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The OPEC oil embargo caused many ripple effects throughout the world, but few places set in motion a response as dramatic as the county of Brazil. Brazil, a sprawling oil-poor country in South America was hit especially hard by the drop in ready world oil supplies. The county was gearing up for the transition from an agricultural and subsistence economy, to an industrialized one in the early seventies. This was accompanied by an increase in oil imports to the nation from overseas. Early in this effort, the balance of trade was relatively good despite the oil imports due to a strong sugar market. This led to a relative abundance of foreign or “hard” capital for the Brazilian government to use to implement widespread changes to the county’s infrastructure.

With the advent of the oil embargo, that changed the economic picture. The blow was worsened by sugar prices plummeting on the commodities market during the same period, giving the Brazilian economy a reeling combination. The Government reacted by instituting a relatively daring national policy, designed to deliver a two -pronged benefit to the county.  The plan was to use the national excess sugar production to make ethanol for vehicle use. This program began in 1975 and was to use traditional fermentation to make fuel.

Fermentation is the best known process by which various microbes break down sugars to make ethanol. While there a wide range of yeasts and bacteria that can make alcohol, the base substrate remains essentially the same. It requires either glucose or sucrose for the biologic pathways to function. This is arguably the earliest biotechnological process in the world and has been used for fuel, consumption and feedstocks for centuries. Modern fermentation factories are using the same techniques that have been employed by man for millennia; with the tweaking of organism selection, micronutrient monitoring and stabilized conditions as a means of getting an improvement in yield.

Since the climate and ecological conditions favor cane production in Brazil, that has become the substrate of choice for the ethanol distillers in that region. Sugar cane is a rapid growing, drought hardy species that usually contains 15-17 % fermentable sugars. With a biomass harvest of 30 tons/ hectare, it is one of the better crops for calories/ hectare in the agricultural spectrum. It also is essentially a ready made fermentation medium, with the needed micronutrients (minerals, vitamins) provided from the raw syrup. The preparation is essentially a heating of the plant extract to sterilize it and inoculating it with the desired fermenter under proper conditions. Yeasts produce alcohol in response to anaerobic conditions, so the typical fermentation chamber is essentially a closed tank with a heater and agitator. The remaining biomass of the cane is often burned to provide the needed heat and or electricity to run the fermentation facility.

The United States created several bioethanol plants in the late seventies as well, but the major substrate was corn or another grain. Since the grain’s energy was in the form of starch, a polymer of sugar, it has to be mechanically masticated and heated before it can be used as a microbial substrate. This was a more difficult procedure, and required more input of capital and energy to make a usable product. In contrast, the cane distillers were able to go “low-tech”. This approach allowed the Brazilian fuel producers to implement their strategy with great efficiency and with a low initial investment in hardware. A combination of these factors made it a feasible venture for the relatively cash-strapped country, one that would give it an advantage in the world markets, should the price of oil stayed high.

Following the institution of the bioethanol program, several car companies imported vehicles that could run on straight ethanol. Ford was one of the leading exporters to Brazil, and was following a historical precedent, since many of the old model T Fords were designed to run on either alcohol or gasoline, and were thus dual fuel autos. These newer cars were not so ambivalent however, and the operator needed to be able to obtain steady supplies of ethanol to operate upon, or these vehicles would be a liability.

Following the embargo, oil prices fell dramatically. This was especially true in Brazil. In many regions, gasoline fell below pre-embargo prices. Some point to this as an example of supply and demand, while others viewed it as a way that oil corporations were attempting to gut the bioethanol program and assure future markets for themselves. Either way, the eighties saw several plants become uneconomical and shut down. This caused a chain reaction to the rest of the auto sector because areas were without ethanol supplies and were made inaccessible to the vehicles that were designed to run on pure alcohol. This caused declining sales of those cars, and snowballed the problem. In the early eighties, the Brazilian lawmakers imposed rather steep taxes on gasoline and used the money to subsidize the ethanol price. This artificial price equilibration allowed the biofuel market to remain a viable alternative to cheap gasoline.

The economic justification was given in terms of trade deficit. Bioethanol may be more expensive, but since it was a domestic product, it reduced the trade deficit with the Middle East and kept more “hard” currency available for other international purchases. On the opposite side of the coin, the increased transportation costs within Brazil made products more expensive, and critics charged that the price leveling put Brazil at a disadvantage in manufacturing as compared to her neighbors. This was a accusation was made more strident during the late eighties and early nineties when rampant inflation caused much civil unrest and change in governmental control.

Later regulations lowered the subsidies on bioethanol and left the industry more vulnerable to market forces. To counter this, the government has mandated a minimum amount of alcohol that must be included in gasoline. This blend limit has been at 22%, but may be soon raised to 25%.  The pure ethanol fleets of the seventies has largely disappeared, not from lack of models available (the government dictated that 15% of cars on the market be ethanol burners) but due to the lack of consumer confidence in the availability of fuel and the cost differential between the blended gasoline and the pure bioethanol.  

Further developments in the field of ethanol fermentation may reduce that differential. Considerable research has been carried out in the area of cellulose fermentation. Cellulose is the basis for wood and fibers of many plants and is a polymer of glucose. Enzymatic and acidic degradation of cellulose can be utilized to make substrate for fermentation, a technology that Brazil has invested in recently to make better use of its fibrous wastes from cane and other crops.

Brazil has taken bold steps to self-sufficiency in the last three decades and has been a model often pointed to by the alternative energy community. I believe that they have plotted a courageous course and will be in the position to gain the fruits of their labors soon. Perhaps they can lead the rest of us by example.
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