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Introduction 
 

“The underlying assumption of the economists’ models (in contrast with the limits 
to growth models) was that increasing resource scarcity would always generate 
price signals which would engender compensating economic and technological 
development, such as resource substitution, recycling, exploration, and increased 
efficiency of resource utilization. Empirical support for the models came from 
studies that showed little, if any, increase in real prices of basic resources. This 
was interpreted to mean that resources were not actually becoming scarce. It was 
also assumed that future scarcity of critical energy resources would be overcome 
as a result of technological developments such as nuclear fusion. This idea is a 
result of active public relations activity of the power industry” (Clark, 1991: 320). 

 
This paper will illustrate, with a political economy lens, the relationship between cost-
benefit analysis and the environment. Through an analysis of the production of ethanol in 
Brazil the major environmental aspects that were not taken into consideration will be 
pointed out. 
 
We will study the possible modifications that can be made in the conventional CB 
analysis approach, with a view to evaluate development projects that have ignored 
important environmental preservation benefits. For this purpose, ethanol production in 
Brazil will be analysed. The analysis has as a starting point the Brazilian Program on 
Alcohol (Proalcool)—that reached its peak in 1985—and its developments. 
 
The paper will not evaluate the theory that informed the modifications made in the CB 
analysis to take into account environmental aspects. Instead, using the theory behind the 
criticism regarding important modifications made in the CB analysis by mainstream 
economists, it will assess the important environmental aspects involved in ethanol 
production (Proalcool) in Brazil that were missed. 
 
Being consistent with the Kyoto protocol, ethanol production (Proalcool) has been touted 
as a solution for environmental problems. Yet our contention is that its production poses 
serious environmental threats. These threats have not been properly evaluated in the 
traditional CB analysis as well as in its updated version that tries to assess important 
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environmental losses. Thus the CB analysis, in all its versions, is not the right tool to 
assess the environmental impact of ethanol production. 
 
The production and consumption of ethanol is always debated in Brazil during periods of 
energy crisis. In spite of the intensive lobby of car manufacturers and alcohol producers, 
the use of hydrous or anhydrous ethanol
2 in the country as an alternative source of energy is still not very pronounced. It varies 
along with oil price and the international sugar price. Currently, the question of ethanol 
use is back in the spotlight due to the following reasons: a) in 2005, 95 per cent of the 
manufactured cars in Brazil were made with “flex” technology, i.e., the engines can run 
either with gasoline or ethanol; b) the year 2006 started with a serious crisis involving the 
price and the supply of ethanol; c) increase in oil prices since 2005; and d) the recent visit 
of President Bush to Brazil has rekindled the discussion of ethanol production. 
 
A final and very important point is that, since Brazil is the biggest sugarcane producer, 
with the best production technology and smallest production costs, the evaluation of its 
experience as an ethanol producer can be of a great help to other developing countries. 
 
There has been considerable debate among economists on the alternative ways of 
incorporating the environmental effects of projects in the conventional CB decision 
framework. On the one hand, we have the attempt to incorporate irreversibly-lost 
environmental preservation values as a cost induced by projects to develop a natural area. 
On the other hand, there is the traditional practice of ignoring the preservation alternative 
in the evaluation of a proposed development project in a natural area. Both approaches 
have their drawbacks. 
 
Ethanol (Proalcool) production in Brazil can be used as an example of conventional CB 
analysis that has disregarded important considerations related to the environment. 
Whenever the Brazilian society discusses the energy problem due to the increase in oil 
price, its government turns its attention to the viability of ethanol production. 
 
This paper will emphasize the negative impact of ethanol production on the environment. 
These aspects were almost completely ignored either in the debate until 1985 when 
Proalcool reached its peak or in the current debate involving the flex car production. 
 
The paper is structured as follows. Section I critically reviews CB analysis as well as the 
alternatives presented by this technique on how to measure and deal with environmental 
damage. Section II presents a brief outline of ethanol production in Brazil. Section III 
examines some aspects of the CB analysis of Proalcool. Finally, section IV discusses 
important environmental aspects of ethanol production. 
 
I. Cost-Benefit Analysis and the Environment 
The whole philosophy of the CB analysis is based on the fundamental theorem of welfare 
economics (FTWE). This theorem intends to solve the conflicting problem of the 
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individual’s personal interest maximization vis-à-vis the interests of other individuals. 
The solution of this conflict is offered by Kaldor’s compensation criterion (Kaldor, 
1939). 
 
The first part of the FTWE states that any competitive equilibrium is Pareto optimum. 
FTWE’s second part says that every Pareto optimum can be sustained by a competitive 
equilibrium with a suitable distribution of income, that is, a competitive market yields an 
optimum in itself. This is an extremely powerful ideological statement because it gives 
neoclassical economics a criterion for action. One can say that in so far as Pareto 
optimum points are desirable, it is desirable to organize society in a way that will sustain 
Pareto optimality. This means establishing a free market because this is the criterion for 
efficiency. 
 
The calculation of the CB ratio is normally presented in text books and by some financial 
entities like developments banks (either national or multinational) as universal criteria for 
public project valuation. What is mostly debated on the subject among neoclassical 
economists is not related to the validity of its use vis-à-vis other alternatives, but to the 
improvement of auxiliary techniques. 
 
The method generally used to determine the significance of environmental resources is 
the CB analysis. The application of this theory is based on the premise that natural 
resources yield a flow of benefits to humanity, which can be valued in monetary terms 
(Farber et al., 2006: 121). Examples of these techniques are: shadow pricing; contingent 
valuation method (CVM) and total economic value (TEV).
3 
  
According to Pearce and Turner (1990: 20) environmental problems are seen as an 
inevitable result of economic growth in advanced industrial economies. For the authors, 
institutionalists4 have long accepted an approach which encompasses the notion of social 
costs of pollution and stresses the importance of the ecological foundations of any 
economic system. They have argued for the adoption of a cost-benefit framework, using 
monetary valuations but also incorporating explicit recognition of uncertainty (e.g., about 
the availability of the environment in the future), irreversibility (e.g., permanent loss of 
unique wilderness areas and other valuable environmental resources, wetlands, 
productive soils etc), and uniqueness (e.g., endangered species and unique scenic views). 
The TEV incorporates these three important features. 
 
According to Markandya et al. (1992), currently, in mainstream economics, one can find 
two main approaches with regard to the objective of protecting the environment in CB 
analysis. First, lowering discount rates have been advocated, so that future environmental 
benefits/costs and future generations are not discriminated against, since the weighting 
process gives lower weight to them the higher is the discount rate (ibid., p. 147). 
However, this procedure is defective insofar as the relationship between the discount rate 
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and the environment is not so simple. Two contradictory effects arise in this connection. 
On the one hand, it is true that a lower discount rate could imply less direct natural 
resource use because the rate of exploitation of natural resources would decrease. On the 
other hand, a lower discount rate implies more investment, which in turn requires more 
natural resources to be exploited and probably a higher level of pollution (ibid., p. 135). 
 
The second mainstream approach (Porter, 1982: 60) consists of identifying and adjusting 
the relevant stream of benefits and costs, in particular the environmental costs induced by 
a project, and applying the usual C&B investment rules, which seems a less arbitrary way 
of incorporating environmental concerns in the decision framework. This modified 
version of the CB analysis includes two new elements: (a) the inclusion of the cost of 
development of the foregone environmental preservation benefits from an undisturbed 
area; and (b) the introduction into the analysis of the belief that development benefits 
decline relative to preservation benefits. 
 
Brookshire et al. (1992) point out that, as far as the environmental costs induced by a 
project are concerned, the CB analysis has traditionally focused on the use values of 
natural environments. However, other values should be included as part of the total value 
of the natural resource or environment. The authors have suggested the contingent 
valuations method (CVM) to valuing non-marketed commodities, which can be 
successfully used in estimating values associated with retaining the option of future use 
and the existence of a natural environment (Brookshire et al., 1992: 112). 
 
CVM basically asks people what they are willing to pay for a benefit and/or what they are 
willing to receive by way of compensation to tolerate a cost. Further, the contingent 
valuation approach enables estimates of individual discount rates to be derived for non-
marketed goods. What are sought are the personal valuations of the respondent for 
increases or decreases in the quantity of some good contingent upon a hypothetical 
market. A contingent market is taken to include not just the good itself (an improved 
view, better water quality etc.), but also the institutional context in which it would be 
provided, and the way which it would be financed (ibid.: 146). For the authors, CVM can 
be applicable to most contexts of environmental policy and is often the only technique of 
benefit estimation. 
 
Regarding the CVM approach, Sagoff (1988: 88) points out that insofar as it tries to make 
respondents express preferences rather than deliberate about ideas, the method denies to 
the respondents their status as thinking political beings. For Sagoff, ideas are different 
than consumer preferences and go even further. Political and ethical debates are different 
from CB analysis based on CVM. For him, this difference is possibly the major reason 
that respondents so often enter protest bids or otherwise resist this sort of experiment. 
 
According to the author, the existence of legislation prohibiting CB analysis shows that 
citizens value the idea that policies should result instead from ethical deliberation and the 
rule of law. Examples where CB tests are not allowed are Endangered Species Act and 
Clean Air. These statutes have worked rather well. One may say that citizens rejected a 



cost-benefit or “consumer surplus” approach to trade-off between health, safety, or 
environment quality and economic growth. 
 
For Sagoff (1988: 75), by and large, CB analysis assigns prices only to goods and 
services of the sort that are typically traded in markets and thus that can easily be priced. 
Certain economists generally list other values as “intangibles”. The “intangible” values 
associated with environment, health, and safety policy may often be more important than 
the “tangible” ones. 
 
Martinez-Alier (1991: 119) observes that economic values assigned in the conventional 
way to externalities (such as exhaustion of non-renewable resources, global warming or 
radioactive pollution) would be so arbitrary that they cannot serve as a basis for rational 
environmental policies. Externalities, defined as uncertain social costs transferred to other 
social groups or to future generations, must be perceived before they are valued in 
monetary terms. 
 
Sagoff (1988: 91) observes that the attempt to construe moral principles and political 
convictions as market externalities and thus to deal with them by assigning them a market 
price does not end with the environment question. The beliefs and opinions of citizens 
should be treated separately from their consumer interests and preferences. The author 
observes that if we believe that the political and ethical debates are conceptually different 
from economic analysis, then we must infer that efforts to shadow-price “intangible” or 
“fragile” values must fail—not for any technical operations or empirical reason but 
because they rest on a logical mistake. That is, they blur the distinction between private 
and public interest—and therefore between the competition of preferences and the 
contradiction of ideas. Preferences do not always have to be specified; on the contrary, 
they must be understood and subject to criticism. 
 
According to Sagoff (1988: 95), the willingness-to-pay approach to public policy used by 
UNIDO (UNIDO, 1972) and adopted by Rocha Filho (Rocha Filho, 1992: 373) removes 
the basis of legitimacy from the political process in the sense that that CB approaches 
deal only with values or preferences already existent in society. 
 
Another result in public policy based on the willingness-to-pay approach like the 
CVM may be the most disastrous. According to Sagoff, economic analysis tends to limit 
conflict to those parties who have something at stake for which they are willing to pay. 
This approach would prevent the socialization of conflict that is crucial to the functioning 
of a democracy (Sagoff, 1998: 95). 
 
Technocracy localizes the conflict so that it can be resolved by the application of some 
mechanical rule or decisions. One example is to present ethanol (Proalcool) production as 
viable alternative if the oil price is above US$50 bbl5 as has been argued by the Brazilian 
Government and The Economist6. As we will see, the CB analyses of ethanol do not take 
into consideration serious environmental concerns. Cost-benefit approaches to public 
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policy, if taken to their extreme, would do this, and thus they would substitute themselves 
for the process of democratic government. For Sagoff (1988: 97) the “ideological” genius 
of CB analysis is to localize conflict among affected individuals, and thereby to prevent it 
from breaking out into the public realm. 
 
 
II. Ethanol Production (Proalcool)7 
The use of alcohol as a fuel in Brazil and in the world precedes the creation of the 
Brazilian National Alcohol Program (Proalcool) announced in 1975. A mixture of 
gasoline and alcohol—gasohol—has previously been used in many countries. Since the 
early 1920s, Brazil has pursued an official alcohol policy to overcome restrictions on 
imports and/or to stabilize the domestic sugar sector due to a crisis of overproduction. 
 
The first aim of the Proalcool was to produce anhydrous ethanol for mixing with 
gasoline. In Brazil in 1977 terms, on an energy content basis, alcohol was five times more 
expensive to produce than gasoline was in the US (Rothman et al., 1983: 107). However, 
after the 1979 oil shock, with its dramatic price increase, and later the Iran-Iraq war that 
cut off one-third of the country’s oil supply, ethanol production was impressively 
expanded; emphasis was placed on hydrous ethanol which allows for total replacement of 
gasoline. The success of this programme in terms of ethanol production was beyond 
doubt. From a level of 600 million litres in 1974, ethanol production in Brazil reached 
11.8 billion litres in 1985. Between 1975 and 1985, US$7 billion were invested in all 
sorts of incentives for ethanol production (Calabi, 1983: 237). Moreover, in 1985, pure 
alcohol-fuelled engines accounted for almost 90 per cent of new cars and 20 per cent of 
all passenger cars in Brazil. In 1982 alcohol fuels accounted for 10 per cent of total 
energy use in transportation compared to less than 1 per cent at the end of 1976. 
 
 
Table 1- Ethanol Production from 1970-71 to 2005-06 (in millions of litres) 
Crop   Production  Crop   Production  Crop   Production 
1970/1971  637.2   1982/1983  5824.0    1994/1995  12726.0 
1971/1972  613.1   1983/1984  7864.0  1995/1996  12689.0 
1972/1973  681.0   1984/1985  9244.0  1996/1997  14030.0 
1973/1974  566.0   1985/1986  11820.0  1997/1998  15000.0 
1974/1975  625.0   1986/1987 10516.0  1998/1999  13400.0 
1975/1976  555.6   1987/1988  11454.0  1999/2000  12770.0 
1976/1977  664.0   1988/1989  11713.0  2000/2001  10622.0 
1977/1978  14470.3  1989/1990  11881.0  2001/2002  11059.0 
1978/1979  2490.9  1990/1991  11783.0  2002/2003  13000.0 
1979/1980  3383.8  1991/1992  12681.0  2003/2004  15000.0 
1980/1981  3742.0  1992/1993  11736.0  2004/2005  13400.0 
1981/1982  4240.0  1993/1994  11278.0  2005/2006*  16000.0 
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Source: Until 1979/80 Magalhaes (1991: 29); from 1980/81 to 2001/2002, Marjotta-
Maistro (2002: 16); remaining years Veja (2006: 92)8.  
Note: * estimate. 
 
By the end of the 1980s, due to the substantial reduction in international oil price, 
Proalcool lost credibility with the Brazilian public opinion. The IAA9 was extinguished in 
1990 in the wake of World Bank’s Berg Report. This marked the beginning of the 
process of deregulation and opening of the sugar-alcohol sector. Marjotta-Maistro (2002: 
3) informs us that the sugar price was deregulated in 1990, anhydrous ethanol in 1997 
and hydrous ethanol in 1999. Currently we are witnessing a new phase of euphoria 
regarding ethanol production due to the following reasons: a) In the first two months of 
2006, 90 per cent of the new cars sold had “flex” technology; and b) President Bush 
lunched an extensive campaign on alternative fuel, and this has strongly affected the 
Brazilian market/production. 
 
III. Ethanol (Proalcool) and the Cost-Benefit Analysis 
In this section we will review the CB analysis in the peak phase of the Proalcool (1980-
1985). We choose this period because much of the literature on the subject is related to 
this period. For instance, in 1985 ethanol production reached a record level of 11 billion 
litres. Bearing in mind that we have progressed 20 years on, the points that will be raised 
will help us evaluate the environmental aspect of ethanol production. Our comments will 
be based on three studies, namely, Motta (1987), Motta and Ferreira (1988) and Rocha 
Filho (1992). The data and conclusions of Rocha Filho extend up to 1990. 
 
According to CB analysis, the economic viability of the Proalcool strongly depends on oil 
prices. Despite some years of steady prices, oil prices doubled in 1978 and reached 
US$35-40 per bbl (barrel equivalent of oil) in 1981. This was the major economic 
justification for the emphasis on the programme from 1979 onwards. However, in 1982, 
oil prices started to decline reaching levels below those traded in 1980. According to 
Motta (1987: 181), at the beginning of 1986 prices fell to US$10 per bbl, and many 
studies regarding the economic viability of the programme were conducted.10 
 
Motta (1987: 177) used the shadow-price technique and calculated ethanol’s ‘social cost’ 
evaluating specifically two items—labour and land. His estimates of the social cost 
ranged from US$45 per bbl (Sao Paulo state) to US$66 per bbl (Pernambuco state). He 
argued that ethanol production in Brazil was not economically viable when compared 
with the Brazilian import oil prices that in its peak reached US$37.92/bbl in 1981 (in 
1983 constant price). In addition, his paper discusses the economic viability of the 
program in the medium and long terms; according to his estimates of ethanol’s future 
social cost, the international gasoline prices should be at least US$37/bbl (Sao Paulo 
state) in December 1983 prices to make Proalcool economically viable. This will mean a 
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barrel of oil of US$30/bbl in December 198311. Environmental aspects were not taken 
into consideration. 
 
Another study by the same author (Motta and Ferreira, 1988) a year after his strong 
disapproval of the programme’s economic viability, presented a reappraisal of Proalcool. 
According to this study the social viability of ethanol production in Brazil would become 
positive if considerable increases in productivity were achieved and price of oil were 
above US$30 per bbl (in December 1983 prices); however, to the author, these factors 
were likely to come about only at the end of the 1990s. However, if one accepts that the 
investment already undertaken in the alcohol production sector could be considered as a 
sunk cost, then the prospect of viability would not be so remote, and would be perfectly 
feasible with oil prices in the US$15-20 per bbl range (in December 1983 prices). Here 
again the environment costs or aspects were not mentioned. 
 
Motta and Ferreira (1988: 230) argue that if Proalcool were to be abandoned, it would 
result in losses on fixed assets of US$7 billion and sugarcane already planted (which is 
harvested over a number of years). According to them, the social question was a serious 
one since the production of sugarcane and alcohol were the third largest creator of jobs in 
the agricultural sector, employing more than 800,000 people directly. What he proposed 
in the name of “social justice” was the maintenance of Proalcool at the 1985 full capacity 
level estimated at 16 billion12 litres of ethanol, with 30-40 per cent of the light cars fleet 
running with ethanol (300,000 to 400,000 alcohol cars per year). In contrast to the 
previous dominant justification of increasing oil prices, the CB analysis of the Proalcool 
was used as a tool for “social justice” in Brazil. 
 
For Marjotta-Maistro (2002: 11) the period between 1971 and 1987 which forms the 
economic context of both of Motta’s analyses is very different from the current period. 
During this period the concern was the preponderance of hydrous ethanol over gasoline. 
In the 1990s the concern was with permanence of ethanol as a fuel. Thus Motta’s analysis 
follows the conventional CB methodology, and the CVM or TEV techniques discussed in 
section I were not incorporated. 
 
Rocha Filho (1992) also specifically discusses the CB of ethanol production. His major 
concern was the permanence of hydrous ethanol as a fuel. The data of the study go up to 
the 1986-87 crop; however, some data go up to 1990. 
 
The CB analysis used is the conventional one. It is based on the willingness-to-pay 
approach—its limitation regarding the environment was discussed in section I. For the 
author, the social cost of the land is the value of its rent; the social cost of labour is its 
social price, in this case below the market value; and the social rate of discount is the 
marginal productivity of capital or the marginal return of investment. By converting 
private prices into social prices the author established the social cost of ethanol: a) 
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including the depreciation—US$36.70 per barrel of gasoline equivalent or US$29.70 per 
barrel of oil equivalent; and b) excluding the depreciation—US$34.91 per barrel of 
gasoline equivalent or US$27.91 per barrel of oil equivalent (Rocha Filho, 1992: 377). 
 
The author concludes that ethanol is a feasible long-term alternative, and advocated that 
the program should be maintained and expanded through incentives. His conclusion is 
different from that of Motta and Ferreira (1988) who argue in favour of the programme in 
order to maintain jobs. 
 
In both studies we have the barrel of oil equivalent (bbl) or barrel of gasoline equivalent 
(bgl) as the benchmark for the decisions related to Proalcool. Hence, we recollect 
Sagoff’s comments about the “ideological” genius of CB analysis. It localizes conflict 
among affected individuals by the use of some mechanical rule (i.e., ethanol is feasible if 
the oil price is above US$45 per bbl), and thereby prevents conflicts or discussions about 
the impact of ethanol production on the environment from breaking out into the public 
realm. 
 
We present below several environmental aspects related to the programme. If these 
aspects were taken into consideration in the CB analyses of the programme they would 
cast doubts on its feasibility. Some of the points raised were already disputed by the 
programme defenders (see Magalhaes et al., 2001). 
 
IV. Ethanol and the Missing Aspects relating to the Environment 
We will divide the evaluation of the environmental impact into parts: Proalcool and 
Ethanol. In this section, Proalcool refers to the Brazilian government’s programme of 
ethanol that achieved its peak in 1985 and has a rich literature. Ethanol is circumscribed 
here to more current aspects of ethanol production. The goal here is to double-check the 
validity of the criticisms. Following the reasoning discussed in section II we describe 
below several “intangibles” aspects that were missed in the CB analysis either in the 
conventional or a future one that would try to account for the environment. 
 
The Production of Ethanol and Water 
 
Proalcool 

“Brazilian water quality has already suffered greatly from the rapid expansion of 
Proalcool, as 12 to 17 gallons of slops are produced for each gallon of sugarcane 
alcohol. The 1980 Brazilian production level of 4.1 billion gallons of fuel is a 
gargantuan pollution problem. Even worse, the slops are usually discharged into 
rivers and streams during the six dry months of the year in which sugar cane is 
harvested. At this time, shrunken streams and rivers are least able to assimilate the 
discharges. Carl Duisberg reported in his doctoral dissertation on the Proalcool 
program that several large river systems in the state of Säo Paulo, including the 
Piracicaba, the Mogi-Guassu, and Pardo have been virtually poisoned to death by 
stillage” (Bernton et al., 1982: 182). 

 



Berton et al. (1982) report that among the worst threats to water quality posed by the 
development of the alcohol fuel industry lies in the enormous volume of stillage that is 
generated. Stillage, also called slops or vinasse, is the leftover liquid of the fermented 
mash after the alcohol has been distilled off and the solids separated for livestock feed. 
Slops have, from 1 to 10 per cent, dissolved minerals and organic materials. The 
compounds rapidly decompose when dumped into waterways, robbing the water of 
oxygen required for the survival of fish and other aquatic life. Even after all the oxygen 
in a waterway has been dissolved, a second-stage anaerobic (oxygen-free) decomposition 
process is set in motion, producing the noxious-smelling hydrogen sulfide gas. 
 
Rotham et al. (1983: 137) stress the importance of the State of Säo Paulo as the most 
important sugarcane producer. At that time with seventy-six sugar and alcohol distillers, 
it accounted for two-thirds of the production of ethanol. This represents a pollution 
potential equivalent to 2.02 million kg BOD13 (biochemical oxygen demand) per day, of 
which 1.79 million kg BOD per day (88%) are produced by the different systems of 
production of the various ethanol industries. The rest (12%) or 0.24 million BOD per day 
represent a pollution equivalent to that produced by 4.4 million people. 
 
During the 1990s, the problem of vinasse disposal was worked out by “congestion”—i.e., 
using slops to irrigate the soil instead of discharging it into rivers. According to Silva and 
Simoes (1999), Brazil solved the problem of vinasse disposal by using this byproduct of 
the ethanol production as a fertilizer and for irrigating the soil. This technique is known 
as “fertirrigação” (fertirrigation). 
 
Corazza (2001) assessed the environmental impact of an alternative technique, i.e., the 
anaerobic treatment of sugarcane stillage vis-à-vis “fertirrigação”. She recognized the 
positive aspects of the latter. However, remembering that until 2001 no substantial 
progress was made in the reduction of litres of ethanol/litres of stillage, she also pointed 
out its negatives aspects. Some of these are: a) increasing saltiness of the soil; and b) risk 
(vulnerability) of soil and ground water pollution (Corazza, 2001: 217). 
 
Regarding ground water pollution, she reports that in 1986, 40 per cent of the slops 
produced were not reused in the process of “fertirrigação”. Ethanol producers could 
dispose it in areas known as “sacrifice areas” (using impermeable wrap to protect the 
ground water basin). Apart from the fact that this can affect the surface springs, no study 
was made whatsoever to evaluate the impact of the residue on the ground water springs 
and some researchers are worried about this risk (ibid.: 215). 
 
The last point becomes noteworthy if we bear in mind that the biggest ethanol producer 
region of the State of Sao Paulo—i.e., between Campinas and Ribeirao Preto—is the 
recharge region of the Guarani aquifer, one of the major aquifers of South America (ibid.: 
216). 
 
Ethanol 
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There is a natural conflict between agricultural and human needs regarding the use of 
water. Sadeq (1999: 19) reminds us of the increasing competition among the different 
types of water consumers and considers the urban environment, where necessities are 
immense, as being in the worst situation. According to the author, worldwide the 
agriculture sector captures 69 per cent of the water while industry’s share is 23 per cent 
and household consumption is 8 per cent. 
 
In the case of Brazil, Hespanhol (2003: 38) estimates the consumption for agriculture at 
70 per cent, and for industries and household at 15 per cent each. He forecasts that the 
agricultural share will reach 80 per cent in the first decade of the twenty-first century. 
The author (ibid.: 37) observes that this activity is totally dependent on water supply to 
the point that it treats food production on a sustainable level. Irrigation became a key 
component of increasing the Brazilian agricultural productivity. Therefore, on the main 
Brazilian hydrographic basin that serves regions with an intense urban and agricultural 
development, we will see an increasing conflict of use. 
 
In another study, Hespanhol (2001: 150) reports frequent water rationing in the cities of 
Recife and São Paulo. Furthermore, the author together with 5 Elementos (2005: 21) 
reveals that the Sao Paulo Metropolitan Region needs to import 50 per cent of its water 
consumption through the Cantareira Production System. 
 
Using the 2001/2002 crop, the state of São Paulo produced 65 per cent of ethanol and 
sugar in Brazil (Marjotta-Maistro, 2002: 18). Sugarcane plantation takes up 8.2 per cent 
of the entire area of the State (Arbex, 2001: 72). We have a clear case of conflict of use 
and this has repercussions on the water supply for the Metropolitan Region of São 
Paulo.14 This Metropolitan region has water disputes with the Piracicaba basin region. 
The latter, apart from being a major producer of sugar cane, is also surrounded by other 
great cane and ethanol producing regions. 
 
Galvão (2000: 29) observes that this Metropolitan Region, served by the Alto Tiête basin, 
shelters 47 per cent of São Paulo State’s population. This region imports water from the 
basin of Piracicaba, Capivari and Jundiai rivers. Thus the Great São Paulo with its 16 
million inhabitants and responsible for 20 per cent of the country’s GDP has water 
disputes with the Piracicaba valley. The latter region (Campinas, Jundiai and Piracicaba), 
is also highly industrialized with a diversified agricultural sector. It shelters 4.5 million 
inhabitants and is responsible for 9 per cent of the country’s GDP; it is also not in a 
comfortable position in terms of water supply. 
 
One can argue that the need to import water by São Paulo Metropolitan Region could be 
avoided by the adoption of strict regulation regarding the pollution of the fountainhead 
(wellspring). However, there are two points to be considered: a) the costs involving the 
treatment of highly polluted water are very high and would thus make the costs for the 
existing industry very high (Galvão, 2000: 29); and b) this strict regulation may be very 

                                                 
14 According to SABESP (2002), São Paulo State’s share in the distribution of water in Brazil is 1.6 per 
cent. From this total, São Paulo Metropolitan Region receives 4 per cent. As previously stated this region 
shelters 47 per cent of the entire population of the State. 



important but it is biased towards the agriculture, and we have to bear in mind that this 
activity in Brazil already uses 70 per cent of the water! 
 
Ethanol production is water intensive. Based on the 1999 influential work “O 
Estado das Aguas no Brasil”, Galvão (ibid.: 31) reports that each kilogramme of sugar 
produced demands 100 litres of water. Another study from the IDEC (2000) stressed that 
the sugar distillers require 75 litres of water to produce one kilogramme of sugar. Sugar 
and ethanol are substitutes in the production process. Given that the distillation of the 
alcohol comes after sugar production we can assume that the production of one litre of 
ethanol requires more than 100 litres of water.15  
 
According to Rebouças (1997: 76) the average water potential of the Southeast Region 
rivers (the biggest ethanol producer in the country where São Paulo State is located) is 
334.2 cubic kilometres per year (km3/year) accounting for 6 per cent of the country’s 
overall potential. The social disposal of water (5333 cubic meters per inhabitant per year) 
is slightly superior to that of the Northeast Region (average water potential of 186.3 
km3/year), the lowest ranked region and quite well-known for its droughts. The Southeast 
Region was responsible for 83 per cent of the sugar production and 77 per cent of the 
ethanol production in 2001/2002 (Marjotta-Maistro, 2002: 16). 
 
The Production of Ethanol (and Proalcool) and Air Pollution 

In Brazil the use of anhydrous ethanol as fuel for passenger cars or the mixture of 
22 per cent of hydrous ethanol with gasoline brought gains for the environment 
and the health of the population, mainly to those living in big urban centres. A 
major benefit was the reduction of the emission of lead in the atmosphere due the 
replacement of lead in anti-detonating by a combination of hydrous ethanol and 
gasoline. 
 
However, the large-scale use of ethanol as fuel for passenger car has resulted in a 
substantial increase of the land used for sugarcane predominantly in the State of 
São Paulo. In the regions where the sugarcane is produced and industrialized the 
quality of the air suffered due to the increasing amount of cane and straw burned 
resulting in increased pollution of the atmosphere (Arbex, 2001: 126). 

 
Arbex (Doctoral dissertation, 2001: 85) reports that the dust resulting from the sugarcane 
and straw burned, which falls on the cities around the plantation, affects the health of its 
inhabitants. During the period of the burning of cane and straw he found an increase in 
the incidence of asthma and emphysema as well as an increase in the number of deaths 
due to respiratory diseases among the exposed population. 
 
The author points out that in 1998 sugarcane production was the agricultural sector’s 
major employer in the State of São Paulo, employing roughly 90 thousand workers. The 

                                                 
15 The household consumption of water in Europe averages 165 litres per inhabitant per day (Sadeq, 1999: 
20). In Brazil SABESP estimates household consumption of water at 120 litres per inhabitant per day (5 
Elementos, 2005: 15). For more information on water consumption during the different stages of sugar and 
ethanol production, see Silva and Simoes (1999: 359). 



trade union was very much against the State Law (42056 of 08/06/1997), which 
established that the burning of the dust and cane should be eliminated gradually in 8 to 15 
years’ time. 
 
Arbex (ibid.: 70) notes that in São Paulo during the harvest of 1997/1998, 81.8 per cent 
of the cropland was harvested manually with the cane leftovers and straw burned. In a 
more recent research Tolmasquim (2003: 76) noticed that 75 per cent of the entire cane 
harvest in Brazil is manual. This type of harvest is followed by burning of straw. 
Arbex (ibid.: 76) brings to light some alarming data regarding the estimate of air 
pollution levels from sugarcane plantation burning: a) the amount per year of dried 
material burned in the sugarcane plantation per unit of area is 15 times greater than the 
amount burned in the Amazon region (0.5 square km against 0.03 square km); and b) the 
State of São Paulo, during the harvest period, burns 82 million tonnes/day of cane straw. 
This burning is responsible for 285 tonnes/day of particular matter and 33,342 tonnes/day 
of carbon monoxide (the total State area used for sugar cane production is 8.22 per cent). 
In contrast, the vehicles emission of particulate matter and carbon monoxide in the 
metropolitan region of São Paulo (2.82 per cent of the area of the state) is 62 tonnes/day 
and 4,293 tonnes/day respectively! 
 
Energy Crops and Food Crops 
 
Proalcool 
Brown16 (1980: 28) noted that the decision to turn to energy crops, more strongly in 
1979, to fuel Brazil’s rapidly growing fleet of automobiles is certain to drive food prices 
upward, thus leading to more severe malnutrition among the poor. In effect, the more 
affluent one-fifth of the population who own most of the automobiles will dramatically 
increase their individual claims on cropland from roughly one to at least three acres, 
further squeezing the millions who are at the low end of the Brazilian economic ladder. 
As the author pointed out, Brazil is a chronically grain-deficient country. For instance, in 
1979, imports of grains soared to a record 5.7 million tonnes. 
 
Calabi (1983) showed concern over the production goal of 11 billion litres of ethanol in 
1985. His concern stemmed from the country’s record with respect to food security in the 
past. Since the late 1960s, Brazil placed a lot of effort in promoting agricultural exports 
like soybeans. As a result of this, food import rose to US$2 billion in 1979 vis-à-vis 
US$1.2 billion in 1978. The emphasis on ethanol production could increase the country’s 
food imports further. 
 

“The possibility of large-scale biomass alcohol production has posed the question 
of whether, and to what extent, such a development is likely to compete for land 
and other agricultural resources that could otherwise be allocated for producing 
food... The issue is complex and can sometimes be emotional. Basic 
considerations in assessing the extent of future competition for agricultural 
resources are the relative price movements for energy and food. As noted, on a 
global basis a sharper increase in energy prices than in food prices or most other 

                                                 
16 This author’s major concern is the impact of ethanol on corn and the production of food. 



agricultural products is plausible, at least over the next decade. Assuming this 
occurs, the potential land use conflict between food, export, and energy crops will 
increase as economic forces increasingly draw resources into energy production 
(World Bank, 1980: 53). 

 
To illustrate the lack of concern of economic authorities regarding the question of 
“energy cropping” and its trade-off with food production, we refer to the Government’s 
contention that the social cost of an ethanol industry based solely on sugarcane would 
ultimately prove to be unacceptable. They were hoping to develop second generation feed 
stocks. The most important of these second-generation crops was thought to be manioc17, 
one of the world’s five staple crops (together with sorgo, rice, wheat and corn). 
 
According to Seroa da Motta (1987: 178), in 1983, São Paulo State accounted for 
50 per cent of ethanol production and, as opposed to other states ‘energy crops’ replaced 
other crops such as rice, beans and corn. Hence the State suffered reduction in food 
production. São Paulo State is, by far, the most economically vibrant and also has the 
largest urban population. 
 

Town dwellers (the towns are the seat of political power) are therefore relatively 
well protected against famine, at least in peace-time and its for this reason that, 
when supplies are scarce, there is a mass exodus of country dwellers towards the 
towns to which they are lured by the hope of finding cheap food or some way of 
earning money, no matter how little. For, although in rural areas food shortages 
and high food prices are generally accompanied by a reduction in the number of 
jobs available, such is not the case in towns, which are less affected by seasonal 
variations. This migration towards the towns may be organized to a greater or 
lesser degree by the population itself (Spitz, 1978: 868). 

 
According to Spitz (1978), the urban areas have more power to buy food and this aspect 
is an important one in urban migration in developing countries. The power that São Paulo 
State, and other powerful and urbanized States, had in the food market also contributed to 
the massive migration18 of the rural and poor states’ population to big cities like Säo 
Paulo, Rio de Janeiro, Belo Horizonte etc. Hence these cities have all sorts of urban 
environment problems, from squatting around the areas of water and the consequent 
pollution of the water supply, to an astonishing increase in the number of the slums 
population with a severe degradation in sanitation and the urban environment. Of course 
this ‘social injustice` is not due to Proalcool alone, but one can say that it did contribute 
to it. 
 
Ethanol 
                                                 
17 During the decade of Brazil’s ‘economic miracle”, as the living standards of the rural poor began to drop, 
many people turned to manioc for survival. By the end of 1977, small manioc plots took up some 2.1 
million hectares of land—more than the total sugarcane acreage at the time (Berton et al., 1982: 157). 
18 Obviously, structural factors such as rapid industrialization and great disparity between rural and urban 
incomes and lack of land reform are some of the major aspects that “promoted” the massive migration. 
What we are saying is that Proalcool is partly responsible for this situation. 
 



A recent report from OECD-FAO (2007) notes that debate on energy cropping versus 
food cropping is very current. The increasing demand for bio-fuel, like ethanol, is leading 
to fundamental changes in the agricultural markets which are currently witnessing price 
increase in various products. For instance, the report notes that the world costs of food 
imports in 2007 increased 5 per cent due to this increasing demand. It also stresses that 
this increase in cost will affect developing countries mainly. 
 
Silva (2007) draws attention to the influential IEA’s (Sao Paulo State Agricultural 
Institute) report that in the 2006-2007 period there was reduction in the agricultural area 
of 32 products in the state; among them were rice (10 per cent), beans (13 per cent), 
manioc (3 per cent) and tomato (12 per cent). They also report a reduction of more than a 
million cattle. 
 
Ethanol Production as a Substitute of Energy 
 
Proalcool 

Sometimes it is said that agriculture might become a source of energy, by which it 
is meant that biomass might be used as fuel, not merely in the form of wood or 
dung. It is difficult to understand the physics (as distinct from the sociology) of 
simultaneously excluding sugar production from the “energy sector” and 
including ethanol from sugarcane. It is only an “urban bias” (or an “upper class 
bias”) of the most potent sort, which allows people who are perhaps worried about 
an excess of calories in their diet, to exclude food production from the “energy 
sector” of the economy (Martinez-Alier, 1987: 20). 

 
Martinez-Alier (1987: 15) in his book calls our attention to the fact that economics is 
unable to convincingly deal with ecological critique. Therefore, it was paradoxical that 
the renewed faith in the market coincided with the energy crisis of 1973 and its aftermath. 
 
Unlike Pearce and Turner (1990: 120)19, Martinez-Allier (1987: 21) states that because 
ethanol is used as a fuel for cars, one relevant comparison is between the energy 
efficiency of ethanol production and other types of agriculture. Another relevant 
comparison would be between the energy cost of ethanol and the energy cost of other 
sources such as coal, oil, and hydroelectricity; in this sense, ethanol from sugarcane 
appears to be quite expensive. 
 
Considering the ethanol industry as one branch of the so-called “energy sector” of the 
economy, the energy cost of ethanol could then be compared with other sources of energy 
(coal and oil extraction, hydroelectricity etc.). In coal or oil extraction, transport and 
refining, an expenditure of one calorie would be needed to produce five to ten calories; in 
ethanol production, with the appropriate corrections, an optimistic estimation would be 
two or three calories produced per calorie spent (ibid.: 27). 
 

                                                 
19 They are in favour only of money terms of unit of account. 



For Martinez-Alier20 (1987: 27) the energy requirements of ethanol production are 
additional reasons why it is misleading to present ethanol programme as an oil-saving 
programme, which at the same time allows motorization. The production of ethanol is 
very energy intensive, compared with oil or coal.  
 
According to Da Silva et al. (1978)—quoted by Martinez-Alier (1987: 26)—the 
breakdown of about 50 per cent of the energy input of 4.2 million 
kilocalories/hectare/year is as follows: 50 per cent for fuel for machinery, 30 per cent for 
fertilizer, 10 per cent for machinery and equipment annual depreciation and the rest to 
seed, pesticides and human labour. The ratio between energy produced from ethanol and 
energy consumed in the agricultural stage of sugarcane is 4.53. For Martinez-Alier (1987) 
the data of Da Silva et al. (1978) is regarded generally, as optimistic since it might 
depend not only on the use of crop-residues but also on the low fossil-fuel energy costs of 
agriculture in Brazil. They neglect, for instance, the energy cost of the work force. 
 
As far as the energy balance is concerned, existing differences of opinion derive 
primarily from variations in energy assumptions and their interpretations. Part of the 
controversy appears to have begun when Chambers et al. (1979) calculated that the 
energy content of ethanol produced from farm crops was less than the fossil-fuel energy 
consumed in the process. It should be noted that excluding the positive energy balance 
given by Da Silva et al. (1978) most studies show little real net energy gain, if any 
(Rothman et al., 1983: 124). 
 
For Martinez-Alier (1987: 22), Proalcool as an agricultural programme, was extremely 
impressive. The production of 10 billion litres (11 billion in 1985) requires nearly 3 
million hectares of cane—more than the area of cane in Cuba, and it also represents 10 
per cent of Brazil’s cropland. This area converted for food production would add about 
900 kilocalories per head per day, for a population of 150 million. The essence of the 
ethanol programme, however, is not that it will provide energy as food (or drink), but that 
energy will be provided specifically as fuel for cars. 
 
Ethanol 
Regarding the energy cost of the work force, we refer to the study by Pereira (2007: 16) 
and published in the weekly magazine Carta Capital. This study discusses the reports of 
two experts on the work time of sugarcane workers: Dr. Maria Aparecida de Moraes e 
Silva from Sao Paulo State University (UNESP) and Dr. Jose Novaes from the Federal 
University of Rio de Janeiro (UFRJ). Both inform that the work-life of these workers was 
15 years. From 2000 onwards, it dropped to around 12 years. Dr. Moraes e Silva, who 
has been researching migrant workers for more than 30 years, recalls that up to 1850, the 
work-life of the slave was 10 to 12 years! Novaes reports that the productivity of these 
workers has been increasing substantially over the years; it increased from five to eight 
tonnes in the 1980s, to eight to nine tonnes in the 1990s and to 12 to 15 tonnes in 2004. 
There is no improvement in the technology used and they are paid based on production. 

                                                 
20 He is extremely critical of “farming with petroleum” and his book reveals his concern regarding the 
technical progress in modern agriculture. 
 



Since 2004, the Catholic Church has been keeping an account of the suspicious deaths 
among these migrant workers; the number of dead under investigation since the 
beginning of this year is above 20. 
 
Conclusions 
Ethanol production in Brazil can be used as a good example to show the imperfections of 
CB analysis discussed in section I. Ethanol is a project that affects the life of the top 20 
per cent of the Brazilians—that is the cars’ owners—in terms of personal income 
distribution. As stressed in section III, the ethanol programme can be shown as an 
example of conventional CB analysis where the environmental question is neglected. 
Further, even if you acknowledge the current updates in the CB analysis intended to 
account for the environmental loss in terms of “tangible” values, the serious aspects 
discussed in section IV would be ignored since they represent “intangible” values 
associated with the environment 
 
The use of CB analysis as a mechanical rule or decision-making procedure to justify 
ethanol production in Brazil only serves to deflect public opinion. It seeks to prevent the 
breaking out into the public realm of serious negative aspects associated with its 
production that involve, among others, water quality and distribution and air quality. 
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