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FOREWORD

Tze global energy problem 1s so complex rIat no naticn can atteopt to solve it
acting alone, For the necessary international cooperatio= to succeed, there cust be a comwon
basis for understanding the nature of the problem and its jossible solutions. EMBRAPA's research
work on economics of energy and related trade implicaticerns is in the initial stage. Bur it is
hoped that with the creation of an inter=ational aad ipteriisciplinary network of collaborating
energy institutions and specialists vho share the same srests, some advance will be made im
the resolution of the major problems of energy, envirorn—::-% and economics,

A too rapid and worldwide expansion of ZzZrocarbon consumption implied an energy
pelicy that was uszble to moderate the rate of growth of internal fuel consu—ption in relation
to its production. 3iomass offers a viable alternative,wi: Brazil giving a good example.

Although economic arnalysis strives to be zhjective, this study like mamy
others, reflects the character and backzrzound of its autn:cs, As a Tesult, the views and
interpretarions in this document are thcse of the authors znd should not be a:itributed teo
EMBRAPA, to its affiliated organizations or to any indivic:al acting in their behalf,

VANIEZR GONTIJO, Ph.D.

Hezd — Department of Social
Studies and Research Brazilian
Agriculicral Research Corporation

EMBRAPA
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ABSTRACT

West Germany is committed to a corplete ban on leaded gasoline
and to a massive use of a high-octane option. Replacement of
the high-octane option, that requires 10 percent more crude oil,
by blends of ethanol and low-octane gasoline, in addition to
eliminating the need for lead and diminishing air pollution,
can replace something like 190 million gal. of gasoline burned
in the EEC, starting with 45 million in Germany every year, This
could provide a market for surplus sugar, cull potatoes, and
other agricultural wastes. It could also provide a market for
Brazilian alcohol, particularly at the initial stage.

Economic and engineering cocparisons of gasohol blends and
lead-free gasoline under Corzon Market conditicns, based on
Brazilian experience, show the relative advantage to be with

alcohol blends.

INTRODDCTION

The economic development registered over the last two centuries was fundament-
a2lly based upun energy obtained from coal and oil, as well as on techuology created and developed
to use them 1n an expandingz process of industrialization,

Availability of fossil fuels, together with appropriate technology for their
use, afforded to a select cumber of countries the benefits of a prosperity that set them apart
from the rest of the world, (Figure 1).

The quarter century proceeding the so-called "energy crisis" of 1973-74 was one
of exceptional prosperity and economic growth among both developed and developing countries. The
Average Cross National Product growth rates of 4~5 percent were achieved in the OEZCD through this
period. The compunist countries mostly attained or surpassed the high per capita income growth
rates achieved in Western Europe and North America, but fell below the exceptionally high japanese
growth rate,

* Paper presented at: ivth Eurcpean Congress of Agricultural Economists, KIEL-Germany (FP.R.),
Scpterber 3-7, 1984,
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2/ Head Policy Analyses Division, DEP-EMBRAPA.
3/ Head of the Economic and Systems Analysis Division, National Energy Research Program, DEP-EMSRAPA-
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World output of goods and services tripled inm real terms between 1950 and 1974,
Population rose from 2.8 to 4.4 billion, and per capita incewme doubled.

In the period 1948-73 international trade grew at a rate of about 7 percent per
annum more rapidly than the volume of world production. Another characteristic of this period
was the relative stability of agricultural incomes and prices since the Korean War. Agricultural
production and trade grew with economic development. Worldwide, agrieultural output rose at 3.1
percent per year in the 1950s, 2.6 percent in the 1960s, and 2.2 percent in the 1970s. The growth
was broadly shared among developed and developing countries, with the latter enjoying higher rates
of growth than the former. By 1980, world agricultural production, excluting China's, had nearly
doubled the levels of the early 1950s. World agricultural trade grew at 3 percent per year in the
1960s and 4.3 percent in the 1970s. Underlying that growth were forces of sustained economie
development that expanded and altered the composition of demand, stimulated international trade,
and induced structural changes in agriculture. Massive foreign investments improved the infra—
structure of agricultural production systems and the development of natural resources,particularly
waler resources for irrigation, Human capital was enhanced through education. Real expenditures
for agriculrural research more than doubled, yielding myriad productivity-enhancing technologies.

Nevertheless intervention in the Agricultural sector and distortion of agricultural trade
are widespread im the world. Im fact, one could say that almost all governments intervene im the
agricultural sector and distort agricultural trade. Countries in the advanced level of economic
development tend to subsidize domestic producers and keep domestic prices at relatively higher
levels.Any surpluses are usually dumped on the world market either at subsidized prices or through
humanitarian bilateral or multilateral assistance programs. On the other hand,countries.in the
garly or intermediate stage of development tend to keep food prices at a low level to subsidize
urban consumers and tobe able to compete in world markets to earn necessary foreign exchange.

Near self-sufficiency in food may be considered a politically desirable objective
by many governpents. Excessive reliance on imports of food may subject a government to external
pressures. Also the fluctuations in the world market prices quit often cause fluctuations im
domestic prices and/or government budgets unless sufficiently large stocks are held by the country.
Fluctuations in food prices can have undesirable consequences, The poorest not only suffer more
when food prices rise, but food price increases generate inflationary pressures and prices may
not fully come down whem food availability increases later. It is thus conceivable that the costs
of attaining desired levels of food self-sufficiency may be smaller than the costs of substantial
dependence on imports.

The vapid expansion of food production in Saudi Arabia provides an example of
the value countries place on self-sufficiency in food. In less than a decade Saudi Arabia has
almost turned into a food exporter. Its wheat production has risen from 3000 m.t. im 1975 to an
expected output of 800,000 m.t. in 1983, This development has not been brought about cheaply;
large investment outlays were made. For example,2l billion dollars on agriculture and water
development have heen budgeted for the third five-year plan (1980-85). Such agricultural
development may have been spurred by talk of trading "a bushel of grain for a barrel of oil™ and
by fears of a food ewmbargo.

An objective of agricultural protection as practiced by the European Economie
Comuunity is often to ensure income parity between agriculture and non-agricultural sectors and
between different regions of a country or different countries of the Economic Community. Income
subsidy (through vhatever means) for agriculture may be needed to ensure that a certain amount of
agricultural production takes place and that agriculturists do not leave the sector, in which
case it 1s really a subsidy on self-sufficiency. On the other hand it may also be needed for
farmers who cannot be easily absorbed ip other sectors 1f they leave agriculture, even when
the government wanted to encourage Chem to do so. Subsidies may alsobe given to promote agricultural
development in certain regions. These may be eccnomically backward regions, or regions with poor
agricultural resources where agricultural activities nonetheless are considered desirable for a
variety of reasons such as settlement in border areas, preservation of environment, ete,

Whatever may be the motivation for protection or penalization of agriculture,
the costs are not always born by the country. Other countries many times bear part of the costs,
znd of course some countries may benefit as well.

The arguments made for food apply even more to energy self-sufficiency,given the
fact that non-renewable energy resources are more concentrated than food productions resources,
Building agro—energy capacity that provides energy use for surplus food will protect a country
ageinst short term food or energy shortages on the world markets.



BILLIONS OF BARRBLS

Addressing agriculture and energy issues together reflects a single, critical
agenda of interdependent global issues which require the cooperation of all countries and of all

gectors,
The rcajor
fuels by alcohol and other

objective of this paper is to show that partial substitution of fossil
biocenergy sources is of joint interest to Common Market's Agricultural

producers and potential alcchol exporting countries like Brazil. The pr-sentation that follows

will aldress major issues,
diversification of the use
and social perspectives. Th
responsibility through "act

in each case placing the anticipated becafits of trade and

of traditiocal food products in the appropriate historic, econowie

is paper was inspired by ideals of interdependence and global

ion" preogram stressing mutual self-interest and commercial reciprocity.
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INTERNATIONAL INDEBTEDKRESS

Worldwide Situation

International indebtedness is probably the most pressing problem on the world
economic horizon. Many developing countries are facing severe difficulties in servicing their
foreign debt, which in total has climbed to over US$ 750 billion, over half of it owed to

commercial banks. Already more than 25 countries, between them with bank loans of around US$§ 250
billion, have been forced into reschedulings.

This huge debt load stems from the large structural imbalances in countries,
external payrents which began to appear in the 1370s after the first oil crisis and which continue
today. These imbalances were wrongly diagnosed as “cyclical disequilibria™¢ as a result, the
current—account deficits of the non-oil developing countries were allowed to accumulate to
frightening proportions.

The correct way to deal with the problem would have been under the collective
responsibility of the world community, expressed either through the International Monetary Fund
(probably with an adjusted mandate) or through some other international initiative. Instead, it
was left to the commercial baoks to finance the developing countries, deficits under their own
credit responsibility. The banks saw in this an opportunity for profit. They rushed to intermediate
between the savings, in the form of bank deposits, of the newly-surplus countries (mainly Opec oil
exporters) and the demand for loans of the deficit countries. And they allowed themselves a
comfortable spread.

The New York banks, acting as the main money-centre institutions of the world
banking system, set out to secure the largest share of the so-called recycling.

It was wuch the same for a limited number of other international banks, such as
the leading British banks, the four large German banks and the Japanese banks-big banks which had
the credibility to act as primary depositories of surplus funds.

The table, reproduced here from the American Banker, shows that in Brazil, Mexice
and Venezuela taken together, the 10 large American banks have outstanding loans which by far
exceed their total equity.

Table 1 - Cutstanding loans of 10 Amercan banks to Brazil, Mexico and Venezuela, 1383

Outstanding loans in US$ billiom

. . Total of Total as %
Brazil Mexico Venezuela 3 countries of b?nk's

equity
Citicorp b4 3.3 1.1 8.7 180
Bank America 2.3 2.5 2.0 6.8 148
Chase Manhattan 2.4 1.7 1.0 5.1 183
Man. Hanover 2,0 1.7 1.1 4.8 174
Morgan Guaranty 1.7 1.1 0.5 3.3 122
Chemical 1.3 1.5 - 2.8 143
Bankers Trust 0.9 0.9 0.5 2.2 143
Cont, Illinois 0.5 0.7 0.5 1.6 96
First Interstate 0.5 0.7 - 1.2 64
Security Pacifie 0.5 0.5 - 1.0 68

Source: The American Banker

Foreign Debt and German ReparationsProblem

The foreign debt of developing countries like Brazil is similar to the German
reparation problem of the late 1920s and the theoretical dispute as to the existence of the
“transfer" problem. J. M. Keynes (1929) argued that a country making large payments zbroad
will in addition to constricting national consumption, investments and the problem of
collecting revenues from its population, experience extra cost in the form of falling export.



prices and general deterioration of the balance of trade. The opposite view, held by Bertil Ohliam,
denied the existence of this transfer burdem. Ohlin (1928, 1924) argued that income shift across
national borders will make it possible to transfer goods and services without any losses, the
implicit assumption being that demand elasticities are very high or virtually infinite (Avramovic,
1984),

According to classical economic theory only when the rate of economic expansion
begins to slow are commodities prices expected to drop. Current low commodity - prices {in spite
of world wide overall recovery and growth among developed countries) could be due to the fact
that high interest rates and the strong dollar are forcing debt-ridden developing countries teo
export as much as they cap-no matter how low the price - in order to service their debts,

As a result, the debt service may turm out to be very wuch a megative-sum game,
Countries in debt will lose very mwuch more than the countries that lent can gain, The preseat
situation supports Keynes® thesis of the existence of a transfer problem due to falling prices of
export commodities under a condition where the developing debtor countries have to make large
payments by shipping goods virtually irrespective of dezmand conditions in the world market, This
is in part due to austerity programs that the International Monetary Fund (IMF) has imposed om
debtor countries,

Bretton Wood Conferenca

Later in 1944, Keynes, as chief British representative to the Bretton Wood
Conference, provided the intellectwal capital for the two new institutions created at Brettom
Woods: the International Monetary Fund (IMF) and International Bank for Reconstruction and Develop
ment (World Bank). This conference and resulting agreements provided the inmstitutional setting
for the greatest economic boom in history. In Western industrial countries personal income grew
substantially, creating consumer societies and resulting during the mext 25 years in production
of oore steel, autos and consumer goods than had ever been manufactured previously. Europe and
Japan would recover from wartime devastation to challenge U.S. industiral supremacy. Even some
Third World Countries, such as Brazil would take advantage of the open world economy created at
Bretton Woods to become newly industrial powers {(Moffite, 1983).

One of the things argued about during the Bretton Woods Conference was the
potential intervention of the IMF in domestic ecomomic policy decision of individual country.
Keynes an ardent enemy of the gold standard {that forced countries to submit toe foreign financial
pressures), categorically rcjected the notiom of a supranational agency intervening in domestie
policy decisions. His early fear was well grounded,as indicated by Moffitt (1983) who states that
“In the postwar world, the IMF took the place of the gold standard”,

Global Money Market

The global money market was established to enable Western banks to serve their
corporate clients on a global scale. Despite the existence of the IMF, the business of lending
to governments was taken over by the private banks, who established the global money market to
serve their corporate clients on a global gcale,

. The first economic shock of the 1970's, was worldwide inflation. Although Third
World exports imitially proficted from the upsurge in global inflation, the benefits were shorte
lived. By 1974 the profits of higher raw material prices were consumed by skyrocketing oil prices
and the inflated costs of manufactured products imporred from the West using borrowed money at &
growing interest rate. .

After the “First 0il Shock™ in 1973 the banks worldwide were locking for
borrowers to unload billions of OPEC petrodollars. Eurobanks took prime responsibility for the
petrodollar recycling process, As & result the first emergy crisis not only did wonders for the
Arab oil exporters, it was also a boom for the banks. The syndicared loan market is the primary
Euromarket lending mechanism. Instead of concentrating the whole risk, syndicated loans
decentralize the risk among many participating financial institutions. Syndicated loans are
prices at the going interest rate known as LIBOR (London Inter-Bank Offered Rate) plus a margin
known as a spread which is inversely proportional to the perceived creditworthiness of the
borrower {(For years, Brazil borrowed at rate very close to LIBOR. As the Brazilian debt problem
increased its spread quickly soared to over 2 perceamt),



Table 2 =~ Sindicated Bank Credits and Fixed-rate International Bonds for Developing and Developed
Countries - 1971-1982 period,

T ¥ Y T v
Year
Type of Credit by Recipient 1971-1975 1975-1980 1980 1981 1982
Sindicated bank credits
Non-o0il developing countries 21.4 109.9 24,0 33.4 28.3
OFEC 8.0 45,1 11.0 11.9 12,5
All developing countries 29.4 155.0 35.1 45,2 40.8
Developed Countries 53.8 144.6 42.3 88.1 43.4
World total 83.2 2599,6 77.4 133.3 84,2
Developing Countries as Z World total 35.3 51,7 45.3 33.9 48.5
Fixed-rate International bonds
Fon-oil developing countries 1.9 11.5 1.9 4.3 3.9
OPEC 1.3 3.5 0.5 0.4 1.0
All developing countries 3.2 15.0 2.5 4.8 . 4.9
Peveloped Countries 47.1 166.9 39.4 48,2 70.9
World total 50.3 181.9 41.9 53.0 75.8
Developing Countries as % World total 6.4 8.2 6.0 9.1 6.5

Source: Morgan Cuaranty Trust Company, World Financial Markets,

Official and Private Loans

Before the first oil shock of 1973-74 the official and private loans had —tended
to be complements rather than substitutes. Thus, while private capital is largely untied, of
relatively short maturity and mostly given at floating interest rates,official loans are often
tied to special program and projects, have longer maturity and are offered at fixed sometires
concessional interest rates. The official loans were supposed in be used in building infra-
structure and other long-lived projects. These projects had high social returns and increased
the economic feasibility for various other private sectors investors who were supposed to make
private loans at higher rates and due to higher returns be able to repay these loans. In
1970 with growing international liquidity among private financial institutions the private
foreign capital increasingly substituted for official capital in infrastructure and social
services, Table shows when developed countries were and are able to get credit in the form of
fixed-rate international bond developing countries are given syndicate bank credit based {loating
interest rate,

The 1970s witnessed a very rapid build-up of the external debt of developing
countries, accompanied by a pronounced shift away from official bilateral and multilateral
borrowing towards private capital, mainly from the commercial banks. A shift in the source of
foreign borrowing resulted in a hardening of the average terms for foreign debt,

The worldwide recession of the early 1980s and resulting impact on foreign
borrowers brought the debt problem of the countries like Brazil to the front pages.

The global debt crisis was basically due to what Moffitt (1983) calls "amarriage
of convenience between the global banks and poor Third World countries', Basically, the global
banks had money to lend and Third World countries needed it satisfy the revolution of rising
cxpectation of their population or in most cases meecded it just to survive in an increasing
hostile world cconomic climate.

The concern over the stability of the financial intermediaries-especially the
compercial banks deflected attention from the growth of individual countries and over all economie
condition of indebted countries as a group. The "success'” in recycling of debt has come ta be



viewed as maintaining the stability of the system of financial intermediation, and this stabilicy

therefore has become viewed as an end in itself rather than the means by which global economie
activity can be maintained at high levels (Hope, 1981) (emphasis added).

Repayment Problem

In 1970, after amortization and interest payments, &2 percent of total disburse-
ments mide te developing counctries was available for purchasing goods and services from abroad and
for reserve accumulacion. The ratic of set transfers to disbursements rose to nearly 50 percent
in 1975-76, Due to refinancing debt in 1977-78 this racio fell ro 40 percent by 1978, In 1979
the slowing of disburserments, combined with the surge in interest paymenks as intcerest rates
caught and passed inflation rates had the result that only 287 of disbursement was left after
previeous financial obligations were met.The year 1979 marked the rove back to positive real interest
rates effectively eliminating the inflation-induced transfer from lender to borrower (Hope, 15981).
In 1980-82 period, real interest rates rose sharply and the positive pap between nominal rates in
the capital markets and the low rates of inflation in developed countries,particularly the United
States and Eurcpe has widened to the all time high,

The proportion of exports absorbed by interest payments, for Latin America as a
whole in 1983 was estimated at 42 percent (Table 3). Wirhout counting the repayment of short-
term debt, based on refinancing arranged or under discussion principal repayments on medium — and
long-term debt were estimated at another 20 percent of export carning, This makes for a total
debt service ratio of 62 percent (Kuczynski, 1983). This is much worse than in the Great Depression
of 1930's when the average of both interest and repayments for a group of eight Latin American
Countries reached 40 percent of exports {(Abramovic, 1982},

In six major debtor countries - Brazil, Mexico, Argentina, Republic of Rorea,
Venezuela and the Philippines - annual interest payments abroad mow account for 5-7 percent of
G¥P, representing perhaps one-quarter to one-third of gross dosestically generated savings, a
formidable proportion on any reckoning (Avramovic, 1984).

On top of interest, an cnorwmous bulge of principal repayments looms ahead: those
owed by 25 largest developing country debtors, many of them Latin American, are scheduled to
increase €from US$ 25 billion in 1984 to US$ 85 billicn in 1587,

Table 3 - Estimated interest burden of some developing countries

Estimated 1583 Estimated interest

Merchandise cxports due in 1983

($ billion, f.o.h.) (I of exports)
Argentina 9 50
Brazil 22 46
Chile 4 50
fexico 22 46
Venczuela J 14 29
Total latin America™ 36 ¥
Algeria 12 14
Indonesia 19 21
Republic of Xorea 24 18
Philippines 5 48
Nigeria 12 il
Total other developing countries 330 12

Source: Kuczynski, 1983,

aJ Including Caribbean and other countries not listed,



BRAZIL GENERAL BACECROUND

Brazil has generally been referred to as a country with an immense territory
{the fifth largest in the world, having B8 1/2 willicn square kilometers) with a surprisingly
large amount of it still unused, Its rapidly growing population of 120 million is the world's
eighth largest, with an enormous potential for development. All rogether, Brazil is today 1inter=
nationally viewed as one of the most wodern and sophisticated industrial economies of the
developing world,

Brazilian Econoamlc Policy and Economic Growth, 1947-1982

Brazil, during the postwar period, has undcrgone all the possible developrent
and growth experiences starting from import substitution industrialization to outward looking
export expansion and diressification from rapid economic growth to balance of payment
disequilibrium accumated debt and stagnation.

A wide variety of strategies and instruments have been employed for economic
developrent with varying degrees of success and distortions as well as a changing scenario of
political institutions. The rapidly growing interest in the Brazilian economic "wiracle”, and the
equally strong controversy surrounding Brazil's experiment with foreign debt accumulation,
suggests that a review of the country's pgeneral development expcrience 1s in order before moving
into a specific discussion of energy policies in the succeeding chapter since the former has
chviously conditioned the latter.

The postwar era can be divided rouphly into two historical periods, The first

{from 1947 to 1963) can be called the irward looking irport-substitution pericd. This period
=azked the first deliberate stratepy to industrialize through stimclation of dorestic production
of previcusly iloported finished manufactured goods and later capital goods. Associated with this
effort was a style of sectoral target planning, non-market allocation of resources (i1.e.licenses,
subsidies), increased participation of foreign investoent, a grewing discrimination against agri
culture and exports, increased income inequalicty, rising inflaticn and eventually a8 rising
constraint on the capacity to irmport in the early 1960°%s.

Through foreign exchange controls, izport restrictionms, low interest rates,
indirect taxation, and factor and product price controls, Brazil attempted to accelerate
industrial growth, Only enough stimulus was given to 2griculture to rmaintain low food prices,
generate some surplus for export, and create a market for domestically produced tractors, fer-
tilizer and other inputs. With its large resource base, broad domestic markets and favorable
economic policies, industrialization proceeded guite rapidly so that by the mid-1950"s a large
proportion of consumer durables were produced dopestically, and some progress toward capital
goods production was evident. Agriculture, however, rema2ined relatively backward, and food and
fiber supplies barely kept pace with demand. (Alves, 1984).

Brazil's pattern of economic developaent began with import-substitutiom  iadus—
trialization in the 1930s and the carly postwar period wp to the mid 1%60"s. Following a long
period of Brazilian export stagnation, economic policy measures were undertaken which were more
conductive to improved export performance., Among these measures one can site a policy of relaxiag
import restrictions, providing greater exchange rate realism, and instituting specific export
incentives and others, As indicatcd by apgregate data Brazilian export sector responded favorably
and throughout the late 1960's and early 1370's the rate of cxport growth were reasonably high
and quit satisfactory, serving to reverse the declining Brazilian share in toral world exports.
According to Tyler (1983) the annual compounded rate of prowth for toral Brazilian exports in
constant U.S. dollars for the period 1964-1974 was 12.6 percent, This represented 8,2 percent
growth for prirmary products and 24.8 parcent for industrialized produce,

This export-oriented prowth phase was in larpe measure the result of deliberate
policy changes in 1968, The Braziliam governmernt shifred te a crawling peg exchange rate, a?d
established an elasborate system of export subsidies, tax exemptions and export credits designed

to promote exports. These met with great success, and the 1968-1973 period is now known as the
"hoow" period in Brazilian ecomomic development. The "boow" sloved in 1973 as productive capacity

became fully utilized, and as the oil crisis icposed greater tonstraints on Brazil due to its ,
dependence on foreign sources for B85 parcent of oil reguirezrnts. Tnese effects dampened Brazil's

export drive and eccnomic growth. There has been substantizl recovery, although not all the way
back to prior growth rates, till a second oil shock inm 1979 incresse im interest rate and

accumulated foreign debt further demaged Brazil's ecosneric situation.
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With the events accompanying the first petroleum price increase, the interna-
tional recession, and subsequent economic policy measures of the mid-1970's, Brazilian export
performance was adversely affected. The real rate of total cxport growth for the 1974-1978 period
declined to 5 percent annually. Brazilian primary product export earnings, inspite of significant
increase in quantity exported, did not increase, due to low commodity prices. The industrial
export grew at 11,8 percent im constant U,S, dollar annually.

The most common and popular explanation for the decline in cxport growth
performance have to do with international demand conditions. First, it is argued that the inter-
national recession of 1974/75 and its aftermath reduced the demand growth for Brazilian exports.
Second, increased protectionism on the part of the developed countries, particularly the United
States and the European Common Market has adversely affected the growth of Brazilian exports,

Some western economist like Tyler (1983) do not accept demand-side arguments to
explain all of the cdecline in Brazilian export growth. They seck explanation in terms of domestic
export supply situation.

They cmphasize that the "petroleumprice-related terms-of-trade loss and the
accompanying balance-of—payment difficulties were not dealt with through macroeconomic absorption
reducing policies and real exchange rate depreciation” (Tyler, 1983). Instcad, incrcased inter—
national indebtedness and incerases in import restrictions were pursued in stead of the more
conventional policy measures. The increases in import restrictions had the effect of angmenting
an already existing anti-export bias and therefore making cxport activity less economically
attractive than import substitution for domestic producers.

Due to abrupt slowdown in international lending to all developing countries in
the second half of 1982, Brazil faced serious financial problem similar to these of other Latin
American Countries.

In Decerber, 1982 Brazil declared "unilaterally" its inability to service and
repay its loans. The banks had no choice but to concede to its requests by a certain date (March
31st), otherwise the country would declare itself irsolvent. Brazil's action pave a different
perspective to the whole problem of outstanding world indebtedress. Bank loans bccame frozea
assets (The Economists,April 30, 19&3).

At the end of 1982 Brazil's foreign debt had reached US$ 90 billion with the
sharpest increase in short-term debt, As a result Brazilian government signed and agreement with
the International Monetary Fund (IMF).

Under IMF agreement, Brazil was committed to an auterity program featuring large
cuts in government spending including that of the state enterprises. Cuts in credit subsidies are
also included.

The cost in terms of living standards was high,uncrployment is reckoned to have
shot up among the industrial labour force from around 117 in the rid-1970s to around 20% now
(about 1m of Sao Paulo's 4m workforce are without jobs). Underemployment is around 30-35Z., There
are no social security payments to the jobless. Fearing labour trouble, the Brazilian government
has been protecting the purchasing power of the lowest paid while cutting back on salaries for
skilled workers and the middle classes,

The end of voluntary credit flows by foreign banks and the inflationary up-surge,
in 1982 pushed Brazil to a record level of 2357 inflation. This imposed on the Brazilian economy
the adoption of dramatic measures in order to change the structure of production and to fight
inflation by reforming the financial monetary and fiscal systems. The first measure was mpaxi-
devaluation of the cruzeiro followed by its full pegging in indexation to the Genaral Price Index
(IGP) in February 1983. As a result the Brazilian export coefficient has been rising considerably,
Domestic consumption and particularly energy consumption was coatrolled with success. Braziliaa
trade balance showed large positive surplus., There is no doubt that US$ 9 billion target will be
exceeded and may reach 12 billions at the end of 1984, Domestic oil production also has been
rising. The average national oil production reached, at the end of June (1984) 500 thousand
barrels/day that together with proalcool allowed Brazil to diminish its oil imports to an
estimated value of 6.8 billion dollars as comparcd to nearly 11 billions ia 1980. Thus Brazil was
able to follow the policy prescribed IMF of reducing imports and increasing the export to generate
foreign cxchange to make payments on debt.
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OQutward Looking Development Based on Trade as an Engine of Crowth

The Brazilian government has been strongly committed to building armarket society
which explicitly emphasizes protective action towards economic growth through industrialization
and urbanization. The industrialization process in a "backward economy™ and the strategy of
catching up to the "developed™ countries requires a high level of investment. As a result the
urban-industrial process has been imposing a range of debts on the rest of Brazilian society.
First, it is in debt to foreign creditors. Second, it is in debt to internal creditors, mainly
from agriculture. Third, it is in debt to the mass of consumrs who bear the real financial
burden of two petroleum shocks and high rate of interest that has to be paid on accumulated debt.
But clearly the boom period showed that Brazil has the capacity for dynamic ranufactured export
growth, and brought Brazil strongly into a leading position among the newly industrializing
countries.

The increase in sales to the develeoped world, brought on mainly by the U.S.
economic recovery, has helped Brazil achieve excellent results in its {oreign trade sector. Its
US$ 6.3 million trade surplus goal for 1983 was casily achieved — a goal that at the beginning
of that year scered alrmast impassible to reach, since traditional markets, such as Latin America,
had to restrict their imports, becavse of the world recession. Brazil, however, thanks to the
recovery of international prices for some raw matcerials, was able to overcome the problem,
exporting to the United States, the Common Market (its biggest trading partner) and Asia.

If the trend ia the first-half of the year of 1984 holds, lLatin Arerican exports
this yecar to the U.S. could increase by as much as US$ 13 billion, recaching a total of S5billions.
If onc assumes an average lnterest rate increase of 2% on Latin America's debt of US$ 336%tillion,
with about a half of which is owed to the U.S. barnks, with three quarter of that half Leing rate
sensitive, the increase in payments to U.S. banking institutions is less than US$ 3,5 billion.

The rate of increase in exports earning to increcase in interest oxpense is about 4 to 1. This
shows that even with significant increases in interest rates of countries with large debts vhen
given a chanee to export they can avoid the tendency and need to dealave a moratorium that could
be catastrophic for Lanking institutions. Liberal foreign trade policy on the part of Furopcan
Coomunity could further help with incrcasing exports and debt payments.

Europe's anti-inflation success in the face of rising commodity prices can be
explained, in part, simply by the way the aurbers are kept., 01l prices, for imstance, receive
much less weight in E-:ropcan consumer price indexes than they do in the U.S. beeause oil
consumption per capita inEurope is much lover., And raw materials in general amount to only a
quarter of toral imports.

The main reason behind Eurepe's success in coghating inflatien in the face of
rising commodity prices lies in a combination of restrictive economic policies in the publie
sector snd a dramatic lmprovement in corporate productivity. These changes includes

- Reducing budget deficits dramatically, especially in West Germany, which last
year came in US$ 3.5 billion below its prejected US$ 14.5 billion federal
deficit.

- Reaping tight reins on wonetary prowth within the major European countries —
eveninlItaly, which has had run away inflation.

- Lowering unit labor costs through lay-offs and greater work-rule flexibility.

- Raising the efficiency of corporate Europe by lowering breskeven points,

- Iaporting goods more cheaply from Third World countries,

On July 19B4 the U.S. dollar reached a ten year high against the CGerman mark at
2.86 and set a record against the French frane at B.77. The British pound fell to an all-time low
of US$ 1.30 (Business weck, July 23, 1984). The strong U.S. currency cuts worldwide demand
because the rest of the worid must pay more in local currencies for nearly all internationally
traded coraodities, which are priced in dollars,VWest Germany, for example, in July of 1984 had
to pay about 4% more Geeman marks for oil than it did in January of the same year. This may
depress oil demand and increase the likelihood of an oil-price drop.

According to economic theory: Capital flows to the highest rate of return. XNever
this was hetter illustrated than in the United States where the current combination of stimulative

fiscal policy and restrictive ronetary policy that has created an cavirommnt of strong growth
rising employment, high interest rates, and low inflation. The result is that deollar is replacing

gold as the uvltimate refuge of {rightcned iavestors.
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The growth rate for the 10 wmecher countries of the European Conciunity has been
less than half that of the U.S. and Japan, while unemployment has continued to rise even during
the recovery. The ome area in which the Europeans have hadsuccess has been in reducing double-
digit inflation. And that has been all the wore remarkable coming in the face of bloated cormodity
prices for Eurcpean buyers cause by the sharp decline of their currencies against the dollar.

But the tremendous surge in the cost of key imported commodities has not
generated imported inflation. Paradoxically, European econcmies are anticipating their best
consumer price levels for years. Germany is confidently sct to end this year with a consuner
price index increase of around 2,5%, the lowest since the 2.77 recorded in 1978,

In additidn, the same strong dollar that is sending commodity prices higher
io Europe is also generating an export boom for Suropean products. A growing propertion of the
profits of many European auto, chemical, and rachinery ranufacturers are coming from exports to
the U.5, These profits. in turn, permit European corporate managers to absorb higher imports. Even
though Eurspeans have been hit it terms of commodity prices, they are getting a benefit from
thelr exports,

Europe is also benefiting from the intense expart drives of many Third Word
countries that desperacely need foreign exchange to pay their debts. To achieve these goals they
have also allowed their currencies to depreciate against the dollar - giving European importers
a break,

Having coped so far with the threat of rising prices, the question alhead of
Europe is vhether it can duplicate America’s tandem success of low inflarion and high sconomie
growth,

Since 1973, QECD eccnomic growth has averaged only half as much as it did in the
preceding decade, inflation has doubled, a2nd uncoployment as a percent of the labor force has
doubled,

The shock to oil importers is seen clearly in the events of 1979-80 and their
aftermith, Initially the increase in oil prices over the two years meant a transfer of resources
of US$ 240 billion a year in nominal terms from importers to exporters (US§ 200 billioa from
industrial countries, US$ 40 billion from developing countyies). These incorme losses by irmporters
had their rounterpart in income gains by exporters, This is a characteristic phenorcnon of a
comodity boom; the element that is unique is the size and spocd of the transfer, which in fact
led to the ominous ramifications described earlier,

The response of the non-oll-producing Latin Auericap c0untfies was to borrow
to cover their growing trade deficits., The respense of the oil-producing nations uas to borr?w.
because the roney was there for the asking and, what the hell, they had oil, the best of securities,

to borrow against,
’ In addition. importers suffered huge income losses for which there were no
corresponding gains by exporters. 0ZCD estimates indicate that the eccnonic disruption costs of the
0il price shocks will reduce OECD output by some US$ 400 - US$ 500 billion (1981 dollars) below
what it otherwise would have been (Fried, 1982},

A startling fact emerges from the data appearing in the 1982 World Development
Report. The average rate of economic growth of oil-exporting countries as a group in the past ten
years is lower than it was in the period 1960-73. If draws further credence from the extraordinary
difficulties now confronting a number of oil-exporting countries, such as Mexico, Nigeria, and
Venezuela,

A decrease in oil prices should resvlt in grecater ecenomic growth in the
industrialized countrics, which in turn will create stronger demand for developing countries'
exports. For indebted developing countries a fall in oil prices would be a mixed blessing. For
Brazil, every dollar decrease will result in a change of US$ 250 million in current balance of
payment accounts. Major oil exporters such as Mexico and Venezuela, however, would suffer a
significant rcvepue loss, making it much mpore difficulr to repay their debe,
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Agricultural Development

The forced-draft industrialization policies have been financed at the expense of
the agricultural and rural sectors.

The low rate of growth of agricultural production in Brazil after World War ITwas
the result of a combination of factors. Among them were: lack of an agricultural research tradition
and institutions, limired extension services, lack of an infrastructure to serve agriculture and
price and tax policies designed to fall wmost heavily on agriculture, thus acting as a disincentive
to production of agricultural products. In addition, import substitution industrialization ‘-was
adopted as a growth and development strategy by the government, resulting in continuous transfer
of resources from agricultural to industrial and service scctors. This neglect of agriculture also
caused some domestic supply problems. It gradually became clear that unless there was adequate

production to supply growing dowsestic demand for fnod, general stagnation would occur.

In addition, Brazil until the =ziddle 1970's did not participate in the growing trade
in agricultural products. that has characterized the pcg—wcrld War IT period. As a result,the
demand for agricultural export was kept relatively low, This problem was further ccwmplicated by
the fact that export quotas were placed on agricultural products from time to time under the guise
of controlling domestic inflation. This further dampened the demand for agricultural products and
reduced the incentives to output expansion,

In the mid-sixties, economic policy underwent a change of emphasis fromautarchic
industrial irwport substitution to agressive export expansion in which agricultural and agro-
industrial products played a major role. Overall performance of the economy also irproved,
resulting in a growth rate in the G.N.P. of 11% in the 1966-73 period.

As a result of this policy change, Brazil became an often quoted exumple of a
country that had wmanaged to achieve a siguificamt agricultural development in the sevantics. In
the early cighties it also became the second largest exporter of agricultural preducts, superceded
only by the United States.

As a result, Brazil is rapidly becoming an agricultural world power,

In the last decade, Brazil's total agricultural production has tripled, and not trepical
all of the growth has come in the output of crops traditienally associated with farming,
For example, when the United States at cne peint curbed soybean exports te Japan, the Japanese
turned to Brazil. Scybean output jumped frem 2.2 million tons in 1974 to an esticated 16 million
tons in 1984, overtaking coffee as the country's number one export crop.

Until the mid-scventies, the principal factor responsible for the growth of
agricultural output in Brazil had been c¢xpansion of cultivated arecas along with some increase
in yield which was mainly true with export crops. The scientific frontier in terms of increased
productivity of land, labor and various rodern inputs was little explored.

The Brazilian agricultural policy initi:lly emphasized building extension
institutions. However, at an early stage it became obvious that for successful operation of
extension services, a strong rescarch system had to be built to previde new knewledge and
technology to be used in giving technical 2ssistance to farmers. As a result one of the strongest
agricultural research systens coordinatedby the Brazilian Agricultural Research Corporation EMBRAPA,
created ia 1972,was build in the 1973-84 period,

Brazil regards the application of science and technology to agriculture as a
major wmeans of achieving economie and social progress. It is believed that the future of Brazilian
agriculture depends on becoming predominantly knowledge-intensive and that agricultural and
related research has to be given special emphasis so as to achicve substantial growth in
production. In the 11 years since the reorganizatien of the national agricultural research system,
marked by the founding of EMBRAPA (Brazilian Azricultural Research Corporaztion), agricultural
science has become a poerful, productive force in Brazilian society. According to Eliseu Alves
(1984): EMBFAPA proposes to change the focus of the relationship between advanced and developing
countries from "technology transfer to science transfer",

Improved and new methods of agricultural and industrial production in the
industrialized countries will displace more traditional products of developing countries. A good
existing illustration of the kind eof Third World product displaczment that is likely to occur
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through the development and application of biotechnology in the years ahead is that of sugar, for
which fructose made from corn or maize grown in the industrialized countries is emerging as an
economically viable and more and more widely used substitute. The price of sugar has been falling
since 1980 as shown in table 4.

Table 4

BRAZILIAN SUGAR EXPORTS - 1980-B4

___________ B T T T T T T T T T T T T T T T T T T T T T T T e S N e s eSS st ==
: Crystal Sugar . Raw Sugar H Refined Sugar
Year :"“"“““"""‘f“"r """" frmomm - | Sttt Frommme- el EEE Rl oo
! Value y Quantity | Price } Value y Quentity ; Price | Value { Quantity | Price
' § 1000 FOB | {t) POoS/T s 1000 FOB 1 (t) Cos/T T 37000 F0B ) (t) ! &/T
smmmmmmzzezzozbosmeme e Lomooooo e T i‘:::::::::‘_‘::_!::::::::::‘_':::::::
1980 317,398 568,922 557.89 624.500 1,391,530 443.79 346,356 611,884 566.05
1981 86,884 221,689  391.92 578,928 1,563,519 370.27 355,926 915,635 432.41
1982 76,911 397,665  193.41 259,441 1,222,178 212.28 243,655 1,089,841 221,74
1983 25,990 145,820 178.23 319,619 1,523,427 209.80 169,420 791,454  214.08
1984 6,180 35,364 174.75 134,856 683,976 197.16 68,772 355,746 193,32

Source= CACEX
¥ January/lay.
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Table 5 - PCRSONS SUPPLIED BY BRAZILIAN FARM WORKER
N e Person Supplied Per
4 Population : Econonically Active H Farm__Workers
el S RN Rural Populati b Utsan 1 Rural Tro oy
SO SOt N S D et i i__Resident _} Resicent | 2737
1940 12.880 28. 356 9.723 1,3 2.9 4.2
1950 18.783 33.161 10.253 1,8 3,2 5,0
1960 32.004 38.987 12,277 2,6 3,2 5.8
1970 52.905 41.607 13.087 4.0 3,2 7.2
1980 82.013 39.137 13.109 6,3 2,9 9,2
Source: 13GE
Fig.2 Urbanization
Evolution of Brazilian Population in millions 1138.0
S A ;";'.—,.' e
DUrban AT o
BN . Vs (76.0)
2| Rural - -
Ej Total - _-. o
I 70,1 7
- i 7,
= 51.9 %////’
o 31.3 7 "//,/;,/
C e o N
'//%.A :,//_' s
Vidr s’ [ }43.04
18.8 % ,/Z. &{{,/
ZANN
V//’/ Y, /7
. o\ Vel vl T
7 s A7 R 7
S 2 v/, %/
1940 1950 1960 1970 1980
Source: I1BGE: estimativa de Brasil em Exare para populacao urbana 1980



BRAZIL'S BIO-ENERGY PROCRAM

The Challenge

The sharp increase in petroleum price in 1973 and steadily rising cost of this
compadity ever since have resulted in partial and possibly termporary redistribution of wealth in
favor of a rather limited nurber of countries with petroleum deposits. At the same time, non-
industrial countries without petroleum deposits were harder hit, since they had to pay high prices
both for ionJdustrial and petrolcun preducts,

Toynbee's obscivation that civilization is the story of challenge and response
has seldom been better excmplified than by reaction to the effect on the world economy of the
Energy Crisis.

The government of Brazil, for example, has involved itself in large-scale
production of alcohol, tetaling millions of gallens a vear. The adaption of a naticnal alcohol
fuels programa "PROALCOOL" was a positive expression of Brazilian determination and resolve to
remedy its debilitating cnergy problems. As the cost of oil skyrocketed, the Brazilian govero~
ment becawe increasingly determined to reduce its dependence on oll imports,

Thus, thraugh all the confusion and contradictions of the energy crisis, one
significant fact is beginning to emerge: Brazil has a good chance to free itself of hecavy dependence
on foreignm oil. A related fact is that in the act of weeting their energy problems the Brazilians
may be starting a new industrial revolution, the most sigrificant and exciting feature of which
could be a less centralized, more cooperative, and more creative way of life,

The energetic cycle emerging .. in Brazil is a process that conciliates
scientific creativity with intensive manual laber, cosbining technolegical development with
creation of employment opportunities to the benefits of a growing population.

Alcchol fuels, at least in the case of countries with agricultural exports, can
help to reconcile the differences between the rich and the poor, the industrial and the developing
pnations, and between minkind and nature. In this new and ewerging ficeld there is room for the
many, regavdless of who they 2re or where they come from. In capturing this irportant opportunity
there is no room for exploitation, no room for economic and political greed. There is plenty of
room for cooparation and technolegy sharing for large and small-scale plants, for the revitaliz-
ation of rural communities and for scientific and technical advancement of alcchol fuels in the
developing nations, With the knowladge that there is plenty of room for all, we can them get on
with the critically important tasks of reconciling the differences between those of us who perhaps
have too much and those of us who certainly have too little,

Early Development

The use of alcohol as a vehicle fuel in Brazil dates back to the 1920s. The
first government resclution establishing compulsory aleohal addition to gasoline at a five percent
level dates back to 1331, During that year two commissions were crecated: the Alcohol Motor Study
Commission and the Commission to Support Sugar Prices, These two commissions were rcorganized and
combined in 1933, becoming the Sugar and Alcohol Institute (TAA).

The sugar policy that follecwed the creation of the Sugar and Alcchol Institute
was influenced by the policy cxperience in coffee, which at the time was the major foreign
exchange earner. Coffee policies in Brazil have been oriented towards the objective of achieving
high prices abroad through control of supply. One of the most drastic measurcs undertaken to
control supply occurred in the 1930s and during the Second World War when the government decided
to burn zbout 78 million bags of coffee to maintain prices in the intcrnational market at a
satisfactory level.

Along similar lines, the Sugar and Alcohol Institute was created to face the
continucd crises of overproduction and low prices that had been disturbing the sugar market  for
many years. It attecpted to achieve a balance between output and consu—ption through the
absorption each vear of a certain quantity of sugar-cane im the production of alecohol (Miller
Paiva, p. 167). In other words, the basic —ission of the IAA has been to achieve balance in the
production, consumption, and export of Brazil's sugar and alecchol. The TAA pursues these multiple
objectives by establishing yearly production goals, milling sad distillery quotas, and export
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targets. In addition, IAA has traditionally helped in financing the building of new alcohol
distileries linked to or adjoining existing sugar milla,

PROXLCOOL

In 1975 the government took a great leap forward and mandated the eventual com
plete replacement of gasoline with cthanol,

Owing to Brazil's relatively lengthy experience with cane~derived ethanol,
short-term needs have to date been derived from this source.

PROALCOOL, the major program of altcrnative energy sources using agricultural
biomass in the world. Tt is based on the following cconomic and social policy objectives:

. Tmproving balance of payments through the substitution of alternative energy
sources for imported fossil fuel and the exportation of alcohol.

. Increasing demand for domestic industrial products through the expansion,
modernization and construction of alcohol distilleries.

. Avoiding additional individual income concentration.

. Avoiding additional inequities of regional income distribution.

To attain these goals, PROALCOOL is supposed to utilize a variety of fecdstocks
other than sugarcane and molasses, including manioc, babassu, sorghum, sweet potatoes, other
starches, wood, and cellulosic materials. The use of different feedstock are considered as a
means of expanding the productive land bLase, increasing the seccurity of supplies through
diversi{ication and involving new-regions in the socio-economic benefits which may accrue from
the endeavor.

0f the alternative crops, manioc is now widely grown in Brazil, typically in
poorer and small-farm agricultural areas. The Northeast and South are the major producing areas.
Manioc can be harvested year-round in some areas or chapped, dried, and stored for off-season
processing. It can be grown under a wide range of soil and moisture conditions. For making alcohol
it requires a separate heat source which varies by region (coal, surplus bagasse, wood, etc.).
Since manioc is grown principally as a subsistence crop on small plots and with little improved
technology, the potential productivity under commercial conditions is not clear.Experimental work
in Brazil and elscwhere, however, suggests that substantial increases over current Brazilian
productivity levels are possible, One pilot plant operated with relative success.,

Manioc appears to be well suited to the cerrado region, though its adaptability
is not limited to that area, The cultural energy balance and volume of the crop needed to operate

an alcohol plant suggest that it should be grown in close proximity to the processing facility,
and that, to be economically viable, the yields must be increased. This may mean large plantings
and certainly a higher level of management and technology than manioc now receives,

Another alternative crop, sweet sorghum (Sorghum bicolor L. Moench) is a high
yielding biomass crop producing fermentable sugars (and cellulose) for conversion into ethyl
alcohol. Unlike sugarcane, sweet sorghum can be an attractive alcohol feedstock in the United
States and Europe. Its high drought tolerance and low nutriente requirements make sweet sorghum
a prime candidate for agriculturally-derived alcohol fuels.

The feasibility of expanded use of alcohol a2s a chemical feedstock are also
being studied. New distilleries, production incentives, and low world sugar prices combined " to
raise alcohol production more than fifteen fold since 1976, (Table g).

Table-6- Alcohol Production, 1970/1 to 1979/85
(Thousands of liters)

Crop Year Production Crop Year Production
1970/71 637,238 1978/79 2,451,576
1971/72 613,038 1979/80 3,800,000
1972/73 650,972 1980/81
1973/74 665,979 1981/82
1974/75 ' 624,985 1982/83
1975/76 555,627 1983/84
1976 /77 643,158 1984/85 ¢,100,000

1977/78 1,470,404
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The major technological problem is diminishing the cost of building of distil-
leries. At present the investment may reach US$ 12 million for a plant with a capacity of 500
barrels per day.

The technology for the manufacture of ethanol also has been criticized by several
experts as having negative net energy production efficiencies. Careful analysis of these claims
often reveals serious technical flaws. For example, some of those who see negative net energy
production efficiencies in ethanol plants are referring only to the use of a small portion of the
biomass feed such as the grain; the reizainder of the feed is ignored. Others often give noenergy
credits for the by-products produced along with alcohol; and still others consider only the
minufacture of pure alcohol, which is not necessary or perhaps even desirable when producing
alcohol for fuel (Purschwitz, 1981). In other words, the prescnt costs of producing alcohol may
be decresased by simplification of production methods, since prescnt processes, particularly in
developed countries, are based on the production of a grade of alcohol which is of specific taste,
color, and odor. Since these are of no concern in motor fuel, simplification in the process,
equipnment, and quality of raw materials are possible. As a result, labor and capital costs could
be reduced. Also, lower grades of raw material could be utilized in producing a cheap grade of
alcohol.

Ethanol costs are influenced by the capital investment in 2nd the financing of
the distillery, operating costs, and the by-product:credits. The cost of an cthanol
distillery for starch and sugar feedstocks is about US$ 1.00 - USS 2.00 for each gallon per year
of capacity. Distilleries that rely upon sugar feedstocks are more expensive than those wusing
starch, due to the equipment needed to handle the feedstock and to concentrate the sugar solution
to a syrup for storage.

In order to achieve the goal of 10.7 billion liters by 1985, Brazil was supposed
in-est US$ 6 billion in PROALCOOL between 1981-1985,

The Brazilian governmant remained the largest supplier of capital for PROALCOOL
providing both credit and technological assistance. Concessional financing was very attractive
for establishing distilleries and cxpanding crop production. This financing is currently split
between the industrial and agricultural sector,

Industrial sector financing included the financing of 80 percent of the total
cost of cstablishing distilleries or the modernization of old ones which use sugarcane as the raw
material. Financing of 30 percent was available for distilleries using alternative fecdstocks
(i.e. manioc). The interest rates varied according to region and feedstock, Distilleries linked
to sugar mills could have becen financed at & percent in the North and Northeast, but at 6 percent
in the Center or South. An autonomous distillery using sugarcane was financed at 3 percent and 5%
in the respective regions, Interest rates of 2 percent were available for distilleries using raw
materials other than sugarcane. Financing for all distillery projects was spread over a miaximum
of 12 years, with an initial 3 year grace period and 40 percent annual ronetary readjustment
based on National Treasury Indexed 3onds (ORTN).

Concessional financing for the agricultural sector was split between financing
investment costs (establishing sugarcane plantations or rencwing old ones) and financing
production costs, In both cases, financing of 100 percent of the cost of the project was avail-
able, In the case of financing investrent costs, interest rates of 15, 21, and 26 percent,
respectively, were set for small, medium and large farmers (located in the North/Northeast).

Other Bio-Energy Possibilities

Brazil is engaged in the research and production of other types of agri-fuels as
well. Oil supply problems and ever-rising prices have stimulated research into the use of
alternative fuels to extend or substitute for diesel fuel used in agricultural tractors. Vegetable
oils cbtained from sced crops show promise when used in diesel engines., lowever, observers
foresee two major problems with this technology: (1) difficulties in storing production, because
heat and humidity combined with bacteria can denature the oil, thereby making it inappropriate
for fuel purposes; (2) vegetable oils now and for the foreseeable future are high priced and can
probably be more profitably sold as edible oils,

The possibility of being 2ble to produce fuel from organic wastes is an
attractive proposition and has stimulated considerable international interest from time to time
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over the past 30 years. The anacrobic digestion of manures and many other biomass miterials
produces a gas known as biogas consisting of approximately 60 percent methane, 40 percent carbon
dioxide (containing small amounts of hydrogen sulfide); stabilized solids, consisting of vegetable
proteins and humus, potentially valuable as a feed additive or as a fertilizer and soil conditioner
and nutrients dissolved in the spent process water, suitable for grovwing algae for use as a
fertilizer.

In countries where sewage disposal systems are not adequate, anacrobic digestion
of night soil and other sewage- greatly reduces the presence of pathogenic organisms in the open
environment,

Hence, anacrobic digestion not only offers encrpy, feed, and fertilizer products
but it prevents environmental degradation of various kinds, Anaerobie digestion should thercfore
be viewcd in the light of all its benefits, not just the energy obtained. In recent years, Brazil
has made large investments in the development of biogas technology. Due to these cfforts and some
assistance from other countries, these technologies are considered ready for national diffusion,

In short, there arc numecrous factors that must be considered as we advance into
integrated food, feed, fiber, fuel, chemical feedstock, and fertilizer systems. We are also
beginning to rccognize that our liquid fuel problem is so scvere that it may well be in our best
national interests to embark on the production of non-petroleum liquid fuels even if they are
more expensive,

Fig. 3 HIGHLIGTS OF BRAZILIAN ALCOHOL PROGRAM
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Table 7 PROALCOOL HIGHLIGHTS

PETROLEUM INPORTS

- o B D e e e a6 0 N D D e a0 T 0 W ) aD W A 5 D G O W W m A o M o T O 6D B

Year 1973 1979 1980 1981 1982 1983

o o o e o e g o o T e A e T A e D BB G D A D D WD N % 05 D @ G W

Uss billions 0,7 6,5 9.4 9.7 8,6 6.8
8ar./day 649 597 876 777 734 644

e o o e AT e o o a8 et B e O T e o 8 S o 4 W Y

Source: Ministério das Minas e Energia

PERCENT COMPOSITION OF PETROLEUM REFINERY QUTPUT

REFINERY OUTPUT 1973 1979 1983
LPG 4.0 4,3 5,6
Gasoline 27.8 20,0 16,5
Haphtha 3,2 5,0 9,1
Diesel fuel 23,7 28,5 33.4
Kergsene 4,6 5.0 5.9
Fuel 01l 31,9 29,4 22,8
Others 4.8 7.8 6,7

o D G A e R D o o St Gy e W 8 N O D W W

* Source: HinistErio de Minas e  Energia, Auto Su
ficiéncia Energética, Um Cenario de Es-
tenszo do Modelo EnergBtico Brasileiro,
Brasilia, julho, 1984, p. 98,

DEPENDENCE ON FOREIGN SUPPLY OF ENERGY

Years 1573 1979 1983

i 34,2 37,5 22,2

Source; Ministcrio das Mipas e Fnerpia
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Table 7 - Evolution of liquid fuel consumption in high way transportation
in 000' TEP and percentage - Brazil 1973-1983

YEAR DIESEL OIL  GASOLINE  ETHYL ALCOHOL TOTAL
1973 5.290 10.269 233 15.792
33.5 65.0 1.5 100.0
1974 5.692 10.656 143 16.49]
34.5 64 .6 0.9 100.0
1975 6£.516 10.901 122 17.539
37.2 62.1 0.7 100.0
1976 7.577 10.783 128 18.488
41.0 58.3 0.7 100.0
1977 8.215 9,977 474 18.666
44.0 53.5 2.5 100.0
1978 8.864 10.183 1.116 20.163
44.0 50.5 5.5 100.0
1979 9.447 9.949 1.654 21.050
44.9 47.2 7.9 100.0
1980 10.274 8.613 1.955 20.842
49 .3 41.3 9.4 100.0
1981 10.045 8.196 1.727 19.968
50.3 41.1 8.6 100.0
1982 10.557 7.807 2.562 20.926
50.5 37.3 12.2 100.0
1983 10.575 6.668 3.570 20.813
50.8 32.0 17.2 100.0

Source: Ministerio das Minas e Energia, Balango [nergetico Nacional, Bra-
silia, 1984,
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Table 8
} REVENUE, EXPENDITURE AND PROTIT OF AN AGRO-INDUSTRIAL PROJECT FOR PRODUCTION.OF 29
BILLION LITERS A YEAR OF SUGARCAMNE ALCOIIOL FOR EXPORT. (USS/barrel)
Petroleu= | Pnice of | Manufacturing| _ _Ff;;'ght.' Total . Production Total
Year Price gasoline: expenses | ¥ =CNOUSING | €Xpenses, Unit of alcohol rofit
- p
(FOB) (1) @)  jodcustoms |} exeept profit | (10 billion) | (USS 10°
duties interest )
3
1985 35.0 492 24.6 26 27.2 22.0 - -
1986 36.3 50.7 246 26 27.2 235 - -
1987 37.6 52.2 246 26 27.2 25.0 91.2 23
1988 39.0 53.9 246 26 272 26.7 127.7 34
1989 40.5 55.6 24.6 2.6 27.2 284 164.2 47
1990 42,0 57.4 24.6 26 27.2 30.2 182.4 5.5
1991 43.0 58.5 24.6 2.6 21.2 313 182.4 5.7
1992 43.9 59.6 24.6 26 27.2 324 1824 59
1993 4.9 60.7 24.6 26 27.2 335 182.4 6.1
1994 46.0 619 246 2.6 27.2 .7 1824 6.3
1995 47.0 63.1 246 26 21.2 35.9 182.4 6.5

Prices as of August, 1933

(1) Price represcating « 2lue of alcohol for mixing with ==xline;

(2) Does not includz -=muncration of capital, since the .22 -unt referring to interest (sce other Table) already indicates the cost of this factor;
{3) Despite the meags ‘nformation available on the 2t of these charges, itis {elt that about 2.6 dollars per barrel will be sufficient:

(4) The prices adopiz? for the petrolenm and the gasol: may vary, but the sum indicated is likely to be close to reality.

Te>le 9
CASII FLOW DURING THE PE=.0D OF RECOVERE OF THE INVESTIMENT
IN THE PROJECTFORF SDUCING OF 29 MILLION LITERSOF
SUGARCANE ALC I0OL

(USS$ 10%
INITIAL lNTERESTFI_\'VESTIMENT PROFIT FINAL
YZAR | DEBIT IN [ "IN IN DEBIT
BALANCE| PERIOD ;: PERIOD PERIOD | BALANCE
U
1535 - - | 30 . 3.0
1536 3.0 0.3 | 6.0 - 9.3
1537 9.3 09 | 6.0 2.3 13.9
1538 13.9 14 1.0 3.4 14.9
1549 14.9 15 ¢ 1.0 4.7 12.7
1270 12.7 .3 . 1.0 5.5 9.5
1931 9.5 10 ! - 5.7 48
1972 4.8 0.5 & - 5.9 (0.6)

N.B: (1) 109 on initial debit balance




BRAZILIAR AUTOMOBILE INDUSTRY AND PROALCOOL

At present, alcohol is used by a fleet of 1.2 million cars (8% of the total)
especially manufactured to run on alcohol, whose consumption is 60,000 barrels of alcohol/day
(48,000 bep/day). In addition, the consumption of anhydrous alcohol as an extender of regular
gasoline (in a proportion of 21.4%Z in 1983) is estimated at 50 barrels of alcohol/day (41.2 bep/
day). At a rate of US$ 30/barrel of petroleum, more than US$ 1 billion of total imports will be
substituted. This constitutes 172 of total petroleum imports.

At present, alcohol mostly substitutes gasoline, Since Brazil his shifted to the
import of heavy oil, at the refinery level the production of diesel oil has been increased from
23-347 of imported oil, resulting in a 30Z increase in diesel availability due to alcohol
substitution of gasoline. Still, a certain gasolina surplus and diesel oil deficit is expected,
The agricultural sector directly uses about 1871 of total diesel oil and the transportation of
agricultural inputs and outputs is based on diesel trucks.

Supplement 1 illustrates how alcohol is beygining substituting dicsed in
production of alcohol. Chart shows the development growth of Brazilian automobile production.
It shows a decrease of regular gasoline driven cars and an increase in alcohol driven models.
Eventhough about 90% of new cars sold in Brazil are alcohol-using models some 240,000 gasoline-
models are to be exported in 1984,

One of Brazil's major foreign trade 1tems, the automoblle scctor has kept up 1ts
production pace and is one of the areas benefiting most from exports. More active in the
European market, especially since 1981 (with the launching of the Fiat Diesel), the expofit
programs are being continuously evaluated in order to achieve greater results,

In the last three vears., the Brazilian autermobile industry invested US$ 2billion
in its yroduction lines in crder o introduce ww products And the yeat stars of these investuents were
the so-called world cars, aimed mainly at transforming Brazil into a great export center,
competing with Japanese cars. General Motors spent US$ 500 willion in the ranufacturing of its
Monza, while Ford spent US$ 400 million for its Escort. And Fiat is ready to invest US$ 300 million
on its Uno world car, to be introduced in 1985. GM, which scems unwilling to stop, has announced
new luvestients for this year and next: US$ 250 million for product development and technical
research, aimed at the Brazilian market and the foreign one as well,

Busincssmen in the sector see Brazil as one of the few countries in the world
able to assemble cars and be competitive with the Japanese. Volkswagen will launch its Santana
world car this year exactly to make use of the advantages of producing in Brazil: cheap labor
(half that of Japan's), cxcellent quality, local source of raw materials for the autcmobile
industry and the Befiex (fiscal benefits for exporters) program. According tg¢ the figures
provided by the National Association of Motor Vehicle Manufacturers (ANFAVEA) the automcbile
industry grew 5% in 1983 over 1982, thanks to the gcneral world economic recovery and to the
popularity of the alcohol-fueled automobile with the Brazilian public, which has received strong
fiscal incentives from the federal government. The businessmen’s optimism doesn’t stop there:
they hope to increase by 5% in 1984 the 900 thousand units built in 1983, This increase could
reach 107, depending on government economic policy.

Heavy investments were also made in the bus industry, mainly for those buses
destined for mass transit in the great urban centers.
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Tablel0- production of Vehicles, Brazil, 1970-1983

Year Total Vehicles Automobiles Trucks Tractors
1970 413.202 343.480 38.388 16.607
1971 516.067 437.776 38.869 25.448
1972 609.470 509.303 50.150 34.549
1973 729.386 600.030 64.844 44,211
1974 905.103 750.237 76.631 52.741
1975 929.807 722.465 78.665 65.666
1976 985.469 827.260 83.895 71.713
1977 919.864 771.609 101.338 59.719
1978 1.063.217 920.897 86.319 55.874
1979 1.128.325 960.363 93.168 64.511
1980 1.165.217 977.695 102.056 69.993
1981 780.852 621.885 76.414 47.022
1982 859.295 715.743 46.698 37.566
1983 896.274 772.125 35.268 26.560

Source: Ministéerio da Industria e do Comercio
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LFEAD~FREE GASOLINE AND ALCOUOL

The Dispute Over Lead-Free Gasoline in Europe

while European auto makers have long built engines to lead-free specifications
for export models, auto pellution only recently surfaced as an important ¢nvironmental issue at
home. In mid-July, 1983, fneWest Cerman Interior Minister pushed a proposal through the Bonn cabinet
to require catalytic ceonverters and lead-free gasoline in all new cars sold in Gerimany beginning
in 1986. The plan could mean huge extra costs for consumers and auto wmakers  and could split the
European auto market down the middle between lead-free and leaded standards,

Germans were startled by the conservative governient's antipollution stance,
although public pressure has beem mounting over the problem of acid rain affecting Germany’s
forests.

Acid rain is a political, cconomic and environmental issue on both the continents
of North Arerica and Europe. To reduce sulfur dioxide cmissions and thus minimize acid rain,
legislative actions were taken in the carly 1970's and later modified in the U.8. and more
recently in certain Furopean countries. These actions mandated installation of air pollution
control cquipment, primarily flue pas desulfurization (FGD) systems, to remove most of the fly ash
and sulfur dioxide (502) from exhaust gases before they could be released into the environment.

At the last European Community meeting, it was understood that the Cermans were
roving along the same track as the United States reducing lead emissions to 0.15 parts per
million, When the German proposal "becomes law, Germans will be able to travel outside
Cermany only if the rest of European are kind cnough to supply them with lead—free pgas.

Carrany, as Europe's premier auto wmarket, has the clout to circumvent the slow-
turuing wheels of EC diplonacy. Some 21% of the cars sold in Europe end up on Cerman auvtobahns,
and the prospective requirement means that other Furopean carmakers may have o convert big portions
of their production to lead-free specifications {Businessweck, August 8, 1983),

A Europe  split into lcad-free and leaded murket segments would make a shambles
of market planning and exacerbate the bitter cross fire over EC trade barriers. If a divided
rarket resules, Corman manufacturers — who sell US$ 3 billion worth of cars to France and Italy
annually = could be the big losers.

On the lead-free side are the British, vho were shocked last spring by a blue-
ribbon-panel report on lead pollution that said the average blood-lead concentration among
Britons was extremely high. Lining up with Britain are the Scandinavians, Swiss, and Greeks, who
are anxious to protect the scon-to be refurbished Parthenon in Athens. Ranged against them in EC
discussions to set a timetable for conversion to lead-free standards are France and Italy, whe
are determined to protect domestic industries geared to high lead use. And Belgiuam is in the
middle,

The French government has invested heavily in research by Renault and Peugeot on
a highly efficient, leaded-fuel motor, which could begin production arcund the tiwe Germany's
lead=free rules go into effect. According to a French government spokesman: It will be up to the
consumer to decide which he prefers, an efficient car that consumers three liters of gasoline per
100 km or one that burns 10 liters of lead-free gasoline to go the same distance. (Businessweek,
August 8, 1983).

Still, the Germans arce confident that theEC Comnission will give at least tacit
support to a preemptive conversion, Their optimism appears tc be well-founded, With seven out of
10 EC mexbers in favor of lead-free, "economic pressures’ will force the others into line,

Even if the Europcans manage to agrce on a coron schedule for lead-free
standards, the problems for the European auto industry leom large. Conversion would entail
significant price increases, particularly for cars in the corpact—te-mini range, and may give a
competitive boost to large cars. "For them the extra cost is a throwsway", says one discouraged
scall-car sales executive, But Volkswagerwerk predicts a 10% rise in its average US$ 4,400 sales
price in Germany, Renault and Fiat may be hit even harder, as will U.5. mokers such as Ford and
GM, 1Their subsidiaries in Europe have moved apgressively into the small-car market., Opel launched
Gi's first mini ever in Europe last fall {(Economist, October 1, 1983},
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The actual result will be consider-hly higher car prices, an increase ingasoline
bills of as much as 10Z, and new maintenance cost which might add US$ 2.4 billion annually to the
expenses of German motorists, These increases could also put an cnd to the recovery of the
domestic German car market. And the timing of the conversion rules could wreak havoc. If, as some
auto makers fear, pre-1986 cars arc allowed to phase out over a 10-year period, sales of still-
legal leaded-fuel cars will skyrocket in 1985, while 1986 sales of lead~frce cars will be low,.

Vehiicle fuel consumption can be rcduced by increasing engine compression ratio but
this requires, 6 to ensure wnock-free operation, motor gasoline of higher octane number, which however
requires more cnergy in its manufacture since pasoline antiknock perfurmance1s measured by the octane
number of fuel, Until recently, tetra ¢thyl lead (TEL) was used as a gasoline additive or
antiknock booster. Precocupation with le.d poxsonlng and the introduction of catalyst cmissions
control systems on vehicles resulted in prohibition of using TEL or other antiknock boosters
dince these additives poison the catalyst units, making them ineffective as emissions contro{
devices. Also, the recent trend of increasing engine cocpression ratios to improve fuel economy
has resulted in an increased tendency of new automobile engines to knock with the available
unleaded gasoline fuels., Introduction of alcohol methanol and eth1nol into gasoline blends would
be expected to increase the optimum octane numbers, since alcohol have a high octane number,

Optimum octane number of alcohol gasoline blends and relevant percentaze of alcoliol neceded to
achieve minimum crude oil usage in the system refinery-engine in Europe has been studied by
Spencer and Brandberg (1982). The value of alcoholasablend component in terms of crude oil
saved is about one to one,

At present the United States Environmental Protection Agency EPA wants to reduce
the amount of lead in gasoline by 91% till the end 1986. The proposed rule would tighten the
current standard of 1.1 gram per gal to 0.1 gram in 1986 and ban all lead in gasoline by 1995
EPA estimated that the proposal would cost refiners about 578 million but would produce benefits
of about US$ 1,8 billion in reduced medical and vchicle main tenance costs (Businessweek, August
13, 1984).,

In addition to substituting lead and associated environmrntal impact the additiom
of ethanol to gasoline will

1) Somcwhat decrease hydrocarbon cmission

2) Significantly decrcase carbon monoxide emissions

3) Slightly increase nitrogen oxidcs emissons and

4) Significantly increase evaporative hydrocarbon emission,

In addition,massive use of ethanol will provide for partial energy self-
sufficiency based on the use of local sugar and agricultural wastelive cull potato. It can alse
diversify the foreign sources of cnergy from oil producer to agricultural products cxporters like
Brazil.

As noted, pasohol, gcnerally speaking, is less polluting than other fuels. This
is particularly the case in Brazil where blends may have a higher alcohol content than elscwhere
and where cars may run on pure alcohol rather than gasoline.

Table shows some test results found in Brazil. The percentage of carbon monoxide
in exhaust gases from 20% ethanol gasoline blend is 4.27 as opposed to 6.87 for pure gasoline.

One should observe the current controversy over the use of Icad anti-knock
agents in the petroleumbased First World countries. Clear indications of its effects are now
beyond dispute. Not only would gasohol help to ovecrcome this problem but a total ethanol basis
is Brazil would prevent the repetition of past pollution problems encountered in cities like Los
Angeles and Duisburg it their agravation with the rush to buy new car using leaded gasoline in
1975-76 or imported vehicle lateron.,
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Table 11 Percentage of carbon monoxide (CO) in cxhaust gases
according to alcohol-gasoline blendings and airf
combustible rclationship

Relat, Percentage of CO

AlrfCombuse, Gasoline 10% 20%
Alcohol Alcohol

15.1 0 1] 0

144 1.1 0 0

14.0 2.1 03 0

13.5 32 1.7 0.99

12.5 54 39 30

120 6.3 5.1 4.2

Source: Alcool Etilico, Avaliagao Tecnologica, December 1978, Cal. CNPg-
Table V1ii-3, p. 326.

Note: Data based on tests taken In a Chevrolet six-cylinder engine. It shows
that 20% of alcohol blend to gasoline, and a relation Combustible/air between
15.1 and 14.3 provokes a substantial reduction in hydrocarbons (HC) and ((_O)
but a considerable increase in NOx.



FINAL OBSERVATIONS

It is now abundantly clear to cveryone the degree of importance which energy.
has assumed on the international agenda. Oil imports account for. roughly seventy five per cent
of the energy nceds of Japan, sixty per cent for Western Euvrope, and twenty per cent for the
United States., The 1973 embargo by the major oil-producing countries in the Middle East resulted
in major upheavals in industrialized countries, upheavals that deronstrated their vulnerability,
added enormously to world-wide inflation, and disrupted the international monctary system.

The dependence on oil of the newly industrializing countries like Brazil, and in
fact of all countries, is a product of an industrialization based on the availability of cheap and
abundant encrgy. It is a contentious issue as to how much oil is still in the ground, but it is
clear that a major part of Xnown supplie resides under the control of a very small nurber of
countries. It is also clear that existing oil depcndence relations cananot be substantially or
quickly altered; rather the focus has to be on how future energy demands will be met.

Modifying the longer—term relationship is a technology-intensive problem that
requires present action, Alternative cuergy technologies, especially bio-encrgy, more intensive
oil exploitation and exploitation techniques, technology for deeper ocean drilling, envirommentally
safe coal mining techniques, improved and safer transport technology, more cfficient technologies
for cnergy consumption, are all relevant objectives that require R & D investments well in advance
of their realization. More difficult than the problems thcmselves is the analysis of the wisest
R & D resource allocation awong these objectives, since they cannot all be given the same priority.
Such analysis necessarily requires broad studies that involve the interaction of scientific and
technological with political and cconomic factors,

World population of 4 billionatpresent, 7 billion projected for the year 2000
and 16 billion projected for the year 2135 give some idea of the challenge that face markind to
feed a rapidly growing population. Fcod production increascs comacnsurate with the expected
populacion increases will be required to miintain the present less-than adequate nutritional
levels, Resources including energy to produce this food are limited,

To produce food for the world's incrcasing human population will requirecmany more
agricultural energy irputs than are now required, It is unknown and difficult to predict, hewever,
whether par capita energy requirements for food production will increase or decrcase in the future
(Fluck & Baird, 1980).

The energy crisis is an opportunity for farwers and agricultural rescarch workers
to turn their creativity to shaping cnergy alternatives suitable to farm needs. It is suggested
that lower energy input and higher output characteristics be considered in breeding and selection
of the new varieties. Research orientation formulated during the next few ycars will affect what
people throughout the world will eat and use as energy in the year 2 000.

Most serious analyses point out that the long-term trends for cnergy demand and
energy supply indicate thataserious cnergy shortage is expected, especially for oil. This is
likely to give rising energy prices.

The energy crisis, brought about by diminishing oil reserves and escalating
prices, is inevitably making itself felt both in developing and developad oil importing countries.,
These countries rely on oil for transport, as well as for agricultural and industrial processes.
Alternative fossil fuels, such as coal, are not avallable in many of these countries; and
destruction of forests for fuel is cvident in many arecas of the Third World. The production of
fucls from waste agricultural materials, or from ecnergy crops, makes considerable sense on
economical as well as social grounds, in situations where no replacement for petroleum or diesel-
oil are . othervise available,

Furtherrore, once ambitious development programsare completed, the oil supplies
from the traditional oil-exporting countries could be gradually reduced because of more
conservationist preferences {(Al-Chalabi, 1979). Finally, the oil supplies from the Middle East
could be at least partially disrupted because of political events and possible superpower
competition (Noreng, 1381). The prospect of these developmentsis central to the objective relatiom
ship between partial useof abioenergy alternative and full dependence on imported oil in Europe.
Growing energy crops is sometimes considered as competitive with producing food. Even though in the
short-term, certain substitution may occur (Mello, 1982), given developzent of new scientifie
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frontiers, particularly bio-technology and genetic engincering,bio-energy alternative for food-feed
erops will provide additional initiative for agricultural development and can be used as a buffer
or hedging mechanism against frequent fall in comnodity prices through integrated food-feed-bio=-
energy production systems., These systems in addition to partial or full energy self-sufficiuvncy of
agricultural production units could shift from bio-energy fuel to food and feed production (Agide,
Yeganiantz, 1982).

Brazil is poorly endowed with orsanic fuels, either coal or petroleum;
consequently, intheearly seventies it imported more than B0 percent of its petroleum nceds. The
rapid growth of its automobile and truck fleets as well as the rapid cconomic growth of the
country and the rise in world petroleum prices have caused petroleum to become a major component
of its total import bill, increasing from 10Z in 1972 to more than 50% of its export earnings im
1980. This has also resulted in accumulated growth of foreign debt that :otaled 100 billion
dollars in 1984,

Brazilian agriculture has been called upon to make a major contribution through
the expansion of crops with energy-producing biomass capacity to reduce Brazil's heavy dependence
on imported petroleum,

At the present time in Brazil there are many processes and concepts which are
being developed and studied for producing alcohol fuel from several types of biomass fcedstocks.
Massive investments aimed at reducing dependence on iwmported oil have been made, notably through
the conversion of sugarcane to alcolol.

After a relative success of theBrazilian experience, various proposals have.been made
in which a major portion of a country's petroleum needs would be supplied by cultivating specifie
crops. Can Germany and other Common Market countries use the same approach as Brazil? The .Cerman
Federal Republic and other Europcan countries cannot afford to use farmland for fuel as Brasil
does, but they still have some possibilities of producing fuel from biomass.

Approximately one quarter of the food produced throughout the world never reaches
the consumer because the food is damaged before consumption. Typical exanples include cull
potatoes, that increase the percentage of sced potato used in developing countries and constitute
the wajor portion of potato used as fced in developed countries,

As a result, countries like Cermany can use agricultural waste like cull potatocs
and eventually most of it sugar beet for alcohol production, This is due to the fact that sugar
as a-food preduct is expected .to drastically decrease in the future as has been described earlier
in this paper, They can also provide markct for potential alcohol exporting countries like Brasil.

The global cnergy problem 1s so difficult that no nation acting alone can solve
it. Yet fer the necessary international cooperation to succeed, there must be individual country
efforts that could be used as a base of shared understanding of the nature of the problem and its
possible solutions. The Brazilian Alcohol Programa (PROALCOOL) has aspired to contribute to the
development of a possible solution at least for some countries.

The lean burn and soot free performance of alcohol fuel show that alcohol fuel has an
advantage over gasoline or diesel fuel for cxhaust emissions control as a result.
The use of alcohol helps to solve the greatest environmental problem facing
nations:carbon monoxide emissions form combustion engines. Among the wost susceptable groups are
undernourished children, taxi drivers, traffic policeman and many others,

In spite of clear-air programs in many cities, a general tendency for smog to
incrcase in urban and industrial areas can be observed directly in most parts of the World.

Investigation and analysis of the cnvironmental constraints on the development
of alternative resources for the generation of cnerpgy in Brazil includes environmental control
technolopy for chemical effluents and characterization and evaluation of chemical effluents like
aldehyde, Definition of the nceds for cnvironmental controls and evaluation of alternative environ
rmental control technologies constitutes a major precocupation of Brazilian technicians and
responsible authorities. Until now, all indications are that alcohol fuels significantly diminish
air pollution, This justifies local production and some imports of alcohol instead of petroleum
as socially and economically desirable policies,
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ABSTRACT

The Brazilian alcchol Program, in 1983
produced alcohol for more than one million
cars {BZ of toral), especially manufacztured
to run on alcohol. In addition, the
¢onsumption of anhydrous alcohol, as an
gxtender of regular gasoline, reached 21.42
{in the sace yecar. A new policy of marking
aleohsl production in Brazil encrgy-self-
gufficient and independent of ircported
petroleum has bzen initiated, Some of the
33,000 trucks that originally used diesel
fuel have been converted te alechol. Of sowe
34,000 tractors used on farms for alcohcl
production, 500 of them have already been
‘shifted to alcohol use. It is esrimated that
sope 90X of the tractors can be converted to
alcohol at a total cost of US$ 7.5 million.
This will result in savings of about 4% of
the total oil imports in 1983, or the
equivalent of some 330 million dollars of
foreign cxchange at 1983 prices. The alcchol
consumption needed for this cunversion is
about 10% of the 1983 production level, Some
181 percent of alcohol production could
theoretically provide encrgy sell-sufficiency
for fuel alcohol production in Brazil.

INTRODUCTION

The Brazilian Alcohol Program, established in .
1975, was designed to reduce petroleumimporca
initially through the addition of achydrous
ethanol into regular gasolines, and later
through the urilization of straight 2thanol,
94-969 Cl., in especially manufactured internal
combustion engine powered cars and light
trucks.

Puring the first period of the program, from
1876 unctil 1979, achvdrous alcohol was added
to the regular gisolinas up to 207 by volume
wvhile pure erhanol was only consumed by
controlled fleet under running tests, By 1979

the aleohol psoduction of Brazil wvas about
2.492 x 106 m? Uhile the consumption was about

2.56 x 10% @3, This fact was responsible for

reducing ga2soline consumption by 2.0x 105 md.

In 1980 the Brazilian avtomotive industries
manufactured and sold over 150,000 ethanol
powered cars. Besides this, atout 50,000 cars
vere converted to Tun on stiraipght ecthacol, By
the end of 1983 from a roral fleet of about
12 million cars, over onermillionwere running
on straight ethanol. The consumption of
anhydrous alcohol as an extender for regular
gasolines (gasohol) during the same year
reached the 21.47% lavel.

Figure 1 shows the production, expore,
consumption as fuel, and industrial use of

ethanol in Brazil,

{e) Extimate

}/’ ponenne®

£
& Production /
- ™ f
- [ =
- 74 Y]
-
2 [
H o F) 2
[ g, & -
o F
R e 4 5
E”E s .,-'
2. ? 7 o
o ® VS
S e
€2 =" Lo Fual camumption
= e
TE - '
T Ed a®
= o -
a 4 a®
Y 3 P B
3
F3
(=3
=
L4

Chemical industry
(X3 eonsumplion

8 &0 & 82 83

Figure 1. Evolution of alcohol production,
consunption and export in Brazil.



In apite of the great success of the alcohel
program for cars and light trucks, little
effort had baen put into direct diesel fuel
gubstitution until the end for 1979. However,
diminished derand for gasclirne resulted im a
lover percentage of gasoline being produced
during refining and catalytie cracking,
fncreasing the awount of other derivatives,
particularly diesel fuel. The actual refiving
process today is yielding about 34% diesel
fuel vhile before 1580 only 26Z of the outpuc
from the petroleum rafining process vas diesel
fuel, This lsrge increase in diesel fuel
yield has helped to reduce petroleum
iwportation as well as permitted an increase
in toral diesel fuel consumption.

Figure 2 shcws recent trends in Brazilian
fuel consumption patterns. It will be noted
that diesel usage accelerated at a faster pace
than alcohol in the late 1970's, while
gasoline usage declined in the same period.
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POTENTTAL IMPACT OF THE SELF-RELIANCE PROCRAM

Ar pregent, nearly 1B% of the diesel fuel in
Brazil is consumed on farms and in related
activities. If we consider the potential for
alcohol powered tractors to achieve a
significant fractiocn of the 500,000 tractors
in the total Brazilian fleet, savings 1in
diesel consumption will be worthwhile. Also,
trucks used for transporring sugarcane nucbher
about 33,000 and account for a part of rural
diesel demand.

But more importantly, future expansion of
alcohol production capacity should be
accomplished on the basis of the program's
self-reliance on alcohol, not petroleum. An
analysis of energy and costs, including
machinery investments, involved in the
production of alcohel to meet 1985 PRCALCOOL
objectives is presented in outline form:

A. PROALCOOL GOAL (1985): 9.9 x 10° LITERS

Sugar cane yield: 70 t/ha.year

Alcohol yield: 70 £/ha. year.

Area necessarys: 2,020,000 ha (for ecthanol)
production - does not include cane for sugar)

B. INDUSTRTAL INSTALLATIONS

. Distilleries wicth 120 m3/day: 550 units

. Weight of each distillery: 2,500 ¢

« Total weight of distilleries: 1,375,000 ¢

. ITovestment in industrial installations unitc
cost {Turn key): US$ 4 million
Total cost: US$ 2,200 millions.

C. AGRICULTURAL MACHINERY
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Figure 2. Trends in Brazilian fuel consucption

Increasing dependence on foreign petroleum
icports exposes all secrtors of the national
economy to unpredictable bucr extremely
dazaging interruptions in the normal avail-
ability of these fucls. Such interruptions
con be especially disostrous in the case of
sgriculture and the food industry where liquid
fuel needs are geascnal and cannot be

Agricultural ) Total

vachinery "YU Leighe (&) weight (t)
plovs 23,000 1.2 227,000
.discs 23,000 0.8 18,400
.cultivarors 11,000 0.3 3,300
.planters 11,000 0.8 B,B800
.Sprayers 8,000 0.3 24,000
.cane loaders 10,000 7.0 70,000
.wagens 11,000 2,0 22,000
.trucks 15,000 6.0 90,000
stractors 23,000 5.7 132,000
Total rachinery weights 370,000




Jovestrent in agricultural equipment:

Average price per unit- Total cost

Hachine

Us§/kg Us$ million
Tractors 5.50 7126
Icplements 3.00 Lbh
Trucks 6,00 540

Total costs 1,710

D. BUILT IN ENERGY

The built-in energy estimated to manufacture
agriecultural machinery, including tractors,
implements and trucks, is bosed on costs of
US$ 47.70/MG (Pimentel, 1973; Moreira, 1580),
aod 14.65 MG/kg as the average energy
pecessary to produce all the distillery
equipment and installation. Therefore 14
million barrels of petroleumis the equivalent
energy toproduce the 370,000 t. of agricultural
equipment, while only 3.61 million barrels of
petyoleun is the equivalent energy to build
and install the 550 distillerics.Considering
that alcohol produced in a sirgle year has
encrgy equivalent to 37 million barrels of
petroleum, one can conclude that the built-in
ensrgy for all equipment accounts for less
than 52 of the alcohol energy ocutput. It is
inportant to note that most of the builet-in
energy for the mentioned equipment cames from
coke, charcoal, and hydroclectricity. Only a
small percent comes from petroleum
derivatives, that should be replaced by
ethanol,

E, ENERGY CONSUMPTION AND COSTS IN BIOMASSA
PRODUCTION

Alcohol production in Brazil is heavily based
on sugar cane plantations. An estimate of
energy ilnputs and costs iIs based on current
sprenomic practices. Three cuttings every
four years represents an acceptable average
for the brazilian alcohol program, Table 1
shovs energy consumprtion and costs per
hectare of sugar cane,

Cost of cane at the distillery (unloaded}
US$ 9.34, based on petroleum at US$ 30.00/
barrel),

If the price of petroleus increase to
US$ 43.00/barrel, the cost of sugar cane at
the unloading dock would rise toUS$§11.02/c.

Considering that the average sugar cane yield
f# 70 t/ha.year, and current tecloology
permits alcchol yields of 70 £/r, then

4,900 liters of ethanol is obtained per
hectare per year. Based on Table 1, cost of
alcohol at distilleries is abour US$ 0.19/2
or U3$ 30.31/barrel. This figure is based on
US$ 654,00 to procuce sugar csne per hectare
per year, producing 4,900 lit=srs of alcohol.
The industrial cost or processing cost is
estimated as 302 of the total cost, Sugar
cane stalks delivered to the distilleries
Tepresent about 70% of the alcohol cost,

Teble 1 = Energy consuerption and costs per
hectare of sugar canme (3 cutcings

in & years)

Average Toral E S?er$y
Icputs Consumption Cost/ha qurvatent

per hectare (US$/ha) per heccare

{rcal/ha.vear)

Lzbor 2585 man 90 PEYS
Tractor 27 h 55 224
Implements 27 h 9 100
Truck 20 6% 180
Fuel (dicsel):
.Tractors 100 £ 27 920
.Trucks 105 £ 28 966
Fertilizers
N 72 kg 60 1,029
Fq05 60 kg 45 138
Ka0 72 kg 35 151
Lima 0.75 ¢ 12 90
Chemicalsg
.Herbicides 4.90 kg 40 362
Insecticides 0.70 kg A.I. 9 56
Seed cane 2.5 ¢ 26 248
Sub Total 501 5,752
Interests + Taxes + Profit- 153
Total 654

Average cane yleld: 70 £/ha year
Alcohol yield: 4,900 £/ha year

It is also assumed that within the self-
reliance program, all 15,000 new or adapted
erucks and 23,000 new or adapted tractors
could be alcohol powered, representing 205
liters of diesel fuel per hectare per year.
For the 2,020,000 ha planted with sugar cane,
2,604,400 barrels of diesel, «could be saved,
The 205 liters of diesel fuel per hectare can
be yeplaced by 348 liters of ethanol, at a
rate of 1.7 liters of ethanel per liter of
displaced diesel fuel (Finch et al., 1982).
This represents only 7.1%Z of the total
alcohol outpur per hectare, or about 4.4
million barrels of alcobol per year. Clearly



only & amall incresse (7.64X) im land planted
to svgar cane is needed to sustain the self-
reliance program in terms of direct fuel
requirecent while keeping the PROALCOOL
target at its projected level.

On an overall energy basis, the analysis
ghows a positive balance, giving theoverall
output to input ratio equal to 5.5, This means
that 18.27 of the ethanol prcduced vould be
sufficient to provide the tozal equivalent
energy input for sugar cane production,

No extra energy source is needed in the
industrial processing plant (distillery),
gince the sugar cane bagasse provides all the
energy required within the plant, through
direct burning in special furnaces for steawm
production.

F. RELTABILLTY OF ALCOHOL TRACTORS

Reliability and long life are assured by
using exiating Diesel cycle alecohol compatible
cosponents in conjunction with an essentially
diesel block base. This providas an end product
designed for the same rupggedness needed for
the agricultural environment as the diesel
engine it replaces. With proper selection,
the desired reliability is mz2intained regard-
less of whether the alcohel engine be
“"factory" made or transformed from a
canventional diesel engine using either the
Otto or Diesel cycle.

Brezilian experience imcludes: 1) Cormercially
produced tractors such as: MASSEY FERGUSON,
using an Otto cycle based on diesel block;
VALMET, using a MwM Diesel cycle employing a
pilot injection diesel, with 10 to 207 diesel
fuel, and a second injection sytem to inject
80 to 90Z of the corplementary energy &s
alcohol; CBT, with one model using the Otte
cycle from vehicular application and another
model using an Otto cycle based on diesel
block: and FORD, using an Otto cycle cndiesel
block; 2) Tractor test fleet, based on ten
prototypes, produced by FORD and operated by
EMBRAPA for almost five years, Untill mow,
their performance gives reason to believe
that engine life of alcohol tracrors will be
as good as the diesel equivalent vhendesigned
to diesel ruggedness.

G. ALCOHQOL TRACTOR COSTS

In terma of conversion cost, the price of new
alcohol powered machinery is comparable to

traditional diesel powered units. Tt has also
been estimated that, at present, the cost of
converting a four cylinder engine tractor Srom
diesel fuel to carburated alcohol {Ottocycle)
is on the order of US$ 350.00.It is estimaced
that abouvt 21,000 tractors can be converced
to alcohol at a toral cost of US$ 7,5 millions,
Thig will result in savings of about &4Z of
the total eil impores in 1985, or the
equivalent of sowme 350 million dollars in
foreign exchange at 1983 prices, without
considering foreign exchange earnings that
could be generated by exporting surplus
gasoline and other petroleum based products.

FURTHER POSSIBILITY OF ENERGY SELF~-
SUFICIENCY OF AGRICULTURAL PRODUCTION UNITS

Motivated by the relative success of the
alcohol program, Brazilian scientists are
working hard on the unsolved problems of
producing and consarving energy inagriculture
and on ways of supplying au important parc of
energy neads on the farm, Figures 3 and &
represents simplified self-explanatory flow
charts of Integrated Food-Feed-3io-Energy
Production Systems (Cabral et al., 1932). It
is not expecred chat all components presented
in the flow chart will be included in the
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Figure 3, Material & Energy Flow of an
On-Farm Energy System Option




game production unit., EMBRAPA - Brazilian
Agricultural Research Organization - has
gseveral systems implanted invarious research
centers designed to provide energy self-
gufficiency for the centers, based onspecifie
biomasses regionally selccted. These systenms,
{n addition to generating part of the fuel
peeded by the experiment stations, provide
detailed operarional data and are used for
dezcnstration purposes.
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Figure 4. Integrated Food-Feed-Bio-Inergy
Production Systems

CONCLUDING REMARKS

Agriculture is the process of coverting the
cnergy of the sun into products for human
use, This gives agriculture adual personality
with respect to cnergy-it both uses it and
produces it. In addition, mest crop procduction
is energy-efficient; 1.e., even with rodern
energy-intensive cropping methods,
sgricultural activities generally yield more
energy than they use., As aresult,agricultural
activities can be largely seclf-sufficient in
terms of cnergy. This paper shows how the
production of fuel alcchol can be rade nearly
independent in relation to fossil frels. It
also gives seme ideas en how agricultural
production units can becone self-sufficient
in term of cnergy inputs,
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THE ENVIROWMENTAL IMPACT OF THE BRAZILIAN BIQ-SMERGY PROGRAM
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silia, Brazil.

Introduction

Yhile urbanization is an important dimension of economic andsocial
progress, the rapid growth of major urban concentrations in the developing
countries is creating enormous demands for shelter, health care and transpor
tation. Rising construction and maintenance costs are pushing the costs of
adequate housing beyond the reach of low-income Tamilies. Housing costs are
forcing land-use patierns which seperate employee's place of residence  from
their job location. The need to commute over long distances and the expense
involved tend to reduce employment opportunities. for the least mobile. In
addition, air pollution in the cities, resulting from industrialization ard
from a growing number of cars, necessitates low-cost solutions which permit
more resources to be allocated to other basic needs. Since capital resources
are likely to remain scarce in many countries, basic needs will have to be met
through the use of innovative technologies. Thase include measures to reduce
air pollution caused by the large number oFf motor vehicles in urban areas.

Ridker (1980) estimated that in 1975, demage costs frommajor pollu
tants was $ 37 billion and control costs were $ 9.1 billion. The same author
estimated that a decreese in damage costs of these pollutants from $§ 37 bil-
!Tion to $ 27 billion between the years 1975 and 2025 will result ina rise of
$ 68.3 billion in control costs in the United States. ,

L. Barrett and N. Waddel in 1972 estimated that the direct cost of
air pollution in the United States is $ 16.1 billion per year, or - more.than
$ 80.00 per person. This figure does not include indirect costs or the substan
tial effects on human and other organisms.,

The pollution level in Japan is between 10 and 40 times greater
than in other industrial states. The result has been the proliferation of bi
zarre, pollution-related diseases: Minameta disease (ma2rcury poisoning), Tai-
tai (Cadmium poisoning), PCB (Polych]or1nated biphenyl poisoning), and Yokkai
cni (asthma) (Stunkel, 1981).

These diseases, which have killed or disabled thousands, are the
direct consequence of economic growth and the resulting industrial activities
which produce millions of tons of industrial wastes per year.

As a country gets richer and pollutes more, its standards of pollu
tion control rise. More and more must be spent to protect the environment, and
higher levels of pollution abatemasnt are necessary.

Although it is reasonably certain that high air pollution affects
the death rate, it would be difficult to prove that this pollution decreases
the average 1ife expectancy by more than a year or two, as a national average.
At the same tim=, we know that excess poverty may reduce life expectancy by
as much as thirty years. Therefore, most people would have no difficultyin
making a choice; they prefer the 1ncreased wealth and affluence of industrial
jzation even at the cost of polluted air and water.

As a result, Brazilian industries including the world's ninth larg
est automotive complex, in attempting to maintain a competitive advantage in
the export market, accordina to Erickson {1981) "have externalized the social
and health costs of polluted air and water upon nearby populations”.

Rather than underteking time consuming, costly studies of the ef-
fects of pollution on nealth, Erazil can utilizeé the results of other countries
which have carried out scientific investigations into the health and welfare
effects of air pollutents resulting from motor vehicles,
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It is the 2im of this paper to provide scme rough and aggrecate
measures of the economic costs to Brazilian society of urban air pollution
from cars and io project the decrease that may result from the increased use
of alcohol in place of gasoline while recognizing that costs vary with many
local factors which have not been taken into account in this paper.

In estimating total pollution cost and the impact of the alcohol
program, the overall (sometimes simplifiesd) methodology as caveloped by.Small
(1977) was applied. However, due to missing data and the unpublished nature
of some statistics 2s well as the problem of limited space, the results have
been presented as assumptions used to calculate the parameters needed.

An Example of how to Estimate the Cost of Air Pollution in Brazil

Two categories of air pollution damage costs have been estimated
for the year 1985: health-sanitation cost and property demage cost.

1. The health - sanitation cost was estimated by using the household expendi
ture survey for 1974 and giving it a growth rate proportional to its income
elasticity for various parts of the country. The final value for 1985 was
US$ 95,00 per urban resident. The health-sanitation expenditure due to air
pollution was assumed to account for 4% of this cost
Health Sanitation Cost = 68 X 10° X 95 X 0.4 = Uss 258,4 X 10°

2. Property damage cost from air pollution, allowing for depreciation and in
creased maintenance costs due to pollution, was estimated at a yearly rate
of 0.5% of total residential housing value. This value was computed by
using a weighted average of the construction cost of residential housing,
estimated at US$ 180,00 per square meter, allowing 8 m€ for each urban re
sident. Total urban population {cities of 100,000 or more inhabitants) was
estimated to reach 68 million by 1985.

Property Damage Cost = 68 X 'IO6 X8 X180 X 0.005 = US$ 489,6 X 10

The air pollution damage costs from these two categories is esti
mated at USS 748 million or US$ 11.00 per urban resident. This estimate does
not include morbidity and mortality costs, damage to public, commercial and
historic buildings, urban vegetation, agricultural production and other da
mages.

6

Automobile Emissions in Brazil

Detailed data on automotive pollutant levels in Brazil's major ci
ties are not available. Occasional data from specific projects on &ir quality
measurement Tor Sao Paulo and Rio de Janeiro are available howaver. There is
little doubt that air pollution is severe is many Brazilian cities and that
automobiles make a significant contribution to this pollution.

The following items contribute to the high level of carpollutants:

1. Brazil is an urtanized country and at present 52% of the population Tlives
in cities with a population greater than 100,000. The majority of this
population is heavily dependent on motor vehicles for transportation.

2. Due to their tropical location, Brazilian cities experience much sunshine,
with the result that the potential for the formation of photochemical oxi
dants from unburnad hydrocarbons and oxides of nitrogen is high. -

3. Approximately 36% of ithe Brazilian urban population of 68 million will be
below 12 years of age in 1935 and thus more susceptible to the effects of
air pollution.
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Table 1 - Emission cffects of Ethanol Usage in Brazil

Percent Difference in ;
] Emissions Compared to Gasoline am/m
Type of Vehicle Fuel ! Aldehyde
co HC NOx Aldeh, | Evap.
Brazilian Onala, |Brazilian
No Emission Gas vs. 20% -33% | -33%2 | +38% | +114% HR .07 gm/m
Controls 1/ Braz. Ethanol
Brazilian 1976
1.4L secan®* 20% Braz. _aqw 1gw .
w/production Ethanol 39? 15% NR 0 NR .06 gm/m
calibration 2/
3razilian 2.3L
Truck** with 20% Braz. _aaw | yrw _
Production Cali~ |Ethanol 33% 155 | +1% 75% NR -23 gm/m
bration 2/ I
Brazilian Opala, |Brazilian _
flo Emission gas vs. 10% -15% | -16% | +27% | +71% +2.5%0 .12 am/m
Controls 1/ Braz. Ethanol _
Brazilien 1976 .
}.4L sedan** 100% Ethanol | -64% | -17% NR +325% NR .26 gm/m
recalibrated 2/
Brazilian 2.3L
Truck** recal- o _ o o
librated for 100% Ethanol 84% 32% +5% | +107% NR 1.8 gm/m
max. economy 2/
Brazilian 2.3L
Truck** recal- PR P
Tibrated for 100% Ethanol 6% 34% 42% | +16% NR 1.01 gm/m
max. power g/

** Hot CVX

* Baseline aldehyde on gasoline was reported at 0.87 gm/m, which is far
higher than for other vehicles in the report.

Source: R. Furey & M. Jackson, Exhaust and Evaporative Emissions from a Bra-
zilian Chevrolet Fueled with Ethanol-GasoTine Blends, GM Kesearch
1/ Labs, ¥Warren. MI, Report GFR-2403, June 1977 and G. K. Chui et alii,

Brazilian Vehicle Calibration for £thanol Fuels,

Ford Engineering

2/ and Research Starf, U.STA. and F. Pinto, Ford of Brazil. (Undated -
~ vsed 1976 and 1978 vehicles).

and malnutrition 1in
urtan areas, resulting in people being more susceptible topolluticnefiects,

4. There is a significant incidence of poverty

5. Thare are about 12 million notor vehicles in Brazil (mid-1982)

then 50% of these venhicles are found in urban arzas.

and

Brazil's

more



I1-4

Table 2 - Various BEmissions in gr./km

ission @, i @ ! M N | Aldehydes
Vehicle ' : : : :
MAL  Ethanol 185,87 5,21 0,99 1,25 0,136
MA2  Ethanol 185,07 9,88 0,52 1,78 0,162
MA3  Gasoline 165,57 53,06 3,03 0,8 0,019
MA4  Gasoline 167,55 27,24 2,55 1,43 0,052
MBL  Ethanol 152,64 25,87 2,97 1,04 0,197
MB2  Gasoline 114,82 59,01 5,19 0,93 0,037
MES  Gesoline 149,25 65,72 8,53 0,97 0,057
Ml Ethanol 157,27 17,31 2,24 1,12 0,150
MC2  Ethanol 161,97 19,63 0,75 1,04 0,161
MC3  Ethanol 168,01 12,43 0,54 0,89 0,135
MDI  Gasoline 186,94 24,10 1,98 1,27 0,018
MD2  Gasoline 168,71 21,02 2,37 1,40 0,033
MEL  Ethanol 171,79 15,58 1,42 1,66 0,223
MFL  Ethanol 166,75 9,12 0,41 1,55 0,113

Note: MA, MB, MC, MD, ME, MF = Different models used

SOURCE: Nelson Nefussi, Jodo Vicente de RAssuncao, Mancel Paulo Ge Toledo, Al-
fred Silvio Castelli, Comparagdo entie Emissces de Poluentes de Vel
cules a Alcool e a Gasolina, XI Congresso Brasileiro ée Engenharia Sa
nitiria e Ambiental, Fortaleza, 20-25 de Sztembro Ge 1981, mimeog.

p. 9.

6. High levels of industrialization and concentration of industries within
urban limits, together with weak or non-existent pollution controls had
already created high levels of pollution even without cars.

7. Variation in percentage of ethanol added to casoline and the resulting
poor engine adjustmant in terms of optimum air-fuel mixture contributes
to emission related problems.

The Impact on Air Pollution of the Brazilian Alcohol Program-Proalcool

Proalcool plans to allocate the 10.7 billion-1iter 1985 production
target in the following manner:

1. 6.1 billion liters of hydrous alcohol to fuel vehicles adepted to run on
pure 2lcohol.

2. 3.1 billion liters of anhydrous alcohol to blend with gasoline in 20.80
mix and

3. 1.5 billion liters of alcohol{not considered here} to be used in the pe-
trochemical industry.
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Table 3 - Change in Emissions in Urban Arcas Resulting From Implementation
of Brazilian Alcohol Frogram (Compared to unblended gasoline)

80% Gesoline (12.4 bil:z £)

Hyérous Alcmol plus _
Anhydrous Alcohol (3.1 bil. £)
VOLUME 6.1 bil. 2 15.5 bil. £
MILEAGE
Km/£€ 8.8 km 10.1 km
TOTAL TRAVEL
(per year) 53.68 bil./km 156.55 bil. /km
LURBAN TRAVEL

(70% of Hyd. Al.
and 38% Gas-Al.

Mixture)

CHANGE IN EMISSION

co
Tons/bil. km
Total - tons
HC

Tons/bil. km
Total =~ tons
NO
—x

Tons/bil. km
Total - tons
ALDEHYDES

Tons/bil. km
Total - tons

3758 bil./km 59.49 bil./km
-27,310.00 -15,008.4
-1,026,309.8 -892,849.7
-1,680.0 -'938.8
-100,714.4 -55,849.7
+150.0 +280.0
+5,637.0 +16,657.2
+128 +33.0
+4,810.2 “+1,%6.7

SOURCE: Tables: 1 and 2.

Average percentage change of engine and vehicle emission data

(according to latest studies published) presented in tables 1 and 2 can be
summarized as follows:

co HC NOx Aldehyde
Pure Ethanol -65% -69% +13% (difference due to +441%
20% mixture  -36% -24% +24% engine calibration)

These percentages applied to the absolute values of Table 2
result in the following changes in gr/km:

co HC HO Aldehydes
Pure Ethanol -27,31 -2,68  +0,13 +0,128
2C% mixture  -15,01 -0,94 +0,28 +0,033
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TABLE 4 - Air Pollution Cost due to Implementation of the Brazilian Alcohol
Program: Changs in Quantity and USS Valuz of this Change.

Type of Cost/ton Change in Quantity ‘ Total Value of
Pollution US$ 1/ Tons/year = 3 Change USS 6/
co 11.20 - 1.914,159.5 - 21,484,585

HC 172.80 - 158,564 --27,054,27¢
Nﬁx 570.00 + 22,294.2 + 3,652,462
Aldehyde HA + 6.401.1 NA

Sub Total - 44 B9& 409
Potential - 7.82 {billion - 5.3 - 41,446,000
pollution liters-gasoline {(Us$ million

cost of equivalent 2/ per billion

refining Jiters) &/

Gasoline

to be substituted

Potential - 7.82 (billion - 6.0 - 46,920,000
pollution liters {US$ million

cost of gasoline per billion

1ead in gasoline equivalent} 2/ liters) 5/

substituted

by alcohol

Total -133,262,4008

1/ Small, 1977; 2/ Only 9.2 billion liters of alcohol considered; 3/ Data
Trom tabie 3; @/“Based on data from Mational Academy of Science, 197475

5/ Stork (19517 &/ The part of hydrous alcohol was US$ 25,681,646 and the
mixture (blend) USS 19,214,754, This amounts to 0.6 Cent per liter for hy-
drous alcohol and 1.6 Cents per liter for blended portion,

Using estimates selected by Small (1977} and corrected for U.S.
doTlar inflation (Figure 4) the benefit resuiting from the change in emis-
sions due to the use of alcohol can be estimated. This, however, does not
take inte consideration changes in aldehydes as indicated in table 4.

To estimate the decrease of pollution costs resulting from not re
fining gasoline for automotive use, the following assumptions are made: {17
The 9.2 billion Titers of 2alcohol are eguivalent to 7.8 billion liters of ga
soline (2) Pollution cost of refining gasoline is US Cents 0.53 per Titer of
gasoline or USS 5.3 million per billion liters. This assumes that all refi
neries sunplying urban transport systems are Jocated within the urban  areas
and operate without any of the nawer pollution contrgls.

The potential savings Trom decreased lead pollution due to  the
elimination of leacded gasoline from urban arees wds eséimated at US Cents 0.6
per liter. {Stork, 1981, Heppie, 1972}.

Kfter reviewing data for various countries, it seems  rezsonable
to expect pollution costs per unit of emission to vary by a factor of at
least four hetwszen big, concentrated cities like Sso Paulo andsma]]erc1t1es
having 100-500 thousand popuiation, {Small, 1977}.
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Thus cost decrease due to alcohol use in Sao Paulo, (if decreased

efining and lead elimination are considered) would he (0.6 + 0.5 + 0.6) X
= US Cents 6.8/1iter in the case of hydrous alcohol and (1.6 + 0.5 + 0.6 )
4 = 10.8 Cents/liter in the case of mixed alcohol.

Based on this estimates, a car using 1,800 1iters of alcohol per
year will save about USS$ 122.40in potential air pollition damage. (assuming
average U.S. prices apply and aldshydes are controlled at no cost}. In the
case of 2 taxi using alcohol and driven 150,000 kilometers per year,{7.5km/Z),
this value goes up to USS 1,360.00 per year.

This indicates that installation of pollution control devices
costing USS 150-250 per unit on public transport could be justified.

Final Observations _

Despite the claims for and indications of major air quality be-
nefits from the use of ethanol as fuel, a comprehensive review of +the avail
able literature indicates the existence of contradictions and discrepancies
in reported data. Kowever, it still appzars that the alcohol program  would
be ecologically benign for urban areas since compustion of ethanol generates
fewer atmospheric hazards than gasoline combustion,

While recent studies made in Sao Paulo indicated some decrease in
CO, the amount is still far Trom what is allowed in other countries. It is
worth mentioning that not only air guality will be improved with a decrease
in €0, but it is expected that car engine performance will also become more
efficient.

The use of alcohol avoids all pollution due to lead and . aromatic
carcinogens. Unburned fuel in emissions can be only slightly above that for
gasoline. However ‘aldehyde levels reach four times those of gasoline. There
are two types of aldehydes emitted from burning ethanol: formaldehydes and
acetalhydes. Formaldehydes are supposedly more toxic and cause cancer in la
boratory animals even though their effect on the human body is not known.Ace
taldehydes which constitutes the major portion of ethanol aldehyde emissions,
irritate tne eyes causes respiratory problems, but are believed to be less
toxic than formaldehydes and acording to some authors these pollutants can
be controlled by catalytic converters.

Evaporative emissions of ethanol, including fuel vapors from the
gas tank when the engine is idling, and from gas station pomps should be
measured and evaluated. There is some indication from CharacterizationReport
of EPA (1978) that these increase even with gasohol.

In order not to decrease emissions at the cost of increased fuel
consumption, the air-fuel mixture and fuel-air equivalance ratios must be
both energy eificient and environmentally benign.

Any successful program for reduction of vehicle exhaust emissions
must include an effective engine inspection and maintenance program.From the
standpoint of trained personnel and the necessary facilities and instrumen-
tation, this may constitute a major problem in Brazil.

For congested urban areas, pollution costs while not justifying a
large reduction in automobile travel, do justify expenditures on catalysts
to control air pollution. Air pollution probiems that can be solved by, al
cohol substitution of gasoline will be of particular benefit to specific po
pulation groups like children living or attending school in highly congested
and polluted areas, traffic policemen, taxi and bus drivers who smoke,people
with pulmonary and other diseases.

The Brazilian alcohal program in addition to having the potential
of substituting pollutants like €O and HC for NO_ and aldehydes, may result
in decreasing urban air pollution at the expense of increasing rural water
pollution.

Agricultural activities resulting in air pollution include insec
ticide and pesticide dusting and spraying, and burning of vegetation.

-
4
X
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Increzsed use of rfertilizers might result in water pollution. In  addition,
the major impact of alcohol distilleries—the potential deqradation of water
gquality by stillage-can te prevented by product recovery or waste treatmznt
producing all potassium 2nd one Tourth of nitrogen needs of sugarcane,

An environmzntal data base for erergy-biomass which will serve to
structure an assassment of the probable envirormental consequences of pro
duction and commercialization of ethanol should be developed. -

Because of tne highly distributed pattern of biomass-energy
sources, many oF the environmental impacts are site-specific which makes it
necessary to identify, evaluate, and integrate the environmental impacts for
various local conditions.

The challenge 7acing research workers cealing with alternative
sources of energy is to recognize the potential for colleboration among  va
riocus institutions ‘that znables each specialist, including ecologisis and 55
cial scientists, to use their skills to soive the great unanswered economic,
technological and ecoleogical problems of energy supply. For the¥e professin
nals, dependence on imported fossil fuel is not a threat but a challenge to
develep technologies that remove economic vulnerability and diminish indirect
costs such as pollution of {raditional energy sources.

Much important data were not available to the authors at the time
of manuscript preparation and interested readers are urged to inquirve further.
The ideas presented in this paper are the opinicns of the authors and do  not
represent the afficial stand of any institution.
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