sojara in Zadar

2. Zvijezda d.d. in Zagreb, with a refinery

3. Tvornica ulja inCepin, with a refinery. Oil seed capacity of 182.500 refining
capacity of 36.500 t/yr.

The Agrokor Group represents the major competiopurchasing, processing and
marketing of vegetable oils in Croatia, with thédwing integrated subsidiaries:

= Sojara Zadar: a mid-sized oil mill for crushing begns, oil seed capacity
300.000 t/y, located at a sea harbour for unloathngest cargo ships from e.g.
USA, Argentina;

= Zvijezda d.d.: the major producer of edible oilshné market share of 58% and a
key role in production and processing of oil seietts consumer products, located
in Zagreb;
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= Agrokor Trgovina d.d.: covering approx. 95% of tleoatian market in the
segment of soybean and animal feed e.g. soybeal aseaell as sunflower seed
and rapeseed.

3.2 Waste Edible Oil as Possible Complimentary Sour ce

Considering the present situation in Croatia, tbangties of rapeseed oil produced
annually are at the moment insufficient for staytan larger industrial production of
biodiesel and it is highly questionable whetherthie near future an increase of
rapeseed oil production could be expected. Recyatiole oil could thus serve as an
important additional resource especially in théiahphase of biodiesel production in
Croatia.

In the times of harmonisation of the national witle EU legislation, it is worth
mentioning the changes and trends related to thlel fof waste treatment and
management regulation. According to the Law on Wg€.B. 178/04) and the
Regulation on Categories, Types and ClassificatiblVaste with Waste Catalogue
and Hazard Waste List (O.B. 50/05), waste edibl®d®&liongs to the category of non-
hazardous communal waste disregarding it's origirivéte or legal person) and
should be handled by licensed collectors. The wdisfgsal is organised according to
the “polluter pays” principle. Penalty provisionsficied by the Article 88 prescribe a
substantial fine in the range from 300.000 to 700.®iRK if, among others, “the
legal entity is not collecting and delivering wastgth valuable features for
recycling”. The Law in this particular issue hasebestarted its enforcement by
monitoring the biggest producers of waste ediblesoch as hotels and restaurant
chains and will gradually apply to the smaller vegstoducers.

The production of biodiesel from recycled edibleaain thus be expected to benefit
from a raw material advantage (security) and ealytdrom improved technology. If
significant development of recycled oil to biodiepeoduction occurs, it will help
reduce the overall biodiesel cost.

The utilisation of recycled oil for biodiesel pradion can also help in eliminating the
currently poor practices of wasteful and environtaky harmful, as well as
economically disadvantageous, disposal througlséhneage system. Experience from
several large cities in Croatia has shown that geveisposal of waste edible oil can
also cause problems with uncontrollable multiplmatof rodents living in the sewers
as the waste oil serves as food, which also preseantindeniable health risk.

Disadvantages of using recycled edible oil as arcgodor biodiesel production
include the difficulties in setting up a collecti@ystem large enough to provide
substantial quantities of the used oil and the rieedlitration and cleaning of the oil,
both of which considerably raise the investmenttxoBata related to prices and
supply and demand of recycled edible oil in Croatia generally less clear than that
available for major commodity oils, making a thogbwanalysis difficult.

Several small private companies have started d¢oltpevaste oil in various parts of
the Croatian coast and islands, notably Istria Badmatia. However, the major
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reason for this activity is not the utilisationtb collected oil either for biodiesel or
as animal feed, but the resulting environmentablemas arising from its disposal.
McDonalds restaurant in Zagreb is currently theydkmown to collect waste oil

specifically for biodiesel, however the collecteitlis exported to Austria. With the

new legislation described before, it is expectetiawe significant positive changes in
the field of collecting.

Biodiesel production from recycled edible oil ispesially interesting from this
aspect: several studies show that the net @@issions looking at the whole
production-consumption cycle are negative. The maason for this reduction are the
avoided emissions that would normally be generatitdin the rapeseed production
cycle, but also due to the utilisation of resourttet would otherwise be dumped in
the environment.

3.3 Present Diesal Fuel Market

3.3.1 Supply of Crude Oil, Refining Capacity and Final Diesel Fuel
Products by National Production, Import and Export

Local resources of crude mineral oil are coveripgrax. 40% of the national demand
with INA Industrija nafte d.dbeing the key player in crude and final mineral oil
production and distribution. In Croatia, crude isilproduced from 34 oil fields and

gas condensation products from 9 gas condensagiols.f

By 2003 there were 683 fuel pumps installed andw@t owned by INA. The INA-
Group is furthermore involved in fertiliser prodiact and engineering. The 2 oll
refineries (Sisak and Rijeka) have at a capacitgppirox. 5 mill t/y each, while the 2
lubricants refineries (Rijeka and Zagreb) havettial capacity of 700.000 t/y. INA,
which employs 17.000 people, made a $150 millioofipon a turnover of $1,7
billion in 2003. It is worth comparing the busingssults of INA from 2003 with a
loss of $216 million in 1999.

Table 3.5 Final energy demand overview for diesel in Croatith emphasis on road
and public city transport in 1.000 t/year

2000 2001 2002 2003 2004
Final energy demand 863,7 925,3 9956  1.1457  1.221.8
Road transport 533,2 579,0 658,4 785,3 861,5
Public city transport 24,6 25,0 25,2 25,6 26,6
Other transport 53,2 50,9 55,9 57,3 58,5
Other sectors 2527 270,4 256,1 2775 275,2

Source: EIHP, 2005
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Figure 3.1 Diesel fuel demand in Croatia with emphasis ondr@nd public city
transport

Source: Annual Energy Report: Energy in Croatiad20@inistry of Economy, Labour and
Entrepreneurship, Republic of Croatia, 2005

34 Scenarios for Future Diesel Consumption and Potential
Biodiesel Market Share

According to the Energy sector development stratefjyhe Republic of Croatia
(MoE, 2001), three possible scenarios for the gnesertor development up to the
year 2030 have been considered:

= S1 - present day technologies without state ineesiti

= S2 - new energy technologies with state incentieehanisms;

= S3 - markedly ecological scenario.

Total diesel fuel consumption for the three scersais given in Table 3.6.
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Table 3.6 Total diesel fuel consumption per scenario

2000 2005 2010 2015 2020 2025 2030

S1 - Total diesel 864 1.066  1.211  1.360 1544 1750  1.871
consumption in 000 t
S2 - Total diesel

S 864 1.037 1.150 1.277 1.466 1.639 1.780
consumption in 000 t

S3 - Total diesel

S 864 1.098 1.249 1.316 1.397 1.480 1.484
consumption in 000 t

Considering the recent EU legislation (Directive the Promotion of the Use of
Biofuels) with the objectives to reduce Europeapestelency on energy supply to the
transport sector and to reduce greenhouse gasiensiggsulting from road traffic,
taking S2 (new energy technologies with state iicermechanisms) as the medium
reference scenario in this regard, and assumingntpéementation of all European
legislation in Croatia when joining the Europeanidsnin near future the following
potential development for biodiesel demand is natli

Table 3.7 Potential development for biodiesel demand

Development of the road Diesel /

Biodiesel market (based on S2 2000 2005 2010 est.
scenario)
Dles_el consumption in 000 t assumed 557.8 678.6 8257
4% increase p.a.

- .
Blod|gsel _market shares in % as per 0.0 0% 5.75%
EU-Directive
Biodiesel in 000 t 0,0 0,0 445

Estimate: Austrian Biodiesel Institute, 2004

The assumption for total fuel growth and in speaifiesel fuel growth appears to be
however on the conservative side. For the timedyeirere is no specific biodiesel tax
exemption in consideration.

The present quality of mineral diesel sold comphéth the European CEN fuel
standard EN 590 and fulfils the demand of modeaseli engines with common rail
fuel injection equipment. Croatian standardisatioommittee recently approved
European Biodiesel standard (EN 14214) as well lasding of biodiesel with
mineral diesel (EN 590) up to 5%.
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In late 2005, the Croatian Government deliveRedjulation on the Quality of Biofuels
(O.B. 141/05) that has the aim of placing biofuals the domestic market as
substitutes for diesel and gasoline motor fuelsansport.

3.5 Conclusions

At present, there is no clear strategy or accepkaas how to fulfil Croatian goals to
cover the total national biodiesel demand of app#&x 000 t by the year 2010.
Although for this amount only one single mid-sizediesel production plant would
be sufficient there is still a significant diffel@in perspective and motivation from
different stakeholders regarding biodiesel produrcti

A group of agricultural experts perceives biodieasl one of the solutions for
development of the rural communities through kegpinsiness incentives and job
creation at the rural areas. That is why they fmxeasonable standing for an ongoing
initiative to build several smaller plants whichliviiave more positive impact on the
local rural communities. This approach for biodigseduction in Croatia is often
referred as ‘agricultural model'.

‘An industrial model’ as it is usually referred rigpresented byNA Industrija nafte
d.d. that consolidated a team of experts frdtfaziva — Zagreb d.o.acand from the
INA Sector for strategic developméat the preparation and development of biodiesel
production project. The proposed production facibh the location site of Maziva-
Zagreb d.o.o. could be realized with considerablgng)s, because Maziva — Zagreb
d.o.o0. has possession of the resources necessabyothiesel production realization
(traffic infrastructure, location, premises, enengfyastructure, sewage system, waste
water treatment, tank area, pumping stations, &bdes, maintenance and protection
control and human resources). In December 2003\Wdazagreb d.o.o. issued a letter
of intent to Croatian government in which it exmed its readiness to start
preparations for the implementation of biodiesaduction project as a member of
consortia to be formed for the realization of thisject.

In 2005, similar letter of intent was issued fr@wornica uljain Cepin (mentioned
before) and this intention was widely announced different media channels. In
2002, this oil factory reported net profit of 1,84l HRK which should prove some
successful improvements in the structure and mamege of the company. The
company is placed in area related to rapeseed ggowhe manager of the company,
has stated that Tvornica ulja has prepared the lstenproject of biodiesel production
but the exact time frame is not know as they anéingafor the Government to deliver
legal basis for mineral oil excise exemption andbssdies of 2.850 HRK/ha for
growing rapeseed variety that is specially desigieedbiodiesel production. Their
plan is to produce 60.000 t/yr of which 30.000 twdobe sold for blending, 15.000 t
would be used in agriculture, 5.000 t would be swldspecial customers as pure
biodiesel (B-100) and 10.000 t are predicted fopogk There was no clear
explanation from where the rapeseed would be psethaut they advocate increase
in farmers’ subsidies.
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More recently, construction works for building atiesel processing plant in Ozalj
started in 2005, while production in plant of 1@0@yr started in May 2006. The
plant of a future total capacity of 30.000 t/yioisned byModibit, local SME and the
total estimated investment costs for the planst(jophase) are about €5 mil. The main
sales channel for produced biodiesel will exporAtstria and lItaly. It is interesting
that Modibit stated that the current subsidy obR.HHRK/ha for rapeseed production
is sufficient and also announced possibility of mgkits own base of raw material
from collecting the recycled edible oil.
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4 BIODIESEL PRODUCTION AND KEY ISSUES TO
SUSTAINABLE INDUSTRY

4,1 Biodiesel Production Processes-General Overview

Biodiesel is made through the chemical reactiotrarisesterification, during which

the mixing of fatty acid triglycerides (vegetabliéspanimal fats, recycled edible oils)

and methanol result in the production of methykeest(biodiesel) and glycerin (a
valuable by-product which can be sold or used liergroduction of soaps and other
products). The transesterification of triglyceridsters with methanol is a balanced
and catalyzed reaction and an excess of methametjisred to obtain a high degree
of conversion. Methanol is mixed with catalyst ¢hor alkaline) and added to the
triglycerides to yield the corresponding methyleestof fatty acids (FFA) contained

in the starting triglyceride and co-product glyoeriThe three basic chemical
processes used to produce methyl esters from oillsfats, which can be either

continuous or batch, are the following:

= Base catalyzed transesterification of the oil vaitethanol.
= Direct acid catalyzed esterification of the oil lvinhethanol.
= Conversion of the oil to fatty acids, and thenliylkesters with acid catalysis.

The most common process currently in use, whiclises vegetable oils or animal
fats with a low quantity of free fatty acids, i®thase catalyzed transesterification of
the oil with methanol, as it is the most cost-eifexdue to several reasons:

1. Low temperature (up to 88) and low pressure (atmospheric up to about 1Irg) ba
process;

2. High conversion (>98%) with minimal side reactioasd reasonable reaction
times;

3. Direct conversion to methyl ester with no internagelisteps;
4. Unconventional design materials are not necessary.

However the selection of the specific process agtinology to be used for biodiesel
production depends upon a variety of factors indgdhe size of the plant, feedstock
type and quality, requirements regarding feedsti@stbility, and others.

The main feedstock for the majority of biodiesedgced today is either rapeseed oil,
particularly in Europe, or soybean oil particulantythe US. Biodiesel can also be
made from other feedstocks such as corn oil, ceéted oil, palm oil, and animal fats
as beef tallow, and recycled sources such as restiawaste frying oils and industrial
waste grease. About half of the biodiesel planesxistence have been designed to use
clean, high-quality seed oil and methanol, while ttmainder use recycled restaurant
oils and some animal fats. The range of acceptabéefatty acids is from less than
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4% to as high as 50%. Most technology providersraichnologies that can handle
up to 20% free fatty acids. Alternative feedstookguire changes of the production
process and in such cases the important parantetss tonsidered is the free fatty
acid level. Crude soybean oil will usually haveeeffatty acid level less than 1.0%. If
the oil is refined, the free fatty acid level wadpproach zero. However, recycled
restaurant waste oils will have a free fatty aeikl from 1% to as high as 20%, with
the most frequent range around 10%. The low endhisf range corresponds to
recently changed oil and the high end is the aalt tmay have been stored for a
considerable time before it is processed. Rendargchal fats will have free fatty
acids between 5% and 30%, mostly depending onitee @f year. Finally, greases
from restaurant grease traps and float grease f®mwage or wastewater treatment
plants can have free fatty acid levels ranging féghrio 100%.

High free fatty acid feedstock cannot be processdiodiesel using the conventional
alkaline-catalyzed transesterification becauseatkaline catalyst, sodium hydroxide
in this case, reacts with the free fatty acids @aomf soaps, which could create
problems in biodiesel production. Thus, free faityds have to be removed which this
could be done in several ways. Most plants thatgse high free fatty acid feeds have
a two-step approach to processing high free fatity feedstock. First, an acid catalyst
is used to convert the free fatty acids to estansl, then use an alkaline catalyst to
convert the remaining triglycerides to methyl estein this way, the maximum
efficiency of free fatty acids neutralisation iscbed and the transesterification by the
use of alkaline catalyst is faster.

The process of biodiesel production can be perfdrinébatch or continuous system.
Batch systems require more space for the extraepsitg vessels. These systems
offer the flexibility of a varied feedstock sour@s each batch can be altered
depending on the FFA level of the feedstock, whiso offering the flexibility of
troubleshooting during the processing stage. Coatie flow systems are highly
efficient and quick at processing high quality feedk with a low level of FFA (less
than 0,5%). They are best suited to more centdhlizarge capacity facilities,
producing well over 10 million litres per year whdhe economies of scale begin to
take effect. These systems are highly automateud evitellent quality control. There
are many new companies that are using hybrid systidwat utilize a batch acid
esterification pre-process for low to high FFA aanitfeedstock (5-30%). This creates
a consistent feedstock that can then be fed intwomtinuous transesterification
system. Another version of a “hybrid” type systemvdlves the use of continuous
esterification, followed by batch transesterifioati reaction, and the resulting
ester/glycerine processed continuously in downstrpeocessing equipment. In this
instance, only the transesterification reactoragh, and overall continuous response
is achieved via the use of surge tanks ahead off@luiving the transesterification
reactor. Depending on the size of the facilitys thpproach can be as cost effective as
a fully continuous system, for example, plantshia tange of 10 million to 30 million
litres per year production rates should carefuligleate this approach from an overall
economic comparison standpoint (compared to fultiooous). Currently, according
to the feasibility study undertaken for British Guibia, the three main methods that
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are being used commercially to produce biodieselging from low to high free fatty
acids feedstock, are the following:

1. Straight base catalyzed transesterification.

= Simple inexpensive process as No pre-processungeis

Low to high yield losses due to the formation o&s® from non-reacted free
fatty acids

Increased waste costs

Difficult quality control issues
= Limit on amount of allowable free fatty acids iretfeed

2. Free fatty acids removal (caustic washing) followsdstraight base catalyzed
transesterification:

= Purifies feedstock allowing for efficient procesgsand good quality control

= An equal amount of clean oil tends to be lost vinigie fatty acids in the form of
soap, resulting in a significant loss in yield (degding on free fatty acids content)

= Free fatty acids must be sold (can be difficulfibel market), or straight acid
esterified into methyl esters (additional procegsigment) in order to be viable

3. Acid esterification followed by base transestesifion with low or high free
fatty acids greases and fafsee Figure 4.1 for process flow diagram of this
processing option):

= Results in high yields as acid esterification preepss converts free fatty acids
to methyl esters

= Requires simple additional pre-processing equipment

= Good quality control

= Process can be adjusted to suit free fatty acidtead

= Requires high ratios of methanol that must be reczVto be viable

» Process produces water that must be continuousipved to ensure complete
reaction
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Figure 4.1 Biodiesel process flow diagram using low-high fi&tty acids feedstock

Considering the reported data regarding the Cnogtieoduction of oilseeds, it is
evident that the quantities of rapeseeds producetuadly are at the moment
insufficient for starting a larger industrial pradion of biodiesel utilising only
rapeseed as feedstock. Furthermore, it is questi®nahether in the near future a
considerable increase of rapeseed oil productiadcbe expected. Recycled edible
oil could thus serve as an important additionabuese especially in the initial phase
of biodiesel production in Croatia. Of the threegasses mentioned above, the last
one is more adoptable to different feedstock thdémerotwo, and as such it can be
considered as the most suitable for biodiesel priboluin Croatia in this phase.

4.2 Biodiesel By-productsand Their Contribution to the Cash Flow

Along the biodiesel production chain, apart of m@iaduct — biodiesel, there are also
several by-products, which include glycerine, semdal (cake) and potassium
sulphate fertiliser (Figure 4.2). These by-prodd@se a significant economic value
and contribution to the cash flow of a biodiesebduction plant and thus might

positively influence the biodiesel market price @sccompetitiveness (Figure 4.3).
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Figure 4.2 Biodiesel by-products, percentageSigure 4.3 Biodiesel by-products, percentage
of produced quantities contribution to the cash-flow

SourceGrains and oil seed marketir. 49, Ministry of Agriculture, Forestry and VéatManagement,
2004

Other products that can be produced from the psecksil could include lubricants
and other specialty oils. The amount of refiningl amarketing of additional products
can add complexity and cost, but also increasengiaterevenue streams to the
operation.

421 Glycerine

Glycerine constitutes up to 10% of the product ta@an the processing of biodiesel.
Generally, glycerine is a by-product in the productof soaps, fatty acids and fatty
esters from vegetable oils and animal fats. Depgndin the different stages of the
same process of rapeseed oil methyl ester produatjlycerine of three different
purities (low, medium, high) is produced. In a tglibiodiesel plant, crude glycerine
has some 80 % purity. The most pronounced varigtiamong purities are the
concentrations of water, glycerine, phosphorus amdhanol. The processing and
production of biodiesel hence creates only a crade of glycerine, and thus the
potential market for this material depends in martthe degree of treatment at the
biodiesel facility. If the biodiesel investor deeglupon some additional investment to
covert crude glycerine to pharmaceutical one ab 99,purity, the price of this by-
product could raise from 500 to 1.030 €/ton. Theyrde of treatment that is
economically feasible is determined to a large Xty the amount of the by-products
produced, or in other words by the biodiesel ptare.

Significant sources of crude glycerine are avadalbbm other types of processing
operations (including fat splitting, soap makingc.e These sources are well
established, with the quality of the glycerine proed in general being superior to
that produced in a biodiesel facility. Thus, frane toverall desirability point of view,
crude glycerine produced from biodiesel processngt a lower level and will be
valued accordingly. Naturally, it is very importatat realistically consider this fact
when evaluating the economic potential of glyceriresulting from biodiesel
processing.
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It is also important to note that the market foycgkine is heavily affected by the
oleochemical and biodiesel markets. For exampleéhéncase of a poor year of the
agricultural sector producing oil crops (rapesesthola, soybeans), glycerine prices
will increase due to the lower supply. On the oth&nd, as the recent example from
Germany clearly illustrates how glycerine demanishédastic: in the case of a rapidly
growing biodiesel production the glycerine markeuld be flooded resulting in a
sharp decrease in prices. Hence, if the biodieseket continues to grow (which is to
be expected), the supply of glycerine will everlfuatart to overwhelm demand and
glycerine prices will decline (Figure 4.4.). Thepexted glycerine price drop will
affect the profitability of biodiesel production the sense that it will be profitable to
refine it only in the case of large-scale biodigselduction.
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Figure 4.4 Impact of world biodiesel production on glycerinarkets

Source: Proctor & Gamble, 2003

Presently, all glycerine has been imported to Gacat average price of 1.000 €/t for
use in chemical industry as reported by the Crod@laamber of Economy.

422 Seed Meal (Cake)

Seed meal (cake) is the other by-product of thdibgel production process and it can
be used as a valuable livestock feed, dependintheseed type. Soybean meal, due
to its higher protein, energy and lower fibre contis ideal for high-energy rations
such as broiler, turkey and pig starter feeds. haitklly, the available amino acid
levels in soybean meal complements those of codno#tmer coarse grains in meeting
the nutrient requirements of poultry and swine,sthmaking soybean meal the
standard to which all other protein sources arepared.

Rapeseed meal can also used as a livestock feedyimg quantities for cattle, sheep,
pigs and poultry, and its present usage is mambyis area. However, rapeseed meal
may have some detrimental effects when fed in lgigmtities (i.e. fishy tasting eggs
if fed in too large a quantity to layers), as repdrin the report on oilseed rape and
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turnip rape produced by the Interactive Europeatwhik for Industrial Crops and
their Applications.

Other then feedstock, other uses of rapeseed nagalbe its direct utilization as
fertilizer and combustion material or processingageseed meal for preparation of
biodegradable materials.

The main industrial uses of the proteins contaimethin rapeseed meal are the
following:

= Bioplastics

= Adhesives

=  Cosmetics

= Encapsulation agents
= Lawn care products

Considering this, the production of protein basestpcts for non-food markets can
be based upon extracting protein from existing i@iue by-products like rapeseed
meal. Currently soybean and wheat proteins reptésermost important resource for
protein production, while vegetable proteins areeady used in a number of
situations, e.g. plastics and adhesives. Even thdogr current usage is small, their
potential is quite significant.

The meal product portion of the operation is thesmonportant by-product
contributing to the profitability of biodiesel proction, as shown in Figure 4.3.

In 2004, the production of rapeseed cake amourite?b@ tons out of which around
half was exported which contributed to foreign &dshlance with USD 524.690. In
the same year, 962 tons of rapeseed cake was mapditius, the net contribution of
the rapeseed cake at the foreign trade balanceesdased to final USD 353.030, as
reported by Croatian Chamber of Economy.

4.2.3 Potassum Fertiliser

Depending on the catalyst used for the biodiesattren, using phosphoric acid to
separate the co-product results in a catalyst Ithadrsettles to the bottom under the
glycerine layer (sodium phosphate if sodium hydiexicatalyst is used, and
potassium phosphate if potassium hydroxide catafysised), as reported in the
material available on the websitavw.journeytoforever.org

Large scale biodiesel operations often use potasdiydroxide as the catalyst,
because potassium phosphates left after separediorbe sold as a fertilizer. The
catalyst, either sodium or potassium, can safelgdmposted. In many ways this is a
better option for both catalysts as too much dfiegitsodium or potassium directly
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applied to the soil can cause soil imbalance thatrain the soil structure and leave
other nutrients unavailable to plants.

However, as and additional point of consideratitme, potential amounts of fertilizer
production involved, even for a fairly large biosk production plant, are very small
(Figures 4.2 and 4.3). Another constraint to thleieaf the fertilizer produced lies in
the fact that the material will contain some lew€lentrained glycerine as moisture.
Attempting to upgrade this material in the way ® #&ccepted as a conventional
fertilizer typically results in costs that are well excess of any value that might be
received, due purely to economies of scale. Thusnfra practical economic
standpoint, very little value is generally attriedtto this material.

4.3 Key Issuesto Sustainable Biodiesel Industry

Considering the fact that currently there is nadi@eel production in Croatia, in order
to establish a sustainable national biodiesel itngutsis first necessary to identify and
analyze the relevant key issues, based on the ierper of countries with more
advanced and established biodiesel production. Wdrtd-wide review of biodiesel

production, performed by the Austrian Biofuels ingé for IEA Bioenergy Task 39,

provides very valuable information in that regafidhe review was performed by
approaching targeted active and potential actorthénbiodiesel field with a short
guestionnaire in electronic and hard copy versideading to some 280 valid and
detailed responses from all over the world. Brieflye main findings of the review
are the following:

1. Legislation: As a required basis for implementatsaveral initiatives for a pace
setting legislation were established e.g. by degnmarket share targets in the
European Union (EU), by subsidies to feedstock esegthe USA and by
requiring renewable energy usage in Australia, gasing also the importance of
reducing greenhouse gas emissions.

2. Feedstock: Rapeseed production on set-aside nahdoreage represented the
most important feedstock source in the EU, witlycéng oils growing quickly in
importance, while soybean was the oilseed of chaicéghe USA and South
America and palm oil is being in consideration ial&y/sia.

3. Process technology and engineering companies wewng for continuously
improving the required biodiesel quality and fodueing production cost with an
increasing number of such companies providing oeiguality at low investment
cost.

4. Biodiesel fuel quality reached a level of high gyadlefinition by establishing the
European standard EN 14214, the US standard ASTKI731-02 and the
Australian biodiesel fuel standard, with an effeetquality management system in
Germany (AGQM).

5. New marketing strategies, which vary by country,oag can observe the pure
biodiesel usage, the anonymous blend as well dédead & brand” strategy, and
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also strategies selling only on a low price, whilthers are promoting the
differential advantages at a higher price.

6. In world-wide production Europe took the lead witlore than 1,6 mill t biodiesel
produced in 2002 (at capacities of approx. 2,1 thillwith Germany producing
580.000 t, France 400.000 t, Slovakia 120.000 20@1) and the Czech Republic
producing 70.000 t, while the USA were second tooga with approx. 40.000 t
production and Australia being in the phase ofldstaing 48.000 t production
capacity. New initiatives in Brazil, Canada, Malayand the United Kingdom
may change however this situation quickly.”

After analysing the results presented in the wuiilde biodiesel production review, as
well as those presented in the analysis of the ¢res# studies on biodiesel plants in
Europe, which presents results relevant to the imgsdrtant EU biodiesel producers,
the following factors were identified as critical brder to establish a sustainable
biodiesel production industry in Croatia:

» Feedstock availability and price;

Site selection;

Process technology selection;

Marketing strategy and segment;

= Policies and incentives.
4.3.1 Feedstock Availability and Price

By far the most important input in a biodiesel progion plant is the vegetable oils or
animal fats used as feedstock. Consequently, feeldstost is main factor affecting
the competitiveness and profitability of biodiegebduction, aside from biodiesel
final selling price on the market. Considering thahe of the key issues to be
examined in detail relative to establishing a doatale biodiesel industry is the
identification and quantification of the currentdapotential feedstocks (in terms of
both availability and price), as well as to summarfactors that may impact the
identified feedstocks use for biodiesel fuel.

To decrease the unit production costs it would éeessary to either use a lower cost
feedstock or alternately to increase the econoneidopmance of production by
carefully choosing location of biodiesel procesgitant.

Options to lower the feedstock cost include:
= Utilising recycled edible oils;
= Import of potentially cheaper rapeseed oils fronglleouring countries;

= Import and utilisation of other vegetable oils (goglm oil).
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Biodiesel derived from recycled edible oil offefsetmain advantage in its lower
price. Moreover, it has other benefits like ther@ased security of raw materials
supply. Looking specifically at Croatia, the quéias of rapeseed oil produced
annually are at the moment insufficient for staytia larger industrial production;
hence recycled edible oil could serve as an impoadditional resource especially in
the initial phase of biodiesel production in Craatbeveral small private companies
have started collecting waste oil in various paftthe Croatian coast and islands,
notably Istria and Dalmatia. However, the majorsoeafor this activity is not the
utilisation of the collected oil either for biodedsor as animal feed, but the resulting
environmental problems arising from its disposatDMnalds restaurant in Zagreb is
currently the only known to collect waste oil sfieeilly for biodiesel, however the
collected oil is exported to Austria.

In general, it can be noted that rapeseed-oil isfasythe leading feedstock for
biodiesel production in Europe, and this positias become even stronger in the last
two years, when analysing the two leading natioem@ny and France. There can be
observed, though, a clear trend towards a largeetyaand to tailor-made blends of
different feedstock sources, such as sunflowerredycling oils and animal fats but
also imported soy-oil and palm-oil.

Specific issues related to feedstock availabilitg arice include:

= Level of supply security in feedstock volume (irdihg options of internal or
external feedstock supply),

= Level of supply security in chasing cost (includihg possibilities to sign a long-
term contract with established suppliers in ordansure adequate feedstock),

= Flexibility in processing various feedstock sources
= Ability to choose cheapest feedstock options,
= Flexibility in storage facility options.

These issues have to be carefully considered inpthening phase of a specific
biodiesel production plant.

4.3.2 Site Sdlection

The selection of the site for biodiesel productionld have important implications on
both profitability and sustainability of the prose§or example, the proximity of the
production site to an active freight rail systenuldoensure the lower transportation
costs for both the feedstock delivery and the satbe produced biodiesel. However,
in the case of transportation with a railway, italso important to consider other
guestions such as whether the site has a railgsidstalled with sufficient length, the
system which will be utilised for rail cars loadingloading and the possible
frequency of rail switches. The other possibilyidwer transport costs is the placing
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of the production site in the vicinity of a searorer harbour, which is especially
interesting in the Croatian case considering itgggaphic placement.

Other issues which have to be carefully considereen planning the site for building
the production plant include:

= Existing and possible utility connections:
o Power supply;
o Water supply;
0 Sewer connection;
o Natural gas supply;
= Required legal permits:
o0 Building permit;
o0 Air quality permits;
0 Permits related to the use of possible hazardousriaks;
o Waste water permits;
= Extent in exploiting synergies of existing industrareas:
o Chemical industry park (e.g. methanol supply)
o Oilseed crushing plant

o Shared personnel and maintenance

4.3.3 Process Technology Selection

The process used for the production of biodiesa wsell known chemical process
that has been used for decades in the soaps aedyel®s industry. As such, the
biodiesel industrial process technology has adwas@gmificantly since the early days
of biodiesel production in 1988. Generally it cadbserved that in the early phases
of starting biodiesel projects in a country expemts with rather simple process
technologies with single-step transesterificatiad anly basic purification are tested,
which do not achieve the required high quality reefbr the modern diesel engine.

The selection of the specific technology which W#l utilised depends on a variety of
factors (including size, feedstock quality, feedktdlexibility, etc.) and there are
quite a few ‘off the shelf readily available teaiogies on the market today.
However, the increasing requirements for produdimgh quality according to strict
biodiesel fuel standards has been the driving fdime switching from batch
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processing to continuous process technologies faih liquid-liquid separation of

methyl-ester and glycerine and with accurate claarsteps for the final biodiesel

meeting at least the EU standard EN 14214 or thestaSdard ASTM D6751, or

possibly better than that (e.g. in water contestgltcontamination). Whatever process
or method of operation is chosen, the critical destin the determination of the

quality of the produced biodiesel, insured throtigd standard for biodiesel, are the
following:

= Complete reaction to the mono alkyl esters;
= Removal of the free glycerine;

= Removal of residual catalyst;

= Removal of reactant alcohol;

= Absence of free fatty acids.

The need to meet the quality standard for biodiesginot be over-emphasized,
especially for the items mentioned above. The egpee from the US market shows
that of the relatively few problems that have berperienced with biodiesel, most of
them can be traced back to biodiesel not meetingMStandards. The biodiesel

leaving the production plant should also meet mogstcloud point, pour point, cold

filter plug point specifications as well as colapecifications as agreed to with the
buyer.

Taking into account the requirements mentioned apdvcan be concluded that a
critical factor for a biodiesel producer is to pumse a well designed plant with
adequate automation, as well as with a fully egedpblaboratory with a qualified team
of chemists that understand the chemistry andproitesses in the plant well enough
to troubleshoot feedstock and process issues awel e operations staff the
assistance they need to maintain acceptable quatityan ongoing basis. The
investment into this additional equipment will raily be economically feasible only
for plants with larger production capacity, andtlat regard it is important to note
that most of the existing high-tech biodiesel plamnufacturing companies offer
plants that are economically feasible for more @iazed large-scale production,
usually utilising a continuous process.

434 Market Evaluation and Strategy

A critical factor for establishing a sustainabledesel industry is performing a
thorough evaluation of the potential biodiesel reariwhich includes the following:

= Assessment of the potential market size;
= Analysis of market segments;

= Review of distribution options and channels;
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= Establishment of market development priorities eeldted strategies;

The assessment of the current market size as wethea potential development of
biodiesel demand and a brief analysis of the maskgments (public city transport
and road transport) for Croatia is reported inghevious chapters.

Based on the market evaluation it is possible fmdenarket strategies which will be
used for the sale of the produced biodiesel. Lapkan the countries with a well

developed biodiesel industry, quite a variatiordifferent marketing approaches and
strategies can be observed, but also each biodmesedlcer might have a specific
strategy depending on the conditions of the locatket. However, in general the
market strategies utilised could be divided into twain groups, which can briefly be
described as follows, according to the worldwideie® on biodiesel production by

the Austrian Biofuels Institute:

a) Commodity Strategy:

= Biodiesel is sold as a pure fuel at separate puilmpiswithout visible product
differentiation in comparison to the competitiveneral diesel. In this case,
biodiesel is usually sold at lower price than thee cof mineral diesel (e.g.
Austria). In that case, the consumer preferendeiagfiesel over mineral diesel is
price-driven only.

= Another commodity strategy is to blend biodiesetdfineries into mineral diesel
up to 5% and sell it unlabelled at fuel pumps (&=gance), i.e. with no
information to the customer. The main advantagthisf approach is that it is the
easiest way to put biodiesel on the market as #@sdoot require any new
distribution channels like separate pumps.

b) Quality Strategy:

= Quality seal strategy: biodiesel is sold as a 1@@¥& fuel and is differentiated as
a quality product, which is highlighted by a qual$eal at the pump (e.g.
Germany). The utilisation of the quality seal st allows the biodiesel to be
immediately identifiable as a high quality prodbgtcustomers, in which case the
consumer preference is not only price driven, tsd guality driven.

= Brand Strategy: the fuel (pure or blended betweer20% with mineral diesel) is
differentiated by a specific trademark (e.g. Unit&ihgdom: “Bio-Plus”,
“GlobalDiesel”). Differential advantages by usingetspecial brand strategy are
promoted and linked to a differentiating pricingasegy.

Considering that currently the market for biodiesel Croatia is about to be
developed, the commodity strategy market approactonsidered to be the better
option for potential biodiesel producers.

4.35 Policiesand Incentives

The Kyoto Protocol, signed in 1997 and entered fot@e on February 16, 2005
requires from the European Union a commitment tduce, by 2008 to 2012,
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greenhouse gas emissions by 8 percent from the 980 The European Union is
now at the cusp of a transition from a stage okexpentation with biofuels to a stage
of early implementation. On May 14, 2003, the EUraission adopted the Directive
2003/30/EC on the promotion of the use of biofustsl other renewable fuels for
transport that sets for member states the targetahleast 2 percent of petrol and
diesel used for motor transport should be fromweide sources. The percentage will
increase to reach 5,75 % in 2010. However, it igartant to note that the Directive
2003/30/EC on the promotion of biofuels specifiedyoa reference value for the
indicative targets of biofuels used for transpamposes, thus leaving to each country
the liberty to set its own indicative target as Iwad define and set the necessary
policies and incentives to reach this target. The Gommission will monitor the
member states, which will have to justify whereytmeay not have met the targets.
This directive is for sales and not production,as@ountry could import biofuels
rather than produce their own biofuels to complyhwihe directive. However, to
entice sales, Europeans may find it not to be ipally expedient to give tax
advantages to imported product rather than dewadogomestic biofuel industries in
their individual EU countries.

The Directive 2003/96/EC of 27 October 2003 redtmicg the Community
framework for the taxation of energy products ahetteicity directs that member
states are allowed (but not mandated) to give Ifisesources to promote biofuels.
According to the Directive, detaxation should bepartional to biofuel content and
there should not be overcompensation for biofusis, support levels should take into
consideration the costs of raw materials. With adeption of Directive 2003/96/EC
member countries must follow up with implementiagvé for the directives to have
there intended effects, while the new taxationeysteplaces the old system where a
number of countries have been allowed special ekempo experiment with
reducing motor fuel taxes in order to encouragesaomption of renewable fuels.

Another regulated issue regulated is the redudaifarisks caused by harmful exhaust
emissions, as required by the Directive 2003/17f&l@ting to the quality of petrol
and diesel fuels, which contains the environmefual quality specifications for
petrol and diesel fuels in the Community with thaimfocus on sulphur and for
petrol on lead and aromatics, as well as the EUR3son standards for personal
cars and heavy duty vehicles.

Looking at the various EU countries, in France tiéve reduction for vegetable oil
methyl ester is 35 eurocents per liter. For ethahel tax reduction is 38 eurocents per
liter. The normal mineral fuel tax in France is B8rocents per liter, thus the
remaining tax for vegetable oil methyl ester ise2Bocents per liter and for ethanol it
is 20 eurocents per liter. In order to prevent egneely large budget implications,
biodiesel production units must agree to producteersight and limitations. The
Government of France only allows reduced tax lewelshe paid on authorized
amounts of biodiesel or ethanol from specified ptitbn facilities. Authorized
production for 2002 totalled 318.000 tons from fifeeilities. Biodiesel producers
hope to have an official agreement of an additi@mbunt of 70.000 metric tons by
the end of 2003. There is no labelling requiremient biodiesel, so motorists in
France are normally not aware when they have lsetli|m their vehicle: however,
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one fuel company recently began selling a biodiesstd under the brand name of
“Ecodiesel” in order to take advantage of conceom the environment. The
percentage of biodiesel in blends is normally acbRror 5 percent, but may increase
to 30 percent for captive fleets of approximatel@0d vehicles (e.g. city buses or
highway maintenance vehicles) in 30 communitiesssthe country.

In Italy, the 2001 Financial Law (L388/2000) introxbd a 3-year study in excise tax
reduction on some products for the purpose of safieling the environment. Ethanol
and ETBE (ethyl-tertiary-butyl ether) obtained fragricultural sources are given a
reduction in excise tax of 29 eurocents per litlgre available budget for this tax
reduction is about 15,5 million euros. This lawoaiscreased the amount of excise
free biodiesel from 125.000 tons to 300.000 tonke Ministry of Industry is
authorized to start a pilot project, to promote tise of pure biodiesel in the motor
transport system. The expressed main objectivesabihn bioenergy development
programs are the decreasing of fossil fuel impgteater than 80 % of total primary
energy consumption) and fulfilling the commitmenhdertaken within the Kyoto
Protocol, to reduce C{missions by a factor of 6,5 % with respect tolt880 level.

In Germany, the current program of developmenthef biodiesel industry is not a
special exemption from European Union law, buteaik based on a loophole in the
law. The motor fuels tax in Germany is based onengihfuel. Since biofuel is not a
mineral fuel, it can be used for motor transportheiit being taxed. Unlike France
and Italy, where biodiesel is blended with mineliakel, biodiesel sold in Germany is
pure, or 100 %, methyl ester. There is no minea&ldn biodiesel in Germany, so
when diesel prices were high and vegetable oilegriwere low biodiesel becomes
very profitable. Germany is expected to have ovemillion tons of production

capacity by the end of 2003, exceeding demand raémuprices, despite the motor
fuel tax exemption. Sales, which had been accabgratapidly, disappointed

proponents in 2002 when new users began expergesome of the fuels limitations.

In Austria, in accordance with Article 4(1)(7) diet Mineral Oil Tax Law, fuels
produced from biogenic substances are exempt framerad oil tax. The blending of
up to 2% biodiesel with diesel is also exempt fitam There is also tax reduction for
the blending of up to 5% biogenic fuels with petie proposal for Article 6a which
was amended in the framework of the draft reporttlom revision of the Fuels
Ordinance requires those who are subject to thsetisution requirement to place on
the market from 1 April 2005 a proportion of 2,5%ofuels or other renewable
fuels calculated on the basis of the total enemgytent of the petrol and diesel placed
on the market in the transport sector each yeahbse subject to mineral oil tax in
Austria. This proportion should increase to 4,3%nfrl April 2007 and to 5,75%
from 1 April 2008. Persons subject to the substiturequirement are any taxable
persons in accordance with Article 22 of the Mihé&d Tax Law, who are liable to
tax for petrol or diesel in accordance with Artied) and (2) of the Fuels Ordinance.

As the main conclusion after analysing the vari&ls countries that have already
defined the overall framework to promote the usdiofuels in the transport sector,
two key measures can be identified:
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=  Tax exemption, usually in the form of excise dwlyef for biofuels;

= Substitution requirement, formulating obligations place on the market a
specified proportion of biofuels.

In general it can be noted that the first meassii@are suitable for countries with a
relatively poor developed biodiesel production sashn the Croatian case, while the
combination of the first and second measure is raoit@ble for countries with a well
developed biodiesel production industry and bicsliezarket.

4.4 Conclusions

Chemically, biodiesel is fatty acid methyl esteheTchemical process for producing
methyl ester is well known and is considered quibeple. Vegetable oil and
methanol are combined in a reaction cylinder inghesence of a catalyst. Currently
three basic chemical processes are being useoddoge biodiesel:

= Base catalyzed transesterification of the oil waitbthanol.
= Direct acid catalyzed esterification of the oil vinethanol.
= Conversion of the oil to fatty acids, and thenliylkesters with acid catalysis.

These can be either batch or continuous processksuarently the most common in
use, is the base catalyzed transesterificatiohebtl with methanol, as it is the most
cost-effective due to several reasons. Howeverptbeess utilising the conversion of
the oil to fatty acids and then to alkyl estersnisre adoptable to different feedstock
than other two. The selection of the specific psscand technology to be used for
biodiesel production depends upon a variety ofoiacincluding the size of the plant,
feedstock type and quality, requirements regartiedstock flexibility, and others.

As part of the process of biodiesel production ssMvey-products are also generated,
which include glycerine, seed meal (cake) and gaoias sulphate fertiliser. These by-
products have a significant economic value andrimnriton to the cash flow of a
biodiesel production plant and thus might posigivelfluence the biodiesel market
price and its competitiveness.

One part of glycerine is produced to every 10 paftsiethyl ester and in the typical

biodiesel plant crude glycerine is produced whikbout 80% pure, water being the
principal impurity. Glycerine of this quality haspaice of approximately €500 per

ton. However, with some additional investment, erggiycerine can be converted to
pharmaceutical glycerine at 99,5% purity, whichrieara price quoted at €1.030 per
ton. Lastly, it is important to note that the marigr glycerine is heavily affected by

the oleochemical and biodiesel markets, as thentepeample from Germany clearly

illustrates the inelasticity of glycerine demand: the case of a rapidly growing

biodiesel production the glycerine market could fluwded resulting in a sharp

decrease in prices.

Seed meal (cake) is the other by-product of thdibgel production process and it can
be used as a valuable livestock feed, dependirtheseed type. Rapeseed meal can
be used as a livestock feed in varying quantit@schttle, sheep, pigs and poultry,
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however it may have some detrimental effects wieenri large quantities. Other then
feedstock, other uses of rapeseed meal can beéréist dtilization as fertilizer and
combustion material or processing of rapeseed foegreparation of biodegradable
materials. Industrial uses for proteins containdthiw the rapeseed meal include
bioplastics, adhesives, cosmetics, encapsulatientagnd lawn care products.

After analysing the experience of the most impdrtaorld-wide biodiesel producers
with a special focus on leading EU producers, tlewing factors were identified as
critical in for establishing a sustainable biodlggeduction industry:

» Feedstock availability and price;

= Site selection;

= Process technology selection;

= Marketing strategy and segment;

= Policies and incentives.

The selection of the site for biodiesel productionld have important implications on
both profitability and sustainability of the prosesssues which have to be carefully
considered when planning the site for buildingghaduction plant include:

= Connection to transport routes (river/sea harboaitfywvay connection, highway
connection);

= Existing and possible utility connections (powerdawater supply, sewer
connection);

= Required legal permits (building permit, air qualgermit, waste water permit,
hazardous materials use permit);

= Extent in exploiting synergies of existing induakrareas (chemical industry park,
oilseed crushing plant, shared personnel and nrant=).

An important step in establishing a sustainableliesel industry is performing a

thorough evaluation of the potential biodiesel neéiriand based on that evaluation to
formulate strategies for the marketing of biodiedeboking at present market

strategies in countries with a well developed l#sdl industry, quite a variation of

different approaches can be observed, but also leiadiesel producer might have a
specific strategy depending on the conditions efitital market.

Looking at the various EU countries that have alyedefined the overall framework
to promote the use of biofuels in the transport@edwo key measures can be
identified:

=  Tax exemption, usually in the form of excise dwlaf for biofuels;

= Substitution requirement, formulating obligations place on the market a
specified proportion of biofuels.
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5 MACRO ECONOMIC ANALYSIS

5.1 Assumptionsand M ethodology

The quantification of the macroeconomic effects baddiesel production can be
performed through the input—output analysis. Theskaavailable input—output table
for Croatia is the one made in 1997 with the RASthmé. Compared to other
methodologies, the input-output analysis has theamidge that takes into
consideration all indirect effects of the internsdi input links and estimates the
multiplier effect achieved due to the new econoagtyvity. This means that not only
the additionally stimulated demand for goods andlises is quantified, but also the
additional tax revenue, to say the least.

Nevertheless, there are some constraints in thgsaséself. Firstly, the input-output
analysis does not show the effects of the econdmgale, production coefficients are
fixed (production technology is fixed) and do neta@gnize capacity limitations. Due
to mentioned constraints, here it will be assunhed & single factory produces 50.000
tones per year of biodiesel. In that way, by buddianother factory, the capacity
limitation will be reached as economy of scale wél fully exploited plus production
coefficients can remain fixed. Lastly, it is impant to note that the input—output
analysis is a static study and is neither influenog future market reactions nor could
be used as forecasting method.

Keeping the above in mind, there are some genssalnaptions used in this study:
1. One biodiesel processing plant will have the cdpaxfi50.000 tones per year;

2. Oil pressing and esterification will be done in #ane (annex) factory;

3. Building and storage facilities already exist;

4. Biodiesel will be blended with mineral diesel irettatio of 5/95%;

5. Biodiesel will be exempted from excise tax and Hi®€ (Croatian Highway fee).

In order to assess all direct and indirect effemftgproduction of biodiesel, it is
necessary to establish the biodiesel productioinchdrom rapeseed growing to the
wholesale of biodiesel. The biodiesel productioaieitan be divided into four stages
which will be analyzed in detail in the followingpapters:

1. Rapeseed growing — production of seed;
2. Seed preparation — storage;

3. Oil pressing and esterification — production of RiIEs rape seed cake, glycerol
and potassium fertilizer as by-products.

4. Blending and sale — substitution of mineral oilsgilewith diesel (EN590).
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The production of biodiesel furthermore resultsafuable by-products whose impact
should be calculated as well. The analysis wiletako account the effect of rapeseed
growing to the expense of the alternatives suchrawing of traditional basic crops
like wheat and maize, but also changes in Goverhmeeenues structure and amount
due to subsidies differences. In this sense, timecdithe analysis is to detect changes
in the following macroeconomic categories:

= GDP

= Employment

= Government income

= Subsidies

= Imports

= Private consumption

= Income from employment

= Income from property and entrepreneurship.

Despite the fact that this study does not covefrenmental impact assessment, the
positive long-term benefits towards nature and hurhaalth from replacement of
mineral diesel fuel with biodiesel should be keptriind and assessed separately.

5.2 Agricultural Part of Biodiesel Production Chain

Having in mind one of the main characteristics gfi@ultural market, notably price
instability, the analysis of the biodiesel prodantchain is based on 3 price scenarios
in respect to the main input resource — rapesehbde \the prices of other inputs are
held constant. Starting from the first stage, thieepscenarios are denominated as
low, medium and high price scenarios. Since theneoi biodiesel market in Croatia,
the biodiesel production chain will be treated iag @ther profit oriented investment.

For the production of 50.000 tons of biodiesel pear, the necessary quantity of
rapeseed as the input resource amounts to appreynib0.000 tons, which takes
into account the expected loss due to the harveststorage of around 10%. The
assumed yield of 3 tons or rapeseed per hectandig@s the needed planting area of
50.000 hectares. Further, it is assumed that appedgly one half of the needed area
will be planted on the idle land and the other kélf be further distributed between
two traditional crops — wheat and maize growingaard he required planting amount
of seeds is estimated as 5 kg/ha, which makes sippaitely 2.500 tons of planting
seed.

The idle land tax is described by Law on Local &&gjional Communities Financing
(O.B. 117/93, 33/00, 73/00, 59/01, 107/01, 117M80/02 and 147/03) and General
Tax Law (O.B. 127/00, 86/01, 150/02). The law pees the owner or concession
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holders that are neglecting the agricultural arezrenmthan a year. This taxation
represents the local authority’s income and eadallcommunity decides on the
amount within the classification and limits recormded by the law. On arable land,
the ceiling amount is 500 HRK/ha and it varies frone local community to another.
In the analysis the maximum penalty fee was usedlasip sum.

On the remaining cultivated area it is assumed tlageseed will replace the
traditional cultures — wheat and maize in the rafid:1. The subsidy for rapeseed is
about three quarters higher than those for whednaaize and this is the main reason
for the highest margin. The reason could be foundhe fact that there is excess
demand for edible plant oil of about 71% althoulyd percentage was much smaller
in the pre-war period. On the other hand, therexisess supply in wheat production
and sufficient supply in maize. However, in orderprotect the farmers’ income,
those traditional cultures are still subsidisedlyGsignificantly higher margin could
motivate farmers to switch from the traditional toués to new ones attributable to
major reluctance to changes from farmers’ side.

Table 5.1 shows the main assumptions made for tiadysis of the agricultural
production of rapeseed.

Calculating the effectwith and withoutthe rapeseed production, as expected,
increased all total values although there are spagative changes in intermediate
consumption (seeds and fertilizer inputs) and lodaxes due to higher subsidies for
rapeseed. However, additional economic activityeced the losses.

It is assumed that the same mechanisation, labdce pnd fuel amount per hectare
are needed for all cultures. Other values are téiken theAgricultural Input Market
(no. 11, year 2004). Since annual price variatiohgnputs and outputs have a
considerable effect on the outcomes, the resutisrsthere should be taken as static,
with stable prices and no time framework.

Rapeseed growing will increase the blossoming ave@ch will have positive
externalities for apiculture as consequence. Howevaighly uncertain
approximations and assumptions on establishing hew colonies, transport and
commercial service plus job creation etc. shouldrizgle in order to monetarise the
impact of rapeseed production on bee keeping. Ttmusyvoid misleading results,
apiculture benefits from increased blossoming avdlanot be taken into account in
the calculations.

The value of transportation services from the féonthe seed storage is estimated to
be 58.500 HRK for the total amount and of harvestgoeseed, calculated in the
difference to transportation services of wheat amze. Commercial services are
transferred and calculated in to the next stepapkrsales to the rape oil pressing
plant.
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Table 5.1 Assumptions on agricultural production of rapeseed

25.004 ha on idle land
Cultivation area for rape

24.996 ha on cultivated land

3 t/ha
Marketable rape yields
in total 150.000 t

On idle land: taxation penalty of 500 HRK /ha

Competing production processes

On cultivated land: wheat and maize growing

Wholesale pricéow:
Wholesale pricenedium:
Wholesale pricdigh:
Prices and performance of rape:
Margin low:
Margin medium:
Margin high:
Penalty fee of
Lack of performance on idle land:
In total
Wholesale pricdigh:

Prices and performance of wheat:
Margin high:

1.830,00 HRK /t
1.891,00 HRK/t
1.952,00 HRK /t
4.410,33 HRK /ha
4.593,33 HRK/ha
4.776,33 HRK /ha
5@HRK /ha
12,5 millions HRK
1.268,80 HRK /t

49,63 HRK /ha

Wholesale pricdigh:
Prices and performance of maize:
Margin high:

1.634,80 HRK /t

3.963,82 HRK /ha

5.3 Rapeseed Preparation and Storage

In some studies and macroeconomic analyses theo$tsped storage is omitted.

However, as existing plant oil facilities are geallgrinefficient, here an investment in

new equipment will be assumed to modernize theag®istage. In that respect, the
loss of the stored amount will be decreased to tless 10%. Table 5.2 shows the
assumptions used for the analysis of the rapes¢mhge stage of biodiesel

production.
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Table 5.2 Assumptions and data on seed storage

Stored amounts @60.t

Final amount Total: 137.2500% loss)
Low: 2.062,58 HRK/t
Medium: 2.129,32 HRK/t
High: 2.196,05 HRK/t

Rapeseed price
Margin low: 282.742,25 HRK

Margin medium: 292.620,00 HRK

Margin high: 301.362,50 HRK

Low: 2.060,52 HRK/ton of seeds
Storage costs

Medium: 2.127,18 HRK/ton of seeds

High: 2.193,85 HRK/ton of seeds

Total investment in fixed assets 1.685.000 HRK

For the purpose of this analysis, it is assumestiexj building and storage capacities
and only mid-term fixed asset was included: trangps, ventilations system and
active temperature control system. The investmerhé fixed asset has the ratio of
58,16:41,84 in favour to import vs. intermediatenmamption which represents
domestic origin and actually creates the multipi#ect. The price of rapeseed from
storage facility to the rapeseed oil processingtpsrongly depends on the farmers’
price. Therefore, three levels of selling prices defined based on the calculation
where profit equals 0,01% of the total costs. Basumption was made to justify the
economic activity from the investor's point of vieand to proceed with the

macroeconomic analysis.

5.4 Rapeseed Oil Pressing and Esterification

For the analysis of the pressing and esterificagiage it is assumed that the investor
will make a cost efficient annex plant, hence tilegpeessing and esterification will
take place in the close area. Depending on thesegoleprices from the storage facility
to the annex plant, the price of RME also varie& asakes around 56% of total costs
and 65% of operational costs. Referring to thaeolion, there are different levels
at which the production of pure biodiesel is pedfie. Including all by-product sales
at current market prices and 0,01% of total costpm@fit margin, there are three
levels of RME sale prices. This assumption was ntadike into account the data
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uncertainties regarding price changes in both irgmat output prices by considering
all prices of rapeseed and RME exogenous. Tablsta®'s the assumptions made for
the analysis of the oil pressing and esterificastage of biodiesel production. The
last assumption is that all by-products of the @sel production chain are used in

Croatia.

Comparing prices per litre of pure biodiesel andemal diesel, the outcome complies
with actual situation on the biodiesel market: phiees of biodiesel are higher from
11 to 16% than mineral diesel prices per litre,atejing on the price scenario. If the
lower performance of biodiesel is included, the@ulifference reaches 18 to 24%.

Table 5.3 Assumptions and data on oil processing and estati€in

Processing amounts 137.250 t
Oil yield (refined) App. 38% of the raw materiapint: 51.820t
Cake: 85.430t
By-products production: Glycerol: 9.700 t
Potassium sulphate fertilizer: 750t
Cake: 1.150 HRK/t
By-product prices* Glycerol: 1.290 HRK/t
Potassium sulphate fertilizer: 1.8IRK/t
50.000 t
RME production: Density: 880 kg/rh
equals 56,8 million litres
Processing costs: Low: 10.170,18 HRKitof RME
Medium: 10.353,38 HRK/tahRMME
High: 10.536,55 HRKitof RME
Low 8.066,30 HRK/t (7,098RK/I)
RME selling prices: Medium: 8.249,92 HRK/t (7,2599 HRK
High: 8.433,54 HRK/t (7,42HRK/I)

*Source: Grains and oil seed marketNr. 49, Ministry of Agriculture, Forestry and Water
Management, 2004

5.5 Changesin Government Revenues

The replacement of mineral diesel with biodiesdtoduces two direct negative
impacts on Government revenues:

= Firstly, the Government loses directly 53 milliofRK from excise tax, which is
about 0,7% of total current Governmental revenoenfexcise taxes. Taking into
account the lower energy value of biodiesel compaie mineral diesel the
produced amount biodiesel of 56 millions litreslagps approximately 53 million
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litres of mineral diesel (the actual amount of swid mineral diesel and, therefore,
not taxed with excise tax and HAC fee is 52.840.8€xs);

= Secondly, additional loss in revenue of public camp Croatian Motorways
Ltd.>, amounts to 21 million HRK due to the HAC fee exdion.

Under the assumption that the retail price of di¢g&590) will be formed in the
same ratio as blending, the prices of biodiesethengas stations would be 6,4253;
6,4334 or 6,4416 HRK per litre, depending on thegpscenario, which is from 0,03
to 0,05 HRK higher than the price of mineral diesehe cost structure of diesel
(EN590) retail prices is shown in the Table 5.4.

Table 5.4. Cost structure of hypothetical of diesel (EN59Qaileorice

Ptricet Mineral Biodiesel (5%) Diesel (EN590)
structure diesel

o . . . .
(HRK/) (95%) Low Medium  High Low Medium  High
Retail price 6,1559 0,3549 0,3630  0,3711 6,4253 43B 64416
VAT 1,1101 0,0640 0,0655  0,0669 1,1586 1,1601 1161
HAC fee 0,4000 0,0000 0,0000  0,0000 0,3800 0,3800 ,380D
Excise tax 1,0000 0,0000 0,0000  0,0000 0,9500 0,950 0,9500
\F’)Yir(‘:‘;'esa'e 3,6458* 0,2909 0,2975  0,3042 3,9367 3,0433  3,9500

*Import price of oil: 48,73 USD/bbl

There are two strong impacts on the obtained pra¢gaure biodiesel: (1) feedstock
prices and (2) biodiesel processing plant capadgihe initial assumption due to the
limitations of the methodology applied was that wiele amount of biodiesel would
be produced in one processing plant, and othengsggans regarding the blending of
biodiesel with mineral diesel are shown in Tabl&.5The prices of biodiesel
calculated here represent the lower boundary ferpttesent technological level and
all biodiesel-processing plants with less capawituld have higher prices. On the
other hand, the whole biodiesel production chaimaised on hypothetical reactions of
market forces plus there were no additional Govemtal interventions specially

® Croatian Motorways, Ltd (Hrvatske autoceste d.oaovw.hac.h), a limited liability company for
operation, construction and maintenance of motoswewas registered and started its business activity
on April 11, 2001, as one of two legal successors whtdke uprave za ceste. The company is 100%
owned by the Republic of Croatia.
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created to enhance biodiesel production. The omlyeBmental intervention special
to biodiesel appeared at the retail sale level winias mineral tax exemption.

Table 5.5 Assumptions regarding the blending of biodiesehmineral diesel

Total amount of pure biodiesel: Sifliom |

Blending ratio Substitution equivalent of diesel: 52 million |

9 Total amount of diesel for blending: 1.11 7iom |

Total amount of diesel (EN590): 1.174 million |

Substitution Total amount of diesel (EN590): 1.174lionil |

Substitution equivalent to diesel: 1.170 million |

Retail price of mineral diesel 6,39 HRK/I atsgstation
Hypothetical selling prices of purelOW. 7,09 HRK/I
biodiesel medium 7,25 HRK/I
high 7,42 HRK/I
. S . low 6,42 HRK/I
I(-Ié/’\ﬁ)gst)%(;tlcal retail prices of dleselmedium 6.43 HRK/I
high 6,44 HRK/I

The total Governmental loss of 73,990 million HR&utd be mitigated partially by
gains from taxes, such as profit, income and VAQ taiginated from new economic
activity, as shown in Table 5.6.

Income from employment and entrepreneurship arealigtmultiplier effect due to
the new or increased economic activity. It depeadsthe labour intensity of the
business activity in question as well as intermed@nsumption change due to the
investment. Income from employment indicates tatednge in income caused by a
one monetary unit, Croatian Kuna, change in demakidhin the methodology
standard for input-output analysis, multiplier etieare solved for the change in the
final demand as total income (value added) ovexctlieffects. Biodiesel production,
given the assumptions, would generate from 1122t rhil HRK from employment
along the biodiesel production chain and some 57 6t mil HRK from
entrepreneurship. Unusually high difference betwib@se two incomes is caused by
subsidies at the agricultural part of biodieseldouaiion that have inflated income
from employment.
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Table 5.6 Changes in Governmental revenues (in million HRK)

Low Scenario Medium scenario High Scenario
HAC fee -21 -21 -21
Excise tax -52 -52 -52
Income from employment 112 118 124
Income from entrepreneurship 57 59 6
Additional gains of the Government (tax +11 (15,1%) +13 (17,8%) +15 (20,5%)
refluxes)
Total loss in taxes -62 -60 -58

What cannot be expressed in real numbers due tdédtee unavailability is that the
foreign trade balance would be changed in favoutheo domestic production, too.
After the increased import of specialised equipmeertessary for erection of
biodiesel processing line in the base year, natiomaorts would decrease for values
of glycerin, cake and crude oil related to the medl production.

5.6 Conclusions

The final output of the input-output analysis ise of multipliers generated due to the
changes in the economy. However, one should beeatiat multiplier effect might
ignore foreign economic effect (import) and, adyu@reate marginal propensity to
import. In this macroeconomic analysis, it has bassumed that all raw materials
come from domestic origins and only those asseitisate not produced domestically
would be imported. Even with this strong assumptioet neglects cost minimizing
attitude, investment prevails in favour to impartall stages of biodiesel production
chain but retail sale. It would be wrong to assuhs an increase in final aggregate
demand, as the case here, would automatically taéseeal national output. It might
even generate inflation as the money would be reémteimport. On the other hand,
Croatia has the potentials to meet the increaske inotabour, land and production.
Theoretical pros and cons could have their grountheir both sides.

Given the assumptions, one single large-scale ésetliplant of 50.000 t/yr capacity
would produce pure biodiesel at price from 7,09 #2 HRK/I. It is reasonable to
expect increase in prices per litre at any decreasapacity as biodiesel production
strongly depends on economies of scale and feddptares.
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When blending pure biodiesel with mineral dieselration of 5:95, assuming the
same retail price structure for mineral diesel arse expemption on the biodiesel
part, the prices vary from 6,42 to 6,44 HRK/|, degieg on the price scenario. In
other words, biodiesel blend retail price is 0,5580% higher than mineral diesel.

Government would loose directly 53 million HRK froexcise tax, which is about
0,7% of total current Governmental revenue fromisxtaxes plus 21 million HRK
due to the fee exemption from the public companygaGan Motorways Ltd. The
Government could mitigate its losses by tax reffuxeiginated from the newly
created economic activity from 11 to 15 million HRK
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6 POLICIES, FINANCIAL MECHANISMS  AND
MARKETING STRATEGY PROMOTING BIODIESEL
PRODUCTION

6.1 Present and Optionsto I ncrease Feedstock Supply

EU experiences showed that in the early 1990's,nwie biodiesel industry was
incurring heavy start-up costs, the contract price rapeseed used in biodiesel
manufacture was much lower than for rapeseed ugedobd. This was possible

because rapeseed for biodiesel was grown on sg-¢end where the growing of
crops for food and feed are not allowed. Farmeith mo better option, were willing

to produce oilseeds (primarily rapeseed) underraohtfor less than the food use
market price. The amount of oilseeds, which cangb®mvn on set-aside land in
Europe, is restricted by the Blair House AgreemEnt. a farmer to raise oilseeds on
set-aside they must sign a contract with a buyes vegisters the contract with the
appropriate national government agency. Howevecesil998, contract prices have
been similar to cash prices. Contract prices ar@rser to planting; so consequently,
market prices can move higher or lower than anyiquaar contract price.

Because of the European's commitment under the Blause Agreement to limit
production of oilseeds on set-aside land to ondiamilmetric ton soybean meal
equivalent, the expanding biodiesel industry hashied the point where it must now
use oilseeds from non-set-aside land, imports Ieéeds, or imports of vegetable oil.
Some biodiesel producers, when they do not havagimoontract rapeseed, purchase
rapeseed oil. This minimizes accounting difficidtidnat would result from trying to
keep contract rapeseed separate from non-conapeseed.

The reformed EU Common Agricultural Policy adoptediune 2003 sets a carbon
credit payment of €45 per hectare for farmers foowgng non-food crops. The
payments will be for non-set-aside land only. Gitbgrowers believe this subsidy
will be insufficient to induce the production ofdmstrial crops on a sustained basis,
and believe that a €100 per hectare payment fowviggonon-food crops would be
more appropriate.

With the purpose of supporting agricultural andhéisy production in the Republic of
Croatia state budget funding is secured on thesbatithe Law on Financial
Incentives and Compensations in Agriculture andhétig (O.B. 29/99, 105/99, 46/00,
101/00, 12/01, 13/02), the Law on the State SuppwrAgriculture, Fishery and
Forestry (O.B. 87/02, 117/03, 82/04, 12/05), thevlan the Procedure for Eligibility
to Receive Financial Incentives and Compensatiomsgriculture and Fishery (O.B.
53/00, 98/00, 17/01, 24/01, 71/01, 68/02, 94/02).

The Law on Financial Incentives and CompensatiansAgriculture and Fishery

regulates the kind and the size of financial invest and compensations in
agriculture and fishery, determines the areashddigior certain enhanced incentives
and identifies the users eligible for receivingafiigial incentives. According to this
law, production of oil crops makes users eligildeffnancial incentives.
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Under article 21, subsection 2 of the Law on Fimaracentives and Compensations
in Agriculture and Fishery, the Ministry of Agridute, Forestry and Water
Management is to draw up an Operational Plantiag Ektermining total production
area that is eligible for the system of incentipes hectare of production area, as well
as the spread of the determined areas througlothies.

Products and by-products from oil industry usediwestock feed are seed cake,
crushed oil seed and seed shells. The RegulatiortieoQuality of Livestock Feed
(O.B. 26/98), as well as the Regulations amendm@diB. 120/98, 55/99, 76/03),
define nutritional features of seed cake, crushiederd and seed shells that make
them eligible for use in livestock feed. The uselase by-products is regulated by
the Law on Food (O.B. 117/03), the Law on Veteyn@ractice (O.B. 70/97) and the
Regulations on the Conditions of the Facilities Fsoduction and Storing of Animal
Feed (O.B. 159/98).

After the break out of Spongiform Encephalopathg, Decree was issued forbidding
the import in to the Republic of Croatia of higkkitissue, livestock feed of animal
origin and ready livestock feed containing compdserf animal origin (O.B. 11/01),
also the Decree forbidding the use of ruminantgnotapart from milk and dairy
products) in ruminant feed (0.B.52/91, 26/93) ahd Decree on customs tariff
(Section 1V) (O.B. 184/03) in order to prevent thgpearance of this disease in the
Republic of Croatia.

The financial incentive for oil crops applicable rapeseed, soybean and sunflower
has recently been increased to 2.250 HRK/ha, whiak caused the raising of
producers’ interest for these crops. However, it oat be expected that this measure
alone will lead to the production of enough rapdseeeded for biodiesel production,
since the primary use of the produced quantitiegtisin the food industry.

6.2 Present and Optionsto I mprove Competitiveness of Biodiesel

As the various variable parameters can have quitereht impacts on the
profitability of a biodiesel production plant, afence on the competitiveness of
biodiesel, it is important to know their quantit&iinfluence. The following graph
highlights the weight of the single parametersamparison to others and illustrates
the high priority of feedstock cost, of procesddige. to what degree the triglyceride
and free fatty acids molecules are processed ih® Valuable methyl-ester
molecules), while the parameters of e.g. energyams$ manpower (operator) cost are
of minor importance.

Promotion of Biodiesel Production in Croatidinal Report



61

40 Biodiesel selling
35 - price

profit
w
o
|

Yield

= 25 Feedstock price
20 |1
15 -

% change o

10 Glycerine

Investmen

5 - Methanol Operator
’_‘ cost P Catalyst Energy

O O 0 = =

10% change of factor

Figure 6.1 Sensitivity of various input/output factors in ughcing profitability

Source: Austrian Biofuels Institute

Considering the results shown in Figure 6.1, thetioop to increase the
competitiveness of biodiesel production in Croat@ude the following:

= A well defined marketing strategy in order to opsieearnings from biodiesel
sales, which include defining quality standards arder to gain consumer
confidence as well as recommendations from velm@aufacturers;

= Considering other biodiesel sources other thenseszt oil which would have a
lower price (i.e. recycled edible oil, palm oilcgt

= Considering the possibility of importing the feemtst from neighbouring
countries (Serbia, Romania);

= Lowering transport cost by placing the biodieselduction plant in a well chosen
location (sea or river harbour).

6.3 Market Segments and Distribution Channels

A key element for a successful introduction of l@sel in Croatia is the identification
of the most profitable market niches, followed lgrpoting biodiesel to customers in
those niches. Additionally, environmentally drivesgulations can carve out specific
market segments in which only biodiesel fulfils fieguirements. By decision of the
Subcommittee for Biofuels of the Technical Deparnim28 at the Governmental
Office for Standardization and Metrology, it isalled sell blended biodiesel with
standard mineral diesel fuel of 5% without specmbrking. That decision
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significantly lowered entry barriers of biodiesgienetration to the market. By using
the same distribution channels, biodiesel blen8%fcould be easily reachable to all
consumers without asking any change in consumeisayiour or huge investments
in infrastructure. Pure biodiesel would demandrglichanges in distribution as there
are not sufficient quantities to cover all diesehrket. Its distribution should be
carefully targeted not only because of the investnflounding a separate tank for
pure biodiesel at a gas station) but also considethe purchasing power and
environmental issues of the targeted market.

Considering this fact, the following market segnsemive been identified as the most
promising to be targeted for biodiesel utilisation:

= Public and commercial road transport of persons and goods. In this market

segment of congested city traffic significant peshk are caused by inhalation of
harmful exhaust emissions and smog creation. Bsetlee environmental benefits
are needed most in the city and community trafficd can be exploited and
demonstrated ideally in public personal transpatveell as in commercial
delivery vehicles with positive visibility to citens, leading to fast product
acceptance and to speed up market penetrationiddrebel. Implementation in
this niche is the most viable as public transpottl@d be converted to biodiesel by
a decree of the authority where this transporthesiquarters at, or provides its
services. At the introductory phase, it would beoramendable to supply this
niche with blended biodiesel as most of the pulbdansport fleets combines
different age engines. Gradually, public city ti@m$ could completely convert to
pure biodiesel use because they use contractesta@ss. In that way, they will
not suffer from low distribution problem of pureobiesel. The same logic could
be applied to commercial delivery vehicles althoughy generally belong to
younger types of diesel engines.

= Passenger cars. This niche coincides with elaboration of the pabknd
commercial road transport of persons and goodsudth is less controllable. It
would be recommendable for this segment to usedbkrbiodiesel as it can be
used in any diesel engine without any additiongistchents.

= Use of biodiesd in marine areas like sea or lakes, and especially in protected
national parks. Biodiesel is biodegradable in a relatively shartet period and
has been shown to be much significantly harmfdisio than petroleum diesel. As
a result, the danger to marine life arising frontidental fuel spills from
watercraft is minimised. Even the midrange biodiddends appear to increase
the rate at which spilled petroleum degrades inimeaapplications. For vehicles
employed in protected areas would be ideally to pses biodiesel for its
numerous environmental benefits. However, dependmthe age of the fleet and
distribution channel development, each protected ananagement should stream
towards pure diesel usage, at least.

= Agricultural mechanisation. Looking at countries with a developed biodiesel
industry (like Austria, for example), it can be sdabat farmers have been among
the first to embrace biodiesel, and not only ittisation but also its production.
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Furthermore, producer commodity organisations ammperatives typically have
promoted the use of biodiesel blends in farm trueokd power equipment. In the
presence of small biodiesel processing plants,ouldy be logical for farmers to
use biodiesel either in pure of blended form, delpenon the price of biodiesel
competition — cheaper agricultural “blue” dieselevdrtheless, farmers do not
depend on distribution channels and, thus, are @blgecide autonomously on
preferred option.

= Stationary engines used for pumping, emergency power generators and other
varied applications also represent a potential market segment. Clfaeés can
greatly reduce the particulates and other aspdctsér @uality in the immediate
area where these engines are located. Thus, paotieegel would be preferable for
this niche. Unlike other niches, they are statid tire delivery unit is mobile. That
increases viability of pure biodiesel use.

The market segments outlined above cover a brosedbgroup comprising a variety
of engine size, power and applications, but a comthoead that holds them together
is that they all utilise diesel fuel. Because omnedpct fits such a variety of market
applications, and the buyers have been condititmguocure their motor fuels based
on economics, it becomes challenging to introddearcburning fuels like biodiesel
even with all its positive attributes. Buyers’ plasing attitudes and core business
philosophies all play a pivotal role in consumedrgl purchasing habits relating to
diesel fuel and related energy products.

One of the advantages of biodiesel is the fact thas one of the few energy
alternatives that are clean, renewable and do-alolay using current engines and
distribution channels. Considering that the broapguyation has developed a habit of
using a personal automobile as the most prefenadglan of transportation mostly
because of the low oil prices, any radical changdsel supply or engine technology
for road transport would face a number of problefise utilisation of already
existing diesel distribution channels for biodiesglrketing within the road transport
sector is therefore seen as the most promisingnaliee, especially in the case if
INA, the Croatian oil company, which expressed r¢adiness to be involved in
biodiesel production. For the three remaining miarkehes, direct sale of biodiesel
by a potential local producer would be possiblthalgh this needs to be investigated
for each particular case.

6.4 Quality Control

The most important issue regarding biodiesel gualintrol involves the removal of

alcohol, catalyst, water, soaps, glycerine and macted or partially reacted

triglycerides and free fatty acids. Failure to rem@r minimize these contaminants
draws biodiesel failure to comply with the fuelrselards. The standard for biodiesel
in Croatia that will be adopted in the near futiseessentially the same as the
European EN 14214 standard, shown in Table 6.1.
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Table 6.1 Requirements within the EN 14214 biodiesel standard

Limits

Property Unit Minimum Maximum Test method a
Ester content % ( m/m) 96.5b prEN 14103
Density at 15 °Cc kg/m3 860 gop  FN SO ST EN
Viscosity at 40 °Cd mm2/s 3.50 5.00 EN ISO 3104
Flash point °C 120 - ISO/DIS 3679¢
Sulphur content mg/kg - 10.0 S:Em:gg ggggg
fg’z)(sj?s'ziellzlt(ijgf residue)f on % (m/m) a 0.30 EN IS0 10370
Cetane number 51.0 EN ISO 5165
Sulphated ash content % (m/m) - 0.02 ISO 3987
Water content mg/kg - 500 EN I1SO 12937
Total contamination mg/kg - 24 EN 12662
gtoggfrcit”p corrosion (3N pating Class 1 EN ISO 2160
Oxidation stability, 110°C Hours 6.0 - prEN 14112
Acid value mg 0.50 prEN 14104

KOH/g
lodine value 120 prEN 14111
Linolenic acid methyl ester % (m/m) 12.0 prEN 14103
Polyunsaturated >@ double
bonds)
methyl esters

% (m/m) 1
| Polyunsaturated>4 double
bonds)
methyl esters
Methanol content % (m/m) 0.20 prEN 14110
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Monoglyceride content % (m/m) 0.80 prEN 14105
Diglyceride content % (m/m) 0.20 prEN 14105
Triglyceride content % (m/m) 0.20 prEN 14105
prEN 14105
Free glycerol % (m/m) 0.02
prEN 14106
Total glycerol % (m/m) 0.25 prEN 14105
Group | metals (Na+K)k mg/kg 5.0 prEN 14108
prEN 14109
Il metals (Ca+Mg)l mg/kg 5.0 prEN 14538
Phosphorus content mg/kg 10.0 prEN 14107

Generally, large scale processing plants generadielsel and its by-products

(glycerol and cake) of greater quality. Additioyaik is easier to control the quality at
one point of production (large scale) than at ssvenes (small scale). Small scale
processing plants require more intensive systerguality control as there is great
possibility that output varies by producers, espéciif they use inputs of different

gualities and different processing technologiesudllg, quality control laboratory

represents a standard feature within the large srakessing plant which is rarely the
case for the small scale processing plants.

Independent laboratory for quality control could hestablished from the
Governmental Office for Standardization and Metgglan order to monitor if the
biodiesel producers are meeting the required stdada

6.5 Domestic and International Financial M echanisms and
I nvestment Support

Croatia has significant possibilities for biodiepebduction, but there are also certain
difficulties and barriers for its development antbwth. Looking at the whole
biodiesel production cycle, there are two importaantriers to its wider scale adoption
in Croatia:

= Social barriers (lack of knowledge, understanding ehange of behaviour),
= Lack of financing or resources.

The Croatian Government is in the process of foatmd) a compressive renewable
energy policy, which is expected to deal with vasiopolicy issues relevant to
development and a large-scale diffusion of renesvalergy technologies. Financial
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support is recognized as an important and necessty in making market
penetration possible. Currently the financial medtra supporting renewable energy
projects are:

= Croatian Bank for Reconstruction and Developmemvékska banka za obnovu i
razvitak — HBOR),

= Environmental Protection and Energy Efficiency Fund

Nevertheless, a number of other sources of fingndioth domestic and international,
as described below, could be used to support Betgoduction in Croatia.

6.51 HBOR

Croatian Bank for Reconstruction and Developmemvékska banka za obnovu i
razvitak — HBOR) has, apart of other financial soébr financing investments in
infrastructure, Loan Programme for Financing of j€ets of Environmental
Protection, Energy Efficiency and Renewable En&gyrce&

The Programme’s main goal is fully in compliancehathe properties of biodiesel

production in Croatia. Loans are intended for imwvesits in fixed assets and
permanent current assets. The Programme is acleegsilunits of local and regional

government, utility companies, commercial compameaftsmen and other legal and
natural entities.

Minimum loan amount is limited to HRK 100.000 whitee maximum amount
depends on the financing abilities of HBOR, on timvestment project,
creditworthiness of the final borrower, and theueahnd the quality of the collateral
offered.

In general terms, HBOR is financing up to 80% o #stimated investment value
(including VAT) while permanent current assets stiawt exceed 30% of the total
loan amount.

6.5.2 Environmental Protection and Energy Efficiency Fund

The Environmental Protection and Energy Efficiekeymd of the Republic of Croatia
(EPEEF) is a structured extra-budgetary fund whiitiinces projects and activities in
three basic areas: environmental protection, enexfiiciency, and the use of
renewable energy sources. It has been establishéiaebLaw on the Environmental
Protection and Energy Efficiency Fund on July2003 (O.B. 107/2003).

® Detailed description and other updates can be fatihétp://www.hbor.hr/eng/kre_programi_080.asp
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The fund has been established cooperatively byMhestry of Economy and the
Ministry of Environmental Protection and Physic#rhing. As a consultant for the
Ministry of Economy, the Energy Institute Hrvoje Z2o participated and still
participates in virtually all activities related tiwe fund’s establishment and operation.
The institute’s experts played an active role ia grocesses that led to the fund’s
establishment. They participate in expert groupsthe preparation of secondary
legislation and regulations. At present, they areetbping framework guidelines for
the fund’s programme and financial activities ia #reas of energy efficiency and the
use of renewable energy sources. The guidelinesrapared in study form.

The goals of the study are to: gather existing rimftion on potential areas of
financing; prioritise available information in camimity with the Energy Sector
Development Strategy, project feasibility withirepiously defined priority areas etc.;
define financial mechanisms at the disposal offtmal (loans, grants, international
funding); associate available financial mechaniswith projects; and take into
account existing financial support mechanisms fugrgy efficiency and the use of
renewable energy sources in order to adequatelplesment the fund and avoid
collision with existing programmes.

6.53 EU Financing

Sources of financing which have renewable energyces as a priority line are
programmes of the European Union. Those techngsitance programmes that are
currently available for Croatia are:

= CARDS (Community Assistance for Reconstruction, @&epment and
Stabilisation) has inherited OBNOVA programme i©2@&nd supports the active
participation of South-Eastern European countriesthe Stabilisation and
Association Process by technical and financialstasce.

= INTERREG initiative with the aim of developing cesborder cooperation
between adjacent areas on the EU’s internal anerreadt frontiers. In this case,
non-EU member stated are financing their particgpain INTERREG from their
own resources and/or, if approved by the EC, frioenEU Assistance Programme.
There are three streams of INTERREG programme:

o INTERREG IlIA - The Republic of Croatia may paitiate in Strand A of
the INTERREG initiative through the Programme “Aadi¢ Cross-border
Co-operation”

o INTERREG llIB —Croatia belongs to CADSES geographarea (Central
European, Adriatic, Danubian, South-Eastern Space)

0 INTERREG IIIC - this interregional co-operation sptmgramme divides
the entire European territory in four zones wherea@ia belongs to the
Zone East.
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= Other programmes and instruments of the EU opéhetdrepublic of Croatia and
related to the biodiesel production are LIFE, andFéamework Programme for
R&D.

o LIFE is financial instrument of the EC designed fbe issues related to
the environmental protection with the focus on dewment and
implementation of the EU environmental policy. LIFEogramme in
Croatia is coordinated by the Ministry of Environmed Protection and
Physical Planning.

o Sixth Framework Programme for R&D — th® Bramework Programme
for R&D is focused on the promotion of research d@adhnological
development by supporting cooperation among univess research
centres and industry. It provides financial assistato their common
projects. The national coordinating body is thenistry of Science and
Technology.

* EU Programmes (Campaign for take-off, Altener ff, Eramework Programme,
Synergy). These programmes are intended for EU reemsifates and countries
that are close to accession. The type of projeat i supported varies from
programme to programme, but few programmes arendew for investment
support other than for demonstration plants. Softbeoprogrammes are also, to
a limited extent, open to other countries.

= Pre-accession support (PHARE, SAPARD, ISPA), intehfibr countries that are
close to accession. These funds are managed bMlitfistries in the recipient
countries, and usually do provide investment supgdor projects that are
considered important for certain economic sectoesg.( agriculture and
infrastructure). However, those programmes areeatiyr not open for Croatia
but, technically, it is reasonable to take theno itite account due to the recent
developments and advances in relationship betwserEU and the Republic of
Croatia.

6.5.4 Global Environmental Facility

Established in 1990, GEF is co-managed by the WBddk, UN Development

Programme, and the UN Environmental Programme.ugdify for funding under the

GEF, projects must be innovative, demonstrate tifiecteveness of a particular
technology or approach and fall into one of therfptority areas. GEF funding is
possible if the project offers substantial globahéfits, but is unlikely to be viable
without some concessional funding or if a projscéconomically viable but requires
supplemental finance to bring about global benefits

GEF projects can either be free-standing, compenamiVorld Bank projects, or pass
through the IFC to support private sector ventutieat have both important
demonstration benefits and host government endensenfFree-standing GEF
projects are limited to $10 million, and GEF comeoits of World Bank projects
must not exceed $30 million. GEF funds can leveragelar Bank projects by paying
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the additional cost of incorporating environmemntdlenign technologies in Bank -
supported projects. GEF funds would cover the difiee in cost between what the
host country is willing to pay and the cost of thenign technology. Use of GEF
funds through the IFC can be used if the sponswide could not otherwise
underwrite the risk under prevailing market cormis funds cannot be used to avert
normal commercial risks.

Member countries of the GEF wish to expand the oblthe private sector within its

framework. The reason being that the operation dfeserage effect” makes it

exceedingly attractive to undertake investments.siich instances of third-party
financing, a specific energy efficiency projectpi®vided with the necessary capital
for investment and the technical know-how. Retwonghe investment arise from the
savings accruing from savings achieved in enerfigieficy improvement.

GEF already supported some activities related eoirthreased use of renewables in
Croatia like with ongoing projec@roatia — Removing Barriers to Improving Energy
Efficiency of the Residential and Service Sectdh& project is to remove the key
barriers to the implementation of selected econaltyideasible energy efficiency
technologies and measures in the residential andédtvice sectors in Croatia, thereby
reducing their energy consumption and the assat@&enhouse gas emissions.

6.5.5 European Bank for Reconstruction and Development

The European Bank for Reconstruction and DeveloprfieBRD) is a multinational
institution set up with the specific aim of assigtithe countries of Central and
Eastern Europe and the CIS develop into marketitieeconomies. Its shareholders
include countries from these regions and aroundwbdd, including the United
States, the European Community and the Europeastiment Bank.

Specifically, the EBRD seeks to promote the devalept of the private sector within

these economies through its investment operatiodstlarough the mobilization of

foreign and domestic capital. The EBRD’s main ad@ges, compared with private
commercial banks, lie in its willingness and apilib bear risk as a result of its
shareholder base allowing EBRD to act at the fevrdgf commercial possibilities and

to be an effective “demonstrator.” It also shafresgroject risk by acting with private-

sector entities such as commercial banks and imedt funds, and multilateral

lenders and national export credit agencies. ThRIEBSssists companies that have
difficulty in securing financing; as such, it corapients the efforts of other lenders.

While its structure is unlike that of a commercisnk, the EBRD has a similar
approach to dealing with projects. A project hasb& commercially viable to be
considered. The EBRD prices its products on a comialebasis. It does not issue
guarantees for export credits or provide retaillkozm services. The Bank offers a
wide range of financial instruments and takes xilfle approach in the structuring of
its financial products. The EBRD provides loansttlaae tailored to meet the
particular requirements of the project.
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6.6 Conclusions

In order to increase the rapeseed production to amm®unt sufficient for the
production of 50.000 t of biodiesel, a compreheasirategy at the national level has
to be developed, coupled with legislative framewarld more specifically defined
incentive measures. This strategy has to take aptighearnings from biodiesel sales,
quality standards, biodiesel sources possibilifies other oil seeds, recycled edible
oil, import etc.) and strategic investment are&s)its focal points. Regarding the
legislation part, until now, the Croatian norms odiesel has been defined which
are in compliance with the EU norm EN 14214 plusais been decided that biodiesel
blend of 5% can be distributed and sold withoutcsdemarking. However, up till
now, biodiesel production and legislative framewisriet to be unfolded.

There are five market segments identified as taggetips regarding biodiesel use.
Taking into the account of distribution channelsikability and entry barriers, some
market segments would be better off if they usesphiodiesel in their vehicle fleet
(i.e. all natural protected areas, stationary ezg)invhile passenger diesel engine cars
niche would be better off with 5% blend. Some ngchech as public and commercial
road transport of persons and goods and agricultueahanisation make viable both
pure and blended biodiesel use as they purchasngspare more or less easily
controllable where age of the fleet is more impar@decision factor than distribution
issues.

Quality control is easier to establish in largelsgarocessing plant but it would be
beneficial if the Governmental Office for Standaation and Metrology establishes
an independent quality control laboratory that wiomonitor if the producer(s) is/are
meeting the quality standards.

Biodiesel production could find its financing soescwithin domestic (i.e. HBOR)
and international (i.e. EU technical assistancegammes, GEF and World Bank,
UNDP, UNEP, UNIDO, EBRD) financial mechanisms andestment supports.
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7 TECHNOLOGY COMPANY OVERVIEWS

In the last years there have been an increasingbaurof biodiesel technology
companies adopting and improving the productiorc@sees. The latest technology of
biodiesel plant manufacturing companies usuallersfiplants that are feasible for
larger scale production units, which operate mastlyirgin oils.

Options available from companies include pre-made-key plants, custom built
turn-key plants to suit specific needs or even megiing services for a locally built
custom plant. Naturally, each option has its adsges and disadvantages, and the
selection should be made after a careful analysis.

The evaluation and overview of technology compaaigs factors in the selection of
the technology for biodiesel production presentetkehafter is largely based on the
overview of the existing literature, available daflacets and Internet sources. In
addition, the project team contacted the leadimtprtelogy companies in Italy and
requested information on their technology.

7.1 Factorsin Technology Selection

There are a variety of factors that must be takem account when evaluating and
selecting the appropriate technology for biodigselduction. The factors can vary
significantly depending on the technologies con&de especially when looking at
the flexibility in handling feedstocks of varyinguality. A brief summary of the
factors affecting technology selection as well asypanies supplying the technology
is given below:

= Production Capacity - What sizes are offered byte¢lcenology supplier?

= Capacity Expansion - How flexible the technologyregarding the changes in
production volumes?

= Feedstock Flexibility (percent Free Fatty Acid, FFACan the technology handle
various FFA levels?

= Co-product Streams - Quantity and quality of glymeand other process streams.

= Equipment and Operating Complexity - How complextle plant and its
controls?

= Waste Streams - What is the quantity and qualityadte streams?

= Process Safety Design - What is the safety reaarglants using this technology?
= Services Offered - Can one buy a turnkey planjsirthe engineering design?

= Previous Experience - How many plants are in oferair coming on line soon?

= Performance Warranty - Does the company offer pevdoce warranties?
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= After Sale Support - Does the company offer techrsapport and for how long?

= Project Delivery Time - How long will it take ontiee contract is signed?
7.2 Technology Company Overviews

721 AXxens

The Axens process is primarily designed for usé wefined oils containing less than
one percent Free Fatty Acid (FFA) and less thafoOatater. A design was developed
for higher FFA feeds, but withdrawn from the market

Axens, a French company formed from the former IR&5 constructed at least 1
facility in France rated at 70.000 t/year. Thelfacprocesses refined oils.

Axens has designs for facilities ranging from 10.80 about 120.000 t/year. Taking
the indicated capital cost for the process andnalefactors, an estimation of the cost
for a complete facility including periphery systearsd typical support systems can be
made. The order of magnitude unit capital costafdarger facility (in the range of
50.000 67.000 t/year) is estimated to be in the3&b7€185 per annual tonne. Thus
the estimated cost for a 70.000 t/year plant wdadlcbn the order of €12.100.000 to
€12.950.000. The estimated construction time isiab6 months.

7.2.2 Ballestra

The Ballestra process has primarily been appliedsdéed oils with typical feed
specification of less than 0,5% FFA and less th@5% water. Ballestra, an Italian
company with representatives in the U.S., claimat tthey can process other
materials, but each feed would have to be indidlguehecked in their pilot to

confirm process applicability. This is a sound moweBallestra's part.

Ballestra has constructed at least two facilitiest process refined oils. The company
is large and does have an extensive design andsuggpability.

The company offers plant designs ranging from ad@ud00 to 100.000 t/year, with
larger facilities possible. The estimated unit ciwsta facility in the range 50.000
67.000 tl/year, is in the range of €173 to €196 genual tonne. The estimated
construction time is on the order of 15 to 18 menttlepending on the extent of
peripheries, etc.

723 BDI

BDI, a German company of some standing, has bdectaat to share information in
a generalized fashion due to their workload andiipus negative experiences with
the disposition of the information. However, it wasssible to make order-of
magnitude estimates for various factors based famnration it has collected over the
years.
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The BDI process is capable of handling a range afterals including higher fatty

acid feeds. They have commercial experience withhigher fatty acid feeds and
have two plants currently under design that wilbqass used oils. They have
constructed at least 10 plants for biodiesel prodnavorldwide. From a conservative
standpoint, the estimate is that the process shoeldapable of handling materials
such as yellow grease, which has an FFA up to 10%.

BDI offers plants ranging in size from a 1.000 #yenobile facility to a 100.000
t/year grass roots (i.e. no existing facilitiesrdrastructure) operation. The estimated
cost for a facility in the 50.000 to 67.000 t/yeavuld be on the order of €219 to €254
per annual tonne, and would depend to a large egtethe FFA content of the feed
and the extent of process systems required foispleeific feed. Obviously, higher
fatty acid feeds require more extensive procesting the expected capital would be
higher than that associated with refined oil feedst The estimated construction time
is on the order from 9 to 14 months depending erettient of peripheries.

7.24 Biodiesel Industries, Inc.

Biodiesel Industries, a U.S. company based in Neyvidlicates that their process can
handle feeds with any level of fatty acid contérttey currently have constructed two
facilities that are processing used cooking oilsthiwndications that commercial
yellow grease has also been treated). The fasildie rated at 10.000 and 33.333
t/year.

The company has an established design for a 1@/@€8& module and for plants in
the 20.000 to 30.000 t/year range they would supplitiple modules. Large facilities
would be based on a scale-up of the base moduigndes

The basic process module cost (10.000 t/y) rangaes €385.000 to €1.154.000
depending on various factors. Periphery suppotesys, e.g. tankage and the like, are
extra. From a conservative estimating standpoirigcdity in the 50.000 t/year rate
range, is estimated to cost on the order of €1%28s! per annual tonne depending on
the actual feed material and extent of plant penijgs. About three to four months is
required for module preparation and shipment . $gitom an overall standpoint, the
estimate is that the total construction time whiks tapproach would be on the order
from 8 to 10 months.

7.25 Cimbria-Sket/Bratnev

The Cimbria-Sket process is based on the samedkgyas the CD Process from
Conneman, thus the two are obviously quite simiBratney companies represent
Cimbria Sket, a Scandinavian company, exclusivelthe U.S. The process is based
on a refined oil feedstock and the plants constiditd date have used these as feeds.
Typical feeds are less than 0,1% FFA and less &h@5% water. The company has
constructed at least 6 plants ranging in size f5dd@0 t/year to 120.000 t/year.

The estimated cost for a facility in the 50.00C#y range is on the order of €231 to
€277 per annual tonne. The company offers fadglitiethe range of 3.333 t/year (skid
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mounted) to 200.000 t/year production rate. Thémeded construction time for a
larger facility is in the range from12 to 18 monttepending on project scope.

7.26 Connemann

The Connemann CD process, developed in Germanyaffittations from ADM and
Westfalia Separator, has primarily been applietteéating refined oils, although the
company claims that it can process higher fatty amis with the addition of an
esterification step. They have not used this siggny of their commercial facilities to
date, thus for assessment purposes, the proceslsl sfeoconsidered as primarily for
refined oils. Their process design has been uséolinfacilities ranging in rate from
40.000 t/year to 140.000 t/year. The company ofeaadard size plants in the 40.000
to 133.333 t/year range.

The estimated cost for a facility in the 50.00Ce#y range is on the order of €231 to
€277 per annual tonne. The time to construct ditiacs in the range from12 to 15
months.

7.2.7 Renewable Enerqgy Group

The Renewable Energy Group is a joint venture bemw@rown Iron works and West
Central Cooperative in the U.S. They offer proassign as well as start-up training.
Through a relationship with Todd and Sargent, thksp offer turn key constructed
plants. The process is based primarily on the @isefimed oil feeds. The typical feed
would have less than 0,3% FFA and less than 0,00&e&r. The company has
constructed at least one facility rated at aboud@Dt/year.

The estimated unit cost for a plant in the rang8®000 t/year would be about €231
to €254 per annual tonne. The estimated time fosiraction would range from 12 to
18 months.

728 EKOIL

Ekoil, a Slovakian company, supplies a process k@ mainly been applied to
refined oils. Typical feedstock would contain léisan 0,1% FFA and less than 0,2%
water. The company has supplied process modulesefaral facilities in the 5.000 to
15.000 t/year production rate range, and offensdsted design for this range.

The estimated cost for a complete facility in tlege of plants provided by the
company (i.e. 15.000 t/year) is on the order of&Ei® €208 per annual tonne. The
estimated construction time is in the range frota 20 months.

729 Energea

Energea, an Austrian company, claims that theicgss can be adapted to handle
feeds with any level of fatty acid content. Theyreuntly have at least one large
(40.000 t/year) facility based on their processitetogy (and modules) in operation.
This plant processes a range of materials inclugellpw grease. From a "typical”
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standpoint, the feed would contain 4 to 12% FFAta&Wahould be less than 0,5%.
The company has standard plant module designsngrfgom 20.000 to 250.000
t/year production rates.

The estimated capital cost for a facility in theaga of 50.000 t/year would be on the
order of €185 to €231 per annual tonne. The estichabnstruction time would be on
the order from 9 to 10 months.

7.2.10 Lurgi-PS|

Lurgi-PSI, located in Memphis, U.S.A., with a honoffice in Germany, has

constructed at least seven facilities to producthyheesters and biodiesel ranging in
size from 33.000 to 100.000 t/year. The majoritytlod plants were designed for
refined oil feeds, although Lurgi now claims thatan process feeds with virtually
any level of FFA. For oils containing in excess28® FFA, modifications to the

esterification portion of the process are required.

The estimated unit capital cost for a facility meet40.000 to 50.000 production rate
range using a high i.e. >10% FFA feed, would behenorder of €231 to €265 per
annual tonne. For low fatty acid feeds, the ungteeould be on the order of €219 per
annual tonne (due to the decreased process nesaisSadsd with high FFA feeds).

The estimated construction time would range fromtal?5 months.

7.3 Conclusions

The selection of the specific technology which W#l utilised depends on a variety of
factors (including size, feedstock quality, feedktdlexibility, etc.) and there are

quite a few available technologies on the markefayo However, the increasing

requirements for producing high quality biodieset@ding to strict fuel standards
has been the driving force for switching to teclogas with accurate cleaning steps
for the final biodiesel.

In order to meet the required quality standards,idodiesel production plant should
be well designed with adequate automation, as wasllwith a fully equipped

laboratory with a qualified team of chemists. Tinweistment into this additional
equipment is in most cases economically feasibley dar plants with larger

production capacity.
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8 SENSITIVITY AND CASH FLOW ANALYSES

8.1 Assumptionsand M ethodology

UNIDO ITPO lItaly has been requested to performaeaut appraisal on two different
investment projects providing technical assistandfie UNIDO Headquarter for this
project. On the basis of the available set of texirand organisational assumptions
coming from the following Croatian working groups:

= Business Innovation Centre of Croatia (BICRO d)o(targe scale production
project proposal)

= Faculty of Agriculture University of Zagreb (smadlcale production project
proposal).

However, both scenarios had to be adjusted witlergifit assumptions coming from
the INA Oil Company, Croatia National Energy Statis and the private company
Desmet Ballestra, in order to improve the origised of data. As a consequence, the
ITPO Iltaly prepared the current financial appraisablysing the overall set of
industrial projections. The main projected finahcechedules and ratios are
summarised here, with the complete analysis giventhie attached document,
providing interested institutions and perspectiiaksholders with information
pertinent to investment decisions.

The two scenarios analysed in this document arefibre briefly summarised:
a) Small Scale Production Project

The entire production chain was originally included this scenario: rapeseed
cultivation, production of crude oil, production ohethyl ester by means of
esterification process, and finally, supplying aigés to the methyl ester so that it can
be used as pure bio diesel fuel. The investor shmaplement the entire production
cycle, and should take advantage of all the availagriculture incentives for

rapeseed cultivation; the production capacity of facilities for such model is

estimated between 3.000 t/year to 10.000 t/year.

In the current analysis, only the biodiesel proguctvas introduced, starting from the
rapeseed oil processing purchased on the markegwbrage production facility here
analyzed would start with the capacity of 5.00@a&ty

b) Large Scale Production Project

In this scenario a production of rapeseed esterthéout coming capacity of 60.000
ton of esters per year was envisaged. Methyl gst@duction would proceed in a
plant with a daily potential capacity of 200 tor6(@00 ton per year). The basic
production feed in this case is rapeseed, andafigrélso recycled edible oil.
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In this improved version, all the agriculture iss@e not taken into account: the raw
material (rapeseed oil) is assumed to be direcatiglm|sed on the international market
like the previous scenario, as well as only progeanvestment was analyzed.

A common sales price of biodiesel was introducetath the investment projects in
order to make possible a comparison between thesb@narios; this sales price was
calculated in 5,40869 HRKI/I, set as a variable uradealculation aimed at equalizing
NPV to zero in the large scale project, under treent investment assumptions

All financial calculations have been carried ouihgsthe foreign currency (€, Euro).
The results have been reported using € accordifigéy exchange rate with the local
Croatian currency, named Kuna, is fixed at 7, 4 HRBK

The financial and economic evaluation has been ucted using standard capital
budgeting procedures. The future cash flows arectsted, generated by the project
over the estimated planning horizon of 10 years.

In determining the rate of discount to be used,agyeropriate cost of funding should
be considered, calculating the weighted averageataspital (WACC) in relation to
the foreign currency; in particular, a 10% of disabhas been appligd

Additionally, two study cases were developed toitos both investments from the
market side — they were calculated on the basishef minimum and maximum
available current market price obtained by benckingrwith mineral diesel price.

For the methodology recommended in the UNIDO Marfoalthe Preparation of
Industrial Feasibility Studies was used Comfar pckage for the financial and
economic calculations plus detaxation estimates.tdyng into consideration the

" A NPV equals to zero means that the investment osiscount term, is equal to the sum of the net
cash flows estimated in the planning horizon: the imuest result can be considered as neutral.

8 The discount rate used for NPV calculation is tH&/ACC, where the weights are based on the
proportion of the firm's capital structure accounfdby each source of capital. This discount rate
takes in account the time value of money, as wehasiskness of the JV's cash flows.

WACC = %D * Rd * (1-t) + %E * Re

where Rd is the cost of debt and Re is the expeatedf return on equities
Re=Rf+Rm

where Rfis the risk free level and Rm is the rigdnpium over the capital market.

In the present project, no specific assumptions wer@ennegarding the financing aspects of the small
scale scenario, therefore a fully capitalized compangssumed; on the opposite, the large scale
scenario could be financed 70% through long term lrad 30% equity; in order to make the most
comparable analysis between the scenarios, the WACCIysiemrompasses a generic equity
premium rate, here estimated at 10% .
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required project input costs and output pricegsrand uncertainty this study is aimed
at clarifying the main issues of the projects, chting:

1. The analysis of the cost estimates for the projeesed on the information
gathered by the two working groups

2. The financial analysis, including the flow of fir@al resources and the project
financial net benefits

8.2 Financial Analysis
The following assumptions for financial analysisboth scenarios are:

1. All the products are assumed totally sold; the wgion of 100% services
performed and sold is applied to the whole prdjéet

2. The future cash flows are forecasted, generatetthdyroject over the estimated
planning horizon of 10 years

3. The national income tax has been assumed at trezigeate of 20%, without any
income tax deferral.

4. The presence of a sales tax is not being considerdga present study. The price
associated to each unit sold is assumed net ofthi@xefore the income to the
investor is assumed already free of any furtheigabbn apart from the income
tax on the net profit.

5. The base model is assumed without inflation to exanthe profitability of the
industrial initiative as independent from the g@&heeconomic context. The
calculations have been carried out using € castsflor product sales and for all
payments, and finally discounting all nominal céisivs at the nominal discount
rate.

6. Sensitivity analysis was performed on this basee.c&sfferent scenarios were
enacted to account for testing the costs and phigpsthesis. Prices were forecast
to be 5% and 10% percent less than the base cass.pProduction costs were
forecasted to be 5% and 10% more than the base kea@stment costs were
forecasted to be 10% and 20% more than the baseores. The resulting net
present values and internal rate of returns serviuminate further the project’s
value and risks.

8.2.1 Expected Costs and Benefits from the I nvestment

For the Comfar Il calculations, as derived frore thata provided by the two working
groups, the following sections highlight the inplata on the capital structure:
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1) Investment costs are defined as the sum of fixed assets (fixedstment costs
plus pre-production expenditures) and current asgaett working capital). These
costs are estimated for the construction phasdi(8tgear of the planning horizon).

For the small scale project, the Faculty of Agricted University of Zagreb working
group designed an investment project encompaskmgntire production cycle. In
the current financial analysis the three stagematdaken into account in the same
way: in order to make a better comparison betwéenldrge scale and small scale
production stage, only the biodiesel processingesteom rapeseed oil was analysed.
The esterification line was estimated at 3.850 K(520,27 €) /H& As purchase or
construction of the industrial building were nohsamlered as well as any other details
on the fixed investment, the total investment far $mall scale plant is 2.428.559 €.

The overall fixed investment costs for the largalescproject are estimated as
22.030.270 € for fixed investment assets, out ofcwthe "Plant Machinery and
Equipment”, is valued at 5.610.08&, and “Auxiliary and service plant equipment”,
valued at 9.983.784 €. As far as the intangibletsssre concerned, no pre-production
expenditures has been estimated.

2) Net Working Capital requirements have been calculated according texpected
minimum days of coverage (MDC) determined for kibih projects.

For the small scale project, no specific assumptian be carried out, given the
original available set of data and general purpaiséhese financial projections: a
generic estimation of 30 days for the accounts Ipi@yand account receivable was
made.

The large scale project had more elaborated assumptegarding working capital:
stock of raw material and other materials for 3@sgatock of final product for 30
days and a payment term of sold products in 30;daysplying payment terms 30
days, including in advance payment of domestic bewgp and regular import
payment.

3) Total Investment for the small scale project was composed by theitada
expenditures (2.428.559 €) and the required intglworking capital (229.130 €).

It is assumed that the entire initial investment fbe large scale project was
composed by the capital expenditures (22.030.270ckjding VAT), the capitalized

° It's important to mention that the feasibility gjuof the Faculty of Agriculture University doesm&port any
specific investment items for the crude oil progggsand the methyl ester — biodiesel production, dnly the
yearly depreciation value (that include other igiale costs like insurance premium). For this reaste
estimation for these items was collected from tieioworking group, BICRO d.o.0.

19 this value directly comes from the proforma offesm the company Desmet Balestra, n°OL05108R1, 16th
October 2005, for a 60.000 Ton capacity completegssing line.
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interests (1.416.610 €) and the required initidlwerking capital (3.136.608€). The
local VAT for fixed capital estimate does not enitertotal investment estimate; the
original return VAT amount was 4.360.459 €.

4) Sources of Finance were differently assumed for the two projects. Mamno
specific assumptions were provided about the fimgnhof small scale project and
thus, an automatic equity (2,7 Million €) was imtuzed.

For the large scale project, it was it was foresaeroverall fixed investment cost

amounting to 37.758.108 €, which should be covéne@quity and long term loan.

The potential investors will contribute with 11.4067 € for the coverage of the 30%
of the total investment. An ensuring of financiaeded means by credit is predicted
with 195.000.000 HRK or 70%; in this analysis, ora financing scheme was kept.

Conditions of the long term loan can be summaraetbllows: repayment time of 7

years (5+2); grace period of 2 years; interest edeals 5% with semi-annual

instalments.

After establishing the costs of the investmenis #lso necessary to detect operational
costs such as raw material costs, overhead andrabo

1) Raw material costs are crucial for the profitability of any biodieselvestment.
Thus, they are given in more elaborated form.

For the small scale project quantities and monetalyes (HRK) of raw material are
reported in the tables below.

Table 8.1 Small scale project main raw material (rapeseedl olil

Year Quantity Price Total
1 417 4.070 1.695.562
2 3.750 4.070 15.262.500
3 onwards 5.000 4.070 20.350.000
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Table 8.2 Small scale project other raw material costs (imtthg utilities)

2 3 4 5 6
Raw materials 670.165,71 670.165,71 670.165,71 63071 670.165,71
Methanol 570.731,71 570.731,71 570.731,71 570.131,7 570.731,71
KOH 98.780,49 98.780,49 98.780,00 98.780,00 980180,
Wood pulp 315,12 315,12 315,00 315,00 315,00
Water 338,39 338,39 338,00 338,00 338,00
Utilities 34.932,86 34.932,86 34.933,00 34.933,00 4.933,00
Energy 92.602,57 92.603,00 92.603,00 92.603,00 603200
FACTORY COSTS 797.701,14 797.701,14 797.701,14 714 797.701,14

In calculations of raw materials costs for the ¢éaggale project it was supposed the
need of 60.000 t of raw material, utilized in agadion of 5:1; rapeseed oil/recycled
edible oil. In the first year raw material and nmatiecosts are predicted on the 1/12
level of the full business year due to preparatimngroduction initiation in the first
working year and the second year of project econahtifetime.

Table 8.3 Large scale project raw materials

Raw materials Consumption Years Price (HRK) €
2 3 onwards
Rapeseed oil (t) 37.500 50.000 4.070 550
Recycled edible oil (t) 7.500 10.000 1.480 200
Methanol and other chemicals (HRK/t) - - 25,74 3,47
Other material costs (HRK/t) - - 1.000,00 135,13

" SourceBiodiesel for Public Transport in the City of ZagréiKONERG and EIHP, 2003.
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Table 8.4 The estimation of the annual raw material costtfe large scale project

Raw Materials (€) 2 3 4 5
Rapeseed oil 20.625.000 27.500.000 27.500.000 27.500.000
Recycled edible oll 1.500.000 2.000.000 2.000.000 2.000.000
Methanol and other chemicals 156.527 208.703 208.703 208.703
Other material 6.081.081 8.108.108 8.108.108 8.108.108

Total Raw materials 28.362.608 37.816.811 37.816.811 37.816.811

2) In the small scale project casihe administrative cost for the other two
processing stages was merged under the “admimstraverhead costs” item; the
total cost of the overhead is therefore calculatei.947,56 € per year.

Additional general expenditures, namely marketifagtory rent and administration
costs, together with the utility costs and the comsbles are taken into account for
the large scale under the indirect costs overhédmparticular assumptions had been
made in the data provided, and a general estimafi@® Million HRK per year has
been made (27 Million HRK only in the first year).

3) A very simple assumption was provided by thekivay group forthe labour cost
of small scale project: 3,25€/Ha; the total cost fioe workforce was therefore
estimated in 15.180,10 € per year while the larggesproject where the factory
personnel will reach the steady state since tlseygar of activity.

The large scale plant foresees to employ about drkewxs, in particular 12 qualified
workers, 2 engineers for plant management and Beexs for laboratory. The total
labour cost under these assumptions amount 3.068BK annually.

After assessing the costs originated from the imeest and production, COMFAR
[l has also detected projects’ benefits from picichn and sales.

The small scale plant will produce biodiesel angcgtol as a byproduct on the
esterification process; glycerol sales represensnaall portion of the overall
company’s turnover. The sales programme for biediesd glycerol in the small
scale project has been assumed equal over thénlite of the project. Thus, from
5.000 t of biodiesel, at price of 5.409 HRKI/t, shwdale would benefit 27,043,494
HRK plus 1.254.714 HRK from 970 t of glycerol atger of 1.293,52 HRK/t. Hence,
the total turnover of the project accounts for lugaf 3.822.598,97 €.

The production capacity of the large scale productinit is estimated at 60.000 t/yr;
where it has been assumed that the production itapaidl reach the 100% in the
second year, while in the first year a reduced petdn capacity is scheduled. Given
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the numbers in the production plan and the totdkssaestimation amounts
243.391.442 HRK and 21.600.000 HRK from biodiesed glycerol respectively at
the first year. After achieving the full capacityetrevenues increase to 353.321.922
HRK (324.521.922 HRK from biodiesel and 28.800.6{RK from glycerol)

8.2.2 Findingsof the Financial Analysis

The financial evaluation has been carried out assymbasic reference configuration
for both the investment project, defined by thetcesimation summarised in the
previous paragraphs. This analysis does not inclme inflation rate. The main

considerations that can be pinpointed are theiatig:

= Given the general assumptions of both the profaetNet Present Value (NPV),
calculated at 10% of discount rate over a 10 ypksning horizon, is calculated
as equal to O for the large scale project, in otdeset the related biodiesel sale
price (estimated as 5,4087 Kn/l); under this asgiompthe small scale project
results in a negative NPV (-1.067.572,37 €).

= The internal rate of return IRR is equal to thecdist rate (10%) in the large
scale project, while it's negative (0,17%) in timeadl one. In the following graph,
a comparison between the NPV resulting from thegeanarios is reported:
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Figure 8.1 Net present value of total capital invested (€)

1. TheNet Income Statement starts to show positive net profit from the figstar in
the small scale projects, while it becomes posifireen the second year in the
large scale project; the balance of the Cumulaissh Flow doesn’t requires the
additional inflow of a certain level of overdrafirfboth the projects. The net profit
results in positive level of ROE since the begignai planning horizon (0,1% in
the small scale project, about 19% - under themapsan of 30% of equity on
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total financial coverage - in the large one). Tleatrtable illustrate a comparison
between the ROI indicators of the projects:
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Figure 8.2 Net profit plus interest to investment (€)

2. This ratio provides theeturn on total investment (the value of the assets
dedicated to the project). It is a measure of ffieagy of profit generation by the
committed resources. Values provided for each pialu period indicate the
various stages of profitability. The acceptabild the return on investment is
determined by comparison with the opportunity afstapital or with the return
for the other projects; the large scale projectb@th the versions) guarantee an
higher profitability with respect to the investeapdal (ROI calculated at 7% for
large scale project versus 0,1% for the small one).

3. Theoperational margin is positive from the first year, at about 5,64% &1%
of sales at the full capacity reference year respsyg for the large and small
project. The net profit level is respectively abdii1% and 0,07% out of the total
sales in the reference year.

4. A break-even analysis was performed on both the projects. Costs weceatiéd
according to their variable and direct cost conttitm. The project operation was
determined to break-even when it reached abou998.8f its operating capacity
at steady state (mature years) in the small scaleqt, and 95,33% in the large
one.

5. Thesensitivity analysis shows that small variations of the main parameters (from
5% to 10% in sales price, from 5% to 10% in proaurctcosts, about 20% in
investment costs) can strongly affect the resdltt® NPV - IRR criteria for both
the projects: the large one seems more reliableerims of variations of sales
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revenues and investment costs, while the smallcaneseem a bit more flexible
on the production cost side.

8.3 Detecting Fiscal Environment via Benchmarking

In addition to the financial outlook, supported lwisensitivity analysis, a price
benchmarking with mineral diesel has been exectdaedoth small and large scale
projects in order to understand better the theoedtect of a direct (or indirect) total
redistribution of the taxation incomes from the @mment to the biodiesel investors.

It has been assumed substitution of the originadliesel price (utilised by the two
working groups) with the existing mineral dieselrk&t prices:

= 4,58 Kn/l (3,98 HRK/I as market industrial price diesel together with the trade
margin, estimated at 0,60 HRK/l) (in this documethis assumption will be
indicated as “P1”)

= 5,98 Kn/l (this is the end-user price: in this asd&, this price is taken into
account as maximum available price under the assompf taxes and excises
revenues per litre is somehow “redirected” to tlmeeptial biodiesel producer)
(this assumption will be indicated as “P2")

The two scenarios analysed are slightly changed the financial analysis in order to
bring the comparison on the equal foot. Thus, liersmall scale project, the changes
are: the processing starts directly from the croitiéno agricultural activity); the raw
material is assumed to be directly purchased oninfeenational market: The large
scale uses rapeseed oil only as the production. feedoth cases, the price of
rapeseed oil is estimated at 4,07 HRK/I. All otaesumptions remain the same as for
the financial analysis.

8.3.1 Benchmarking Findings

When calculating discounted cash flows over totavestment, the financial
evaluation has been carried out assuming the ewsnues configuration already
available for both the investment projects, defibgdhe cost estimation summarised
in the financial analysis. This basic version doeesinclude any inflation rate.

Given the general assumptions of the small scamas®, the Net Present Value
(NPV) over the project is, calculated at 10% ofcdimt rate, negative under the
assumption of 4,580 HRK/I (-4.292.014,18 €); theeinal rate of return over total
investment IRR cannot be calculated. With the aggiom of 5,980 HRK /I, the NPV

turns to positive values (997.480,38 €), with aipas IRR on total investment

(18,07%) representing a 8% spread over the requiimbunt rate; the NPV ratio is
0,33.

As the result of the present analysis, a paybaciogef 5 years is calculated. The
payback periods increases to 7 years when caldulatiscounted terms.
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Table 8.5 Main indicators for the both price cases for theafiracale project

IRR NPV NPV Ratio  Fayback
period
not found -4.292.014,18 -1,43 not found
18,07% 997.480,38 033 7

Given the general assumptions of the large scadaasm, the Net Present Value
(NPV) over the project, calculated at 10% of disdorate, is negative under the
lowest price (-37.474.762 €) but turns to good fpasivalues (22.380.585,99 €) with
the highest price; in this latest case the interatd of return over total investment
IRR looks positive too (24,97%), representing a 1Spéead over the required
discount rate; the NPV ratio is 0,77.

In this scenario, a payback period of 4 years isutated. The payback periods
increases to 5 years when calculated in discouteteds. As for the other scenario,
the net cash flow of the last years is the keyofattt get a positive NPV.

Table 8.6 Main indicators for the both price cases for thegka scale project

IRR NPV NPV Ratio  Fayback
period

-24.31% . 37474762 - 1,29 not found

24.97% 22.380.585,99 0,77 5

These calculations are supported by the followirdycators:

Net Cash Flow to Total Sales

This ratio measures the ‘efficiency’ of the anmgdlcash flow generation. The ratio is
useful for the comparison of similar projects, litkés case: with a selling price of
4,58 Kn/l, both the projects shows negative caeiwd| but the large scale project
seems more reliable than the small one; with thmgerice of 5,98 HRK /I, both the
projects are positive, with a lower difference thiarthe previous case: it means that
small projects is more sensitive to price levehthize large one.
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Figure 8.3 Net cash flow to total sales (€)

Net Profit to Total Sales

The profit to sales ratios (ROS) is an indicatoovaied for each production year
indicating the various stages of profitability. $imatio reflects the effectiveness of the
transformation process from inputs (costs) to otstpigales). As these ratios are
profit-oriented (not cash flow-oriented) they shibube of particular interest to
shareholders.

The 5,98 HRKI/I selling price assumption (the otbase is anyway negative), large
scale project results the best “profit generatdrcompared with the small one. The
divergence in the first year depends on the moaeuwsal processing activity planned
for this investment project.
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Figure 8.4 Net profit to total sales (€)

Net Profit +Interest to Investment

This ratio provides the return on total investmihe value of the assets dedicated to
the project, ROI). It is a measure of the efficatyrofit generation by the committed
resources. Values provided for each productionogeindicate the various stages of
profitability.

The acceptability of the return on investment cardbtermined by comparison with
the opportunity cost of capital or with the retfion similar investment.

It's evident that the ROI estimated for the largale investment is always higher than
the small scale one, so confirming the more priilityg of the large scale projects
versus the small scale one.
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Figure 8.5 Net profit plus interest to investment

Break even Ratio

The break-even ratio is the ratio of break-everssahlue to planned sales value for
the period. It is the percentage of the planneelssahlue at which the variable margin
covers the fixed costs. Risk increases with inéngabreak-even ratio; a low ratio
provides a level of security against unforeseenmaimmal difficulties.

Under the 4,580 HRK/I selling price assumption, ldugje scale project is closer to
100% that the small one, and under the 5,980 HR#&lling price assumption the
large scale can stay 5 points (86% versus 89,9%gnuthe small scale one.

Therefore, apart the general risk to be accounthdewnvesting in the biodiesel
sector, the large scale one seems more reliahbtetiieasmall one.
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Figure 8.6 Break even ratio (excluding costs of finance) (€)

Output to Capital Ratio

This ratio relates annual sales to invested capitals a useful yardstick when
assessing project at early stages; in this seime,large scale project is more
profitable in each stage of the planning horizantthe small one, independently fro
the selling price assumptions selected in the coispa
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Figure 8.7 Output to Capital ratio (€)
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Net Present Value on Total Capital Invested

Net benefits (net value of goods and services meduand costs (the value of the
resources committed to the project) are discouatedarious rates to determine the
net present value of the project. A non-negativepnesent value at a discount rate
equal to opportunity cost of the capital requiredibance the project indicates that
the project is acceptable from this point of viewdiscount rate for which the present
values of benefits and costs are equal (i.e., tA¥ N 0) is an internal rate of return
(IRR), a rate at which the assets dedicated tpithject generate net benefits.

As illustrated in the graph, the large scale piojgeery profitable with respect to the

small scale project under the 5,980 HRKI/I sellingcg assumption at a normal

discount rate; on the contrary, small scale propact limit the negative returns with

respect to the large one under the 4,580 HRK/inggpirice assumption; the technical
reason is that the small scale project is veryectosthe x axis in both the scenarios,
so the NPV is not very sensitive to the discoutd.ra
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Figure 8.8 Net present value of total capital invested (€)

8.4 Conclusions

Given the general assumptions of both the projiet, Net Present Value (NPV),

calculated at 10% of discount rate over a 10 ypkmsning horizon, is calculated as
equal to O for the large scale project, in ordesétb the related biodiesel sale price
(estimated as 5,4087 HRK/I); under this assumptiom,small scale project results in
a negative NPV (-1.067.572,37 €).

Generally speaking, the results of financial analghowed that large scale project
shows better results in terms of all indicators.
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Table 8.7 Comparison of financial indicators obtained for ¢ggrand small scale

projects

Indicator Large scale Small scale
IRR 10% 0,17%
Net profit (ROE) 19% 0,1%
Return on the investment (ROI) 7% 0,1%
Operation margin at the full capacity 5,64% 0,1%
Net profit level (total sales) 4,51% 0,07%
Break even point 95,33% 99,89%

The sensitivity analysis shows that small variagion the main parameters (from 5%
to 10% in sales price, from 5% to 10% in productmsts, about 20% in investment
costs) can strongly affect the results of the NPRR criteria for both the projects:
the large one seems more reliable in terms of tiana of sales revenues and
investment costs, while the small one can seen mdwie flexible on the production
cost side.

In the benchmarking with prices of the mineral dievo main considerations can be
pinpointed:

1. Positive outcome for both the scenarios (997.480€38or the small one,
22.380.585,99 € for the large one) under the 5,B&MHselling price assumption
(“P2” case); the turning point of the NPV cumulgtiosually occurs at the last
years (in discounted terms) of the projects, mainlyhe small one. The internal
rate of return IRR looks also positive: 24,97% Ire tlarge scale project and
18,07% in the small one.

2. Negative outcome for both the scenarios (-4.292X¥1£ for the small one, -
37.474.762,25 € for the large one) under the 413R68(/I selling price assumption
(“P1” case); IRR turns strongly negative or notedsninate, and the dynamic
payback cannot be calculated accordingly.

As a conclusion, fiscal advantages, calculatecherctirrent excises and taxes applied
to mineral diesel market can strongly affect thesifpge outcomes of investment
projects in the biodiesel sector, allowing the I@sél investment to be profitable and
attractive in comparison with the mineral diesefkea
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9 CONCLUSIONS AND RECOMMENDATIONS

Biodiesel production in Europe is growing, and icéming important in many
aspects. Establishing a national biodiesel industey challenging task where at least
three separate but related issues should be digtimgd — rapeseed (oilseed)
production, biodiesel production and biodiesel readk consumption.

The beginning of the large increases in biodiesetpction in Europe was 1993.

Changes in the European Union’'s Common Agricultéalicy (CAP) established a

set-aside program in 1992 whereby farmers wereyatagld not to grow food or feed

crops on a portion of their arable crop land; hosvethey were allowed to plant

rapeseed, sunflowers, or soybeans for industriajpgaes. The production of

vegetable oil on set-aside for use in producingliesel was clearly an option, and the
biodiesel industry has grown rapidly in the last years.

Another big boost for biodiesel, especially in Gany, came when vegetable oil
prices were relatively low, around US$400 dollaes on, from early 1999 to mid

2002, and mineral diesel prices varied, but onayemwere relatively high during this

period. With biodiesel exempted from the mineralftax, production began to look
very attractive, and a large number of projectsevearted. The French industry also
benefited from low vegetable oil prices, but theoamt of biodiesel receiving a

reduced motor fuel tax was, and still is, limitect@rding to the rules of the French
program.

Currently, the European Union is in a state of ifitahg the system of biodiesel
production. Many construction projects were appdove 2000, and demand for
biodiesel exceeded the available supply. Neverseleapacity is expected to
continue to rise, albeit at a slower rate. New grtg have been announced in the
United Kingdom and Portugal. The project in the tgdiKingdom will lead to the
construction of the European Union’s largest biselieplant with plant capacity of
250.000 tons per year.

This chapter brings a set of recommendations lieguitom previous chapters aiming
at all three components mentioned before (agriceltiiodiesel production and
market or consumption). However, it has to be noewti that three components are
not necessarily connected. Depending on a globakehaituation different options
like national rapeseed production vs. oilseed immor national consumption vs.
biodiesel export will always have to be considered.

9.1 Recommendationson Agricultural Policies, Incentives and
Support M echanisms

In order to increase national rapeseed produciiors necessary to expect some
intervention from the Croatian government in theri@gdtural sector regarding

rapeseed production. The measures would have toreenst least, the quantities of
feedstock required for the planned production afdlgsel, increase the yield of
rapeseed per hectare and regulate market chanoelpréduced rapeseed. This
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demands formulation of a comprehensive action pldhn synchronised enforcement
of existing governmental tools and means of Croasigriculture policy with some
adjustment to the new issues.

It is reasonable to suggest, based on the experiehother countries (i.e. Ireland),
establishment of contracting of farmers — rapesgexdiucers, with or without a
mediator between the parties involved in this pariodiesel production. However,
the following recommendations could be pointed out:

= A clear national targets for rapeseed (oilseeddigetion including timeframe and
expected dynamics should be established;

= The incentive for rapeseed and other oilseeds ptotuper hectare should be
determined according to the desired quantitiesvafrall production in Croatia.
Although the current subsidy for rapeseed is abioee quarters higher than those
for wheat and maize farmers are still reluctantswatch from the traditional
cultures to new ones. This reluctance is also ddrivy their limited knowledge
and experience on rapeseed agricultural practicdsrgputs which consequently
lead to low vyield of rapeseed. A solution could ibedownwards cascading
support system which will start from, 2.800 HRKAhich is claimed by farmers
and gradually decrease over years to the amoub® 2HRK/ha proposed from the
Ministry of Agriculture, constantly supported by tErsion Service regarding
cropping techniques improvement. In the end, fasimecome would stay at the
approximate same level: decreased income fromuhsidies but increased from
the harvested yield.

= Measures to increase the rapeseed and other alseeld, which is currently
below average yields in EU countries, should bentdated and put in place.
These include the education of farmers throughalineady existing Extension
services and other similar agencies both govermmhearid non-governmental,
financial and economic measures (detaxation, smhd and other measures)
aimed at the modernisation of the technology usmdrépeseed production,
including agricultural mechanisation, storage fde# and other;

= Increasing the overall efficiency of agriculturatoguction by implementing
measures aimed at better land use (i.e. small fammesging, introducing
cooperative organizations and similar);

= Improvement of market position of oilseeds prodsatrough facilitating long-
term contracts between farmers and large oil producompanies, as well as
better utilisation of by-products resulting fronobiesel production (i.e. rapeseed
meal and glycerine).

The agricultural sector would benefit from increhsapeseed production through an
increased usage of the considerable amounts oferdiyr idle acreage, the
introduction of rape seed as the third crop in arojation, a guaranteed additional
profit for farmers, a better exploitation of farrgimachinery, and in this way through
an increased profitability of agricultural prodweti If the biodiesel would be
produced in Croatia, rapeseed meal being a by-ptodwuld contribute to a
replacement of animal protein feeds with proteivegetable origin in the significant
livestock production of the country as a protectimeasure against encephalopathy.
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All these will lead to increase in employment raé®d income generation
opportunities and contribute to rural and agriaatulevelopment

9.2 Recommendations on Competitive Biodiesel Production
Industry

9.21 Feedstock Costs

The main factor affecting the competitiveness amditability of biodiesel production
are the feedstock cost and the production prodéisgency. Clearly, to decrease the
unit production costs it would be necessary toeeitise a lower cost feedstock and/or
to increase the effectiveness of production by fodye choosing the location of
biodiesel processing plant and to utilise moderchnelogies and processes with
maximum efficiencies.

Options to lower the feedstock cost include:

= Utilising recycled edible oils;
= Import of potentially cheaper rapeseed oils fronglleouring countries;
= Import and utilisation of other vegetable oils (gogim oil).

The key recommendation here would be to establidhodiesel plant with high
flexibility in feedstock processing ability (multeedstocks), with, at the start, most
probably only partial supply from Croatian fieldgvithin the European Union
rapeseed is dominating source for biodiesel, boalse of strong demand prices are
going up. For example, the biodiesel plant of ADMthe harbour of Hamburg is
doubling now its capacity from 120.000 to 240.008nd establishing a new 275.000
t biodiesel plant in Mainz at the river Rhine. Besa of that high demand for
feedstock, palm oil is imported in increasing voksn(palm oil can be used up to 40
% in summertime), which is an advantage for bicelipéants located at sea harbours
(or at least at big river harbours like river Daapbin rather distant future (5 years
time) also non-food oils (e.g. jatropha oil) magak European harbours from Brazil,
India, Egypt or South Africa.

9.2.2 Site Sdection

Potentially interesting feedstock supply chain whicould contribute to the

competitiveness of the produced biodiesel is thpomnof rapeseed, but also other
vegetable oils which could be used for biodieseddpction from neighbouring

countries. In order to lower the transport and al@osts of this alternative, it would

be necessary to place the biodiesel productiofitiaon a river or sea harbour.

Another important location decision feature is &ase of Free Trade Zones and
Areas of Special Governmental Care in Republic odafia. Free Trade Zones are
established on sea ports, airports, river portsent to international transport routes.
They are established as an incentive for investneenployment, introduction of new
technologies and equipment, modernisation and impgobusiness and industrial
networking. A zone user is entitled to the follogibenefits, apart of the location
advantage:
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= Profit tax is 50% less than the prescribed rate

= Those zone users that participate in the constmuaif infrastructure utilities in
the zone to a value exceeding 1 mil. HRK are exdmopt tax on profit originated
from the business activities in the zone in tht fiive years of business.

= Goods are stored in the zone free-of-charge

= For the good stored, used or consumed in the fesletzone, there are neither
tariffs nor VAT payable.

= If the good produced in the free-trade zone is ¢oirbported to Republic of
Croatia, tariffs and VAT are paid for the built-components of the imported
material, and not according to the value and taai for the finished product.

In addition to that, there are Areas of Special &owental Care, created in the areas
that suffered severely from the war, that enjoyitimthl investment and business
incentives in the area of custom duties, taxatmisljgatory compensations to the
employees as well as favourable conditions at HB@Rthis sense, the town of
Vukovar seems as a very favourable location fompttoeessing plant as it is located at
the river Danube, with easy access to the raild raad air transport facilities and
brings benefits from both as Free Zone and Areapaitial Governmental Care.

9.2.3 Production Costsand Overall Plant Feasibility

Looking at the technologies and processes for egaliproduction, the increasing
requirements for producing high quality biodies@lshbeen the driving force for
switching from batch processing to continuous pssdechnologies with fast liquid-
liquid separation of methyl-ester and glycerine anth accurate cleaning steps for
the final product. High yielding process techno&sgihave obtained preferential
attention because their impact onto profitabilimportant factors influencing the
selection of the process technology to be utilisetude the following:

= Level of yields obtained during the reaction
= Flexibility to handle multi-feedstock oils and fats
= Reliability in quality assurance

Key recommendation regarding the financial evabmatf biodiesel production is that
large scale (production capacity of 50.000 tons a@molve) shows better results than
small scale projects (production capacity up t@®Q@0.tons) in terms of all indicators.

The sensitivity analysis shows that small variatiofh the main parameters (from 5%
to 10% in biodiesel sale price, from 5% to 10% mduction costs, about 20% in
investment costs) can strongly affect the resulth@ NPV - IRR criteria for both the

projects. However, the large one seems more feliabterms of variations of sales
revenues and investment costs, while the smallcameseem a bit more flexible on
the production cost side.
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9.3 Recommendationson Biodiesael De-taxation

Biodiesel competes in the market with petroleumselie Prices are volatile,
sometimes favouring biodiesel industry expansioat, biodiesel is still not cost
competitive with petroleum diesel without subsidiedax incentives except in cases
where petroleum prices are high in the extreme \@gktable oil prices are low.
Biodiesel has a major advantage over petroleumeli@sthat it is derived from
renewable sources; thus, on a net basis, fewemlgoese gases such as carbon
dioxide are emitted into the atmosphere. The malitsupport for the production and
consumption of biodiesel and renewable fuels apeambe present to expand the
biodiesel industry.

On May 8, 2003, the European Parliament and then€bof the European Union
adopted Directive 2003/30EC, on the promotion of tise of biofuels or other
renewable fuels for transport. Directive sets foemmber states the target what
percentage of petrol and diesel used for trangpoyoses should be from renewable
sources. The percentage will increase to reach pgfgent in 2010. The EU
Commission will monitor the member states, whicll Wave to justify where they
may not have met the targets. This directive issimles and not production, so a
country could import biofuels rather than produeeirt own biofuels to comply with
the directive. However, to entice sales, Croatiy rfind it not to be politically
expedient to give tax advantages to imported prodather than developing domestic
biofuel industry. The De-taxation Directive direthsat member states will be allowed
(but not mandated) to give fiscal resources to tenbiofuels. According to the
Directive, de-taxation should be proportional tofbel content. There should not be
overcompensation for biofuels, and support levesukl take into consideration the
costs of raw materials.

Having in mind the goal to establish a sustaindideliesel production in Croatia, it
will be necessary to develop and put in place #lstanechanism of financial
incentives, considering its higher costs compam@dmineral diesel. This would
include de-taxation, which is also elaborated iis $tudy and is in line with the
described EU legislation. The current cost striectaf mineral diesel in Croatia
includes VAT (of 22%) as well as excise duty taxtle amount of 0,14 €/I (1,00
HRK/l) and Croatian Motorways (HAC) fee in the ambof 0,055 €/I (0,40 HRK/I).
As shown in the results in chapter 5, the exemptibiiodiesel from these taxes
would result in a direct loss of 73 million HRK @pximately 10 million euro) to the
Government. However, the economic output of theesapd biodiesel production
chain, together with the necessary investmentsadyction capacities and logistics,
contributes directly and indirectly to additionab¥&rnment revenue. Depending on
the price scenario considered, this additional meeeamounts to 11, 13 and 15
million HRK respectively, which means that the tiela tax refluxes amount to
15,1%, 17,8% and 20,5% respectively.

Additionally, the positive environmental socio-eoamic effects of the biodiesel
production chain cannot be disregarded: lower aamssof carbon dioxide, lower
local harmful emissions and increased air qualigypployment creation, rural
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development, lower dependence on imports of fasiland others. Even though

these benefits were not monetarised within thidyaig they nevertheless should be
taken into account when making the decision reggrdhe support of biodiesel

production and utilisation.

9.4 National Partnersand Stakeholders

A major challenge in introducing biodiesel blendsthie country is how to mobilise

and organise different stakeholder groups. Du¢stoature, biodiesel production and
utilisation involve various sectors, interest grsuand market players. The
stakeholders and their respective roles relevanthé production of biodiesel in

Croatia identified in this study include the follimg:

= Farmers and farmer associations as well as farrapgiort institutions — efficient
and feasible oilseed production, introduction oétestof-the-art agricultural
practices and technologies, participation in deaignaking processes related to
agricultural policy and state biofuels productitrategy;

= Industrial producers of biofuels — application obdern biodiesel production
technologies with high process yields, forming parships with international
companies which should serve as a catalyst to uktisability dimension and
will form an integral part of their Corporate SdcResponsibility, contribute to
agricultural sector development through establisttroéa new market for oilseed
producers, namely small farmers;

= Qil companies which will blend the biodiesel — eleatufficient biodiesel market
penetration through existing distribution channafsplication of EU adopted fuel
standards;

= Vehicle retailers and maintenance services — igseeessary warranties and
certificates regarding biodiesel utilisation in nemd used vehicles, perform
drivers informational campaigns, use of appropr&#mdardised engine parts and
equipment;

= Municipalities which could introduce biodiesel inet municipal vehicle fleets —
organise and perform educational and promotioniites for local population,
city bus and other vehicles drivers and maintenata#; organise logistics and
infrastructure for recycled edible oil collectionnda utilisation, gradual
introduction of biodiesel fuelled vehicles;

= Consumer organisations — perform activities tamjede consumer confidence
building, facilitate participatory process in cliegta stimulating framework and
environment for biodiesel utilisation;

= Government/ministries - formulate overall legal nfework, launch a
comprehensive campaign with the aim to increasseed production, introduce
and put in place financial incentives includingtdgation mechanisms.

9.5 Final Conclusions

Biodiesel, being a renewable energy carrier, cavige a clean source of energy
while contributing to a securer energy supply. Heeve like other renewable energy
sources, biodiesel needs to be put in the righttestnand dealt carefully by
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integrating its socio-economic and environmentallead values into the economic
model.

In general, a successful biodiesel production ndedse promoted by conceiving
mechanisms to ensure that certain key criterigpageent mainly the availability of
raw materials at a reasonable price and to creat&anconditions enabling biodiesel
to compete with mineral diesel. Other issues aitdr@, such as the efficiency of the
trans-esterification process and the capital aretainal costs associated with it, are
also important but to a lesser extent.

Production and utilization of biodiesel meets nufgshe demands and targets outlined
in the national strategy of Croatia which recomnseadopting an integrated approach
to the development in the different sectors - adiuce, energy and environment.
Furthermore, within its integration process inte #U, Croatia will have to comply
with the EU regulations related to the securitgmergy supply, promotion of biofuels
utilization, as well as to the reductions of gremmse gas emissions. As the results of
this study indicate, further efforts in promotioh lwodiesel production in Croatia
could be an effective step in that direction.
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11 APPENDIX 1 - REPORT OF PROJECT WORKSHOP
HELD ON DECEMBER 15, 2004

As part of the project 'Promotion of Biodiesel Rrotion in Croatia’, a workshop at
the Energy Institute Hrvoje Pozar was organiseddenember 15, 2004. Participants
of the workshop included the project working grq@wordinator, National Experts,

UNIDO representative and International consultabtg)also all stakeholders relevant
for biodiesel production in Croatia, Table 1.

The workshop agenda included the following topics:

1. Brief introduction by Dr Fatim Ali Mohamed, UNIDCepresentative, and Ms
Sandra Krmpo#, representative of the Ministry of Environmentabtection,
Physical Planning and Construction

2. Project status information by Dr Julije Domac, BobjCoordinator

3. Preliminary results of the small scale biodieselduction scenario by Prof Tajana
Kricka, National Expert

4. Preliminary results of the large scale biodiesebprction scenario by Prof Branko
Tripalo, National Expert

5. Discussion

Table 1 Workshop participants

Name Institution/Company
1  Fatin Ali Mohamed UNIDO
2 Julije Domac EIHP
3 Velimir Segon EIHP
4  Branka Jelavic EIHP
5  Werner Koerbitz ABI
6  Sandra Balent UNDP
7  lgor Raguzin MINGORP
8  Vladimir Puvaca BELJE
9  Renato Vilenica Chromos Agro d.d.
10 Ante Orabovac Zvijezda d.d.
11 Ranko Dubenik INA Maziva Zagreb
12 Miljenko Podkrajsek INA Maziva Zagreb
13 Stevo Kolundzic INA d.d.
14 Josipa Zmijarevic INA d.d.
15 Ante Radnic MzOS
16 Marijan Andrasec DZNM
17 Sandra Krmpotic MZOPUG
18 Ivana Halle MGRP
19 Alen Jankovic Panon Uljarice d.d.
20 Petar Blazincic Agromedjimurje d.d.
21 Zelika Gudelj-Velaga MPS
22 Mladenka Galic MPS
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Josip Belosevic
Vlatka Mrkic

Ratarstvo Bjelovar
Faculty of Food Technology and Bioteckogy

25 Marko Ukrainczyk Faculty of Food Technology and tBchnology
26 Ivan Danjek Croatian Department for Agriculturalralting
27 Neven Voca Faculty of Agriculture, Zagreb

28 Tajana Kricka Faculty of Agriculture, Zagreb

29 SiniSa Bogdanic BIOTEH Projekt d.d.

30 Zeljko Jukic Faculty of Agriculture, Zagreb

31 Savo Pejak Astra Internacional, Zagreb

32 Stjepan Komar IPK Tvornica Ulja Cepin

33 Mirko Ervacic Osatina — Semeljci

34 Hrvoje Prpic BICRO d.o.o0.

As one of the conclusions and outcomes of the viaisit was decided that the
project team will develop a short questionnairegéting important questions
regarding the reasons of the currently inexisteotlibsel production as well as the
future actions and implementation measures neddetiquestionnaire was sent to all
workshop participants, but also to other imporsakeholders that were identified. In
total, the questionnaire was sent to more therelrant stakeholder addresses. The
results are shown and analyzed in the followingtdra

Questionnaireresults

The questionnaire included the following five quess:

1.Who should make the first step in implementing B@edl production in Croatia
(Government, Expert institutions, agricultural puodrs, other)?

2.What is the main reason for insufficient productadmapeseed in Croatia?

3.Who should produce biodiesel in Croatia?
4.What should be done to start the production of iesel by the:
a) Government
b) Expert institutions
c) Agricultural producers
5.Which biodiesel production model would be the naggtropriate for Croatia?

Answers to each question are shown separately &wh estakeholder group
(Government, INA, Oil processing companies, expertgarchers and SMES).
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Table 2 Who should make the first step in implementingibgel production in
Croatia — answers sorted by stakeholder groups

Government with

Government Expert institutions Expert institutions
Government 100% - -
INA 100% - -
Oil processing companies 100% - -
Expert/resear cher 19% 60% 21%
SMEs 100% - -
O Government
B Government and
expert institutions
69% O Expert institutions

Figure 1 Who should make the first step in implementing ibs®l production in
Croatia — answers in percentages

Answers to the first question indicate that theariy of stakeholders believe that the
first step in implementing biodiesel production glidobe made by the Government,
Table 2 and Figure 1, by forming a stabile longntdegislative framework and
defining obligations and incentives for producéfewever, looking at the answers
received from various Croatian experts, the majaftexperts believe that actions of
the Government should be supplemented with explerte/consulting.
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Table 3 What is the main reason for insufficient productaimapeseed in Croatia -
answers sorted by stakeholder groups

Poor
Inappropriate/insu practice/knowledge/organ Lack of market
fficient subsidies isation of agricultural  for rapeseed oil

Lack of
comprehensive/gen
eral strategy

producers

Government 100%
INA 100%
Qil processing 100%
companies
Expert/

35% 25% 40%
resear cher
SMEs 67% 33%

When looking at the answers to the question abdmaitntain reason for insufficient
production of rapeseed in Croatia, Table 3 and rféigly a discrepancy can be seen
between opinions received from governmental officilNA and large oil processing
companies representatives, all of whom are stasisghe main reason the poor
practice/knowledge/organization of agricultural gwoers, and representatives of
various small and medium enterprises (both agrticaltproducers and potential
biodiesel producers), who believe that the mairsaraor insufficient production is
inappropriate and insufficient subsidies couplethwilack of market for rapeseed oil.
Answers received from experts and researchers are waried, with the lack of a
general and comprehensive strategy for biodieseldymtion being the most
frequently received.
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O Inappropriate/insufficient subsidies
15%

31%

8% W Poor practice/organisation/knowledge
of agricultural producers

O Lack of market for rapeseed oil

O Lack of general/comprehensive
strategy

Figure 2 What is the main reason for insufficient productairrapeseed in Croatia —
answers in percentages

The received answers to the question about wholghpyoduct biodiesel in Croatia
are more varied then to the previous two questiofeble 4 and Figure 3.
Governmental officials, probably wanting to keepeutral position, have uniformly
stated that both large and small producers shoallthimlved in biodiesel production
in Croatia. In contrast, INA and oil processing gamies clearly state large producers
as the predominant answer, thus indicating that &xpect to play a major role in this
sector. Answers received from experts/researchacs SMEs are not uniform.
However, looking at all received answers, 50% ef thspondents believe that large
companies should produce the major part of biotliese

The fourth question aimed at getting opinions rdgay what should be done to start
the production of biodiesel, specifically by thev@mment, by expert institutions and
by agricultural producers. As expected, the mostident answer regarding the
necessary actions by the Government specifies ¢ltng up of a comprehensive
legislative framework covering the whole biodieggbduction chain (including
incentives, standardization, quality control anteotissues), complemented with a
general biodiesel production strategy. Howeverkilog at oil processing companies
and SMEs, it can be concluded that entrepreneuisvbethat covering only the
economic non-competitiveness of rapeseed produ@iohiodiesel — its higher price
— through subsidies and fiscal measures is encugffféctively start the production.
Regarding the envisaged necessary actions by erpert institutions the needs to
provide expert advice to the Government, to formutidisciplinary team to lead the
project of biodiesel production and to perform eational and promotional activities
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are given almost equal importance. The answergdegawhat should agricultural

producers do to start the production of biodieselthe most obvious ones, indicating
the need for better organization of the agricultwector, as well as the need to
implement expert advice and experience of EU camtregarding technology and

production methods.

Table 4 Who should produce biodiesel in Croatia - answerses! by stakeholder

groups
Large SMEs Oil processing Both large and small

producers companies producers
Government 100%
INA 100%
Oil processing companies 50% 50%
Expert/resear cher 60% 20% 20%
SMEs 20% 40% 40%

8%

OLarge producers (INA)
50% B SMEs

O Oil processing companies

O Both large and small
producers

Figure 3Who should produce biodiesel in Croatia — answengdrcentages
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Table 5 What should be done to start the production of ieisel by the Government —
answers sorted by stakeholder groups

Comprehensive
legislative framework  Fiscal measures (free
(incentives, biodiesel from taxes) Better subsidies for
standardisation, quality rapeseed producers

control) and biodiesel
production strategy

Government 100%

INA 100%

Oil _ processing 50% 50%
companies

Expert/researcher 80% 20%

SMEs 67% 33%

@ Comprehensive legislative
framework (incentives,
standardisation, quality control) and
biodiesel production strategy

15%

B Fiscal measures (free biodiesel
from taxes)

O Better subsidies for rapeseed
producers

Figure 4 What should be done to start the production of ieieel by the Government
answers in percentages
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Table 6 What should be done to start the production of igisel by expert institutions
— answers sorted by stakeholder groups

Provide expert Educational and
support to promotional activities
Government and targeting rapeseed
rapeseed producers producers

Form a multidisciplinary
team to lead the project of
biodiesel production

Government 100%

INA 50% 50%
Oil processing companies 50% 50%
Expert/resear cher 58% 22% 20%
SMEs 50% 50%

@ Provide expert support to
Government and rapeseed
producers

B Educational and promotional
activities targeting rapeseed
producers

O Form a multidisciplinary team to
lead the project of biodiesel
production

Figure5 What should be done to start the production of ieisel by expert
institutions — answers in percentages
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Table 7 What should be done to start the production ofli@isel by agricultural
producers — answers sorted by stakeholder groups

Efficient organisation
rapeseed production

farmers joining forces)

of
(smal

Implement expert advice and
Fxperience of EU countries
regarding technology and
production methods

Gover nment 100%
INA 100%
Oil processing companies 100%
Expert/resear cher 40% 60%
SMEs 70% 30%

@ Efficient organisation of
rapeseed production (small
farmers joining forces)

57%

B Implement expert advice and
experience of EU countries
regarding technology and
production methods

Figure 6 What should be done to start the production of iesel by agricultural
producers — answers in percentages
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The final question was aimed to investigate theniopis regarding which model of
biodiesel production would be the most appropriateCroatia. A clear polarization

of received answers can be seen when looking atethéts in Table 8 and Figure 7,
indicating that all relevant stakeholders exceptESNielieve that biodiesel production
in one or two large facilities would be more appraie and efficient then production
in a larger number of small facilities.

Table 8 Which biodiesel production model would be the rapgropriate for Croatia
— answers sorted by stakeholder groups

Large production Small production
Government 100%
INA 100%
cooirlnpani% processng 100%
Expert/resear cher 100%
SMEs 100%

@ Large production

B Small production

Figure 7 Which biodiesel production model would be the neggpropriate for
Croatia — answers in percentages
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