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The general objective of this study is lo develop an analytical model at national 

levei, of the production and distribution of bi ornass liquid fuel and their ecc' ilornie 

relationship "Jith lhe production and distribution of other agricultural producrs, 

vlhether for internai supply or for exporto This model anal)'sis secks to obtain " n5\','e rs 

to the energy biomass production effects on: 

aI biomass produetion trade-off, whether for energy or food and fiber; 

b) the optimal production allocation amon g the different regions; 

cl the incorporation of neIV arcas for agricultural p,-oduetion; 

dI costs and transportation systems in this production allocation; 

e) agricultural p,-oducts supply and p,-ice f o rrnation of these products; 

fi production resource utilizati o n "nd "llocation, e specially land and labor, and 

possible effects on their prices; 

gl opportunity cost of alcohol production; 

h) income generated by agricultural activities; 

i) choiee of raw materiais for energy. 

The interraltions of the various biomass producing regions in Brazi I are analysed 

in this studuy, \",i th production homogenei t y cri te ria be ing arlopted, as "'Jell as, 

resources ava,ilanility, means of transportation, etc .. On lhe other hand, agricultural 

production, biornass transportation to disti Ilery, industrialization, transportation and 

. distribution of energy products to consumer wi II be vertically integraled. The final 

product demand "Ji II be introduced in the model, in order to ai 101',' lhe evaluation 

of biornass produetion on priees. 

It i~ hoped that this wi II be a contribution to lhe improvement of the development 

poliey in the Brazi lian energy plan, and that it may supply subsidies for research 

and investment resou,-ces allocation in the eountry. 
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National Model of Production, Distribution and Consumption of Biomass Energy. 

I CONCEPT AND OBJECTIVES: 

The energy crisis calls for urgent steps ln the substitution of imported oil. 

The externa! dependency weighs heavíly on the balance of payments and generates 

constant uncertainties caused by the Middle East Crises. 

One of the immediate sources for substitution of liquid fuels is biomass. 

Thus, in the present Brazilian economic conditions affected by the energy crisis, 

the incentive to agricultural production aims to: 

a) supply the growing Brazilian internal market with cheaper food; 

b) expand the production of exportable agricultural products in order to 

minimize the negative effects on the unfavorable balance of payments; 

c) produce biomass for energy, and thus substitute for imported oil. 

The production increase necessary to supply these needs should be available 

on a short term basis (1985), fundamentally from enlarging the agricultural 

frontier. Among the biomass production goals established by the government for 

1985, the production of 10,5 billion liters of alcohol annually is foreseen. 

The Prooleo (program to produce vegetable-oil in substitution of diesel-oil) is 

also planned - the present most important energy demand bottleneck in Brazil 

aiming the substitution of 10% of diesel by vegetable oils. Finally, the production 

of ethanol from forestry elements is under study. 

According to Homem de Mello(l), this represents an agricultural frontier 

average expansion rate around 7 to 8% a year during the period of 1977 to 

1985. When this rate is compared to an average of 3,7% during 1968 to 1977, it 

is possible to see that an enornous effort is called for in order to reach the 

proposed goals. 

Recent studies by Reinaldo Adams(2) and Juvir Mattuella(3) on the alcohol 

production in southern Brazil including são Paulo, showed that the implementation 

of the alcohol national plan will have important effects on the agricultural 

economy within the region, such as: 
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1) Energy biomass production must reallocate the agricultural production, 

since the competition for the use of resources such as transportation cost 

will modify: a) the comparative advantage of products spatial allocation; 

b) production concentration with possible changes for diversification; c) the 

technology used in the production sector; 

2) Transportation weighs heavily on the alcohol final cost to the consumer, 

so it should be produced near the consumption centers. 

3) The expansion of energy crops will take place by substituting already 

existing crops, reducing the food and/o", fiber supply; 

4) The demand pressure for production factors will raise priees, both of 

these factors and the produets, also contributing to these crops substitution. 

5) This however, will be accompanied by an ineome distribution effect among 

producers and among regions. 

These studies nevertheless, were restricted to the country's southern 

region, including são Paulo. This region does not have new agricultural frontieTs 

to be explored, neither are included some large consumption centers such as Rio 

de Janeiro and Belo Horizonte. 

Reinaldo Adams's (2) study ineluded some subregions of the states of são 

Paulo, Santa Catarina and Rio Grande do Sul.only, but included nevertheless, 

transportation among the regions under study. It did not consider the demand 

functions for these regions. 

. ,(3) d 1 . h JUV1r Mattuella s stu y deve oped the total programm1ng of the sout ern 

region, including são Paulo, and analysed the total demand for all four states 

programmed, without considering transportation though. 

These defficiencies limited the conclusions of the respective studies. Thus 

this study intended: 

1. To enlarge the programmed region, including: 

new eonsumption centers such as Rio de Janeiro and Belo Horizonte. 

- new agricultural frontiers such as Mato Grosso do Sul and part of 

the IIcerrados", aiming the substitution and real1ocation Df crops 

in the new agrieultural frontiers. 
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2. To program the area un-er study, considering: 

- demand functions per consumption center; 

agricultural products and alcohol transportation among production 

regions and consumption centers. 

Objectives: 

The program's general objective is to elaborate a study envolving the main 

socioeconomic aspects of biomass energy production. Along these lines, it is 

intended: 

a) to develop an integrated interregional analysis model including the 

agricultura 1 production; energy biomass transportation to the processing 

plants; the transportation of the other agricultural products to consumption 

centers; distillation of energy biomass; alcohol and other products transpor

tation to consumption centers; and the agricultural products demando 

b) estimate the impact of the Alcohol National Plan on: 

the competition of energy biomass with other agricultural products 1n 

each region, through the use of resources; 

- the optimal allocation at regional leveI, of agricultural resources, 

between energy and non-energy crops; 

- the competition within and among regions which produce biomass and 

other crops; 

spatial allocation of biomass processing plants; 

- the interregional distribution of alcohol and other crops; 

- crops and resources prices, and income distribution; 

- choice, for each region, of the best alternative sources of biomass. 

Expected Results: 

a) To supply information to the Alcohol National Plan, considering: 
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Effects on the quantity and localization of food production; 

- optimal allocation of alcohol production; 

- Choice between raw materiaIs (biomass) most recommended for energy 

production; 

- subsidies for the government agricultural policy on food export, 

internaI supply, agricultural and agroindustrial credit allocation; 

- orientation to the States interests in the resources allocation 

for alcohol and food production vis-a-vis the national interests; 

- orientation to businessmen in order to enable them to operate in 

in the best comparative advantage regions; 

- subsidies for the socioeconomic evaluatíon Df investment in energy 

and agricultural research. 

b) To evaluate energy biomass production impacts on: 

- the employment leveI and labor and land allocation; 

resources and crops prices; 

- trade balance. 

Beneficiaries: 

a. Federal and State Planning Agencies. 

b. Research institutions: technological leveI tests and guidance on its 

resource allocation; estimate of the new technologies potential and 

their feasibility in the presence of input and output new price 

structure. 

c. Businessmen: knowledge of regions offering the best comparative 

advantage, products volume and price; compatibilization of social 

and private risks; instrument of decision making. 

d. Agroindustries and cooperatives. 

e. Consumers. The optimal allocation reduces production costs, and can 

reduce final prices. 
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II METHODOLOGY 

This study aims to develop a "National Model of Production, Distribution 

and Consumption of Biomass Energy". Several work stàges were programmed 1n 

order to make this study feasible. In first stage, the previous studies were 

enlarged to include besides the states of Rio Grande do Sul, Santa Catarina, 

Paraná and são Paulo, the states of Minas Gerais, Rio de Janeiro and Espírito 

Santo, Goiás, Mato Grosso do Sul e Mato Grosso (Figure 1). Thus, the options 

and repercussion of biomass production incorporating the new agricultural 

frontiers, as well as the new food and energy consumption centers studied. A 

second and third stages are programmed to complete the program for the whole 

country. The study was divided into: a) regions' according to the production 

capacity, use of soil, climate, and present production structure; b) consumption 

regions; c) impor and export centers. 

The agricultural production was divided into: 

agricultural products for internaI supply, alloted to various consumption 

regíons; 

- export crops alloted to the export regions; 

energy biomass products, being considered initially: sugar cane, and 

cassava for alcohol production, aiming to substitute gaso1ine and diesel 

oil; forestry to substitute for fuel oi1. Other crops can be included, 

depending on their technical suitability as an energy a1ternative source. 

The definition of the methodology used was divided into three parts: 

a) the conceptual model; b) the analytical model; c) the mathematical formu

lation 

Conceptual model. The ana1ysis\ (figure 2) takes into consideration four leveIs 

of competition: the first leveI concerns the products competition at consumer 

levei. This leveI is encouraged by government policies to production price 

control and marketing. At this leveI, the eompetition takes place, with final 

imported and/or exported products. 

The second leveI involves imported or domestic petroleurn refining. The 

competition between alcohol and gasoline as well as other oi1 products, and 

other energy sources is established. The government policies are expressed 

in price fixation, quotas, percentages of rnixture of alcohol and gasoline, etc. 
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The third analysis leveI is established with alcohol distillation. At this 

leveI alcohol competes with sugar and other by-products.for resource use. The 

government intervenes at this leveI, establishing prices, quotas, production 

subsidies and agricultural credito 

Finally, the fourth leveI, which is of our interest 1n this analysis, 

studies the agricultural production sector in which sugar cane, cassava and 

eucaliptus used for energy production compete with other ctops ·· (forresource 

use). When energy production is raised, along with fixed land resource and 

technology, a food production decrease will occur. On the other hand, an · 

expansion of the agricultural frontier is expected. 

The analytical modelo The main interest is on the diagnosis of the repercussions 

of energy biomass production increase, and df energy prices on the main variables 

involved in the agricultural production sector. 

For this purpose, an aggregate medel was formulated to describe and analyse 

the reality found in the study area. This implies a complete analysis of the 

production, transportation, energy transformation and consumption systems and 

their ·respective relationships, both vertical and horizontal, aiming the 

competition leveIs and material flow. According to the model, the net margin 

of production results and alcohol marketing are transferred to the farmer, 

competing with the production of non-alcohol crops. The energy input, both 

direct and indirect, are fed into the system and analysed among the whole processo 
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Mathernatical Forrnulation 
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Sfi quantity of the f-th food or fiber produced offered in region i. 

C
fi 

= production variable cost, per area unity, of the f-th product ln region i. 

G
fi 

= processing cost of the f-th food or fiber ln region 1. 

L. = quantity of alcohol produced, starling with the e-th energy product in 
el 

production region i. 

G. transformation cost of the e-th energy product into alcohol ln region i. 
el 

T
f
.. (T .. ) 
lJV lJV 

quantity of the f-th food or fiber (alcohol) , transported from 

production region i to consumption region j, through transportation 

route v. 

T
fkjv 

= quantity of the f-th product transported from point k to consumption 

region j, through route v. 

tf" . t.. tfk' = the respective costs of transportation per product unity. 
l.JV, lJV, JV 

Mfk import price of f-th food in point k. 

a
rfi 

(arei) = coefficient indicating necessary amount of r-th fixed resource, 

per area unity, for the production of food f (primary product 

e) in producing region i. 

B. availability of r-th fixed resource ln production region i. 
r1 

gfi = coefficient indicating quantity of secondary product f-th to be obtained 

frorn one unity of prirnary product in region i. 

gei = coefficient indicating quantity of alcohol to be obtained from one 

unity of the e-th energy product ln region i. 

L. total amount of alcohol produced ln production region lo 
1 

L. = total amount of alcohol demanded in consumption region j . 
J 

Y
ei 

(Y
fi

) = productivity per area unity, of the e-th energy product (f-th food) 

in production region i. 

B.. = transportation capacity of v-th route between agricultural production 
lJV 

region i and consumption region J. 

qfk quantily of product f produced ln production region k (KEI) to be 

exported. 
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B = alcohol quantity to be produced by alI production reg10ns together. 

Bf quantity of f-th food or fiber to be exported by the complex of ports K. 

BM
f 

= maX1mum quantity of f-th food to be imported by group of consumption 

regions j. 

Restriction 1 indicat es that the fixed use of resources 1n a production 

region cannot excede the availability . 

Res trictions 2 and 3 indicate that the quantity of a secondary product (al

cohol) produced in one region cannot excede the volume t echnicall y poss ible to 

obtain from its primary products (energy products) produced within the region. 

It is considered that the products will be processed within the production 

region. 

Restriction 4 concerns the transportation capacity limit s of the serveral 

routes . 

Restrictions 5, 6 and 7 concern supply. They indicate that the quantity of 

food, fiber or alcohol sent from one production region to alI cons umption 

region s ' cannot excede the volume produced in this production region. 

Restrictions 8 and 9 concern demando They indicate that the quantity of food, 

fiber or alcohol demanded in one consumption region cannot excede the s um of the 

quantities that it receives from alI production regions. 

Res tiiction lo to 12 establi sh limits in the alcohol production as well as 

food and fiber import and exporto 
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VARIABI.E DEFINITIONS 

Consump~ion and Production Regions 

The area of th e study has been divided inta nine consur.ption regions. Each of the 

follol,ing states constitutes one consuOlption regian: Rio Gr ande do Sul, Santa Catarina, 

Par ani, sio Paulo, Rio de Janeiro, Esp irito Santo, Minas Gera is an d Goias. The slates 

of Mato Grosso do Sul and Mato Grosso farOl both onc consumption reg ion. Th e area of the 

study has been divided into 28 p roduction r-egions, as indicated in lhe follol"ling table. 

Table N? - Number cf production regions cons idered in each st~te. 

5 T A T E 

Rio Grande do Sul 

Santa Catarina 

Pa ranã 

são Paulo 

Rio de Janeiro 

Espi ri to Santo 

Minas Ge r ais 

Goias 

Hato Grosso do Sul 

Mato Grosso 

T O T A L 

N<.' of Production Regions 

4 

3 

4 

4 

5 

3 
2 

28 

Be s ides the consumption and production regions six harbours (Rio Grande do Sul, Ita 

jai, Para na gua, Santos, Rio de Janeiro and Vitor-ia) were considered , as points of 

e xportation ar importation of agricultural products. The area of Brazi I (North and 

Northeast) not directly included in the first phase of the study has been considered 

as one cans ump t i on region and as one production region, I"i th a fixed s upply and demand 

of agricultural products. 

Crop and Livestock Production 

The çrop production pro cesses (activi ties) of cach product di ffer rnainly in t,,~o 

aspe cls: being ar not rnechani zed and using ar not fertilizer. For rice still another 

characteristic, irrigation, ha s been considered. The livestock activities include 

caltle, dai ry cattle, h09s "nd chickcn. 

The restrictions imposed on t he production activities are l and, labor , tractors, 

combines, and animal pov!cr. There are upper limits on cropland, p2stureland and land 

for f o ("€:stry. The re are upper and l o~·/er I imi t s for é"ach c rop 2nd I i vcstock , bêscd 00 

hi s tori ca l data and fle x ibi lity coef fici e n ts. 
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T,,/o types of l.Jbor, fami Iy and hi red, are included in the model. Each of these is 

divided into especialized and non-especialized labor. Three sizes of tracto,- "~lere 

considered, small, medium size and large. Sut the small and la'-ge '-lere transformed 

into a medium size equivalent. The model includes six periods (of t\-IO months each) 

for the avai labi I i ty and use of labor, tracto,-, combine and animal bonrs. Closely 

related to the p,'oduction activities are the transformation, hiring, buying and 

tra.nsfering activi ties. 

Alcohol production 

Alcohol can be produced from sugar-calle, cassava, sorghum, $weet patatoes and 

olhers. AIso wood can be used to produce cather alcohol, methanol or coai as energy 

products. A transportation system is programmed to carry energy products to the 

transformation plants, and from there to the final consumption centers. 

P roducts 

The final products considered in the model are cattle, hog and chicken meat, eggs, 

milk, alcohol, bananas, beans, cassava, cotlon, corn, coffe, oil, oranges, peanuts, 

potatoes, ri ce, soybeans, sugar and "heat. These products are produced ,n the 

production regions and transported to the consumption regions or to the harbours for 

exportation. On the other hand the possibi lity has been considered, to import certaim 

agricultural products, I ike corn, ,'/heat, etc. Connecting the production regions to 

the consumption regions or to the harbours, and the harbours to the consumption 

regions, there is a t,-anspo,-tation system. 

Transportation system 

lhe model consideres transportation by truck railroad and ship, between whatever 

regions these alternatives existo The cost/ton of transportation the products was 

estimated as being in part a function of lhe dislance and a fixed charge corresponding 

to the cost of loading and unloading. The cost of transporlation by truck has been 

calculated, based on truck's depreciation and maintenance, wages, fuel, lubricants, 

etc. To estimate the transportation cost by rai I road and ship the tari ffs charged 

by Rede Ferroviaria Federal and Loid Brasi lei ro were used as a proxy. Upper limits 

'-lere included in the model for transportation by rai I road and ship, based on there 

capacity restrictions. 
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Final Consumption 

lhe mode l includcs lhe fina l cons umption of products. Demand functions have been 

estimated, regarding each p,'oduct in each consumption region. p,'oduct OIm p,'ice 

clasticity, i ncome clastieity and populat ion have been used to define prices and 

quantities for fina l prodlJcts within c.onsumption reg ions. A markup for each product 

between producti on and eonsumption waS calculaled to equale price differenli a ls . 

Fi na l ly, internationa l dcrnand functions for severa l products "'ere establ i shed to 

aproximate export decisions . 

l able N~ - Final Dellland Commodities 

OI. I,heat 13, Beef (ca reass) 

02. Rice 14, Pork (ca rcas s) 

0 3 . Corn 15. Pou I I ry 

04. Sorghum 16. Eggs 

05. Soybeans 17, H i I k 

06. Peanuts 18. Cof fee 

07. Vegetab le oi I s 19. Coeoa 

08 . Soynea l , Cottonmea I 2 O. Alcoho l 

09. Sugar 21. Coai 

10. Potaloes 22. Cotton 

11. Beans 23. lobacco 

12. C i t rus 
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