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Abstract
This study aims to analyze the potential impact of the Biodiesel Program on the Brazilian economy, especially on the sectors of vegetable oil, diesel, sugar and ethanol. A simplified model of General Equilibrium (MINIMAL) is used, with data from the Input-Output Matrix of 1996. Two simulations are carried out: addition of 2% and 5% of biodiesel to the diesel. The results indicate that the increase of ethanol demand has greater impact on the sector and macroeconomic results, even though the shock in this sector is percentile lesser. As for employment, the effects are positive for the sectors, however the level of general job decreases, as well as the real GDP. It is verified also a decrease in the imports of the oil refining sector, but a rise in the total imports of economy, due to the increase of the demand of intermediate goods. Thus, it can be concluded that the program of biodiesel can bring economic benefits to the economy, however in the sectors directly involved in the program. For the Brazilian economy as a whole, the benefits are not as expressive as expected.
Key-words: Biodiesel, Minimal, General Equilibrium Models.
1. INTRODUCTION 

The world perspective for fossil fuel market is not positive at all. According to specialists, the oil stocks will last up to 40 years only.
Because of this scenery, the world starts to invest intensively in other possible energy sources, such as: the production of biofuels, better natural gas exploitation, or any other renewable and not-pollutant fuel. This concern became more urgent after the discussion of the Kyoto Protocol, which forecast the reduction of the carbonic gas emission (CO2) - the main reason of the greenhouse effect - by the developed countries.
In Brazil, a traditional agricultural country, the research on biodiesel, the fuel gotten from vegetable oils, has shown a viable option. In this context, the soybean is becoming an increasingly important product, since the country is one of the biggest world producers of the grain, and in 2003 it occupied the first position in exportation.
The biodiesel is a renewable fuel, derived from natural oils such as: soybeans, peanuts, cotton, corn, sunflower, canola, castor bean, pequi, macaúba, babaçu, palm. It can be used in diesel fueled vehicles. Biodiesel, however, is not similar to the vegetable oil; it is produced through a chemical process that removes the glycerin from the oil. Generally, biodiesel is produced from a reaction of vegetable or animal oil with ethanol or methanol and a catalyst, which produces ethyl/methyl esters and glycerin, which is removed.
Although Brazil is the pioneering on biodiesel research, the biofuel, gotten from the process known as "transesterification", is already used in Germany (with more than a thousand stations offering biodiesel), in France, in the United States and the Malaysia, which are the main producers of the renewable fuel.
One of the advantages of biodiesel is its adaptability to the diesel fueled engines. While the use of other clean fuels, such as the natural gas or biogas, requires adaptation of the engines, the combustion of biodiesel doesn’t need it, turning it in an alternative technology capable to attend the diesel fleet.

Another positive aspect of biodiesel is that it does not contain sulphur, it is biodegradable, not corrosive, it is renewable, less pollutant than diesel derived from petroleum, it reduces the black smoke emissions in 90%, besides reducing the carbonic gas emissions up to 78%, preventing, therefore, the increase of the greenhouse effect (Agência Câmara, 2004a).

Moreover, the biodiesel production can bring economic benefits, by reducing diesel importation, and social benefits with the increase of income and job, mainly in familiar agriculture. 
However, the disadvantage of biodiesel is its price, since diesel of the oil is still more competitive.
The Brazilian Program of Technological Development of Biodiesel (Probiodiesel), created by the Ministry of Science and Technology, in October of 2002, aims to promote the scientific and technological development of biodiesel, from pure and/or residual ethyl esters of vegetable oil ".

The Provisional Measure 214/04, which includes the biodiesel in the national energy matrix, was approved by the government in December/04. It was established that, from 2008, the diesel will have to be sold with 2% of biodiesel, and with 5% after 2013. The National Agency of Petroleum (ANP) will be responsible for the regulation of the production, storage, distribution and resale of the product.
Currently, Brazil imports 18% of the consumed diesel, and to substitute this consumption, it will be necessary a great production of vegetable products such as soybeans, palm, castor bean, and sunflower. The use of diverse vegetables would be an opportunity for the different potential of Brazilian states. Although the Brazilian production of biodiesel is still in the beginning phase, it is steamed that the demand for the fuel will reach 3.5 billion liters when the substitution of 5% of diesel begins.
2. OBJECTIVES
This study aims to analyze the potential impact of the adoption of Biodiesel Program in the Brazilian economy, especially in the sectors of vegetable oil, diesel, and sugar and ethanol, through a simplified model of General Equilibrium (MINIMAL), with data of Input-Output Matrix of 1996. 

Considering that the production process of biodiesel uses ethanol and vegetable oil, such as derived from soybeans, castor bean, sunflower etc., the study aims to verify the probable impacts of an increase of demand of vegetable vegetal oils and ethanol, in the percentages foreseen in the ProBiodiesel. Thus, exogenous positive shocks in the demand of ethanol and vegetal oil were simulated. 
An initial simulation verified the impact of the first period of implantation of the Program, which foresees the addition of 2% of biodiesel to the diesel. Another simulation considered the second stage of the Program, which foresees the addition of 5% of biodiesel in the diesel.
The Program must increase the demand for vegetal oils, but on the other hand, it will reduce the consumption of diesel, which will be substituted by biodiesel. Thus, the impacts of the ProBiodiesel will also be analyzed in the diesel sector, through negative exogenous shocks (of 2% and 5%) in the demand for diesel. 
It is also expected that the imports of diesel be reduced, leading to a favorable result in the Brazilian Trade Balance. 
The shocks in the demand of vegetal oils, diesel and ethanol will be simultaneously applied, but the analysis allows verifying the partial effect
3. THE CONCEPT OF BIODIESEL AND THE TRANSESTERIFICATION
According to Meirelles (2003), the concept of biodiesel is still not consolidated, generating confusions. Some definitions consider that biodiesel is only a mixture of vegetable oil and mineral diesel, while others specify the percentage of each one of them, considering a mixture of 90% of vegetal oil and 10% of ethanol.

The definition adopted by the Brazilian Program of Biofuels, however, considers biodiesel as: "Fuel gotten from mixtures, in different proportions, of diesel and ester of vegetable oils" (Meirelles, 2003).
Provisional Measure 214/04, in turn, considers biodiesel as a fuel for engines of internal combustion with ignition by compression, renewable and biodegradable.
In a simplified explanation, the transesterification is the separation of the glycerin from the vegetable oil. During the transformation process, the glycerin, that composes around 20% the vegetable oil molecule, is removed, reducing the viscosity of the oil.  The glycerin is then substituted by ethanol derived from agricultural products or methanol. The glycerin, a by-product of the production of biodiesel, can be used as a raw material in the industries of pharmaceutical products, textile, inks, adhesives, etc, increasing the competitiveness of the biofuel (Meirelles, 2003).
Schematically, the reaction for the obtainment of biodiesel (transesterification) can be represented as showed in Figure 1.


Figure 1. Process of obtainment of biodiesel

Source: Associação Brasileira das Industrias de Óleos Vegetais. Adapted by Departamento Econômico da FAESP, cited by Meirelles, 2003.

The mixture of 2% of biodiesel to diesel is called B2 and thus successively until the pure biodiesel, called B100. The addition of 2% of biodiesel to the conventional diesel does not demand alteration in the engines, which will start to have guarantee from the National Association of the Automobiles Manufacturers (ANFAVEA). 
Biodiesel can be used as a pure fuel, in a mixture form, as a complement to petroleum diesel, or in low proportions as an additive (of 1% to 4%).
Many products can be used as vegetable oil source, also with higher productivity than soybeans, such as sunflower, peanut, cotton, palm, coconut, babaçu, castor bean, colza, amongst others. However, for the immediate production of biodiesel, Meirelles (2003) affirms that the soybean is the only raw material with enough scale, considering that about 90% of the Brazilian oil production is gotten from this vegetable.
As a source of ethanol, agricultural products or methanol can be used. The preferential option has been sugar cane based ethanol, produced in Brazil in wide scale, with highly competitive costs, while the methanol, besides being toxic, needs to be imported
4. BIODIESEL IN BRAZIL AND THE WORLD
In Brazil, the first patent of biodiesel was developed in 1980, the Probiodiesel, in Fortaleza, from several vegetable oils. The PRODIESEL was launched after exhausting tests of applicability during the years of 1979 and 1980. The national adoption of the project was not developed, but it continued in the research roll.
During the years of 1981 and 1982, it was delivered around 300 thousand liters of PRODIESEL to all automobile industries in Brazil. To stimulate the systematic production of the new fuel, a company was established in Fortaleza, called PROERG - Producer of Energy Systems Ltda., which developed an industrial pilot with the productive capacity of 200 liters per hour of biodiesel. Diverse raw materials had been used in the production of vegetable diesel, including soybean, babaçu, peanut, cotton, colza, sunflower, and palm.
Ten years after the launching in Brazil, the Europe initiated its industrialization process of vegetable oil, and today France the main producer. Parente (2003) discourses on these programs.

4.1 Biodiesel in Germany
Germany had developed an expressive program of vegetable diesel production, based on colza, using the same technology and logistic used in Ceará - Brazil. Biodiesel is distributed of pure form, exempt of any mixture, in an enormous net of fuel supplying, composed of more than 1,000 stations. Taxis Fleets, in the main German cities, had been used to promote the biodiesel. Another interesting strategy of promotion was the availability of the two kinds of diesel, the derived from oil and the vegetable, with a green stamp, to supply biodiesel. The consumers could mix the biodiesel with the conventional diesel in any proportion, until they get confidence in biodiesel, that was about 12% cheaper, and with environmental advantages.
In fact, the average price of mineral diesel is 0.84 euros per liter, and the average price of biodiesel is 0.73 euros per liter (Parente, 2003). The lower price for biodiesel in Germany is explained by the complete exemption of taxes in all the productive chain.
4.2 Biodiesel in France
France is currently the greater world producer of biodiesel, fuel assigned in French as diester. The intentions and the productive systems in France are the same as the ones adopted in Germany; however the fuel is supplied in a mix of 5% with the mineral diesel, tending to increase to 8%. 
In France, the use of biodiesel mixed to mineral diesel aims to improve the engine emissions.
The evolution of the concepts of ecodiesel for urban use is due to the creation of the Club de Villes, an association of French cities with the purpose to spread and evaluate the positive effects of biodiesel mixed to diesel in urban centers, especially in the public transportations. Due to the improvements of the vehicle emissions quality, all the French urban buses uses ecodiesel, in a proportion up to 30% of biodiesel mixed to mineral diesel.
The biodiesel chain is also stimulated by tax exemption.
4.3 Biodiesel in United States
The United States have demonstrated interest in the use of biodiesel mixed to the mineral diesel, aiming to improve the vehicles emissions, signaling an environmental concern.

Actually, the USA are planning the use of ecodiesel especially in the big cities and special environments as, for example, the school buses. The proportion that has been considered for the mixture is 20% of biodiesel to the mineral diesel, mixture called EcoDiesel B-20.
The standards for biodiesel in USA are determined and fixed by the norm ASTM D-6751, and the American policies of production and use of biodiesel emanates from the National Biodiesel Board, with the following determinations:
· The Senate Law S -517, of 25/04/2002, creates the Program of Biodiesel, with the goal of production of 20 billion liters per year. Considering that one liter of biodiesel is equivalent in energy capacity to 2.5 liters of ethanol, the American program of biodiesel is 7 times bigger than the Brazilian program of ethanol.
· The State Law of Minnessota, of 15/03/2002, obligates the addition of at least 2% of biodiesel in the mineral diesel. 

· With the intention to reduce the surplus of soybeans oil, several other American States are stimulating the transformation of the excesses in biodiesel.

· The Commission of Environmental Safety, after studies, recommended the use of biodiesel in the school buses (Yellow Bus).
4.4 Biodiesel in Malaysia
This country is the world greater producer of palm oil, having a productivity of 5 tons of oil per hectare per year. A huge biodiesel plant has being constructed to produce 500,000 m3 per year. 
Moreover, several other countries have demonstrated interest in biodiesel, either to produce, either to buy and consume.
5. THE POTENTIAL OF BRAZIL

Brazil has a great potential to produce biodiesel, because of its territorial extensions and agricultural tradition, considering yet that it appears amongst the biggest world producer of vegetable oil and ethanol.
For each type of weather, soil and region there is a vegetable that can be converted into raw material for the production of biodiesel or other renewable fuel.

The regionalization of raw materials contributes not only to develop the status of the country as a reference in the production of biofuels, but also to promote the development of communities and small producers, as in Northeast, where the cultivation of castor bean is a source of income for small producers. 
In the North of the country, the cultivation of some species of palms is abundant. Amongst them, the dendezeiro is able to produce up to 5 thousand kg of oil per hectare annually. In the Maranhão and Pará, the production of babaçu is well developed, which can be used to produce biodiesel.
In the Northeast, castor bean and cotton are the products indicated to the biodiesel production, due to their resistance regarding dry weather. In Rio Grande do Norte, Embrapa (Brazilian Company of Agricultural Research) develops a partnership with Petrobras in a project to obtain biodiesel from castor beans. 
Besides these two raw materials, there are other kinds of products that can be included in the list. In Bahia, the State University Santa Cruz (UESC) transforms residual oil (of soybean, sunflower or others), after used in restaurants, to obtain biodiesel.
In the South of the country, the most indicated product to produce biodiesel is soybeans.
Besides that, it was created in 2004, at Escola Superior de Agricultura “Luiz de Queiroz” (ESALQ/USP), in São Paulo State, the National Pole of Biodiesel, with the purpose of scientific research in the field. The State has prominence in the production of sugar cane, from which is obtained the ethanol used in the biodiesel production.
Despite the great potential of Brazil in the production and consumption of biodiesel, there are some obstacles that need to be surpassed. Parente (2003) mentions the price of biodiesel as one possible difficulty, when compared to the diesel derived from petroleum. The mineral diesel in Brazil is one of cheapest in the world, especially if compared to other fuels derived from petroleum. Then, the taxes exemption for the productive chain of biodiesel would be an essential step. It is important to note that the production and consumption of biodiesel have been exempted of taxes in most of the countries. Another impediment mentioned is the bureaucracy imposed to the biofuels sector.

According to Parente (2003), the supply of raw materials seems to be another difficulty for the implementation of an extensive program of biodiesel. The way to have it succeeded must the organization of the production systems in order to guarantee fair prices to producers.

6. EXPECTATIONS OF THE NATIONAL PROGRAM OF BIODIESEL
Brazil produces around 60 million m3 of petroleum annually, and imports 25 million m3 to complement its need (ANP, 2004). With the domestic and imported oil, the country produces 34 million m3 of diesel per year, importing about 3 million m3, to adjust its profile of consumption. The diesel consumption is around 37 million m3. Table 1 summarizes these numbers.

Table 1 – Evolution of production, importation, consumption and exportation of diesel (m3)

	
	2000
	2001
	2002
	2003
	2004*

	Production (1)
	30.883.084
	33.216.900
	33.321.316
	34.511.071
	28.622.302

	Importation (2)
	5.800.873
	6.585.300
	6.369.902
	3.818.362
	1.225.919

	Domestic Supply (1+2)
	36.683.957
	39.802.200
	39.691.218
	38.329.433
	29.848.220

	Consumption
	35.193.243
	37.100.730
	37.870.233
	36.685.299
	28.769.137

	Exportation 
	60.629
	73.459
	16.350
	122.238
	57.322


Source: ANP (2004)

* Untill September.

Considering the data on Table 1, if the Biodiesel Program is adopted in the whole country, adding 2% of the renewable fuel to the diesel, it will be necessary about 733.7 thousand m3 of biodiesel. Adding 5% of biodiesel, the demand goes up to 1.834 thousand m3. 
Moreover, it is necessary the use of ethanol or methanol for the production of biodiesel.
According to Parente (2003), under the economic and technical point of view, the production process of biodiesel using methanol has more advantages than the process with ethanol. The comparative calculus (Table 2) evidences the advantages of the methyl route on the ethyl route.
Table 2 – Comparison between the methyl and ethyl production routes 
	Quantities and average conditions 
	Process Routes

	
	Methyl
	Ethyl

	Quantity Consumed of ethanol per 1 thousand liters of biodiesel
	90 kg


	130 kg



	Average Price of Ethanol, US$ / kg
	190
	360

	Excess of ethanol recovered by distillation after the reaction
	100%


	650%



	Recomended Reaction Temperature 
	60° C
	85°C

	Time of Reaction
	45 minutes
	90 minutes


Source: Parente (2003)

In Brazil, however, the ethyl route has advantages, due to the great supply of this type of ethanol, widespread to the whole country, and its price, considering that the country is the biggest the producer of ethanol, and has the lower cost of production in the world. 
Under the environmental point of view, the use of ethanol has advantage upon methanol, which is derived from petroleum. However, it is important to consider that the methanol can also be produced from biomass, when this supposed ecological advantage can disappear. In the other countries, biodiesel has been gotten from methanol.
In this context, if the Biodiesel Program uses ethanol for the production process, it will be necessary around 117.75 thousand m3of ethanol if the mixture of biodiesel to diesel is 2%, and 294.4 thousand m3if the mixture is 5%. 
The Ministry of Energy estimates that 800 million liters of biodiesel was sold in the brazilian market in 2005. The total fuel sold in Brazil was 40 billion liters in that year (Valente, 2004).
Besides that, it is estimated a positive impact to the Trade Balance of USS 200 million due to fall of importations of diesel, during the first years of the Program, when 2% of biodiesel will be added to the diesel (Valente, 2004a). 
Parente (2003) concludes that for each barrel of biodiesel produced, the country reduces the importation of 2.5 barrels of petroleum, resulting in savings in about USS 90.
7. METHODOLOGY
The methodology adopted uses a simplified model of General Equilibrium (MINIMAL) for Brazil, from data of Input-Output Matrix (MIP) of 1996. The work considers two scenes: the first one, for the initial period of implantation of the ProBiodiesel, in which 2% of biodiesel is added to the diesel (B-2); the second, related to the second stage of the Program, in which 5% of biodiesel is mixed to diesel (B-5).
The impact estimation is proceed, then, by applying an exogenous negative shock to the demand of diesel of 5% and 2%, and an additional positive shock to the vegetable oil demand, of the equivalent amount of reduction in the diesel consumption. Another positive shock is applied to the ethanol demand, to be used in the production of biodiesel.
The original database of the input-output matrix is composed by 80 commodities (COM), produced in 42 activities (IND), and consumed by 47 users (USERS). To satisfy the condition of the Minimal model, that each product must be produced by only one sector, it was proceeded the process to transform 80 commodities into 42. In this process, the "Fuel Oils" sector, related to the conventional diesel, which is the object of this study, was included in the activity "Oil Refining", since it is totally produced in that. In the same way, the commodities "Crude Vegetable Oils" and "Refined Vegetable Oils", were included in the sector "Manufacture of Vegetal Oil", since more than 95% of those are produced by this sector. The product "Ethanol from Sugar Cane and Cereals" was included in the activity "Chemical Elements", because 98.2% of its amount is produced in this activity.
These 42 commodities/activities of the sets COM/IND will be aggregated in order to detach those with higher importance to the studied sector ("Refine of Oil", "Manufacture of Vegetal Oil" and "Chemical Elements"). Tables 3, 4 and 5 show the participation of the biggest users and sellers for these analyzed sectors.
Table 3 – Major demanding users of activity “Oil Refining” and major sellers to this activity.

	Major users
	Participation (%)
	Major sellers
	Participation (%)

	Oil Refining
Commerce
Transport
Plastic Articles
Diverse Chemicals 
Agriculture
Exportation
	22,2

20,5

10,5

5,8

5,4

4,6

3,5
	Oil Refining

Extraction of oil and gas
Financial Institutions 
Transport

	41,2

24,9

9,0

6,0




Table 4 – Major demanding users of activity “Manufacture of Vegetable Oils” and major sellers to this activity.
	Major users
	Particip.

 (%)
	Major sellers
	Particip. (%)

	Families Consumption  
Exportation
Manufacture of Vegetable Oils 

Other Food Products

Agriculture

Medicine and Cosmetics
	23,9

23,2

20,8

14,3

5,6

5,2
	Agriculture
Manufacture of Vegetable Oils 

Financial Institutions 

Commerce
Transport
	48,0

24,4

5,3

4,9

3,5




Table 5 - Major demanding users of activity “Chemical Elements” and major sellers to this activity.

	Major users
	Participation (%)
	Major sellers
	Participation (%)

	Families Consumption  
	28
	Agriculture
	35,8

	Commerce
	19,6
	Financial Institutions 
	10,4

	Diverse Chemicals
	11
	Industrial Services of Public Utility
	7,6

	Exportation
	6,5
	Sugar Industry
	6,4

	Oil Refining
	6
	Oil Refining
	6,3

	
	
	Machinery
	6,1

	
	
	Chemical Elements
	5,7


Then, the set of commodities (COM), activities (IND) and users (USERS) are aggregated in order to have 19 commodities produced in 19 aggregated activities, and 23 users (19 activities + 4 elements of final demand) as demanding elements. The new sets are: NEWCOM, NEWIND e NEWUSERS. 
Considering that the sectors of diesel, vegetable oils, and ethanol were aggregated in the sectors “Oil Refining”, “Manufacture of Vegetable Oils” and “Chemical Elements, respectively, the shocks will be applied into these aggregated sectors, and the extent of the shocks will be proportional to the weight of the sectors in those ones in which they were aggregated. The calculus to determine the extent of the shocks is in Annex 1.

Thus, in the first scene (B-2), the reduction of the demand of diesel is equivalent to a negative shock of 0.46% in the sector “Oil Refining”. The increase of the demand of vegetable oils, due to the decrease in the consumption of diesel, makes the sector “Manufacture of Vegetable Oil” have a positive shock of 17%. The sector “Chemical Elements”, in which the production of ethanol was aggregated, has an increase in the demand of 0.5%. 
In the second scene (B-5), the decrease in the demand of diesel is of 5%, which is equivalent to a decrease of 1.15% in the sector of “Oil Refining”. In this case, the demand of the sector “Manufacture of Vegetable Oil” increases by 42.5%, and of the sector “Chemical Elements” increases by 1.22%.
The model considers a long-term structure, with the solution method by extrapolation of Gragg 2-4-6 steps. The variables that were kept exogenous are:
· Exchange rate (domestic currency/foreign currency): phi;

· Real wage, deflated by IPC: realwage;

· Capital stock: x1cap;

· Total real consumption of families: x3tot;

· Demand for investiments: x_s(COM,"Investimento");

· Demands of the government:  x_s(COM,"ConsGoverno");
· Technology: a1prim;
· World prices in US$: pworld;
· Shift parameter of the demand for exportation: F4q;

· Import taxes: Delmtxrate;

· Production taxes: Delptxrate;

· Shift parameter of the demand for intermediate goods: a1mat.

8. RESULTS

8.1 Macroeconomic Variables
8.1.1 Shock of 2% (B-2)

The positive shock in the demand of ethanol and vegetable oil sectors raises the demand for labor. Considering that the stock of capital supply is fixed in the short term, the marginal productivity of labor reduces, since less efficient workers are contracted, resulting in an increase of the production costs. Because these sectors produce raw materials for others, all demanders will also suffer with the increase of the costs. 
Thus, due to the increase of the demand in the ethanol and vegetal oil sectors, the costs of raw materials are raised, including the nominal wages, resulting in higher costs of production and consequently fall in the level of general employment in the economy. The decrease of demand in the diesel sector, however, has a contrary effect on the employment level. Then, the final result is a fall of 0.03% in the level of aggregate employment and an increase of 0.17% in the nominal wage.
Considering that the real wage is fixed in the short term of the Minimal Model, variations in the nominal wage follow the variation of the consumer price index.
 The nominal GDP has an increase of 0.17% due to addition of 2% of biodiesel to diesel; the partial effects on this variable are negative in the case of the shock on the diesel and positive in the other sectors. However the real GDP suffers a small fall of 0.01%, indicating that the increase of the nominal GDP is a consequence of the increment of the level of prices in the economy. It could be expected, however, that the increase in the consumption of the sectors of vegetable oil and ethanol would result in a real increment of the GDP, which does not occur due to the increase of the production costs incurred by the demander sectors.
The nominal increase in the families consumption is of 0.17%, because the increase in the consumption of vegetable oil and ethanol is proportionally higher than the decrease in the diesel consumption. The real consumption of the families, however, doesn’t change, since it was kept as exogenous.

In contrast to the expected, there is a rise of the total imports, of about 0.18%, due to the bigger demand of intermediate goods by the ethanol and vegetable oil sectors.
It must be noted that the direction of the effects caused by the National Program of Biodiesel on the macroeconomic variable is the same as analyzing the isolated effects of a shock in the sectors of ethanol and vegetal oil. However the effects occurred in the economy decurrent of the shock in the diesel sector are contrary to the other shocks, because this sector suffered a fall in the demand, while the others suffered an increase. 
Although the shock given in the ethanol sector are proportionally lower to the vegetable oil sector (the shock given in the ethanol sector was of 1%, while in the vegetable oils the shock was of 17%), its effect on the macroeconomic variables is always bigger.
Table 7- Total and partial effects on the macroeconomic variables due to the shock in the scene B-2.

	
	
	Total Effect
	Subtotal 1a
	Subtotal 2 b
	Subtotal 3 c

	Ordinary Variation (Trade Balance/GDP)1
	delB
	0.00003
	0.00008
	-0.00007
	0.00002

	Aggregated employment
	employ
	-0.0305
	0.01137
	-0.00921
	-0.03266

	GDP price index, by expenses side
	p0gdpexp
	0.18369
	-0.01798
	0.02296
	0.17871

	Wage rate of economy
	p1lab
	0.17446
	-0.01713
	0.02239
	0.1692

	Investment Price index 
	p2tot
	0.1451
	-0.01399
	0.01843
	0.14067

	Consumidor Price index
	p3tot
	0.17446
	-0.01713
	0.02239
	0.1692

	Exports Price index 
	p4tot
	0.19438
	-0.01876
	0.01703
	0.19612

	Exchange rate ($domestic/$foreign)
	phi
	0
	0
	0
	0

	Wage rate deflated by IPC
	realwage
	0
	0
	0
	0

	Nominal GDP by income side
	w0gdpexp
	0.16938
	-0.00836
	0.01449
	0.16325

	Nominal GDP by expenses side 
	w0gdpinc
	0.16938
	-0.00836
	0.01449
	0.16325

	Total Consumption of families
	w3tot
	0.17446
	-0.01713
	0.02239
	0.1692

	Imports volume index, CIF prices
	x0cif_c
	0.18759
	-0.03042
	0.02471
	0.1933

	Real GDP, by expenses side
	x0gdpexp
	-0.01428
	0.00962
	-0.00846
	-0.01543

	Total real consumption of families
	x3tot
	0
	0
	0
	0

	Exports volume index
	x4tot
	0.04198
	0.09374
	-0.08507
	0.0333


1 The effect on the Trade Balance could not be analyzed in this study. Due to the simplicity of the model and because the consumption of vegetable oil as a fuel was very low in the base year, it was supposed an exogenous shock of export demand of vegetable oil as the demand shock provoked by the consumption of biodiesel. 

a Partial effect of the shock in the fuel oil sector;

b Partial effect of the shock in the vegetable oil sector;

c Partial effect of the shock in the chemical elements sector.

8.1.2 Shock of 5% (B-5)
The effects verified by the alteration in level of addition of biodiesel into the diesel, from 2% to 5%, follow the same ratiocination, however the extent of the effects are bigger, as seen in Table 8.

Table 8- Total and partial effects on the macroeconomic variables due to the shock in the scene B-5.
	
	
	Total

Effect
	Subtotal 1a
	Subtotal 2 b
	Subtotal 3 c

	Ordinary Variation (Trade Balance/GDP)1
	delB
	0.00009
	0.0002
	-0.00017
	0.00006

	Aggregated employment
	employ
	-0.07054
	0.02836
	-0.02299
	-0.0759

	GDP price index, by expenses side
	p0gdpexp
	0.43553
	-0.04497
	0.05752
	0.42297

	Wage rate of economy
	p1lab
	0.4129
	-0.04284
	0.05609
	0.39964

	Investment Price index 
	p2tot
	0.34339
	-0.03498
	0.04616
	0.33221

	Consumidor Price index
	p3tot
	0.4129
	-0.04284
	0.05609
	0.39964

	Exports Price index 
	p4tot
	0.47021
	-0.04682
	0.04253
	0.4745

	Exchange rate ($domestic/$foreign)
	phi
	0
	0
	0
	0

	Wage rate deflated by IPC
	realwage
	0
	0
	0
	0

	Nominal GDP by income side
	w0gdpexp
	0.40238
	-0.02092
	0.03633
	0.38697

	Nominal GDP by expenses side 
	w0gdpinc
	0.40238
	-0.02092
	0.03633
	0.38697

	Total Consumption of families
	w3tot
	0.4129
	-0.04284
	0.05609
	0.39964

	Imports volume index, CIF prices
	x0cif_c
	0.44348
	-0.07614
	0.06201
	0.4576

	Real GDP, by expenses side
	x0gdpexp
	-0.033
	0.02399
	-0.02113
	-0.03586

	Total real consumption of families
	x3tot
	0
	0
	0
	0

	Exports volume index
	x4tot
	0.10887
	0.23365
	-0.21228
	0.08749


1 The effect on the Trade Balance could not be analyzed in this study. Due to the simplicity of the model and because the consumption of vegetable oil as a fuel was very low in the base year, it was supposed an exogenous shock of export demand of vegetable oil as the demand shock provoked by the consumption of biodiesel. 

a Partial effect of the shock in the fuel oil sector;

b Partial effect of the shock in the vegetable oil sector;

c Partial effect of the shock in the chemical elements sector.

8.2 Sector Results

8.2.1 Shock of 2%


Even proportionally lesser, the increase in the demand of ethanol causes bigger impact on the final results, when compared to the effect provoked by the shocks in the diesel (negative) and vegetable oils (positive) sectors. 
All the sectors have a decrease in the demand for primary factors (x1prim), except the agriculture, chemical elements, manufacture of vegetable oil and transports. The higher increase in the demand for primary factors occurs in the vegetable oil sector (2.88%), because it was the one which suffered the biggest shock in percentile terms.

The increase in the demand of primary factors by these sectors causes a rise in the prices of the primary inputs (p1prim), from which they are consumers. Then, the increase the prices of the primary factors occurs in almost all sectors of the economy, except in the oil refining and in the extraction industry of oil and gas, that are the sectors from which the diesel sector (oil refining, in this case) most buy. In the sector of vegetable oils, which is the one that suffers the greatest shock, occurred an increment in the demand for primary factors of 2.88%, while the prices of these factors had been raised by 7.59%. It must be said that this variation is almost totally a consequence of the shock applied in the ethanol sector, since the impacts caused by the shocks in the diesel and vegetable oil sectors are very low.
The total demand (x0,dom) of domestic origin increases for agricultural products, chemical elements, transports, and manufacture of vegetable oil, being this one of the biggest variation (2.88%). The products of the other sectors suffer a decrease in the demand, being the biggest fall in the products of the sugar industry (0.36%), remembering that this industry competes for raw material with the industry of ethanol. 
The demand for imported products (x0,imp) suffers an increase by almost all the sectors, except the oil refining sector and the oil and gas extraction industry. The biggest increase, again, occurs in the industry of manufacture of vegetable oil (2.61%), followed by the agriculture (0.86%).
The prices of domestic goods (p,dom) suffer increases in its majority, and decreases in the oil refining and extraction of oil and gas sectors, which are the sectors that suffered negative demand shocks (the first one suffered a direct shock and the second one an indirect shock, since the oil refining sector buys raw materials from the extraction of oil and gas sector). The biggest increase of price occurs in the vegetable oil sector (1.05%), followed by agriculture (0.37%). The prices of the imported products do not suffer variation, since the country is considered small, and its demand for imported products does not affect the international prices.
The sector production (x1tot) increases in the agriculture, chemical elements, transports, and manufacture of vegetable oil, being of this one the biggest variation (2.88%), followed by the sector of chemical elements (0.02%). In the other sectors the production decreases. Again, one notices that the effect of the shock in the ethanol demand has greater influence on the final result that the others. 

On the other hand, the unit cost of production (p1tot) increases in almost all the sectors of the economy, except in the industry of refining of oil and extraction of oil and gas. The biggest increases in the cost occurs in the manufacture of vegetable oil sector (of 1.05% order) and in agriculture (0.37%). The partial shock applied to the ethanol sector provokes greater increase of costs in all the sectors.
The gross return rate (gret) increases in the service sector (0.02%), agriculture (0.37%), chemical elements (0.11%), manufacture of vegetable oil (10.2%), transports (0.04%), besides in the sectors of industrial works of public utility, trade, financial institutions, that are important sectors with which the sectors that suffered the shocks are relate. In the other sectors gross return rate decreases, possibly due to the increase in the costs.
The price of capital rent (p1cap) increases in the majority of the sectors, reducing in mining, agriculture, extraction of oil and gas, machinery and tractor, oil refining and sugar industry. The biggest increase occurs in the sector of manufacture of vegetal oil, of 10.36%, followed by agriculture (0.5%). Since the capital stock is fixed in the short term, a positive shock of demand leads to an increase in its price, because it becomes relatively scarcer. The sectors that had a decrease in the price of capital are not necessarily less capital intensive, but they are those influenced by the fall of diesel demand. Again, the weight of the shock of the ethanol sector is greater that of the others.

The level of sector employment (x1lab) increases in the manufacture of vegetable oils (11.46%), chemical elements (0.11%), agriculture (0.8%) and transports (0.02%), and decreases in the others. The biggest fall occurs in the sugar industry (0.49%), due to its great relation with the sector of ethanol production. The fall in the employment of the other sectors occurred probably because of the increase in the costs, making the industry to reduce the level of labor force in the attempt to minimize the expenses.

8.2.2 Shock of 5%

The effects verified with the alteration of the addition levels of biodiesel to the diesel, of B-2 for B-5, follow the same ratiocination; however the extent of the effects is clearly bigger, as it can be verified in Tables 9 and 10.

9. CONCLUSIONS
In contrast to the initially expected, the increase in the demand of ethanol has a higher impact on the sector results, as well as on the macroeconomic variable. Although the shocks in the ethanol sector was percentile lesser than those applied to the other sectors, the magnitude of this sector, relatively to the others, must have reflected in the results. 
It must be noted that the results obtained to the employment sector deviate from the ones projected by the National Program of the Biodiesel. While the sector results are positive, especially in the vegetable oil sector (that verified an increase of 11.45% in the scene of addition of 2% of biodiesel and 28.15% in the case of 5% of addition), the level of general employment of the economy presents a decrease of 0.03% in first simulation, and 0.07% in the second one. This must occur because of the increase in the costs of production of demanders of ethanol and vegetable oil, forcing them to reduce the employed labor force.

Regarding the Trade Balance, it was expected that the reduction in the diesel consumption would reduce the imports of oil and diesel. In fact, it was verified a fall in the imports of the sectors of oil refining (of 0.16%) and in the extraction industry of oil and gas (of 0.12%). However, for the economy as a whole, it was estimated a rise of the total imports, of around 0.18%, due to the stronger demand of intermediate goods by the ethanol and vegetable oil sectors. It was verified an increase in the demand of imported products in all of the sectors, except in already mentioned above. 
Another positive factor related to the biodiesel program, according to the proposal, is its capacity to stimulate the income growth, mainly in the agricultural areas and for the small producers. What is noted by the results, however, is that this income increase will occur in some sectors, while for the global economy it is verified a real decrease of 0.01% of the GDP. It was initially expected that the increase in the consumption of vegetable oils and ethanol sectors would result in a real increment of the GDP, which does not occur because of the increase of the production costs, felt by the some demanders sectors.
The gross return rate increases also in the sectors which had a positive shock, and in those ones that are relevant as suppliers of raw materials for them. In the other sectors, the gross return rate reduces, possibly because of the increase in the costs.
It can be concluded, therefore, that the biodiesel program can bring benefits to the Brazilian economy; however these benefits occurs in some sectors, in special in those activities directly involved with the program. For the Brazilian economy as a whole, the benefits are not as expressive as announced and initially expected.
Table 9 – Sectors final shocks in scene B-2.

	Variables
	
	Mining
	Manufact
	Agribusin
	Services
	Agricul
	ExtrOilGas
	MachiTrator
	ChemicElem
	OilRefining

	Interest rate
	p1cap
	-0.05154
	0.01356
	-0.03707
	0.16445
	0.51551
	-0.34102
	-0.00787
	0.2611
	-0.18826

	Primary aggregate factor Price
	p1prim
	0.04972
	0.08771
	0.07209
	0.1697
	0.46414
	-0.24343
	0.064
	0.24249
	-0.13759

	Production Cost
	p1tot
	0.08528
	0.10139
	0.18842
	0.16352
	0.37582
	-0.05279
	0.08253
	0.22927
	-0.02572

	Employment
	x1lab
	-0.23144
	-0.20234
	-0.25415
	-0.01282
	0.08069
	-0.10313
	-0.22928
	0.10899
	-0.45601

	Primary aggregate factor use
	x1prim
	-0.10383
	-0.09334
	-0.13131
	-0.00673
	0.01213
	-0.01957
	-0.09049
	0.02339
	-0.06393

	Sectorial production
	x1tot
	-0.10383
	-0.09334
	-0.13131
	-0.00673
	0.01213
	-0.01957
	-0.09049
	0.02339
	-0.06393

	Gross Rate of Return
	gret
	-0.19636
	-0.13135
	-0.18191
	0.01933
	0.36987
	-0.48542
	-0.15275
	0.11583
	-0.33288

	Total Import
	x0(imp)
	0.1026
	0.14674
	0.28755
	0.31542
	0.86591
	-0.12417
	0.09837
	0.36446
	-0.1651

	Domestic User Prices 
	p(dom)
	0.08528
	0.10139
	0.18842
	0.16352
	0.37582
	-0.05279
	0.08253
	0.22927
	-0.02572

	Import user prices 
	p(imp)
	0
	0
	0
	0
	0
	0
	0
	0
	0


	Variables
	
	QuimicDivers
	FarmacPerfum
	ArtigPlastic
	IndAcucar
	FabOleoVeg
	OutProdAlim
	SIUP
	Comercio
	Transportes
	InstitFinanc

	Interest rate
	p1cap
	0.06011
	0.08461
	0.08561
	-0.26647
	10.36171
	0.00234
	0.15016
	0.16264
	0.18827
	0.16707

	Primary agregate factor Price
	p1prim
	0.11367
	0.11627
	0.12162
	0.06264
	7.59723
	0.08659
	0.16282
	0.17257
	0.17667
	0.17302

	Production Cost
	p1tot
	0.11146
	0.16943
	0.07497
	0.2238
	1.05253
	0.22806
	0.14781
	0.17496
	0.05911
	0.16669

	Employment
	x1lab
	-0.1438
	-0.11299
	-0.11174
	-0.49285
	11.45738
	-0.19242
	-0.03056
	-0.01982
	0.02318
	-0.00929

	Primary agregate factor use
	x1prim
	-0.06739
	-0.03985
	-0.04532
	-0.36831
	2.882
	-0.09427
	-0.01592
	-0.01665
	0.01946
	-0.00749

	Sectorial production
	x1tot
	-0.06739
	-0.03985
	-0.04532
	-0.36831
	2.882
	-0.09427
	-0.01592
	-0.01665
	0.01946
	-0.00749

	Gross Rate of Return
	gret
	-0.08486
	-0.0604
	-0.05941
	-0.41098
	10.20181
	-0.14256
	0.00505
	0.01751
	0.04311
	0.02194

	Total Import
	x0(imp)
	0.12877
	0.08329
	0.11456
	0.35224
	2.61531
	0.36482
	0.24932
	0.39721
	0.15646
	0.32898

	Domestic User Prices 
	p(dom)
	0.11146
	0.16943
	0.07497
	0.2238
	1.05253
	0.22806
	0.14781
	0.17496
	0.05911
	0.16669

	Import user prices 
	p(imp)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


Table 10 – Sectors final shocks in scene B-5.

	Variables
	
	Minerac
	Manufat
	Agrindus
	Servicos
	Agropec
	ExtrPetrGas
	MaquiTrator
	ElemQuimic
	RefinoPetrol

	Interest rate
	p1cap
	-0.11952
	0.03338
	-0.0849
	0.38926
	1.21716
	-0.81472
	-0.01771
	0.67576
	-0.46543

	Primary agregate factor Price
	p1prim
	0.11883
	0.20815
	0.17178
	0.40167
	1.09595
	-0.58243
	0.15188
	0.61925
	-0.34307

	Production Cost
	p1tot
	0.20146
	0.23981
	0.44547
	0.38702
	0.88763
	-0.12829
	0.19541
	0.55727
	-0.06803

	Employment
	x1lab
	-0.54392
	-0.47599
	-0.59652
	-0.03022
	0.18951
	-0.24572
	-0.54004
	0.32995
	-1.10088

	Primary agregate factor use
	x1prim
	-0.24423
	-0.2197
	-0.3084
	-0.01586
	0.02844
	-0.04677
	-0.21331
	0.07077
	-0.15468

	Sectorial production
	x1tot
	-0.24423
	-0.2197
	-0.3084
	-0.01586
	0.02844
	-0.04677
	-0.21331
	0.07077
	-0.15468

	Gross Rate of Return
	gret
	-0.46132
	-0.30894
	-0.42682
	0.04572
	0.87078
	-1.15414
	-0.35986
	0.33123
	-0.80605

	Total Import
	x0(imp)
	0.2429
	0.34769
	0.68109
	0.74729
	2.04869
	-0.30003
	0.23317
	0.89398
	-0.41326

	Domestic User Prices 
	p(dom)
	0.20146
	0.23981
	0.44547
	0.38702
	0.88763
	-0.12829
	0.19541
	0.55727
	-0.06803

	Import user prices 
	p(imp)
	0
	0
	0
	0
	0
	0
	0
	0
	0


	Variables
	
	QuimicDivers
	FarmacPerfum
	ArtigPlastic
	IndAcucar
	FabOleoVeg
	OutProdAlim
	SIUP
	Comercio
	Transportes
	InstitFinanc

	Interest rate
	p1cap
	0.14227
	0.19858
	0.20479
	-0.62034
	25.30196
	0.00553
	0.35575
	0.38334
	0.45186
	0.39532

	Primary agregate factor Price
	p1prim
	0.26896
	0.27407
	0.28911
	0.15024
	18.20304
	0.2048
	0.38552
	0.40818
	0.41915
	0.40949

	Production Cost
	p1tot
	0.26415
	0.40195
	0.1759
	0.52894
	2.51292
	0.54075
	0.34982
	0.41762
	0.13027
	0.39439

	Employment
	x1lab
	-0.33947
	-0.26886
	-0.26107
	-1.15175
	28.14704
	-0.45426
	-0.0717
	-0.04944
	0.0652
	-0.02206

	Primary agregate factor use
	x1prim
	-0.15917
	-0.09485
	-0.10593
	-0.86135
	6.75021
	-0.22269
	-0.03737
	-0.04155
	0.05473
	-0.01778

	Sectorial production
	x1tot
	-0.15917
	-0.09485
	-0.10593
	-0.86135
	6.75021
	-0.22269
	-0.03737
	-0.04155
	0.05473
	-0.01778

	Gross Rate of Return
	gret
	-0.20043
	-0.14431
	-0.13812
	-0.96043
	24.87316
	-0.3367
	0.01232
	0.03982
	0.10811
	0.05175

	Total Import
	x0(imp)
	0.30534
	0.19736
	0.26922
	0.83569
	6.28345
	0.86562
	0.59067
	0.94622
	0.36294
	0.77894

	Domestic User Prices 
	p(dom)
	0.26415
	0.40195
	0.1759
	0.52894
	2.51292
	0.54075
	0.34982
	0.41762
	0.13027
	0.39439

	Import user prices 
	p(imp)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
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Annex 1

Procedure to determine the extent of the shocks
Use of fuel oils
 of the 1996 matrix: 10306.459 (in volume) = 23% of the oil refining sector in which it was aggregated (44795.6172). Thus a shock of 2% in the consumption of diesel is equivalent to 0.46% (2%x23%) in the oil refining sector. With the same calculation, a shock of 5% in the consumption of fuel oils is equivalent to 1.15% in the oil reining sector (5%x1.15%). 

The use of raw vegetable oil in the 1996 matrix was of 8919.751, equivalent to 64% of the sector manufacture of vegetable oils, in which it was aggregated (13104.395). 

The ethanol, considered in the sector of sugar cane and cereals, presented a total use of 6909.445 in the 1996 matrix. This is 52,72% of the sector in which it was aggregated (Chemical elements), which had a use of 13104.395.

Considering a consumption of diesel in 1996 of 31 billion liters, a negative shock in the demand of 2% represents a fall of 622,5 million liters, while a shock of 5% would reduce the demand by 1,5 billion liters of diesel.

Considering that the soybean oil
 has 79% of the calorific power of the diesel (source: forumsocialclimabr em yahoogroups.com), it would be necessary 788 million liters of vegetable oil in the first stage of the program. This volume is equivalent to 26,6% of the Brazilian consumption of vegetable oil in 1996
. Since the raw vegetable oil sector corresponds to 64% of the uses of manufacture of vegetable oil, the shock in this sector represents an increase of 17% in the demand (26.6%x64%). For an addition of 5% of biodiesel, it would be necessary an increase of 1.9 billion liters in the demand of vegetable oil, which is equivalent to 66.5% of the total consumption of vegetable oil in 1996. Considering this, the shock in the demand in the manufacture of vegetable oil sector will be 42.5% (66.5%x64%).

Moreover, for the production of biodiesel, it is necessary the addition of 16.25% of ethanol in volume (according to Parente (2003) and the density of ethanol of 0,8kg/litro). Then, with the addition of 2% of biodiesel, it would be necessary 128 million liters of ethanol (0,1625x787 million liters of vegetable oil). This volume is equivalent to 0.9% of the consumption of ethanol in 1996 (source: Única), thus the shock in the sector of chemical elements is 0.5% (0.9% x 52.72%). Adding 5% of biodiesel, the demand of ethanol will increase in 320.1 million liters, which represents 2.3% of the total consumption in 1996. The shock in the chemical elements sector will be, then, 1.22% (2.3% x 52.72%). 
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� The fuel oil sector was considered as the diesel one.


� In this case, it was used the calorific power of the soybean oil as a proxy of he calorific power of the vegetable oil in general.


� The total consumption data of vegetable oil (raw and refined) in 1996 was obtained from Abiove. (www.abiove.com.br)
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