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1 Reform and Strategy of the Croatian Energy Sector

Croatian government started to reform its energy sector in 2001
, which was prepared under umbrella programme PROHES
 designated for research and development of the Strategy for Development of Energy Sector
 and National Energy Programmes
. 

The Strategy concentrates on two highly interrelated, but still, separated levels: 

1) Strategy on the national level in the sense of goals, measurements, legislation, regulations and other accompanying instruments that will support the development of energy sector;

2) Strategy on the international level in order to fulfil the obligations accepted by signing the international agreements on environmental protection (i.e. Kyoto Protocol) as well as to prepare Croatian energy sector meeting economics conditions of the EU energy sector.

The underlying goal is to prepare as smoothest as possible the integration of Croatia within the EU, which is expected to be due in 2007. 

The Strategy delivered three scenarios that are based upon sustainable development principles within the environment of organised system of energy economics, such as:

1) Increase in energy efficiency,

2) Secure supply and delivery,

3) Diversification of energents and sources,

4) Usage of renewable energy sources (RES),

5) Real energy prices and development of energy market and entrepreneurship,

6) Environmental protection.

Scenarios are constructed for a period from year 2000 to 2030 by assuming different circumstances in five cornerstone variables that influence energy consumption and production but cannot be predicted with high confidence. They are:

1) Economic development,

2) Energy sector reform and governmental measures,

3) Development of international energy market and international influence,

4) Technology development,

5) Global restrictions in environmental protection.

Thus, the scenarios are the following:

Scenario 1 – Conventional technologies without active governmental measures,

Scenario 2 – New technologies and active governmental measures,

Scenario 3 – Extreme environmental scenario,

Scenario 2 or moderate optimistic scenario that comprises integration of Republic of Croatia in the EU will be used for the purposes of this study. Here, it is expected increase from 5.3% in 2000 to 10.2% in 2030 in the RES usage. The structure of RES forecasts the share of biodiesel at 1.8% or 1.49 PJ till 2010. The predicted amounts for years 2020 and 2030 suppose to be 5.24 PJ or 4.88% and 8.69 PJ or 6.55%, respectively. 

Additional support for development of RES usage is provided thorough previously mentioned National Energy Programmes: 

1) BIOEN – programme for use of biomass and waste

2) SUNEN – programme for use of solar energy

3) ENWIND – programme for use of wind energy

4) GEOEN – programme for use of thermal energy

5) MAHE – programme for development of small hydro power plants.

2 Oil Market and Consumption in Croatia


Present situation on the national crude oil and oil derivatives market is not sufficiently competitive despite its total liberalisation of import, sale and distribution. The main obstacle is high entry barrier in the sense of high investment and production costs. The dominant oil importer and processor, if not only, is INA Inc.– Industrija nafte d.d. that forms the prices of oil derivatives with consultancy to the Croatian government. 
The hypothetical amount of biodiesel considered in this study should fulfil  proportions of biofuels and other renewable fuels placed on the national market as recommended in the Directive 2003/30/EC
 (2% and 5.75% calculated on the basis of the energy content, of all petrol and diesel for transport purposes placed on their markets by 31st December 2005 and 2005, respectively). Nevertheless, the legal framework is still to be defined to support the production of biofuels. The main obstacle could be perceived in tax shortfalls for the governmental expenditures. 

The potentials for production of biofuels could be found in the production of biodiesel from rape seed oil (Rapeseed Methyl Esther – RME) and waste oil from hotels and restaurants. Albeit the above mentioned, biodiesel production sector is still about to be developed.

3 General Assumptions of the Biodiesel Production in Croatia 

The purpose of this study is not only to assess the feasibility of biodiesel production from the investor’s point of view but also to calculate the indirect and direct effect of biodiesel production on the economy as a whole. This could be calculated by using the input – output analysis. The only available input – output table in Croatia is one made in 1997 with RAS method. Therefore, the results should be used with a dose of precaution and as guidelines only.

Nevertheless, there are some constrains in the analysis itself. First and foremost, the input-output analysis does not show the effects of the economy of scale, production coefficients are fixed and do not recognize capacity limitations. To avoid these weaknesses, here it will be assumed that there is a factory that produces 50,000 tones per year of biodiesel. In that way, by building another factory, the capacity limitation will be reached as economy of scale will be fully exploited plus production coefficients can remain fixed. In addition to that, input – output analysis is a static study and is neither influenced by future market reactions or could be used as forecasting method. 

Keeping the above stated constrains, there are some general assumptions in this study:

1) 1 biodiesel processing plant will have the capacity of 50.000 tones (56,818,181 liters) per year of biodiesel.

2) Oil pressing and esterification will be done in the same (annex) factory. 

3) Building and storage facilities already exist.

4) The biodiesel will be blended to mineral diesel ratio of 95%.

5) The biodiesel price will be released from the excise tax and HAC fee (Croatian Highway fee).

6) Whenever applicable, it will be used moderate price option of inputs and outputs, apart from rapeseed and RME, calculation since not all data are available.

In order to asses all the direct and indirect effects of production of biodiesel, one should start with establishing the biodiesel production chain – from rape growing to the wholesale of biodiesel. The biodiesel production chain can be divided into 4 stages:

1) Rape growing – production of seed;

2) Seed preparation – storage;

3) Oil pressing and transeesterification – production of RME plus rape seed cake, glycerol and potassium fertilizer as by-products.

4) Blending and sale – substitution of mineral oil diesel with blended biodiesel.

As it can be observed, production of biodiesel gives valuable by-products whose impact should be calculated as well. In addition, one should also concern the effect of rapeseed growing to the expense of the alternatives such as growing of traditional basic crops like wheat and maize plus changes in government revenues structure and amount due to the subsidies differences and could the government recuperate loses originated from giving up the excise tax on the mineral diesel fuel by gains in other value added categories. To the detail, the aim is to detect the changes in the following macroeconomic categories:

1) GDP

2) Employment

3) Government income

4) Subsidies

5) Imports

6) Capital consumption (depreciation)

7) Private consumption

8) Income from employment

9) Income from property and entrepreneurship.

Despite the fact that this study does not cover environmental impact assessment, the positive long-term monetary benefits towards nature and human health from replacement of fossil diesel fuel with biodiesel should be kept in mind and assessed separately.

4 Price scenarios for hypothetical biodiesel market

Having in mind one of the main characteristics of agricultural market – price instability, in the calculations for biodiesel production chain will be based on 3 price scenarios in respect to the main input – rapeseed and the prices of other inputs are held constant. Starting from the first stage, the price scenarios will cascade as low, medium and high price scenarios. Since there is no biodiesel market, the biodiesel production chain will be treated as any other investment – profit orientated. Only later, when it comes to replacing the RME with mineral oil diesel, market distortions will be assumed when necessary. 

5 Agricultural part of biodiesel production chain

For production of biodiesel of 50,000 tones per year, it is necessary to have approximately 137,250 tons of seeds. The expected loss due to the harvest and storage is around 10% or starting amount of seeds should be 150,000 tons. With assumed yield of 3 tons per hectare, the planting area should cover 50,000 hectares. The following assumption that approximately one half will be planted on the idle land and other half will be further distributed between two traditional crops – wheat and maize growing areas. Planting amount of seeds is estimated as 5 kg/ha which is approximately 2,500 tones of planting seed. 

Idle land is area that is classified as agricultural land but is out of use for various reasons. Croatian government has introduced penalty taxation system in order to motivate the farmers for the cultivation. This taxation represents local authority’s income and each local community decides on the amount within the classification and limits recommended by the law. On arable land, the ceiling amount is 500 kn/ha and it varies from one local community to another. Here, the maximum penalty fee will be used as a lump sum for all area with the intention of creating difficulty for biodiesel production.

At the remaining cultivated area is assumed that rapeseed will replace the traditional cultures – wheat and maize in ration 50:50. The subsidy for rapeseed is about three quarters higher than those for wheat and maize and this is the main reason for the highest margin. The reason could be found in the fact that there is excess demand for edible plant oil of about 71% although the percentage was much smaller in the pre-war period. On the other hand, there is excess supply in wheat production and sufficient supply in maize. However, in order to protect the farmers’ income, those traditional cultures are still subsidised. Only significantly higher margin could motivate farmers to switch from the traditional cultures to new ones attributable to major reluctance to changes from farmers’ side. 

	Table 1 Assumptions on agricultural production of rapeseed

	Cultivation area for rape
	25,004 ha on idle land

24,996 ha on cultivated land

	Marketable rape yields
	3 t/ha

in total 150,000 t

	Competing production processes
	On idle land: taxation penalty of 500 HRK /ha

On cultivated land: wheat and maize growing

	Prices and performance of rape:
	Wholesale price low:                     1,830.00 HRK /t 

Wholesale price medium:              1,891.00 HRK/t

Wholesale price high:                    1,952.00 HRK /t 

Margin low:                                    4,410.33 HRK /ha

Margin medium:                             4,593.33 HRK/ha

Margin high:                                   4,776.33 HRK /ha

	Lack of peformance on the idle land:
	Penalty fee of                                   500.00 HRK /ha

In total                                   12,502,000.00 HRK

	Prices and performance of wheat:
	Wholesale price high:                    1,268.80 HRK /t 

Margin high:                                      49.63 HRK /ha

	Prices and performance of maize:
	Wholesale price high:                    1,634.80 HRK /t

Margin high:                                   3,963.82 HRK /ha


Calculating the effect “with and without” the rapeseed production, as expected, increased all total values although there are some negative changes in intermediate consumption (seeds and fertilizer inputs) and loss in taxes due to high subsidies for rapeseed. However, additional economic activity covered the losses. Nevertheless, some assumptions were made. It is assumed that the same mechanisation, labour price and fuel amount per hectare are needed for all cultures. Other values are taken from Agricultural Input Market (no. 11, year 2004). Still, price annual variations of inputs and outputs seriously affect the outcomes. Therefore, this study should be taken as static model, with stable prices and no time framework.

Rapeseed growing will increase the blossoming area which will have positive externality for apiculture as consequence. Uncertain approximations and assumptions on establishing new bee colonies, transport and commercial service plus job creation etc. should be made in order to monetarize impact of rapeseed on bee-keeping. Thus, to avoid misleading results, apiculture benefits from increased blossoming area will be only mentioned but not calculated.

Transportation services from the farm to the seed storage are estimated to be 58,500.00 HRK for the total amount and of harvested rapeseed, calculated in the difference to transportation services of wheat and maize. Commercial services are transferred and calculated in to the next step of rape sales to the rape oil pressing plant.

6 Assumptions and data on seed storage

In many studies, the step of seed storage is omitted. However, as existing plant oil facilities are generally inefficient, here an investment in the new equipment will be assumed to modernize the storage stage. In that respect, the loss of the stored amount will be decreased to less than 10%. 

	Table 2 Assumptions and data on seed storage

	Stored amounts
	150,000 t

	Final amount
	10% loss

total: 137,250 t

	Rapeseed price
	Low: 2,062.58 HRK/t

Medium: 2,129.32 HRK/t

High: 2,196.05 HRK/t

Margin low: 282,742.25 HRK

Margin medium: 292,620.00 HRK

Margin high: 301,362.50 HRK

	Storage costs


	Low: 2060.52 HRK/ton of seeds

Medium: 2127.18 HRK/ton of seeds

High: 2193.85 HRK/ton of seeds

	Total investment in fix assets
	1,685,000.00 HRK


The investment in the fixed asset has ratio 58.16:41.84 in favour to import vs. intermediate consumption. The price of rape from storage facility to the rapeseed oil processing plant strongly depends on the farmers’ price. Therefore, three levels of selling prices are defined based on the calculation where profit equals 0.01% of the total costs. This assumption made to justify the economic activity from the investor’s point of view and to proceed with the macroeconomic analysis.

7 Rape oil pressing and esterification

As here is dealt with a hypothetical grass field investment regarding biodiesel, it will be assumed that the investor will make a cost efficient annex plant where the oil pressing and esterification will take place in the close area.

Again, depending on the rape prices from the storage facility to annex plant, the price of RME also varies as it makes around 56% of total costs and 65% of operational costs. Referring to that observation, there are different levels at which the production of pure biodiesel is profitable. Including all by-product sales and 0.01% of total costs as profit margin, there are three levels of RME sale prices. This assumption avoids information paradox regarding price changes in both input and output prices by taking the all prices but those of rapeseed and RME exogenous.

	Table 3 Assumptions and data on oil processing and esterification

	Processing amounts
	137,250 t

	Oil yield (refined)
	App. 38 % of the raw material input

51,820 t

	By-products production:
	Cake: 85,430 t

Glycerol: 9,700 t

Potassium sulphate fertilizer: 750 t

	By-product prices*
	Cake: 1,150 HRK/t

Glycerol: 1,290 HRK/t

Potassium sulphate fertilizer: 1,371.29 HRK/t

	RME  production:
	50,000 t

density: 880 kg/m3
56.8 million litres

	Processing costs:


	Low: 10,170.18 HRK/ton of RME

Medium: 10,353.38 HRK/ton of RME

High: 10,536.55 HRK/ton of RME

	RME selling prices:
	Low 8,036,20 HRK/t (7.0719 HRK/l)

Medium: 8,221.20 HRK/t (7.347 HRK/l)

High: 8,406.20 HRK/t (7.3975 HRK/l)

Margin low: 5.087 miilion HRK

Margin medium: 5.,177 million HRK

Margin high: 5.268 million HRK


* prices are taken from Grains and oil seed market, Nr. 49, TISUP, Ministry of Agriculture, Forestry and Mariculture, 10th September 2004

All by-products of biodiesel production chain are imported in Croatia and one should expect savings in imports.

8 Blending and retail price

The suggested price for biodiesel amounts 5.75 HRK per litre. However, this could be hardly reached as the sales price of biodiesel equals 7.07 HRK per litre in the low price scenario. Other price scenarios, medium and high, will be dropped because they are not viable at all. Taking into the consideration that category of electricity, gas and other fuels in personal consumption in Croatia has the highest percentage (60.31%), followed by food and non-alcoholic beverages (32.15%), biodiesel price higher than those of mineral oil diesel is out of discussion. Therefore, there are 3 new scenarios made according the following assumptions reflecting the substitution of mineral oil diesel with biodiesel:

· Scenario 1: Calculations on the biodiesel production chain were highly overestimated and it is possible to meet the suggested price of biodiesel, maintaining its profitability.

· Scenario 2: Calculations on the biodiesel production chain were moderately overestimated and it is possible to obtain the same retail price for biodiesel as for the mineral oil diesel. 

· Scenario 3: Calculations on the biodiesel production chain were fairly correct and the government has to subsidize the difference between the suggested price and market price of biodiesel.

The above mentioned scenarios should be considered separately from those related to biodiesel production chain.

	Table 4 Assumptions and data on replacing mineral diesel with biodiesel

	RME production
	50,000 t

density: 880 kg/m3
56.8 million litres

	Substitution 
	Total amount of biodiesel: 56.818 million l

Substitution equivalent to mineral oil diesel: 93% or 52.841 million l

	Retail price of mineral oil diesel
	6.39 HRK/l at gas station

	Cost structure of mineral oil diesel
	VAT: 1.15 HRK

HAC fee: 0.40 HRK

Excise tax: 1.00 HRK

Wholesale price: 3.84 HRK/l

Import price: 1.8084 HRK/l*

	Suggested retail price of biodiesel
	5.75 HRK/l at gas station

	Hypothetical retail prices of biodiesel
	7.07 HRK/l low

7.23 HRK/l medium

7.40 HRK/l high

	Cost structure of suggested price of biodiesel per litre
	VAT: 1.04 HRK

Wholesale price: 4.71 HRK

	Cost structure when biodiesel price equals mineral oil price per litre
	VAT: 1.15 HRK

Wholesale price: 5.24 HRK

	Cost structure of the lowest price of biodiesel per litre
	VAT: 1.27 HRK

Subsidy: 1.32 HRK

Wholesale price: 5.80 HRK

	Direct tax shortfalls from replacing with biodiesel


	VAT: -1.974 million HRK

HAC fee: -21.136 million HRK

Excise tax: -79.261 million HRK

Total: -102.372 million HRK

	Adjusted shortfalls with value added originated from biodiesel production chain
	Scenario 1: -43.550 million HRK

Scenario 2: -37.000 million HRK

Scenario 3: -105.112 million HRK


* 48.73 USD/bbl: exchange rate in October 2004: 5.8748 HRK for 1 USD

In determining the substitution effect on replacement of mineral oil diesel, changes in profit, salaries, taxes like profit and income tax were not included as there is increasing demand for fuel consumption. As consequence, it is assumed that the oil refinery will only not advance in its sales but remain status quo. Therefore, no influence is recorded.

9 Changes in government revenue

With replacement of mineral oil diesel, there are two serious negative impacts on government revenues. Firstly, the government loses directly 79.261 million HRK from excise tax, which is about 10% of total governmental revenue from excises. Secondly, additional loss in revenue of para-government company, Croatian Highways Inc., of 21.136 million HRK is not viable due to the recent fast roads investments. 

On the other hand, the total loss of 102.372 million HRK is recuperated partially from additional economic activities originated from biodiesel production chain. Namely, according to different scenarios, the loss is mostly due to the heavy subsidising rapeseed production at the agricultural level: 

	Table 5 Structure of governmental changes according to scenarios (in millions of HRK)

	Scenario
	Total gain/loss
	Total taxes
	Total subsidies
	Agriculture subsidies in total subsidies

	1
	-43.550 
	56.868
	100.418
	100.418

	2
	-37.000
	63.425
	100.418
	100.418

	3
	-105.112
	70.412
	175.524
	100.418


A closer look at the table 6 that shows the least profitable scenario of biodiesel production chain will give more detailed perspective what is happening before placing the biodiesel on the market:

	
	Price scenario low
	Price scenario meduim
	Price scenario high

	Income from employment
	670,857.60
	670,857.60
	670,857.60

	Income from entrepreneurship
	120,838,357.23
	127,171,690.56
	133,505,023.89

	Depreciation
	
	
	

	Tax refluxes
	37,731,339.23
	40,633,355.61
	43,568,055.06

	Social insurance income
	138,196.66
	138,196.66
	138,196.66

	Shortfalls in state revenue
	
	
	58,821,954.05 

	From shortfalls, contribution of subsidies
	

	Subsidies
	100,418,600.00 

	t-s
	(62,687,260.77)


	bdpc medium
	bdpc high

	27,533,303.09 
	29,201,335.88 

	0.00 
	0.00 

	0.00 
	0.00 

	25,434,338.11 
	26,701,004.78 

	167,714.40 
	167,714.40 

	(12,502,000.00)
	(12,502,000.00)

	
	

	100,418,600.00 
	100,418,600.00 

	(59,785,244.39)
	(56,850,544.94)

	670,857.60 
	670,857.60 

	
	

	68,057,303.76 
	77,325,336.55 


10 Output multiplier

Due to starting up new economic activity, new money inflow in the economy produced multiplier effect in intermediate consumption. The change in final demand originated the following multipliers effects according to different biodiesel production chain scenarios.

	Table 7 Multiplier effects from intermediate consumption

	Change in final demand
	Low price scenario: 615.868 millions HRK

Medium price scenario: 630.876 millions HRK

High price scenario: 645.883 millions HRK

	Direct and indirect effect on output

(Simple output multiplier - Type I)
	Low price scenario: 1,147.049 millions HRK

Medium price scenario: 1,173.756 millions HRK

High price scenario: 1,200.461 millions HRK

	Direct and indirect effect on employment (Simple employment multiplier - Type I) 
	52.12 

	Direct and indirect effect on income (Simple income multiplier - Type I) 
	Low price scenario: 125.902 millions HRK

Medium price scenario: 128.134 millions HRK

High price scenario: 130.366 millions HRK


If we assume that no imports will occur in the new output demand through economy, simple output multiplier effect will boost GDP for 1,147.049 millions of HRK, to say the least. 

Effect on the employment should be carefully considered, as here is the majority of labour needed low skilled with huge possibility of being underpaid or not registered.

The same addressed top income effects; additional minimum of 125.902 HRK should be measured within these study assumptions only.

10 Keynesian multiplier

The principle of the multiplier, as laid out by R.F. Kahn (1931) and J.M. Keynes (1936) is that if investment increases, there will be an increase in output as a result of a "multiplier" relationship between equilibrium output and the autonomous components of spending, in this case:

Y = I/(1-c)

where c is the marginal propensity to consume, Y is output and I is investment. The principle of the accelerator, as laid out by Albert Aftalion (1913) and John Maurice Clark (1917), was that investment decisions on the part of firms are at least in part dependent upon expectations of future increases in demand, which may, in turn, be extrapolated from any current or past increases in aggregate demand or output, e.g.

It =  (Yt - Yt-1)

Thus, the multiplier principle implies that investment increases output whereas the acceleration principle implies that increases in output will themselves induce increases in investment.

� Adopted by Croatian Parliament in July 2001.


� PROHES – Program razvitka i organizacije energetskog sektora (Programme for development and organisation of energy sector) – 1995-1997


� Strategija razvoja Republike Hrvatske: Hrvatska u 21. stoljecu – Strategija razvitka energetskog sektora, Energetski institut Hrvoje Pozar, 2002 (Development Strategy of Republic of Croatia: Croatia in 21st Century – Strategy of Energy Development, Energy Institute Hrvoje Pozar) � HYPERLINK "http://www.hrvatska21.hr" ��www.hrvatska21.hr� 


� National Energy Programmes started in early 1997 as specialised programmes focusing on different aspects of energy consumption and production


� Directive 2003/30/EC – “the Biofuels Directive” was accepted by the European Parliament on 8th May 2003 by 
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