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ABSTRACT 

Governments and policy-makers are currently dealing with some key issues as 

energy security in countries dependent on oil imports; global economic 

development, including increased food production; and controlling global 

climate change and greenhouse gas emissions. The perception that biofuel 

could solve these challenges simultaneously has led to the implementation of 

policy and regulatory mechanisms on the mandatory use of biofuels, resulting 

in a sharp increase in biofuel production and consumption.  

Serious concerns about large-scale ethanol production have been raised 

regarding loss of biodiversity and competition for land between food and 

ethanol production. It is also suggested that sugarcane-based ethanol increases 

GHG emissions due to indirect land use change.  Furthermore, sugarcane 

harvesting has been criticised for causing air pollution and bad working 

conditions for cutters. These criticisms have mostly been denied by Brazilian 

actors.  

This thesis seeks to clarify these divergent views and conflicts concerning 

Brazilian ethanol. It was carried out within a KTH research programme that 

uses frames in the analysis of conflicts emerging from the development and 

implementation of new technologies. Frame analysis can help improve 

understanding of such conflicts, which derive from differences in values, world 

views and beliefs and can be difficult to resolve. Frame analysis seeks to 

identify the particular factors determining the actions taken by different 

stakeholders, giving equal treatment to all actors.  

The results showed that the international views expressed in the media 

captured the attention of the public and policy-makers, and led them to frame 

ethanol as a destructive for nature fuel.  The analysis identified that the ethanol as a 

threat to food security frame combined with the ethanol as a destructive for nature frame 

led the public and policy-makers to frame ethanol as a brown fuel. However, 

Brazilian actors frame ethanol differently: as a green and safe fuel. These 

differences have raised the conflicts that are analysed in this thesis. 

Furthermore, the analysis identified that the changes in the harvesting system, 

from manual to mechanised –besides decreasing air pollution- will cost the job 

of hundreds of thousands of cane cutters. Values and beliefs orientating such 

changes are analysed in the thesis.    
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PREFACE 

This thesis is based upon work carried out between 2003 and 2011. The first 

five years, 2003-2007, were dedicated to defining and understanding the 

concepts of frame and reframing and to their application in the analysis of 

environmental conflicts concerning technological risks: a case study of a large-

scale oil spill was carried out. 

At the beginning of the study, little attention was being paid to the use of 

sugarcane ethanol as biofuel. However, by 2007, a raft of divergent views 

featured in media headlines: policy-makers, energy producers, academics and 

environmentalists in many countries expressed their concern about the 

sustainability of using sugarcane ethanol as a biofuel. The period 2007-2011 

has seen intense activity, with national and international discussions for and 

against the expansion of sugarcane ethanol.  

The fact that the subject of my research has become a matter of technical, 

economic and social interest to different actors in many countries has inspired 

me, but has also caused difficulties as regards interpreting the uncertainties 

associated with various courses of action. This mirrors the process in other 

times in history, when new technologies were implanted and challenged the 

parties involved, especially the decision makers.  

The knowledge obtained from the first period of this study has a general 

and theoretical character and was applied in analysis of the divergent views and 

the conflicts they created in the hypothesis of future expansion of sugarcane 

ethanol in Brazil. Frame analysis, as an analytical tool, helped me elucidate the 

views held by the groups involved by revealing how these groups framed the 

different situations. The tool will hopefully be of future help in analysing other 

types of conflicts or similar conflicts in other parts of the world.  
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 INTRODUCTION  

1.1 Background to the Research 

The perspective of global warming associated with fossil fuel use and the 

desire for energy security and economic development, especially in agriculture, 

has resulted in importance being attributed to biofuels as a fossil fuel 

alternative. The recent policies supporting biofuels adopted in OECD 

countries and in a number of developing countries have caused a rapid growth 

in biofuel production and consumption (FAO, 2008; Licht, 2008a).  The EU 

has adopted the Renewable Energy Directive (RED), which includes a 10% 

target for the use of renewable energy in road transport by 2020. Under the 

2007 Energy Independence and Security Act, the US set a target of 36 million 

gallons of renewable fuel for road transport by 2022.  

Together, the targets set for biofuel consumption will change the size and 

structure of global biofuel markets. Brazil, the second largest producer and 

largest exporter of ethanol, has a competitive advantage, with lower production 

costs and the environmental efficiency of sugarcane (IDB, 2010). The country 

is considered to be one of the few with the natural conditions to grow large 

amounts of energy crops. A privileged geographical situation, mainly located 

between the Equator and the Tropic of Capricorn, and climate conditions 

allow for sugarcane production at high yields with minimal or no irrigation. 

The country has had 30 years of extensive experience in the ethanol industry. 

Combined, these factors would transform the country into one of the main 

suppliers responding to world demand for ethanol over the next decades 

(BNDES/FAO/CGEE, 2008; Cerqueira Leite et al., 2009).  
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The perspective of a growing market has caused expansion of the capacity 

of ethanol production in Brazil: existing distilleries are expanding their 

capacity, new distilleries are being planned and new sugarcane plantations are 

appearing (MAPA, 2009), which has changed the scenario for the agricultural 

phase of ethanol production. To promote the environmental sustainability of 

this phase, new laws have been passed and new agreements signed between 

Brazilian authorities and ethanol producers (Goldemberg, Coelho and 

Guardabassi, 2008).  

However, the rapid expansion of Brazilian ethanol production has raised a 

number of questions regarding its negative consequences and sustainability. It 

is said that future large-scale ethanol production might lead to the destruction 

or damage of high-biodiversity areas, deforestation, competition between food 

and fuel production decreasing food security and a worsening of labour 

conditions in the sugarcane fields. Of the factors cited above, an analysis 

carried out by the Brazilian government identified those most frequently 

mentioned by international actors as being the impacts of the expansion of 

sugarcane plantations on the Brazilian Amazonia, CO2 emission savings and 

food security, and the inadequate labour conditions in sugarcane fields (OESP, 

2008). The divergent views have strongly influenced the scientific and 

commercial debates about Brazilian ethanol.  

Industrial ecology (IE) is an interdisciplinary framework for designing and 

operating industrial systems as living systems interdependent with natural 

systems. It seeks to balance environmental, social and economic performance 

within emerging understanding of local and global ecological constraints. 

Analysis of the sustainability of new technologies is among the tasks 

undertaken by IE researchers. In general, the introduction of a new technology 

involves complex issues related to environmental sustainability and social 

impacts, and divergent views emerge that often result in conflicts. The present 

study was carried out within a research programme at the Department of 

Industrial Ecology, Royal Institute of Technology (KTH) that is examining 

conflicts emerging from the development and implementation of new 

technologies. Frame analysis is one of the tools being used to help improve the 

understanding of such conflicts, which are related back to differences in values, 

world views and beliefs and can be difficult to resolve. Frame analysis seeks to 

identify the particular sets of values, beliefs and world views that underlie the 
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actions taken by different stakeholders and in the analysis, equal treatment is 

given to all actors. In the present case of Brazilian ethanol production we 

examined the opinions of the powerful actors (government, industry, 

environmentalists and the international media) but also those of less powerful 

actors, for example sugarcane cutters and inhabitants of local communities.   

1.2 Aims and Objectives 

The overall aim of this thesis is to contribute to the understanding of conflicts 

related to the development and implementation of technologies in the field of 

industrial ecology. In order to achieve this aim, several studies of 

environmental conflicts were carried out, in the context of:  

 An oil spill in Guanabara Bay (subject of the author‟s licentiate thesis 

at KTH and one published paper) 

 Ethanol production in Brazil (subject of this PhD thesis and of the 

three appended papers).  

In the case of ethanol production in Brazil, issues such as the history of 

ethanol production, the introduction of the Brazilian ethanol programme 

(Proalcool), domestic conflicts and the recent international debates were 

analysed. Specific objectives of the research were: 

i) To reveal the motivations activating the Brazilian government in the 

creation and development of the Proalcool programme. 

ii) To clarify the divergent views and the conflicts that have arisen over 

land use changes for future large-scale ethanol production, focusing 

particularly on deforestation of Amazonia, increase in CO2 emissions 

and the biodiversity of the Cerrado biome. 

iii) To clarify the divergent views and conflicts that have arisen over land 

use changes for future large-scale ethanol production, focusing 

particularly on land competition for food and ethanol production. 

iv) To understand the conflicts concerning methods of sugarcane 

harvesting (semi-mechanical and mechanical harvesting) and the 

environmental and social impacts related to these.  
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A description of the history of ethanol production in Brazil (objective i) is 

presented in section 4 and also described in Paper III. Information relevant to 

objective ii can be found in section 4 and also in Paper I. Details about the 

analysis of competition for land for food and ethanol production can be found 

in section 4, as well as in Paper III.  A complete description of methods of 

harvesting sugarcane and the conflicts related to these (objective iv) is given in 

section 5 and also Paper II.  

To achieve the aims of this study a research question was formulated: 

How do the actors perceive the introduction of new technologies and their social and 

environmental impacts, and how does this influence their view on ethanol production?  

To achieve objectives i-iv, frame analysis was selected as the analytical 

tool. It was used to examine the frames held by the decision-makers and other 

different stakeholders in conflict and non-conflict situations. An example of a 

non-conflict situation is the development and introduction of the Brazilian 

ethanol programme. In situations of conflict, frame analysis was used to 

explain the different frames held by the actors, examine the conflicts produced 

by these differences and discuss options for conflict resolution.  

The main focus of the study was on the divergent views of social and 

environmental sustainability associated with the expansion of Brazilian ethanol. 

While it was beyond the scope of the study to define whether Brazilian ethanol 

is sustainable, the fragile points of this expansion were examined as seen 

through the conflicts and provided elements for a broader discussion on these 

topics.  

This body of work seeks to balance elements from social science and 

natural science. The target audience of the research, and therefore of this 

thesis, is other researchers, decision-makers in the field of sustainable energy, 

engineers concerned with development of sustainable biofuels, conflict 

mediators, journalists and anyone else interested in sustainable development. 

The reader needs no special background. 
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1.3 Origins and Outline of this Study 

My studies into the use of frame analysis for the examination of environmental 

conflicts started in 2003. The first years, from 2003 to 2007, were dedicated to 

the study of conflicts, negotiation processes and frames as a tool for conflict 

analysis. This knowledge was applied in a case study of an oil spill in 

Guanabara Bay, Rio de Janeiro, which came to be the subject of my licentiate 

thesis, entitled Towards Frame Analysis in Environmental Conflicts. An article (Galli 

et al., 2007) and a book (Galli, 2008) were other products of the Guanabara 

Bay case. In June 2007 I received a Licentiate degree in Engineering from the 

Royal Institute of Technology (KTH), Sweden.  

It was in 2007 that the divergent views over Brazilian ethanol production 

first attracted my attention. Ethanol went very quickly from being considered a 

sustainable alternative to fossil fuels to being associated by the international 

media with poor working conditions, increased CO2 emissions, deforestation 

and threats to food security (Miljöaktuellt, 2007; The Economist, 2008; The 

Guardian, 2008a). Perplexed by the wave of divergent views and the lack of 

information internationally about Brazilian sugarcane-based ethanol, I initiated 

the present study in order to examine the state of the art of the agricultural 

stage of ethanol production in Brazil and its socio and environmental impacts.   

A review of the history of Brazilian ethanol production over the last 40 

years reminded me of the difficulties that most Brazilians went through in the 

1970s and 1980s. They were encouraged to buy cars running on pure ethanol, 

but very often these cars would not start easily in the early winter mornings 

and the engine were much less powerful than petrol engines. In addition, 

garages smelled constantly of ethanol due to the bad combustion and by the 

middle of the 1980s there was a shortage of ethanol, which caused constant 

queues in petrol stations all around the country. These contributed to building 

the knowledge and experience of production and consumption of ethanol that 

exists in contemporary Brazil.  To my surprise, little could be found in the 

international literature about such knowledge and experience that most 

Brazilians take for granted. It seems that such facts were completely unknown 

until recently to most international actors. For example, the use of pure 

sugarcane-based ethanol as a fuel, as well as 20-25% inclusion of ethanol in 

petrol, was already common in Brazil in the 1980s. This lack of information 

provided an additional stimulus to conduct this study.  
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The thesis consists of a monograph that is a combination and also an 

expansion of the data presented in the three appended papers. Chapter I 

presents the background to the research and its relevance. Chapter 2 outlines 

the theoretical concepts used in the study, guiding the researcher and the 

readers into the complexity related to the practice of sustainable development, 

and preparing us for the difficulties in applying a frame analysis perspective to 

conflicts. The methodology used to attain the objectives is outlined in Chapter 

3, while Chapter 4 presents the frame analysis and the discussion of the studies 

carried out to achieve objectives i-iii.  The studies – results and discussion- 

related to objective iv are described in Chapter 5, while Chapter 6 presents the 

conclusion of the study.  
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   THEORETICAL FRAMEWORK 

2.1  Sustainable Development  

2.1.1  Origin and development of the concept  

At the Stockholm Conference on the Human Environment in 1972, the 

contradiction between development and environment was first officially 

acknowledged. The following decades were marked by debates on the theme. 

These engaged on one side the technological optimists, who considered the 

environment an infinite resource, and on the other side the environmentalists, 

who were seriously concerned with the idea of the environment as a finite 

resource being exploited (Goodland, 1997). The debates gradually gave 

importance to and enriched the notion of environment. Little by little, a new 

concept was being shaped, the concept of sustainable development. 

The concept came into the public sphere in 1987 with the Brundtland 

Report (World Commission on Environment and Development, 1987), in 

which sustainable development is defined as ‘development that meets the 

needs of the present without compromising the ability of future generations to 

meet their own needs‟. Sustainable development was defined in terms of the 

preservation and enhancement of the quality of human life; consequently it has 

led to the understanding that the value of environment cannot be separated 

from the lives of living creatures.  

In 1992, the definition was further developed by the 1987 Noble Prize 

winner in Economics, Robert Solow, in a monograph called An Almost Practical 

Step towards Sustainability. Solow (1992, p. 168) defines sustainability as the 
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requirements that the next generation must be left with „whatever it takes to 

achieve a standard of living at least as good as our own and to look after their 

next generation similarly‟. Focusing on sustaining living standards, Solow 

extends the reach of Brundland‟s concentration on the fulfilment of needs. 

While the concentration on maintaining living standards has some clear merits 

over the previous definition that concentrated on the fulfilment of needs, 

Amartya Sen (2009) questioned whether it was sufficiently inclusive.  

Amartya Sen, who won the Noble Prize in Economics in 1998, has further 

redefined and elegantly extended the concept. In his redefinition he considered 

that „the importance of human lives lies not merely in our living standard and 

needs fulfilment, but also in the freedom that we enjoy, then the idea of 

sustainable development has to be correspondingly reformulated‟. He 

proposed a reformulation of the previous definitions into one that can 

„encompass the preservation, and possible expansion, of the substantive 

freedom and capabilities of people today without compromising the capability 

of future generations to have similar or more freedom‟ (Sen, 2009, p. 251).  

The case of Brazilian ethanol production illustrates how the priority given 

to environmental issues will lead sugarcane cutters to lose their jobs. However, 

unemployment is a violation of the substantive freedom of cutters to achieve 

those things to which they have reason to attach great importance. These 

include being well nourished and healthy, and able to live comfortably.  

2.1.2  Complexity of the concept 

The point of departure of this study was the notion that the concept of 

sustainable development is complex and not unequivocal. In order to foster an 

understanding of the issues related to sustainable development, I also refer to 

other concepts, e.g. the concept of utopia. Sustainable development is a utopia, 

i.e. a visionary system of social perfection, to which the path is „shaped by 

conflict and comprised of interests of the different participating systems‟ 

(Bossel, 2000). 

Sustainable development is a dynamic process with different alternative 

goals. The dynamic character of the process includes scales of time and space. 

It relates issues from local to regional and global levels; the local levels 
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affecting the regional and global and vice versa, and it relates issues that 

happened at some time in the past to those that may happen in the future. 

The number and the variety of the problems related to the achievement of 

sustainable development are large, which leads to the temptation to reduce it 

into simpler and more manageable elements. However, sustainable 

development has complex features that impede reductionism. For example, 

sustainable development also includes biological, physical, chemical, economic, 

political, sociological and anthropological issues, it is evident that complexity is 

that which conceives the articulation, the identity and the difference of all 

these issues. In contrast, reductionism separates these issues or unifies them at 

the cost of mutilating the parts, so that problems can be solved within the 

framework of one discipline. The main idea is not to be exhaustive in all 

aspects, but to consider all the features and respect their diverse dimensions 

(Morin, 1990).  

Reductionism is often favoured in the academic system so that complexity 

can be reduced and problems can be solved by known methodologies. 

Another reason is that individuals have difficulty thinking out of the 

disciplinary area, and that it is not always people struggling with the real 

problem in society who formulate the problems and research questions.  

Uncertainties and plurality of alternatives are other features of the 

complex character of sustainable development. Funtowicz and Ravetz (2003) 

state that: 

 „…systems that are complex are not merely complicated; but by their 
nature they involve deep uncertainties and a plurality of legitimate 
perspectives‟.  

Among the causes of uncertainties of complex systems are the facts that any 

analysis must deal with data organised according to the concepts of one 

discipline, and will not necessarily incorporate concepts of other disciplines. 

For example, the organisation of data based on economic or environmental 

concepts may not consider the social dimensions, and vice versa. In this way, 

the data presented to policy-makers will introduce uncertainties (and these are 

frequently unspoken) into the decision-making process. 

In addition to such uncertainties, there is the plurality of perspectives 

guiding the selection of data and models to be used in any analysis. The 
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preference of one perspective over the others will influence the selection of 

data and models, consequently introducing some bias. This means that the set 

of values, beliefs and assumptions held by an individual or group of 

individuals, will influence what alternative they select to guide their work. 

Furthermore, this selection of choice is influenced not only by the values of 

individuals, but also by the values held by the institutional system in which 

science and decision-making processes are being developed (Funtowicz and 

Ravetz, 2003). In other words, the selection will be value-laden.  

This study provides examples of the complexity of sustainable 

development.  One example is given in the conflicts analysed in Paper I, which 

illustrates how the need for economic development confronts the criterion for 

the preservation of the biodiversity of the Cerrado biome. Paper II also gives 

another example, where decision-making based on the adoption of 

environmental criteria is shown to be incompatible with an improvement of 

the social situation of sugarcane cutters. 

2.1.3 Sustainability and conflicting issues 

As mentioned previously, the path to sustainable development is shaped by 

conflict and comprised of interests that emerge especially in decision-making 

processes, which is the subject of this study. The idea of complex systems that 

help to understand sustainable development as a complex process may also 

help in understanding these conflicts. 

There is a parable that helps to explain why there are so many conflicts in 

decision-making processes concerning environmental issues: 

…we may imagine a group of people gazing at a hillside. One of them 
„sees‟ a particular sort of forest, another an archaeological site, another 
a potential suburb, yet another sees a planning problem. Each uses 
their training to evaluate what they see in relation to their tasks. Their 
perceptions are conditioned by a variety of structures, cognitive and 
institutional, with both explicit and tacit elements. In a policy process, 
their separate visions may well come into conflict, and some 
stakeholders may even deny the legitimacy of the commitments and 
the validity of the perceptions of others (Funtowicz and Ravetz, 2003). 

In environmental decision-making processes, different stakeholders may „see‟ 

the situation in different ways, choosing different management options when 

faced with the same evidence. Those who manage the situation need to 
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understand how and why people „see‟ the same situation differently. To help 

foster an understanding of the role played by the different views held by the 

stakeholders of the same hill, the concepts of frames and framing are used later 

in this report. 

The complexity of the concept of sustainable development may be a 

consequence of the multidisciplinary domains that construct this concept. 

Natural, environmental and social sciences, and the many disciplines or areas 

of knowledge mobilised (e.g. biology, physics, chemistry, economics, sociology 

and anthropology) are involved in the construction of sustainable 

development. The view of each of these disciplinary areas, as well as the 

different views within each discipline, will certainly affect the way the concept 

is developed and made operational. If we take as an example the different 

views presented within the domain by an economist, tere are those who view 

the economy as a total system and those who view it as a subsystem of the 

environment. The first view implies that it is possible to make the economy 

grow as fast as possible by using natural resources without considering their 

finite nature. On the other hand, the view that the economy is a subsystem of 

the environment is closer to the idea of sustainable development. In fact, 

viewing the economy as a subsystem sustained by a larger ecosystem means 

that economic growth is bounded by the ecosystems that surround it (Daily, 

1997).  

Another point of interest, although polemic, is the way the disciplines are 

organised into the concept of sustainable development and their influence in 

the classification of the issues related to sustainability. For instance, should the 

classification of the impacts be defined into three distinct categories: social, 

economic and environmental? Or should the impacts be defined in a way that 

integrates the three areas of knowledge? According to Goodland (1997), the 

classification of impacts into the three distinct categories of social, economic 

and environmental is justified by the fact that each discipline has its particular 

best way to define each type of sustainability. Environmental sustainability is to 

be defined by environmentalists, ecologists and biophysical scientists. 

Definition of social sustainability is a challenge taken on by social scientists, 

while economic sustainability is analysed by the economists. To define 

separately the three components (environmental sustainability, social 

sustainability and economic sustainability) is the way to make the concept „an 
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organising principle for action for the activities required to approach 

sustainability in real life, even though these distinct activities will necessarily be 

interconnected‟ (Goodland, 1997). Furthermore, if sustainable development is 

not well defined and cannot be made an operational concept, it will be difficult 

to develop policies to promote it.  

Today the most widely accepted definition of sustainability appears to be 

one that considers the integration of the three areas. For the defenders of this 

view, the complex issues related to sustainable development are not just an 

ecological, economic or social problem; they are a combination of all three.  

2.1.4 Sustainable development as a political concept 

Sustainable development can be seen as a „political concept‟ shaped by political 

controversy and power struggle. In recent years, issues of environment and 

human development have been gathered together under the integrative 

framework of sustainability (sustainable development). Major policy processes 

have been constructed and are producing new and supposedly far reaching 

agreements, policies and strategies.  

Since it first appeared in the Brundland report (1987), „sustainable 

development‟ has been defined a number of times (Lélé, 1991; Carter, 2001). 

There are those who believe that one should not try to define sustainable 

development too rigorously and claim that, to some extent, the value of the 

phrase does lie in its broad vagueness. It allows people with hitherto 

irreconcilable positions in the environment development debate to search for 

common ground without appearing to compromise their positions (Lélé, 

1991).  

According to others (Dryzek, 2005), the proliferation of meaning of 

sustainable development is not just an exercise in academic or practical 

clarification: „It is also an issue of different interests with different substantive 

concerns trying to stake their claim in the sustainable development territory‟ 

(ibid, p. 146). As sustainable development has become more important, key 

interests have tried to define sustainable development to suit their own 

purposes. „Thus an African government might emphasise the need for global 

redistribution of wealth from North to South in order to eliminate poverty, 

while a transnational corporation might insist that sustainability is impossible 
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without vibrant economic growth to conquer poverty, stabilise population 

levels, provide for human welfare and, of course, maintain profit levels (Carter, 

n/d). 

To Carter (n/d), sustainable development, like beauty, is in the eye of the 

beholder; it therefore promises something for everyone. As Lélé (1991) has put 

it: 

Sustainable development is a 'metafix' that will unite everybody from 
the profit-minded industrialist and risk-minimizing subsistence farmer 
to the equity-seeking social worker, the pollution-concerned or 
wildlife-loving First Worlder, the growth-maximizing policy maker, 
the goal-oriented bureaucrat and, therefore, the vote-counting 
politician (p.613).   

These chameleon characteristics attract a wide array of supporters, but they 

also make sustainable development a highly contestable concept that not only 

deals with interdependencies between economy and ecology, but also 

combines the ecological question with the social question on a global scale. 

Some aims of sustainable development are radical: the elimination of poverty, 

the pursuit of global equity, wider use of appropriate technologies, and a shift 

away from consumerist lifestyles. Other themes, such as the liking of the 

capitalist economic system and the need for continued economic growth, seem 

to call for the acceptance of the status quo. Old questions need to be 

answered: What are basic needs? Should they reflect the needs of citizens in 

the USA and/or Bangladesh? How far will the living standards of rich 

industrialised nations have to be adjusted to achieve sustainable consumption 

patterns? Different answers to these questions produce conflicting 

interpretations of sustainable development (Carter, n/d, 2001).  

For example, the speakers of less developed countries may have cause for 

complaint particularly about a widespread attitude among Europeans who tend 

to see sustainable development as an exercise in the conservation of nature and 

in environmental management, while forgetting about equitable distribution 

and economic growth in less developed countries (Huber, 2000, 2005). What 

comes in mind at this point is that any discussion of sustainable development, 

and of sustainability, must first answer the questions:  

„What is to be sustained? For whom? How long?‟ The value of the 
concept of sustainability, like that of sustainable development, 
however, lies in its ability to generate an operational consensus 
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between groups with fundamentally different answers to these 
questions, i.e., those concerned either about the survival of future 
human generations, or about the survival of wildlife, or human health, 
or the satisfaction of immediate subsistence needs (food, fuel, fodder) 
with a low degree of risk. It is therefore vital to identify those aspects 
of sustainability that do actually cater to such diverse interests, and 
those that involve tradeoffs (Lélé, 1991, p.615).  

Such claims illustrate the idea that sustainable development is a political 

concept. To achieve sustainability, politicians need to remedy inter-related 

economic, social and environmental weaknesses. Sustainable development is 

primarily about good governance: „Who decides? Based on what authority? 

Who participates and how? How will decision making take place?...‟ (Brechin 

et al., 2002).  

According to Voβ and Bornemann (2011) decades of political research 

have brought about vast evidence about the ways environmental governance is 

„embedded in, entwined with, and shaped by politics‟.  However, governance 

approaches neglect the political contexts in their designs. They draw attention 

to the „pervasiveness of politics as often unruly and hidden attempts at shaping 

the set-up, process, and outcome of governance to further beliefs and interests 

of particular actors‟.They claim that new governance designs are built on the 

idea of unbiased observers of systemic changes, open-minded consideration of 

developmental options, and unequivocal interpretations of results from 

experimentations. 

Such a view neglects that experimental learning for sustainable 
development does not take place inside a scientific laboratory, 
somehow detached from immediate stakes and interest of actor, but in 
real world where it is directly linked with ongoing processes of societal 
change (ibid).  

In such arrangements, whatever is being learned about sustainable 

development options has immediate implications for the possibility to 

continue certain lifestyles and business strategies or maintain positions of 

power (Voβ and Bornemann, 2011). 
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2.2 Frame Analysis  

2.2.1 The concepts of frame and framing  

The approach based on the concepts of frame and framing was presented by 

Goffman in his book Frame Analysis (1974, 1986), where an example is given to 

indicate the meaning of frame:  

…when participant roles in an activity are differentiated… the view 
that one person has of what is going on is likely to be quite different 
from that of another. There is a sense in which what is play for the 
golfer is work for the caddy (ibid, p. 8). 

Schön and Rein (1994) in their book Frame Reflection, Toward the Resolution of 

Intractable Policy Controversies explain that the underlying structure of belief, 

perception and appreciation held by a person will define the way she or he sees 

the situation - the way the person frames a situation. Frames are not seen as 

free floating ideas, or concepts, but “grounded in the institutions that sponsor 

them” (p. 29). Schön and Rein differentiate between frames and interests: 

interests are shaped by frames and frames may be used to promote interests. 

The term appreciation used by Schön and Rein was first applied in 1995 

by Sir Geofrey Vickers in his book The Art of Judgment: A Study of Policy Making 

to mean: „…a set of readiness to distinguish some aspects of the situation 

rather than others and to classify and value these in this way rather than in 

that‟ (ibid, p. 82). 

Vickers (1995) explains that the term appreciative judgment is a temporary 

expression of a mental organisation: 

… to see, to value, and to respond to situations in familiar ways that, 
while they last, exclude the power to see other possibilities (ibid, p. 
69).  

... the relevant facts are necessarily only a selection of all that might 
have been noticed. They are selected for their ´relevance´- to what? To 
the value judgment that makes them interesting and significant. Their 
selection no less than their validity is a matter of judgment (ibid, p. 
88). 

Frame and framing can be traced back to both psychology and sociology. The 

psychological origins of framing lie in experimental work by Kahneman and 

Tversky, for which Kahneman received the 2002 Nobel Prize in economics 
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(Kahneman and Tversky, 1979, 1984; Kahneman, 2002). They examined how 

different presentations of essentially identical decision-making scenarios 

influence people‟s choices and their evaluation of the various options 

presented to them. Seen as a social science approach, framing was 

conceptualised in Goffman‟s work, wherein it is employed to help make sense 

of people‟s behaviour, especially in situations where decisions have to be made. 

In order to efficiently process new information, Goffman argues, individuals 

apply interpretive schemes or „primary frameworks‟ to classify information and 

attribute meaning to it (Goffman, 1976, 1984).  

Framing is defined as a cognitive process whereby individuals and groups 

filter their perceptions, interpretations and understandings of complex 

situations in ways consistent with their own socio-political, economic and 

cultural world views and experiences. A person constructs frames when trying 

to organise complex phenomena into coherent and understandable categories. 

When labelling a phenomenon, people give meaning to some aspects of what 

is observed, while discounting other aspects, for example, because they appear 

irrelevant or counter-intuitive (Schön and Rein, 1994). As strategic tools, 

frames help rationalise self-interest, persuade broader audiences, build 

coalitions, or promote preferred outcomes (Shmueli, 2008). In communication, 

framing is based on the assumption that the way an issue is characterised 

influences how it is understood by distinct audiences (Scheufele and 

Tewksbury, 2007).  

 We use frames to help us to make sense of the world around us, to make 

sense of the complex reality, abounded by complex and often divergent 

information. A person constructs frames when trying to understand complex, 

sometimes complicated, events; to identify and interpret specific aspects that 

seem to be key to understanding the situation, and to communicate that 

interpretation to others (Schön and Rein, 1994). Through this process 

individuals select the issues they give attention to, „imparting meaning and 

significance to elements within the frame and setting them apart from what is 

outside the frame‟ (Buechler, 2000, p. 41).  

A conflicting situation arises when two or more parties observe different 

aspects of the same situation, or observe the same aspects but understand 

them differently. This means that the parties perceive the situation in 

conflicting ways; they hold conflicting frames (Schön and Rein, 1994).   
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2.2.2 Framing conflicting situations 

Understanding how conflicts are created and progress and how to effectively 

manage them are not easy tasks. Many factors contribute to conflicts. It is not 

uncommon that the people involved in a conflict do not know exactly what the 

dispute is about or that they experience the same reality in different ways, 

leading to difficulties during any negotiating process. This does not mean, 

however, that:  

...objective reality does not exist, only that disputants´ subjective 
experience is their reality and thus determines the nature of the 
conflict to them (Pinkley and Northcraft, 1994, p. 193). 

Considerable research has been devoted to the resolution of environmental 

conflicts (Susskind and Cruikshank, 1987; Carpenter and Kennedy, 1988; 

Blackburn, 1995; Burgess and Burgess, 1995). Although of great importance, 

research has not always been successful in clarifying issues and helping to 

resolve conflicts, especially those related to sustainable development, 

environmental degradation and resource depletion (Schön and Rein, 1994; 

Lewicki and Gray, 2003). For example, mediation is a powerful conflict 

resolution technique, but it is not applicable to all environmental conflicts 

(Blackburn and Bruce, 1995; Gray, 2004), since these often involve conflicts of 

basic values on which it may not be possible to reach agreement through 

mediated negotiations (Schön and Rein, 1994). Values that are fundamental 

beliefs related to identity are very difficult to change (Hofstede, 1997). 

Legislation is another instrument that can be used to resolve conflicts, as is 

litigation. However, these can serve as an institutional concretisation of the 

victory of one set of values over another and weaken the legitimacy of those 

values defended by the losing party.  

It was in this context that frame analysis started being employed in the 

analysis of many conflicts. In their book Schön and Rein (1994) carried out 

frame analysis of several policy controversies. They pointed out the 

importance of frames in the creation, progress and resolution of conflicts. An 

example was given of the conflicts related to the implantations of Athena, a 

computer system, at MIT, in the late 1970s (ibid, p. 91-128). Athena provoked 

conflicts because of contradictions inherent in its original design. The authors 

explain that the designers of the system framed it as „a major component of the 
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world-wide technological progress‟ and, although they strongly believed they 

were developing it also for educational purposes: 

 …their commitment to technology blinded them to the 
contradictions [found by the final users] inherent in Athena‟s design. It 
kept them, too, from listening to negative messages from the field that 
would have alerted them to these contradictions (ibid, p.112).   

On the educational side, the users framed Athena just as a tool to help them in 

their everyday tasks; the top technological computer system was not achieving 

its educational purposes. As the authors state:  

One of the most striking features of the story of Project Athena is the 
disjunction between the original intentions of its designing system and 
the meanings construct for Athena in the context of its use. In 
contrast to the engineer-architects‟ expectations that Athena would be 
used for technically sophisticated and educationally innovative 
purposes, students used Athena mostly for such „mundane purposes 
as electronic mail, word processing, and electronic games  (ibid, p. 
122).   

In other words, the intended meaning given by the designers to Athena did not 

get to its intended users, or the users preferred the meanings they themselves 

constructed. After years discussing the problems of Athena, a reframing was 

carried out. The designers understood the educational purposes of the Athena, 

and incorporated them within the technological features of Athena. In this 

new situation, designers also started listening to the negative feedback given by 

the users. This change of frames helped to solve a decade of conflicts over the 

implementation of the Athena computer programme at MIT.   

The book Making Sense of Intractable Environmental Conflicts, edited by 

Lewicki, Gray and Elliot (2003), presents cases of conflicts over natural 

resources, water resources and hazardous waste, all in the USA. The Quincy 

case, a conflict about forest management, is an example of how changing 

frames can create opportunities for collaborative action on the part of 

disputing parties. The members of the Quincy community „crossed interest-

boundaries to talk with traditional enemies in the controversial timber war. 

Altering the way the timber wars were framed by traditional enemies at the 

local level played a significant role in how the conflict was transformed‟ (ibid, 

p. 63). On the other hand, the Drake case, dealing with hazardous waste 

management, illustrates the frames the disputants used and how those frames 
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contributed to the extensive conflict about waste incineration, and the 

intractability of this conflict.  

Galli et al. (2007) describe a reframing process of the researchers 

themselves in the case of a major oil spill in Guanabara Bay in Brazil in 2000. 

They initially framed the impacts of the oil spill as destructive to artisanal fishing. 

After many interviews with the fishermen and visits to the fishing villages, the 

researchers came to understand that the fishermen themselves framed the 

accident otherwise: as beneficial to them. This happened firstly due to the 

generous compensation given by the oil company to each fisherman affected 

during the year after the accident. The money they received monthly was more 

than they could have earned otherwise. Secondly, because the international 

visibility of the oil spill in an area of outstanding natural beauty, the Guanabara 

bay spill ended up provoking a change in the environmental frames held by the 

oil company and helped to improve the safety programme at the company. 

Shmueli (2008) gave an example of how the integration of frame analysis in 

conflict assessment methodology helped the stakeholders to recognise their 

own frames and those of others, and how it helped the negotiation process 

related to an environmental conflict over pollution in the Lower Kishon River 

Basin in Israel.  

The many difficulties arising during a negotiation process emphasise the 

importance of parties involved in a dispute becoming aware of the potential 

effects of frames. The reason is simply that frames filter reality and limit 

attention to situational details, and often exclude the possibilities of each party 

seeing the positions of other parties involved. Furthermore:  

…frames are inevitable, one cannot avoid framing. By choosing to 
define and articulate an aspect of a complex social situation, one has 
already implicitly „chosen‟ to use certain frames and to ignore others… 
Frames can also be shaped by the type of information that is chosen, 
or the setting and context in which the information is presented 
(Lewicki, Saunders and Minton, 2001, p. 52).  

Those authors further explain that the understanding of framing dynamics 

therefore helps the parties in a conflict to elevate the framing process to one 

that is more conscious and more under control than it would otherwise be. 

Schön and Rein (1994) also highlight the importance of knowing what the 

frames in a conflict are and how they are constructed. They explain that this 
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will help understand how these frames affect the development of a conflict, as 

well as how they can be used to influence it (Schön and Rein, 1994). 

To conduct a frame analysis, it is necessary first to understand the context 

in which the conflict is embedded, second to question the parties in order to 

establish what their frames are, and third to listen to or read their 

communications and observe their behaviours. Frame analysis is a tool used by 

an observer to analyse perceptions and interests of actors in conflict. In 

addition, it is possible to engage in self-analysis: 

…we can try to understand our own frames, by thinking about what 
aspects of a situation we are paying attention to, emphasizing, 
focusing on, or ignoring – and by observing our own words and 
actions (Lewicki, Saunders and Minton, 2001, p. 52). 

Studies of environmental conflict have identified several types of frames and 

indicated the predominance of certain types. To start in a more practical way, 

we can pose the following questions: What are identity frames? What are 

characterisation frames? Identity frames focus on how individuals answer the 

question: „Who am I?‟ This type of frame is fundamental to the understanding 

of environmental disputes, since conflicts almost inevitably arise when people‟s 

identities are being threatened. Main factors influencing the development of 

identity frames are values and beliefs, social and cultural experiences, interests, 

relational power, membership, role and association (Gray, 2003). On the other 

hand, characterisation frames mirror identity frames in that they are statements 

made by individuals about how they understand someone else to be; that is 

„Who are they?‟ (Gray, 2003, p. 23). Characterisation frames may be either 

positive or negative, depending on factors such as experience, beliefs, 

prejudices, judgment, individual social identity, group identity and group 

membership and relationship with people (Gray, 2003).  

2.2.3 Frame reflection and reframing 

Environmental conflict analyses have generally been conducted in retrospect 

or in parallel with the ongoing decision-making process. The importance of 

such analyses is to a great extent educational; they provide insights to 

practitioners and researchers and eventually strengthen the capacity of 

negotiators to engage in conflict resolution. However, retrospective analyses 

naturally do not offer participants in a dispute an opportunity for reflection 
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about the process in which they are currently engaged. We use the term „Frame 

reflection‟ to reflect the notion that once parties in a dispute achieve a better 

understanding of their frames and those of others, they can begin to question 

their own often tacit and untested ways of seeing the world and, consequently, 

shift ground on the issues in conflict. This can lead to a reframing of the 

conflicting issues. More generally, existing frames can be altered by efforts to 

improve communication and interaction in a reflexive way, especially if the 

parties are conscious of the process of framing. However, moving from frame 

analysis to conflict resolution is not an easy task; it requires specific training 

and experience, enabling frame analyses/frame/reframing conflicting issues 

and finally achieving the aim of conflict resolution, which is a task for conflict 

mediators or negotiators (Schön and Rein, 1994).  

Schön and Rein (1994) focused on frame reflection, believing that it may 

contribute to a kind of reframing that resolves the controversies that arise in 

policy practice. But is it possible that frame reflection may not lead to 

reframing? Or that reframing may occur without frame reflection?  The 

present study gives examples of both and shows how complex the process of 

reframing can be. Paper I describes a process of frame reflection that led to a 

reframing. The debate carried out between scientists, government and the 

ethanol industry over CO2 emissions concerning indirect land use change 

resulted in a reconsideration of the international models used to measure CO2 

emissions in Brazilian ethanol production, and finally, its recognition as an 

advanced biofuel. Paper II illustrates how environmental values were little by 

little included in the State of São Paulo legislation, and how this resulted in the 

implantation of the mechanical harvesting of sugarcane cane, replacing 

environmentally damaging manual harvesting. Papers I, II and III all illustrate a 

reframing process that occurred in 2007: from being considered a good 

alternative to fossil fuel, ethanol was subtly turned into a monster that destroys 

the Amazon forest, increases CO2 emissions, competes with food production 

thereby contributing to world food insecurity and worsens labour conditions in 

the sugarcane fields.  

In the theoretical framework presented in this study, theories and concepts 

were explored and definitions were given. Some of these have been extensively 

discussed and applied in academic circles. Others have been more restricted to 

particular groups of researchers, for examples frames, framing and reframing. 
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Although the relevance of the concepts of frame and frame analysis in the 

understanding of environmental conflicts is recognised, these concepts have 

been little explored, which served as a strong incentive to conduct the studies 

presented here.  
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   METHODOLOGY  

3.1 Enhancing Research Quality  

The research question examined in this thesis is: How do the relevant actors 

perceive the introduction of new technologies and their social and 

environmental impacts, and how does this influence their views on ethanol 

production?  

3.1.1 Epistemological and ontological points of departure 

To accurately explain and understand social phenomena (for example social 

and environmental conflicts), Fischer (2003) claims that:  

...the investigator must first attempt to understand the meaning of the 
social phenomenon under study from the actor‟s perspective. Such an 
understanding is derived by interpreting the phenomenon against the 
social actor‟s own motives and values (p.51). 

Phenomenology has basically shaped the interpretivist perspective in social 

sciences. This perspective emphasises multiple realities and has given rise to 

various theoretical lines of investigation, including, social constructionism. 

Social constructionism refers to the varying ways in which the social realities of 

the world are shaped and perceived, and how people assign meaning to the 

world (Fischer, 2003). Basically, social constructionism: 

…is an inquiry into the ways objects are seen through different mental 
structures and world views, how they are interpreted in different social 
circumstances and understood during different historical periods (ibid, 
p.53).   
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Beland Lindahl (2009) emphasises the contextual nature of actors‟ knowledge 

and constructions of meaning, citing Fisher (2003) and Yanow (2000), she 

claims that: 

An understanding of actors‟ constructions of meaning in their specific 
„situational contexts‟ is derived by interpreting the phenomenon against 
the social actor‟s own motives and values, for example by analyzing 
frames (ibid, p. 133). 

Frame analysis is an approach based on ideas of social constructivism. These 

ideas in turn have implications for how the relationships between 

representations, such as „frame‟ and „reality‟, are conceptualised. 

An example can be found in the social construction of nature. It is 

important to note that recognition of the significance of the social 

construction of nature does not deny the significance of its material 

dimensions: 

On the contrary, [the authors] stress the importance of the material 
referent in shaping our perceptions, i.e. constructions, of nature 
through our embodied involvement with our environment (Beland 
Lindahl, 2009, p. 137). 

To understand the relationships between „frame‟ and „reality‟, this thesis refers 

to how Schön and Rein (1994) defined frames, as „…underlying structures of 

belief, perception and appreciation…‟ A person constructs frames when trying 

to understand complex, sometimes complicated, events in ways consistent with 

her/his own socio-political, economic and cultural world views and 

experiences. This does not mean, however, that objective „reality‟ does not 

exist, only that an individual‟s subjective experience is her/his reality (Pinkley 

and Northcraft, 1994). This coincides with the arguments of Hayles (1991 cit. 

Beland Lindahl, 2009), where the usual conceptual terms we might construct 

(such as reality) do not exist until they are processed by an observer.  

It interacts with and comes into consciousness through self 
organizing, transformative processes that include sensory and 
cognitive components (ibid, 138).  

The insight that nature is socially and culturally constructed 
consequently does not imply that it does not exist „in reality‟, nor that 
it does not exist as a material world...  (Beland Lindahl, 2009, p. 138). 

This thesis seeks to understand actors‟ perceptions of new technologies 

and their impact on nature. In order to construct frames for different actors, a 
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constant effort was made to identify the facts that these actors concentrated 

upon and how they organised and made sense of them.   

3.1.2 Knowledge claims 

Social science based in a constructivist epistemology and a reflexive, 

interpretive logic of discovery can never deliver definitive „truths‟. The 

perception of the relationship between science and reality denies the existence 

of definitively true theories (Fischer, 2003; Beland Lindahl, 2009).  

Fischer (2003) explains how two groups of economists can look at the 

same statistically significant results and draw different conclusions. This does 

not mean that there can be no such thing as „objectivity‟; on the contrary, 

objectivity exists. Fischer cites the mathematician Armand Borel, who put it in 

this way: 

something becomes objective… as soon as we are convinced that it 
exists in the minds of others in the same form that it does in ours, and 
that we can think about and discuss it together (Borel, 1983, p.13).  

Fischer (2003) discusses the concepts of objectivity and validity in outcomes of 

interpretive policy analysis. He describes „validity‟ as the „truth‟ of a finding of 

a particular empirical analysis. Within the empirical research paradigm „truth 

value‟ is objectively defined in terms of „internal validity‟, which is described as 

the isomorphic relationship between a set of data and the phenomena those 

data are believed to represent. However, Fishe (2003) also says that: 

…in a world of multiple realities the concept of an objective 
assessment of an isomorphism loses any rigorous meaning that neo-
positivism assigns to it. More relevant is the compatibility of the 
constructed realities that exist in the minds of the inquiry‟s 
respondents with those that are attributed to them. This relationship is 
best termed „credibility‟ or „trustworthiness‟ (p.154). 

3.1.3 Triangulation 

The way of using multiple sources of information in this thesis can be regarded 

as triangulation. Triangulation is a concept that is often taken up in research 

when issues of quality are discussed. The major link between triangulation and 

quality in quantitative research is that the former involves extending the 
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activities of the researcher in the process beyond what is normally done, for 

example by using more than one method (Flick, 2007). 

Triangulation, or the use of multiple methods, was first conceptualised as a 

strategy to guard against the bias that one specific method or source of 

information might entail and thus to increase validity (Denzin, 1978). Flick 

(2009) extended triangulation towards: 

 ...further enriching and completing knowledge towards transgressing 
the (always limited) epistemological potential of individual methods (p. 
444).  

He consequently argues that triangulation should be used rather as an 

approach for further grounding the knowledge obtained with qualitative 

research.  

Triangulation of different methodological approaches can show different 

forms of constituting an issue, which may complement or contradict each 

other. „Triangulation does not produce congruent or contradictory 

representations of an object, but shows different constructions of a 

phenomenon...‟ (Flick, 2007, p. 51).  

Systematic triangulation of perspectives, for example, involves combining 

methods that capture structural aspects of a problem under study with those 

that focus on the essential feature of its meaning for the participants (Flick, 

2009), which is the basis in the construction of frames. According to Flick 

(ibid, p. 50), the researcher should combine methods that allow the production 

of types of data:  

- which allow understanding subjective meanings and a description of 
social practices... 

- which using an interpretive approach to social practices should be 
combined with a reconstructive approach to analyse viewpoints and 
meaning beyond a current situation or activity. 

Triangulation is consequently not primarily a strategy for validating results and 

procedures, but an alternative to validation which increases scope, depth and 

consistency in methodological proceedings and enhances research quality 

(Flick, 2005, 2007, 2009).   
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Data triangulation  

Data triangulation refers to the use of different data sources, a process which 

should be distinguished from the use of different methods for producing data 

(Flick, 2005). Interviewing different people at different places and dates, 

reports from different institutes and local observations of different places were 

all systematically used in the present work. Examples of data triangulation 

included: interviewing members of local communities affected by the burning 

of sugarcane on different dates in the years 2008, 2009 and 2010; observing the 

working conditions of sugarcane cutters in varied sugarcane plantation areas 

from 2008 to 2010; observing the manual and mechanical harvesting of 

sugarcane in different parts of the region studied; and reading and comparing 

data in reports issued by academics, government and non-government 

organisations (NGOs).  

Investigator triangulation  

Different interviewers (the author and the research assistant) were employed to 

detect or minimise bias. We constantly collected, compared and discussed data 

gathered using different techniques and from different sources in order to 

detect bias and to complement information gathered. Examples of such 

triangulation occurred at the beginning of this research, when interviews 

carried out with academic experts on natural ecosystems and the expansion of 

ethanol production shaped our understanding of the possible impacts of a 

future large-scale expansion of sugarcane plantations on the Cerrado biome. 

Understanding the causes of Amazonia deforestation also required a great deal 

of information exchange between us.  

Methodological triangulation 

Methodological triangulation refers to a combination of within-method and 

between-method triangulation. Within-method triangulation is exemplified by 

the use of narratives (of sugarcane cutters and members of local communities) 

and exploratory interviews (with experts on cutters‟ working conditions). The 

constant comparison of data gathered from the scientific literature and NGO 

reports is another example of within-method triangulation.   

Between-method triangulation is the comparison of data obtained using 

different methods, for example in the literature, with data gathered from 
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interviews and from direct observations. We also constantly compared data 

obtained from the media with data obtained from direct observations of 

manual and mechanical harvesting. The constant examination of media articles 

about the impacts of ethanol production on Amazon deforestation and the 

rates of deforestation produced and published monthly by INPE is another 

example of between-method triangulation.   

The idea of systematically using the validation process for frame 

construction came from a warning given by Schön and Rein (1994, p. 36) that: 

 …frames must be constructed by someone, and those that construct 
frames … do not do so from a position of unassailable frame 
neutrality. They bring their own frames to the enterprise and, what is 
more, they may be unaware of doing so.  

Schön and Rein recommend, among other things, that any given construction 

of frame should test against relevant data „…as for example, exploring whether 

these constructions account adequately for the things and relations the frame 

sponsor single out for attention or selectively ignores…‟. 

In response to this warning, validation (in the three forms of triangulation) 

was systematically carried out during this study. In the event of an 

inconsistency, i.e. contradictory versions of a situation, more investigation (e.g. 

reading and interviewing) was carried out. 

3.1.4 Generalisation 

Linked to the question of validation is the issue of generalisation. The 

consistent demands for the social sciences to produce generalised knowledge 

may involve an assumption of universal knowledge valid for all places and 

times, in contrast to the constructionist approaches that conceive social 

knowledge as socially and historically contextualised modes of understanding 

the social world (Kvale, 2008). The question is not whether a finding can be 

generalised globally, but whether the knowledge produced in a specific 

situation may be transferred to other relevant situations, in the form of 

analytical generalisation. Kvale (2008) notes that: 

Analytical generalisation involves a reasoned judgment: about the 
extent to which findings from one study can be used as a guide to 
what might occur in another situation…The researcher, in addition to 
rich specific descriptions, offers arguments about the generality of the 
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findings. The reader, in turn, judges whether the findings may be 
generalised to a new situation (p.127). 

Yin (2002) went further in the issue of analytical generalisation. To respond to 

the common question „To what extent can a case study provide a basis for 

scientific generalisation?‟, his brief answer is that:  

…case studies, like experiments, are generalisable to theoretical 
propositions and not to populations or universes. In this sense, the 
case study, like the experiment, does not represent a „sample‟, and in 
doing a case study, your goal will be to expand and generalise theories 
(analytical generalisation) and not to enumerate frequencies (statistical 
generalisation) (Yin, 2002, p. 29).  

This thesis is concentrated in the understanding of knowledge that is socially 

and historically contextualised. The relevance of this work is not whether the 

results may be generalised universally, but whether the knowledge produced 

may be relevant and applicable in other specific situations and contexts, for 

example, other environmental conflicts caused by diverging views over the 

introduction of new technologies. 

3.2 Research Strategy 

This body of work was mainly dedicated to understanding actors‟ perceptions 

in the introduction of new technologies and their impacts on natural 

ecosystems; to the identification and analysis of diverging views and conflicts 

related to the sustainability of ethanol production. Such a task required 

familiarity with the study object, the expansion of sugarcane plantations to 

increase ethanol production in Brazil. In turn, analysis of the diverging views 

and the conflicts they created required a broad understanding of the context in 

which the conflicts are taking place.  Furthermore, the contemporary character 

of the theme being studied and its complexity were fundamental for choosing 

a case study strategy. By 2007, when research started, not much had been 

written in the scientific literature about the sustainability of the expansion of 

Brazilian ethanol. This motivated a multiple case study strategy in which four 

case studies were carried out. They are related to research objectives i-iv.  
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3.2.1 The cases 

Case study 1 was an introduction to this research. It analysed the frames 

orientating the first attempt to introduce the use of ethanol as transport fuel in 

Brazil, the creation of the Brazilian ethanol programme (Proalcool) in 1975 

and its development until 2000 when international dimensions were strongly 

added.  

Case study 2 sought to interpret the problem of „Brazilian ethanol 

production‟ through a correlation between the two main conflicting frames 

related to land use change in the country: ‘ethanol as destructive for nature’ and 

„ethanol as green fuel’.  Deforestation, increasing CO2 emissions and loss of 

biodiversity of the Cerrado biome were approached. An ongoing reframing 

process and a need for reframing were also described. 

Case study 3 analysed the frames orientating the international debates over 

the expansion of sugarcane for the production of ethanol. However, the main 

focus of this case study was the competition over land and whether it should 

be used for food or ethanol production.  

 Case study 4 dealt with the conflicts over methods of sugarcane 

harvesting. Semi-mechanised harvesting, which includes manual cutting, 

requires pre-burning of the cane, which increases air pollution and CO2 

emissions. Mechanical harvesting, which is designed specially to replace 

manual cutting, eliminates the need for pre-burning of the cane.   

3.2.2 Methods of Data Collection 

The fieldwork was carried out by the author, with the help of a research 

assistant, in the north-east of São Paulo State, in the region of Catanduva, a 

municipality with 30 ethanol and sugar plants nearby. This predominantly 

agricultural region is mostly covered by sugarcane plantations. Several 

techniques of data collection were used to collect a range of information. The 

fieldwork included direct observations of: sugarcane burning and its 

consequences for the surrounding communities, manual and mechanised 

sugarcane harvesting and cutters‟ working conditions (case study 4). 

Observations were complemented by semi-structured interviews as described 

below. Due to the different focus of each case study, additional interviews with 

other key actors were carried out. These interviews were mostly exploratory. 
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Additional material was obtained by watching videos of (narrative) 

interviews conducted with other researchers and journalists, by consulting the 

scientific literature and NGO and government reports, by examining official 

statistic, by listening to talks at conferences, seminars, workshops and on TV, 

by reading communications by the different parties and watching their 

behaviour, and by studying items in the media.   

Literature review 

A literature review was carried out relating to each part of this research. Firstly 

for the design of the theoretical framework, existing literature was used to help 

define the concepts that were intensively used in the study, e.g. the concepts of 

sustainable development and of frame, framing and reframing. Secondly, 

examples of good practice in the use of frames in conflict analysis were drawn 

from the literature, as described in section 2.2.2. Thirdly, a survey of the 

national and international literature on the production and consumption of 

sugarcane-based ethanol yielded elements for detecting ongoing conflicts 

related to this. This combination was essential for the development of the 

tools used in establishing my own approach to frame analysis.   

Oral data 

Semi-structured interviews with sugarcane producers and their representatives, 

engineers, experts on occupational safety and health, cane cutters and other 

professionals knowledgeable about cane harvesting and members of local 

communities were carried out in case study 4. The 20 interviews were carried 

out mostly in Catanduva and in the city of São Paulo. In addition to formal 

interviews, many conversations were held with residents and interested parties. 

The questions asked depended very much on the role of the interviewee: e.g. 

when interviewing experts in occupational safety and health, the working 

conditions of the cane cutters were scrutinised. Members of local communities 

were interviewed about their views on the air pollution caused by the burning 

of sugarcane. Sugarcane cutters were interviewed about their job, their lifestyle 

as migrants and their views on the introduction of mechanical cutting. 

Furthermore, narrative interviews obtained from the videos made by other 

researchers and journalists were essential for understanding the living 

conditions of migrant sugarcane cutters back in their home states.   
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In addition, exploratory interviews were carried out with around 20 other 

key actors such as sugarcane and ethanol producers, engineers and other 

experts on the production of ethanol and with academics knowledgeable about 

natural ecosystems. In these interviews, as is typical of exploratory interviews, 

just a few questions were used to structure the interview. The questions 

differed according to the expertise of the interviewee. For example, an expert 

on natural ecosystems was asked how he viewed the risks to Amazonia and to 

the Cerrado‟s biodiversity considering the hypothesis of future large-scale 

ethanol production. The experts on ethanol production were asked about the 

plans for expansion of sugarcane plantations and the instruments for 

controlling this.  

Data were also obtained at several academic seminars promoted by the 

School of Economics, Business and Accounting of the University of São Paulo 

(FEA/USP) and Institute of Advanced Studies of the USP (IEA/USP), and 

during the Ethanol Summit 2009, organised by the Sugarcane Industry 

Association (UNICA). This last event can be considered an ambulant bibliotheca1, 

since so many national and international scholars, government representatives, 

NGOs, industries representatives, students and representatives of civil society 

were present. They represented Brazil, the European Union, Sweden, Belgium, 

the Netherlands, the United Kingdom, the USA and Japan. Attendance at such 

events, as observer and interviewer, was an essential part of the data gathering 

process and frame construction. International and national interviewees were 

asked about models used to calculate CO2 emissions due to indirect land use 

change in Brazil. The objective was to determine how they included the 

dynamics of land use in their models and how they related the expansion of 

sugarcane plantation to deforestation in Amazonia. Interviewees were also 

asked whether they believed that environmental concerns could be considered 

a form of disguised trade protection.  

Visual materials 

Direct observations 

                                            
1 A list of the keynote speakers can be found in: Anais Oficiais do Ethanol Summit 2009, pp.12-15, 

available at: http://english.unica.com.br/ 
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The working conditions of sugarcane cutters were directly observed during the 

2008, 2009 and 2010 harvest seasons. Non-participant observation was used. It 

allowed working methods and conditions to be observed without interfering in 

normal work. Among the issues observed were the working hours, the work 

under heat stress, the heavy nature of work, the personal protective equipment 

(PPE) used, working hours, type of transport and sanitary arrangements. 

Observations relating to mechanical cutting were also made. It was possible to 

observe, year by year, the decrease in the areas employing manual cutting, 

confirming data given by the satellite images (INPE, 2010) and in the news 

media. A reduction in air pollution resulting from the pre-harvest burning of 

sugarcane, the black snow described later in this thesis, was also observed in 

the city of Catanduva.  

Videos 

Video recordings made by third parties were essential for the author to 

become acquainted with the living conditions of the migrant cutters, both in 

their place of origin and in their place of work. The videos were filmed in the 

seasonal homes of the migrant and non-migrant sugarcane cutters and in their 

place of work. The cutters and their families described their living and working 

conditions and expressed their needs in these interviews.  

Official data, reports and media 

Official data were mostly from Brazilian national institutes, for example the 

Brazilian National Institute for Space Research (INPE) via the Ministry of 

Science and Technology (MCT); the Brazilian National Institute for 

Geography and Statistics (IBGE) via the Ministry of Planning; the Brazilian 

Agricultural Research Corporations (EMBRAPA) via the Brazilian Ministry of 

Agriculture Livestock and Supply (MAPA) and the Brazilian Development 

Bank (BNDES) via the Ministry of Development, Industry and International 

Trade. Data were also obtained directly from the Brazilian Ministry of 

Environment (MMA) and from MAPA. Data concerning sugarcane cutters 

were taken also from the Ministry of Labour and Employment (MTE).  

Reports from international organisations were systematically used, for 

example from the International Labour Office (ILO), Inter-American 

Development Bank (IDB) and Food and Agricultural Organization (FAO). 
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Reports and articles from universities (e.g. University of São Paulo (USP) 

and University of Campinas (UNICAMP), NGOs (e.g. International 

Conservation, Friends of the Earth, WWF), industry representatives (e.g. 

UNICA) and sugarcane producers‟ representatives (e.g. ORPLANA) were also 

essential sources of data. Items in the national (e.g. OESP, Valor Econômico 

and Folha de São Paulo) and international media (e.g. The Economist, 

Financial Times and The Guardian) were systematically read and proved to be 

an important tool for the construction of the frames in all four cases.  

3.2.3 Methods of analysis 

The methods of analysis used here were concerned with the issue of how 

actors‟ constructions of meaning are analysed and interpreted. How were 

actors‟ frames constructed and represented on the basis of the available 

material? 

The analysis, as pointed out by Kvale (2008) and Beland Lindahl (2009), 

should not be an isolated stage of the research, but should permeate the entire 

inquiry. It starts with the research questions asked at the very beginning and 

continues during the research design and data collection phases. In the case of 

this thesis, the first step toward the analysis of meaning consisted of the first 

exploratory interviews, which pointed out the diverging views concerning 

ethanol production and expansion. The second step was taken when the 

research assistant and I summarised these views and tested our interpretations 

with other informants in interviews, in informal conversation with people 

knowledgeable about production of ethanol, natural ecosystems etc., and in 

analysis of written material. These first two stages were essential in selection of 

the case studies and sources of information. The third step was the 

interpretation of the data. This material comprised text in the broader sense of 

the term (notes on interviews, field notes, observation reports and many other 

kinds of written material).  

There are several techniques for analysing the meaning of a text, each 

depending on the goals, questions and methodological approaches of the 

research (Schmidt, 2005). In this thesis, a mixture of analytical tools was used 

for analysis of the texts, as proposed by Kvale (2008). This approach gave us 

the possibility to freely change between different approaches. This eclectic 

form of generating meaning is a common mode of interview analysis, in 
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contrast to systematic analytical modes. Bricolage, as the mode was called by 

Kvale (2008), involves interplay of different techniques during the analysis of 

interviews or other text. As proposed by Schmidt (2005) and Kvale (2008), we 

read through all our texts for a first overall impression. Repeated readings of 

the texts were then carried out to allow us to identify interesting passages in 

the text that went unnoticed in the previous reading.  As advised by Böhn 

(2005), in the first stages of the research as many different people, situations 

and documents as possible were selected to obtain data covering the complete 

spectrum of the research question. Subsequently, data were sought that 

confirmed or modified the first categories of analysis that had been developed. 

My own questions, understanding and, related to this, prior prejudices 

concerning the research issue were worked out by means of brainstorming 

sessions between myself and the research assistant and discussions with other 

colleagues. During these discussions a number of analytical categories were 

raised. These categories were corrected and supplemented, in the course of 

data collection and during the preparation of the analysis, on the basis of 

observations and experience in the field, as previously stated by Schmidt 

(2005).  Questions to be asked of the text were:  

 What aspects of the phenomenon are addressed (or not addressed)? 

 What reasons are given or may be deduced? 

 For what reason? With what intention, and for what purpose? 

 By what means? What methods, tactics and strategies are used to 

achieve the goal? 

The aspects of the phenomenon that were addressed (or not addressed) and 

how the actors made sense of them formed the basis for construction of the 

actors‟ frames. This was similar to what Schön and Rein (1994) described as: 

 …what counts as a fact and what arguments are taken to be relevant 
and compelling to the actors are determined by their frames (p. 23). 

For example, we tried to ascertain the particular facts the actors selected for 

attention: Did they look at the land needed for the expansion of sugarcane for 

ethanol production, or at the rates of deforestation of Amazonia? Did they 

observe the dynamics of land use in Brazil, or did they consider the expansion 

of sugarcane displacing natural vegetation? What actions were taken to 

stimulate (or not) the use of ethanol? What was their main motivation? Which 
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facts did the actors pay attention to and how did they organise and make sense 

of these? 

In the case of sugarcane harvesting, we were very focused on the actions 

taken by the actors. How were laws and agreements passed in the case of the 

pre-burning of sugarcane? What roles were played by the actors in the creation 

of such laws and agreements? How did the actors perceive the impacts of the 

methods of sugarcane harvesting? Did they take into account the situation of 

the sugarcane cutters?  

Validation was systematically used to compare the discourse of the actors 

with their actions and what they considered to be facts. The result of this 

comparison was an important tool used in the construction of their frames. 

President Lula noted at the Ethanol Summit 2009 that in Brazil there are more 

than 400 million hectares of land available for agriculture and just 1% used for 

ethanol. Comparisons with the statistics on land use produced by the 

government agency showed that this figure of 400 million ha was an 

overestimation of the land availability. This overestimation was one more 

element in the construction of the President‟s positive frame towards the 

expansion of Brazilian ethanol production.  

On the other hand, the broad analysis carried out internationally of the 

scientific articles published by Science in 2008 (for more detail see section 

4.1.1) showed that the models used were not adequate for the Brazilian reality. 

In the same way as the previous example, this was one more element in the 

construction of the actor‟s frame, in this case a negative frame towards the 

expansion of Brazilian ethanol.  

The construction of the frames in this thesis was not a smooth process. 

On the contrary, it was a back and forth conversation, particularly with other 

experts as well as with the data material until consensus on the actors‟ 

constructions of meaning was achieved and the frames defined.  

3.3 The researcher 

The author of this thesis is an engineer working with social science. I am 

originally from Brazil and I have worked a great part of my professional life as 

an industrial hygienist to the government of the State of São Paulo, on issues 
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related to occupational safety and health. During the 1990s my work focused 

on accident analysis and prevention in the chemical and petrochemical 

industries. It was based on this experience that I developed my Master‟s thesis 

(Galli, 1997) at the University of São Paulo in a recently created Programme on 

Environmental Science (PROCAM). The thesis is based on sociological theory 

about the causality of occupational accidents. The academic work was based 

on a sociological approach to industrial accidents by Dwyer (1991) and applied 

extensive fieldwork, increasing my capabilities to carry out field research. The 

thesis incorporated social and environmental dimensions to my professional 

experience. This knowledge was later used in the development of my 

Licentiate thesis at the KTH - Royal Institute of Technology, Stockholm about 

conflicts related to technological risks.  

I have spent a significant part of my life in Brazil in a region that in the 

1970s saw the introduction of sugarcane plantations. During subsequent 

decades I saw how the sugarcane plantations gradually came to dominate the 

agricultural landscape. My personal life combined with my professional 

experience allowed me to become acquainted with the empirical fieldwork 

described in this study, especially that relating to the methods of harvesting 

sugarcane, the peculiarities of the pre-burning of the cane and the working 

conditions of the sugarcane cutters. Such experience was definitely an asset 

when trying to interpret and make sense of the complexity of sugarcane and 

ethanol production and expansion. However, it may also have worked as a 

barrier to „seeing‟ (Beland Lindahl, 2009). The strategies adopted for 

minimising this risk included continuous reflexivity and dialogue with peers 

with an outside perspective. The peer review processes to which I submitted 

Papers I-III also acted to minimise these risks. 

Furthermore, the interviews were concentrated to two different areas. 

Interviews with sugarcane cutters, informal conversations with inhabitants of 

communities surrounded by sugarcane plantations and interviews with experts 

on sugarcane production were mostly carried out in my home town of 

Catanduva. To avoid the risks mentioned above, triangulation was 

systematically carried out. For example, data obtained during the interviews 

were constantly confronted with data from other researchers and with data 

obtained in interviews in different years during the research period (in addition 

to the strategies already mentioned above).  Otherwise, the interviews were 
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mostly carried out in São Paulo city, where my personal life had no influence 

and my professional experience was an asset. 
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 FRAME ANALYSIS – CASE STUDIES I-III 

4.1 Background to Frame Analysis  

This background refers to case studies 1-3, which are also described in Paper I 

and III attached to this thesis. Frame analysis requires familiarity with the 

object of study: the divergent views over the expansion of sugarcane plantation 

to increase ethanol production in Brazil. In turn, analysis of the divergent 

views and the conflicts they created requires a broad understanding of the 

context in which the conflicts take place. To fulfill such requirements, a 

detailed background description is given here for case studies 1-3. This consists 

of: definition of direct and indirect land use change, a description of the 

instruments concerning the control of land use in Brazil, the evolution of 

Amazonia deforestation, the peculiarities and importance of the Cerrado 

biome and a description of land use for agriculture in Brazil. This description 

consists of what I, the researcher, after an intense analysis of the data 

considered as the background of the conflicts.   

4.1.1 Direct and indirect land use changes 

There are two types of land use change: direct and indirect. Direct land use 

change (DLUC) occurs when the use of land displaces a prior activity, thereby 

generating possible changes in the carbon stock of that land. Indirect land use 

change (ILUC) occurs when pressure on agriculture due to the displacement of 

previous activity induces land use change elsewhere.  

Direct land use change has been intensively studied and documented and 

is often included in life-cycle assessment (LCA) of ethanol production. The 
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CO2 emissions associated with a particular land use change depend especially 

on the type of vegetation, local soil (organic matter content, sand, etc.), local 

climate (temperature, rainfall, etc.), different management for soil practices, for 

example different tillage and fertilisation practices (Bustamante et al., 2006; 

Cerri et al., 2006; Farrel and O‟Hare, 2008).  

Impacts of indirect land use change are a more complex issue and the 

existing data seem to lack accuracy (Dale, 2008; Macedo and Seabra, 2008; 

Nassar et al., 2008). There is, however, lack of consensus on this matter.  Two 

articles recently published in Science (Fargione et al., 2008; Searchinger et al. 

2008) and the reactions these have provoked within the academic sphere, e.g. 

the manifesto signed by 111 well-known scientists (111PhD Scientists Letter, 

2009),  pointed out conflicting views on the matter and these are analysed in 

section 4.3.4 of this report. 

4.1.2 Instruments for the control of land use  

Brazilian environmental legislation is based on the National Forestry Code 

(Federal Law 4771/65), and the Environmental Crimes Law (Federal Law 

9605/98). A legal reserve (LR) of 80% is required for rural properties in the 

Amazon region, 35% in the Amazonian Cerrado, the savannahs, and 20% in 

the rest of the country, including São Paulo State. LR means that all properties 

must guarantee at least the required percentage of forestry cover with native 

trees (or reforested with native trees). The state of São Paulo also has special 

requirements on riparian forest maintenance for environmental licensing. 

However many land owners do not comply with the legal reserve requirement 

(Chomitz et al., 2005; Feltran-Barbieri, 2008). Feltran-Barbieri provides an 

insight into the no compliance phenomenon. He examined the preservation of 

legally protected areas in 65 rural properties in the Cerrado biome and showed 

that less than 20% of them fulfilled the requirements of the National Forestry 

Code. 

Another government instrument to control the expansion of sugarcane 

into areas of natural vegetation, called agroecological zoning for sugarcane, was 

launched in 2010. Zoning considers 8% (65 million ha) of the nation‟s territory 

suitable for the expansion of sugarcane plantations, most within the Cerrado 

biome. The no-go areas for expansion are Amazonia and Pantanal biomes, and 

areas of high biodiversity. Although this zoning has no status in law, the 
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expansion of sugarcane to non-suitable land is restricted through state credits, i.e. 

state credits are unavailable for such expansion. 

4.1.3 Brazil’s second biggest biome: Cerrado 

Due to its exceptional concentration of endemic species and the heavy threats 

to these species, the Cerrado has been defined as one of the 25 biodiversity 

hotspots in the world for conservation priorities. The term biodiversity 

hotspot was created by the English ecologist Norman Myers in 1988 to 

identify major terrestrial bio-geographical regions based on the number of 

endemic species and the degree of threat to biodiversity (Myers et al., 2000). 

The Cerrado is a complex ecosystem of grass and shrub lands that extends 

over ten Brazilian states. It is the second largest vegetation formation in Brazil, 

after the Brazilian Amazonia. Originally the Cerrado occupied an area of 

around 200 million ha, 24% of the Brazil‟s territory (Figure 4-1), but in 2009 it 

occupied around 12%. It is known as the world richest savannah in terms of 

biodiversity. It houses more than 10,000 known species of plants, of which 

4,400 are endemic; 837 species of birds, 160 species of mammals, 1,200 species 

of fish, and many others kinds of animals (EMBRAPA, n/d). 

The Cerrado has supported human populations for a very long time. In 

the 16th century, Portuguese settlers mainly colonised the Brazilian coastline, 

and the interior was spared any major development.  However, in the mid-20th 

century the Brazilian government started to build a new capital city in the state 

of Goiás, in the centre of the Cerrado. The construction of Brasília was 

accompanied by large-scale infrastructure development, which encouraged 

movement into the interior of the country. It was also when Legal Amazonia, a 

socio-geographical and political division in the country, was created by the 

government. It contains the Amazon forest, parts of the Cerrado biome and 

other biomes and, over recent decades, has come to include an area of intense 

agricultural activities.   

Because the soil was considered poor, it was not until the 1980s that 

agricultural use of the Cerrado biome started to become more intensive. This 

was the result of a government policy to develop remote areas of the country, 

in combination with extensive scientific research in soil science which received 

the 2006 World Food Prize (laureates Lobato and Paolinelli of Brazil and 

McClung of the USA).  To make space for the expansion of agriculture and 
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pasture, the rates of deforestation in the Cerrado have steadily increased since 

the 1980s. The Cerrado became Brazil‟s new agriculture frontier. This was 

accompanied by an increase in population and trade development based on 

agricultural production. In 2000, the Cerrado region was responsible for 35% 

of all crops produced in Brazil. Currently, 58% of all soy bean production 

comes from the Cerrado. Deforestation is currently proceeding at a rate of 1-

1.5% of the total original area per annum (Machado et al., 2004). By 2009, 

around half the original area of the Cerrado (equal to almost three times the 

area of Japan) had already been transformed into pasture and other agricultural 

uses.  

 

 

Note: Originally the natural vegetation of the Amazonia biome covered 49% of 
the country‟s territory and the Cerrado biome covered 24%. In 2009, 15% of 
the total area of the Amazonia biome was deforested and 48% of the Cerrado 
biome (IBGE,2004, 2010). 

Figure 4-1: The Brazilian original biomes 
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Traditionally the expansion of sugarcane plantation has occurred in the State 

of São Paulo. In 2007, the Central South2 region was responsible for 86% of 

the total sugarcane production in the country. The state of São Paulo alone 

produced more than 60% (Embrapa, 2007). However, a decrease in the rate of 

expansion in this state is expected, mainly due to the lower availability and 

consequently higher price of land compared with other regions of the country 

(Torquato, 2006). 

The second movement of the expansion of sugarcane production has been 

towards the Central-Western region. For example, the area of sugarcane 

increased by 40% between 2007 and 2008 in the states of Goías and Mato 

Grosso do Sul, which comprise mostly the region of the Cerrado; 16% is the 

average increase for the Central-Western region as a whole (Canasat, 2008). In 

the future a yet more significant expansion of sugarcane into the Cerrado 

biome is expected. This is due mainly to the lower price of land compared with 

the state of São Paulo, flat landscape suitable for mechanical harvesting and 

climate conditions for sugarcane plantations (Torquato, 2006; agronomic 

engineer experts on sugarcane production, interviews in 2008 and 2009).  

However, it is argued that the expansion of sugarcane plantations will only 

occur on degraded pasture land (although not well defined in the literature, 

degraded pasture land has been considered the areas with natural vegetation 

that have been used for cattle breeding and abandoned after 4 or 5 years of use 

due to low productivity) and that this land can easily be found in the Cerrado 

biome. This, combined with higher productivity of cattle farming, will make 

more land available for the expansion, avoiding indirect land use change. A 

recent article published by The Economist (2010) confirms the view of the 

Cerrado as the Brazilian agricultural frontier and as an example of large-scale 

agricultural production that should be followed by other countries. According 

to the article, FAO states that Brazil has a lot of spare land, mostly in the 

Cerrado area: „It [Brazil] is often accused of levelling the rainforest to create its 

                                            
2 There are two ways of dividing the country in regions that are used in this study depending on the 

reference: the geo-political and the geo-economic divisions. The former, the official one, was established 
by IBGE in 1969 and divides the country in five regions (North, Northeast, South, Southeast and Central-
West). The latter is a geo-economic division that divides the country in three regions (Amazonia, 
Northeast and Centro-South). The Centro South comprises the states of the South and Southeast regions 
(except north of Minas Gerais) and the states of Goías, Mato Grosso do Sul, south o Mato Grosso e south 
of Tocantins. The geo-economic division has been intensively used in the academic circles 
(e.g.Esalq/USP) and governmental agencies (e.g. EMBRAPA).  
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farms, but hardly any of this new land lies in Amazonia; most is cerrado‟ (The 

Economist, 2010). 

4.1.4 Global land use and land use in Brazil 

Some 11% (1.5 billion ha) of the globe‟s land surface (13.4 billion ha) is used 

for crop production (arable land and land under permanent crop) and 26% (3.5 

billion ha) for pasture land (FAO, 2002; Hoogwijk et al., 2003). According to 

FAO (2002), a lack of land is not forecast until 2030; suitable land for rain-fed 

crop production is almost three times larger than currently used capacity 

(FAO, 2002). Concerning Brazil, the total area of the country‟s territory is 851 

million ha, of which 51% is still covered by forest, mostly the Amazon 

rainforest. Yet in 2007, the total of agricultural land occupied 355 million ha 

(42% of the country‟s territory); pasture land occupied 172 million ha and 

cultivated land for agriculture 77 million ha, divided as shown in Table 4-1. 

 

Table 4-1: Brazil's land use in million hectares in 2007 

Brazil’s land use in million hectares in 2007 

 

 Area (million ha) % of Brazil’s territory % of the total 

Brazilian territory 851 100 -- 

Protected areas and other uses 495 58.0  

Total agricultural land (1+2+3) 355.0 42.0 100.0 

1. Total crop land 77.0 9.0 21.0 

Soybean 21.0 2.4 5.8 

       Corn 14.0 1.6 3.9 

       Sugarcane 7.8 0.9 2.2 

       Sugarcane for ethanol  3.4 0.4 1.0 

       Orange 0.9 0.1 0.3 

2. Pasture 172.0 20 49 

3. Available land 106.0 12 30 

 Source: MAPA, 2007a 

 

In 2007, for the global production of 50 billion litres of ethanol that replaced 

3% of world consumption of petrol, 15 million ha of land were used (1% of 

agricultural land world-wide), (Goldemberg, 2008). Concerning Brazilian 

sugarcane-based ethanol in 2007, sugarcane plantations for the production of 
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22.5 billion litres of ethanol used 3.4 million ha, which represented 5% of the 

77 million ha of crop land. This volume of ethanol would be enough to replace 

about 1% of the global petrol demand; it replaced 50% of petrol consumption 

in Brazil (Goldemberg, 2009).   

4.2 Frame Analysis of the Brazilian Ethanol Programme 

4.2.1 Energy independence frame, a first attempt 1900-1975 

For centuries, sugarcane was mainly used to produce sugar. However, alcohol 

was already used as a fuel in the early 1900s, in the period when Brazil 

experienced a fast increase in the use of by-products of oil, paraffin for lighting 

public and private places being a good example. An increase in consumption 

of paraffin directly translated into more dollars sent abroad to pay the oil 

companies. Afraid of what this could mean to such a new but already indebted 

republic, a group of nationalist engineers supported by the President of Brazil 

Rodrigues Alves raised the possibility of replacing oil products with alcohol 

(Natale Neto, 2007). Their nationalistic values were the propelling force and 

their technical knowledge the action orientation, configuring an energy 

independence frame that was essential in the development of alcohol as fuel at that 

time.  

Alcohol derived from sugarcane seemed to them the most suitable option, 

as there were already several sugar mills producing sugar and a liquor called 

cachaça in the country. Alcohol, a derivative of cachaça, could be produced and 

used to replace paraffin. The idea was put into practice and paraffin was 

successfully replaced in the public lighting system of the country‟s then capital 

city, Rio de Janeiro.  

In 1903, the International Exposition of Equipment using Alcohol 

(Exposição International de Aparelhos a Álcool) took place in Rio de Janeiro 

simultaneously with the Congress on Industrial Applications of Alcohol 

(Congresso Nacional sobre Aplicações Industriais do Álcool) showing the most recent 

industrial equipment using alcohol. The Congress recommended the 

development of infrastructure to produce automotive ethanol in Brazil 

(Goldemberg, Monaco and Macedo, 1993). Both events were great successes. 
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The enthusiasm infected politicians, entrepreneurs, engineers, sugar mill 

owners, among many others.  The use of alcohol from sugarcane meant that 

„Brazil was taking a big step forward to liberate itself from the dependency on 

imported paraffin‟ (Natale Neto, 2007, p. 59). The first officially recognised 

use of alcohol in transport comes from 1919, when alcohol was officially 

declared by the state of Pernambuco as the „the national fuel‟. In this 

declaration it was stated that „priority should be given to the new automobile 

combustible in all the gas stations of the country‟ (Natale Neto, 2007, p. 61). 

The structure to produce ethanol in Brazil was already well advanced due to 

the production connection between ethanol and sugar. In the state of Alagoas, 

in the north-east, there were already more than 1,000 sugar mills in operation 

in 1917, and around the same number in the state of Pernambuco.  

The search for the best fuel continued, following what was happening at 

the same time in Europe, mainly France and Germany. The positive 

experiences of these countries, however, were not economically viable to be 

used industrially. This challenge reached the Brazilian engineers, chemists and 

many other technicians who were searching for the best mixture of alcohol for 

large-scale replacement of imported petrol. Experiences were occurring in 

different parts of the country; several pioneers at that time promoted the use 

of alcohol to power vehicles, including car races using pure alcohol. In 1925, 

pure alcohol successfully replaced petrol in a car trip (BNDES/CGEE/FAO, 

2008). 

The successes achieved here and there in the country motivated the 

creation of the Fuel and Mining Experimental Station (Estação Experimental de 

Combustíveis e Minérios)  of the Ministry of Agriculture, Industry and Commerce 

in 1921. Among the tasks of the newly created department was to develop the 

perfect fuel to be used in automobiles (BNDES/CGEE/FAO, 2008). After 

years of intense work by engineers the results were presented in 1925. The 

presentation, to an audience of engineers, started by describing the 

disadvantages of the then current strategy of refining and using petroleum, as 

for example petrol and paraffin were becoming more and more expensive and 

it was foreseen that in 80 years the oil resources would be exhausted. This was 

even more worrisome considering that the consumption of petroleum in the 

world in 1920 was two thousand times greater than in 1887. By 1921 in Brazil 

the value in imports of petrol and paraffin was two and half times more than 
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in 1917. The head of the newly created department continued his presentation, 

describing the possibilities of Brazil to produce alcohol very efficiently, both to 

enrich and even to replace petrol. He claimed that it was economically viable 

to change to a new product for the national fuel, replacing imported petrol on 

a large scale (BNDES/CGEE/FAO, 2008; Natale Netto, 2007). 

 

 

   

Figure 4-2: Ford vehicle adapted for demonstrations of the use of alcohol as fuel 
in 1925. 

   

The promise of large-scale use of the new fuel to a great extent disturbed the 

international oil companies established in the country. The companies used all 

strategies, legal or not, to block the large-scale use of the new product (Natale 

Netto, 2007, p. 89). In 1927, part of the strategy was that the „Great Western 

Brazil Railway‟, the railroad built and owned by English companies, was to 

overcharge for transport of alcohol, while undercharging for transport of the 

imported petrol (Natale Netto, 2007, p. 89). The description of Natale Neto 

(ibid) illustrates a conflict concerning the production and use of alcohol as 

transport fuel in Brazil, between the international oil companies and the 

Brazilian ethanol producers.   

In 1931, the new Brazilian Government  implemented a compulsory blend 

of at least 5% anhydrous ethanol in petrol (Decree 19.717, signed by President 

Getúlio Vargas), aiming to reduce the impacts of total dependence on 
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petroleum-derived fuels and take advantage of excess production in the sugar 

industry. Initially, the mandate applied only to imported petrol, but later it was 

also requested for domestically produced petrol (BNDES/CGEE/FAO, 

2008).  

Logistics were being improved in the whole country to respond to this 

new situation. Due to the scarcity of oil by-products during the World War II, 

blends of 60/40 to 80/20 of petrol and ethanol were in use in the north-east 

of Brazil, where sugarcane plantations were dominant at the time. By 1941, 44 

ethanol distilleries were already in operation in the country.   

Frame analysis shows that the nationalistic values of the Brazilian 

government and their believes in the possibilities of a country more 

independent in energy and economically strong, were the basis for the energy 

independence frame adopted by the Brazilian government during the first attempt 

to use ethanol as a car fuel in the 1920s and 1930s.  

However, the pressure by the international oil companies and car 

industries combined with the post-war difficulties faced by the government 

drastically interrupted the development of the national fuel (Natale Neto, 

2007). A period of stagnation came, and the use of petrol dominated the scene 

until the 1970s.  

4.2.2 Energy independence frame, 1975 - 2000 

The first oil crisis in 1973 increased the cost of oil from 10% of the total 

import costs of the country in 1973 to 32% by 1974.  Brazil‟s payments for 

imported petroleum went from US$600 million in 1973 to US$2.5 billion in 

1974, severely affecting the balance of trade, provoking an impact of US$4.7 

billion. This weighed heavily on Brazilian foreign debt and inflation over the 

course of the following years (Bertelli, 2007; BNDES/CGEE/FAO, 2008). In 

response to high oil prices, the government initiated three major projects: a) 

national oil exploration and production, b) large-scale expansion of hydro-

electricity generation and c) development of substitutes for petrol and diesel 

(Cerqueira Leite et al., 2009).    

 The energy independence frame was resuscitated and decisive for the creation 

on November 14, 1975 by the Federal Government of the National Alcohol 

Programme – Proalcool (Decree 76.593 signed by President Ernesto Geisel) 
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(Bertelli, 2007; BNDES/CGEE/FAO, 2008). The nationalistic values of the 

military government ruling Brazil at that time and their belief in a country self 

sufficient in energy and economically strong were decisive for the creation of 

the Proalcool. The programme was a response to the sharp increase in world 

price after the petrol crisis of 1973, when the price of a barrel of oil went from 

US$2.90 to US$12.45. At this time over 80% of Brazilian petroleum came 

from imported oil (Shikida, 1997). The Proalcool programme addressed two 

problems simultaneously: it substituted for oil consumption and helped to 

stabilise the international sugar market, where prices had fallen from US$639 a 

ton in 1974 to US$ 176 in 1979, an example of the large oscillations which 

were not rare at the time in the sugar market (Cerqueira Leite et al., 2009). 

Given low international sugar prices, the Brazilian government sought to utilise 

domestic sugar supplies to produce ethanol and, consequently, to reduce the 

country‟s dependence on foreign oil.  

The technical responsibility for the programme was in the hands of the 

Department of Industrial Technology (STI), created in 1970, at the Ministry of 

Planning. STI was technically supported by the Centre for Aerospace 

Technology3 (CTA) and the Aeronautics Technological Institute (ITA), both 

known for their excellence in aeronautic engineering. The strong technical and 

scientific orientations of the programme is illustrated by the fact that during 

the 1970s there were more than 2,000 engineers and researchers studying the 

most suitable plant material for large-scale ethanol production. The expertise 

developed in the 1920s was not disregarded; on the contrary, the new team of 

experts used studies and reports published in the 1920s and 1930s as much as 

possible. The new experts also believed in the vocation of Brazil for the 

production and use of biofuel, and sugarcane was found to be the most 

suitable plant (BNDES/CGEE/FAO, 2008; Natale Netto, 2007).  

The large-scale use of ethanol can be divided into periods, as illustrated in 

Figure 4-3. During 1975-1979, government funds helped to construct 

distilleries close to the sugarcane mills, enabling managers to switch between 

sugar and ethanol production as the international prices of sugar fluctuated. 

The heavy investments in this period helped to liberate the country from the 

fluctuations in sugar prices and to build up independence from foreign oil and 

                                            
3 EMBRAER, the Brazilian Aeronautic Company was created in 1969 within the structure of CTA; 

for many years, most of its technicians were formed by CTA and ITA.  
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„ultimately form the robust and competitive [ethanol] industry that exists today‟ 

(Rothkopf, 2007, p. 441).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-3: Factors influencing past, recent and future development of Brazilian 
ethanol. 

Source: Adapted from Rathmann et al., 2010. 

 

This first phase was marked by a difficult relationship between the 

Government and the multinational automobile corporations. However, it was 

largely thanks to government determination that alcohol-fuelled passenger cars 

finally succeeded (Rosillo-Calle and Cortez, 1998).   

The period from 1979 to 1984 was marked by strong state intervention 

(although the programme was run by the private sector) and more funds were 
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directed to the construction of new distilleries, capable of producing hydrated 

alcohol for fuel engines. 

 

 

Figure 4-4: FIAT 147, first commercial vehicle run by pure alcohol, 1979. 

 

The first use of alcohol was as an additive to petrol: it was on a 4.5% basis in 

1977, 15% in 1979 and 20% in 1981. An agreement between the government 

and the automobile industries in 1979 stimulated the industries to construct 

100% pure alcohol fuel vehicles (Rosillo-Calle and Cortez, 1998). In the 1980s, 

the use of hydrated alcohol as a fuel started; for this purpose car engines were 

first adapted from the use of petrol to the use of alcohol. New technologies, 

however, were being developed; new engines constructed for the use of 

hydrated alcohol were on their way. After the second oil crisis in 1979, tax 

reductions made alcohol fuel and alcohol-powered cars highly attractive to 

consumers. In 1984, 99.4% of the new cars sold in Brazil were powered by 

pure alcohol (Shikida, 1997; UNICA, n/d).   

The 1980s was a decade of important economic and political changes in 

Brazil. The economy had serious problems, with very high inflation rates and 

foreign debt. Politically, the country began a process of redemocratisation. 

This coincided with low international oil prices and consequently oil supply 

became less of a problem.   
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In 1985, under the new administration (first civilian government 

administration after a period of two decades of military government), public 

investment in the Proalcool programme was gradually cut back, for example 

for the building of new distilleries. The high price of imported oil in the 

international market after the oil crisis had stimulated the development of 

Petrobras, the Brazilian Petroleum Company founded in 1953 by President 

Getúlio Vargas. New incentives were given to the company to drill petroleum 

off the Brazilian coast. The good results shown by the company in the 1990s 

brought the country to self-sufficiency in oil in the first decade of the 21st 

century.  

The government‟s orientation towards the production of petroleum was 

reflected in the decline in alcohol production and consequently in the number 

of vehicles powered by pure alcohol. By 1988, 63% of the total vehicles 

produced in the country was powered by ethanol (around 100% of private 

cars). This number went down to 47% in 1989, 10% in 1990, 0.4% in 1996 and 

less than 0.1% in 1997 (UNICA, n/d). This was mainly due to the 1989 rise in 

the international price of sugar, and according to Natale Neto (2007), the 

strong pressure by the Brazilian petroleum industry to suspend the Proalcool 

programme, which combined to induce a reduction in ethanol supply on the 

market. Because of a continuous decrease in ethanol supply, consumers began 

facing sporadic supply shortages, gradually decreasing the demand for cars 

running on pure ethanol.  

In 1999 the cost of alcohol production was still high compared with the 

cost of petrol manufactured from imported oil. Although there were 

government incentives, new technologies for alcohol production were being 

developed, mainly by the private sector, and the cost-effectiveness of the 

Proalcool programme improved significantly (La Rovere, 2004). Several lines 

of research were developed to achieve a good level of cost-effectiveness, for 

example refinement of the ethanol, an increase in productivity due to the 

adaptation of the sugarcane species to the growing conditions and 

development of the alcohol engine into a flex fuel engine that could use 

alcohol and petrol in any proportions. All together, these significantly 

improved the viability of the Brazilian alcohol programme.  

In 2003, a „flex fuel car‟ was commercially launched in Brazil. This type of 

car is provided with an engine capable of identifying whether the fuel in the 
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tank is petrol and/or ethanol and that can run with any percentage of ethanol 

and petrol. In 2003, 48,000 flex fuel cars were sold, about 4% of all car sales, 

but in 2007, flex fuel cars came to account for more than 90% of all new cars 

registered in the country (ANFAVEA, 2010). The flex fuel car also permitted 

car owners to replace alcohol with petrol and thereby escape the effects of 

eventual shortages of alcohol.  

The alcohol used in Brazil today can be divided into three types: a) 

anhydrous alcohol, used as an additive to all petrol at a rate of 20 to 25%4, 

according to a government decision under environmental legislation5; b) 

hydrated alcohol, used as pure fuel in alcohol motor vehicles, and c) a 

combination of petrol and hydrated alcohol in any percentage in the flex-fuel 

cars. All this together has significantly improved the attractiveness and success 

of the Brazilian alcohol programme. In the late 2000s, following an 

international tendency, the name alcohol was changed to ethanol.  

4.3 Framing the International Debates  

4.3.1 Biofuel as a solution to climate change 

In the early 1990s, climate change came onto the agenda and was identified as 

being one of the most serious environmental problems of our time (UN 1992, 

Article 2), adding environmental values to the use of biofuels. The United 

Nations Framework Convention on Climate Change (UNFCCC) is an 

international environmental treaty produced at the United Nations Conference 

for Environment and Development (UNCED, also known as the Rio Earth 

Summit) held in Rio de Janeiro in 1992. The objective of the treaty is to 

stabilise greenhouse gas concentrations in the atmosphere at a level that would 

prevent dangerous anthropogenic interference with the climate system. The 

main outcome of the treaty is the Kyoto Protocol, which sets mandatory 

emission limits on the individual signatory countries (Kyoto 1997).  

This treaty obligations demanded major changes in the way that fossil 

fuels are used (Hoffert et al., 1998). To meet the challenges posed by such 

                                            
4 Federal Law 10.203, February 22, 2001, that obliges the blending of 20 to 25% of alcohol in all the 

petrol sold in the nation‟s territory: http://www.planalto.gov.br/ccivil/leis/LEIS_2001/L10203.htm. 
5 Federal Law 8.723/93 that limits the emission of pollutants by automotive vehicles.  
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changes, research on the possible contribution of biomass to future global 

energy supply was initiated at international level (e.g. Hoogwijk et al., 2003; 

Berndes et al., 2003) and new policies to promote renewable energy in general, 

and its use in the transport sector in particular, were launched.  

Policies to promote renewable energy existed in a few countries in the 

1980s and early 1990s, but emerged in many more countries, states and 

provinces between 2005 and 2010. By 2009, 85 countries had some type of 

policy target, compared with 45 in 2005 (REN 21, 2010). Mandates for 

blending biofuels into vehicle fuels have been enacted in at least 41 

states/provinces and 24 countries at the national level. Most mandates require 

blending 10-15% ethanol with petrol. There were 53 states/provinces/ 

countries with biofuel mandates in 2007, 55 in 2008 and 65 in 2009 (REN 21, 

2010).  

Following this tendency, in 2007 the EU set the ambitious goal of 

obtaining 10% of its transport sector‟s energy consumption from biofuels by 

2020 as a method of reducing emissions of greenhouse gases. Based on 

estimated of future petro consumption, these 10% represent 10 to 14 billion 

litres of ethanol, based on the estimates of future petrol consumption 

(AgraFNP, 2008). The US Energy Mandate set a target for the production of 

68 billion litres (15 billion gallons) from corn using current technologies by 

2015 and an additional of 95 billion litres (21 billion gallons) by 2022 from 

advanced biofuels. Many other countries have already adopted blends of 2% 

ethanol (E2), 5% (E5) or 10% (E10) with petrol, among them China, Canada, 

Australia and Vietnam. Others such as Colombia, Argentina, the Philippines 

and South Africa will adopt E2 or E10 by 2010-2012 (Licht, 2008; 

Goldemberg, 2008).   

It was in this scenario that Brazil‟s long standing biofuel programme 

caught world attention. The programme has reduced the country‟s dependence 

on petrol. By 2009 ethanol replaced 50% of the nation‟s petrol consumption 

and has cut emissions of CO2 significantly (Macedo, Seabra and Silva, 2008). A 

sign of this interest in the Brazilian biofuel programme was the visit in 2007 of 

the US president George W. Bush to Brazil to establish cooperation for 

developing a global market for ethanol. The US pursuit of oil alternatives led 

the country to search for technical and commercial cooperation with the 

„world leader in biofuel‟ (The Washington Post, 2007). The visit resulted in a 
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Memorandum of Understanding between the United States and Brazil to Advance 

Cooperation on Biofuels being signed by the two countries, with the aim of hosting 

initiatives to promote biofuels around the world.  

4.3.2 Framing ethanol as a tool for economic development  

In order to fulfill the targets of different countries, global ethanol production 

has increased sharply, from less than 20 billion litres in 2000 to 53 billion litres 

in 2007, 69 billion litres in 2008 and 76 billion litres in 2009. The US and Brazil 

accounted for 90% of this production, with the US producing more than 50% 

and Brazil about 35% (REN 21, 2010). In 2007 Brazil exported 3.5 billion litres 

of ethanol, compared with 227 million litres in 2000 (Secex/UNICA).  

Brazil saw its competitive advantages as an opportunity to bring Brazilian 

ethanol to the international market. The energy independence frame that had 

orientated government actions during the 1970s and 1980s has been replaced 

by an economic frame strongly orientated onto the international market. The 

actors‟ beliefs, nationally and internationally, of the possibility of ethanol being 

a possible alternative to fossil fuel, were a stimulus to the Brazilian 

government, with the support of well know scientists (Cerqueira Leite et al, 

2008; BNDES/CGEE/FAO, 2008; Goldemberg, 2008a; Goldemberg, 2008b; 

Goldemberg, Coelho and Guardabassi, 2008; Macedo and Seabra, 2008) to 

plan ethanol expansion for the next years, aiming to double national 

production by 2017, to 63 billion litres annually (IDB, 2010). Bioethanol‟s 

share in BNDES total loans for capital investment went from 1.5% in 2004 to 

7% in 2008 (BNDES in Ethanol Summit, 2009) providing a strong sign of 

future development. This is reflected in the number of distillery projects, with 

136 new distilleries to be ready by 2014 (Nastari, 2006). In 2006 there were 350 

distilleries functioning, while in 2010 there were 423 (MAPA, 2008, 2010). 

Others examples are the expansion of the area planted with sugarcane, as 

illustrated in Figure 4-5, and the increase in sugarcane production (the volume 

of sugarcane harvested) and productivity (the volume of sugarcane per ha) as 

shown in Figure 4-6. The increase in productivity is the result of new variety 

development, biological pest control introduction, improved management and 

greater soil selectivity. Due to these improvements, in 2008 the area planted 

with sugarcane for the production of ethanol was 38% less than it would have 
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been had the land use and production procedures of the 1970s remained in 

place (BNDES/CGEE/FAO, 2008). 

 

 

Figure 4-5: Expansion of planted area in Brazil per year in million hectares of 
sugarcane. 

Source: MAPA, 2009. 

 

 

 

Figure 4-6: Evolution of production and productivity of sugarcane, 1975 - 2008. 

Source: MAPA, 2008. 

4.3.3 Ethanol as destructive for nature and a threat to food security  

By 2007, a wave of criticism was being directed at the production and 

consumption of biofuels. A reframing process was going on: from being a 

sustainable and effective alternative to fossil fuel, ethanol turned into a 
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monster that destroys the Amazon forest, competes with food production and 

increases CO2 emissions; the „presidential diplomacy that celebrated biofuels in 

March 2007 ignited a firestorm of opposition to ethanol and its production in 

both the US and Brazil‟ (Langevin, 2008). In an interview with BBC News in 

2007, the UN Special Raporteur on the Right to Food, Jean Ziegler, said that 

to convert productive agricultural soil into a source of biofuels is a crime 

against humanity. The Chief of the World Bank affirmed that biofuels are a 

significant contributor to boosting food prices (Zoelick, 2008), and the head of 

the International Monetary Fund (IMF) commented that biofuels pose a real 

problem to food security and that „the production of biofuels is immoral‟ 

(OESP, 2008). 

The way in which the beliefs of such important actors (concerning the 

impacts of biofuels on food security) were expressed in the media captured the 

attention of the public and policy-makers and a new frame on the production 

of ethanol start being shaped internationally. Our analysis identified this as the 

ethanol as a threat to food security frame.  

In 2008, a second wave of criticism of biofuels in general, and ethanol in 

particular, was published, mostly in Europe, but also in the US and Brazil. One 

possible explanation is that two articles published in Science Magazine in early 

2008 received a great deal of public attention because they claimed that 

widespread adoption of biofuels, including ethanol, will produce more 

greenhouse gas (GHG) emissions, especially CO2 emissions, than conventional 

petroleum-based petrol due to indirect land used changes. For Brazil, the first 

assumption in those articles was that new agricultural land would come from 

forest. Deforestation of Amazon forest and CO2 emissions from indirect land 

use changes have since been the focus of attention in scientific and commercial 

debates about Brazilian ethanol (Fargione et al., 2008; Searchinger et al., 2008). 

Concerns that sugarcane will invade the Amazon region or push soybean 

plantations and cattle into virgin forests, causing more deforestation, were also 

featured in major media headlines (e.g. Financial Times, 2008; The Guardian, 

2008b).  

The fear of increasing CO2 emissions and deforestation of Amazonia were 

added to the earlier expressed fear of food insecurity. Together, these strongly 

affected the international negotiations for Brazilian ethanol. International 

actors demanded that indirect land use changes be projected in the future and 
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that the calculations for emissions from land use change be added to the 

models that calculate CO2 emissions for ethanol production. This reflects on 

the position of key international actors:  „Can Brazil help other countries to 

decrease their CO2 emissions without harming its own [referring to the 

Amazon forest]?‟ questioned Bill Clinton, the former USA president at the 

Ethanol Summit (2009). The European Union‟s representative at the same 

Summit argued that EU consumers „need to have a guarantee that Brazilian 

ethanol is sustainable‟, reflecting the EU Directive specifying that biofuel 

feedstock must not come from areas of high carbon stock and must conserve 

biodiversity and that the resulting biofuel must reduce CO2 emissions by at 

least 35%. In the USA the Californian Air Resources Board (CARB) and 

Environmental Protection Agency (EPA) required that CO2 emissions due to 

direct and indirect land use changes be included in the life cycle analysis of 

ethanol.  

Once again, the way their views (that sugarcane plantations will cause 

deforestation of Amazonia and increase CO2 emissions) were expressed in the 

media captured the attention of the public and policy-makers, and led them to 

view ethanol as a destructive for nature fuel.  Our analysis identified that the ethanol 

as a threat to food security frame combined with the ethanol as a destructive for nature 

frame led the public and policy-makers to frame ethanol as a brown fuel.    

4.3.4 Framing ethanol as a green fuel  

However, Brazilian government authorities, ethanol producers and various 

academics questioned the above-mentioned criticisms. They believe that the 

main obstacles to growth of ethanol production are not the availability of land 

or other environmental issues, but tariffs levied in the developed markets to 

protect their own industries (The Guardian, 2008c). Brazil‟s President Lula, in 

a press conference just before the FAO Conference in Rome in June 2008, 

said that: 

…no one in the world has moral and political authorities to criticize 
environmental issues in Brazil…the European Union has only 0.3% of 
its original forest left…Brazil has 69% of its virgin forest… (wrote 
Moreira in Valor Econômico, 2008).  

To many Brazilians, „outsiders who want to block their ethanol in the name of 

environmentalism or concern about food or labour conditions look like old-
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fashioned protectionists in hypocritical disguise‟ (The Economist, 2008). As an 

example, when addressing a UN Food Summit in Rome, President Lula said 

that he was fed up with „fingers soiled with oil and coal‟ being pointed at 

Brazil‟s ethanol industry (UN Food Summit, 2008). Later on, in 2009, the 

concerns of oil producers that developed and emergent countries, especially 

China, would start decreasing their dependence on oil for cutting CO2 

emissions, were published (Valor Econômico, 2009).   

Deforestation  

In response to the international debate about deforestation in Brazil, an 

extensive study was carried out to make an inventory of the country‟s forest 

coverage (Miranda, 2007a). These studies show that Brazil has mostly 

preserved its primary forest (70%), while Europe (excluding Russia), the worst 

case, has preserved only 0.3%. Table 4-2 shows the change in global 

deforestation and the remnant of global forests. It is estimated that there were 

64 million km2 of forests world-wide 8,000 years ago. Today only 15.5 million 

km2 are covered with original forests, so more than 75% of the world forests 

are estimated to have disappeared. Brazil is estimated to have once had 10% of 

the world‟s original forests but today it has 28% (Miranda, 2007a).  

Table 4-2: Remnants of global forests, 1,000 km2 

Remnants of global forests, 1,000 km2  

World region Original Forest 8000  

Before Present 

Today % of primary forest compared 

with original 

Africa 6,799 527 7.8 

Asia 15,132 844 5.6 

North America 10,877 3,737 34.4 

Central America 1,779 172 9.7 

South America 11,709 6,412 54.8 

Russia 11,759 3,448 29.3 

Europe 4,690 14 0.3 

Oceania 1,431 319 22.3 

Total 64,176 15,473 24.1 

Brazil 6,304 4,378 69.4 

Source: Miranda, 2007a 

However, as the Director of the Embrapa Satellite Monitoring Centre has 

observed, the international frame concerning Brazil‟s forest has not been seen 

as one of preservation, but rather one of destruction. Paradoxically, this is 
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despite the fact that Brazil is one of the countries that has destroyed least 

forest. If world deforestation continues at the same rate, according to Miranda, 

Brazil will soon hold almost half of all the primary forests in the world.  

The greatest paradox is that, instead of being recognized for its 
conservation history, for maintaining the pristine forest cover, Brazil is 
actually severely criticized by the deforestation champions deprived 
themselves from their own memory (Miranda, 2007b). 

One explanation for the fear of deforestation may be that in the past three 

decades, Legal Amazonia has suffered high deforestation rates, with 372 

thousand km2 of rainforest - an area almost the size of Japan6 - being 

converted either to pastoral lands or crops in this period. This attracted the 

world‟s attention and gave some international actors cause to fear that the 

expansion of sugarcane would induce displacement of natural vegetation. 

However, deforestation rates in the Amazon (Figure 4-7) have declined 

markedly since 2004 (INPE, 2010b) as a result of new public policies. 

 

 

Figure 4-7: Deforestation in Legal Amazonia per year in km2. 

Source: INPE, 2010b 

 

The holders of the ethanol as green fuel frame are more confident about the 

preservation of the natural vegetation in Brazil, a confidence that may derive 

from the history of sugarcane expansion in Brazil. A comparison of rates of 

                                            
6 Area of the Japan‟s territory = 378,815 km2 
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deforestation in Amazonia between 1988 and 2009 and of sugarcane expansion 

in the same period shows that sugarcane expansion was far lower than 

deforestation. Deforestation rates ranged from 1.1 to 2.9 million ha/year 

(INPE, 2010c), while at the same period the average rate of sugarcane 

expansion in the whole country was 0.20 million ha/year (FAOSTAT, 2010), 

which means that the former was five to fifteen times higher than the latter in 

the period.  

Most of the expansion of sugarcane occurred in the state of São Paulo. 

The northern region (which includes almost the entirety of Brazil‟s Amazon 

rainforest) has only 21,000 hectares planted with sugarcane, i.e. only 0.3% of 

Brazil‟s sugarcane plantations (MAPA, 2007b). This means that 99.7% of 

sugarcane plantations are at least 2,000 km from the Amazon forest, as shown 

in the map below (Figure 4-8). 

 

Figure 4-8: Sugarcane plantations in relation to Amazon forest. 

Source: UNICA, adapted from MAPA 2007b. 
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Framing and reframing CO2 emissions due to land use change 

In addition to the belief and confidence shown by the sponsors of the ethanol as 

green fuel frame that the expansion of sugarcane plantations will not reach 

Amazonia, these actors also consider that the international requirements for 

calculations of land use change are not primarily motivated by environmental 

values, but by economic considerations transformed into non-tariff barriers for 

the Brazilian product, reflecting a trade protectionist orientation on the part of 

some international actors.  

Brazilian scientists claim that indirect land use change analysis is still under 

development and that there are no suitable tools or sufficient data to reach 

acceptable quantified conclusions (Macedo and Seabra, 2008; Nassar et al., 

2008; Goldemberg, 2009). The arguments are questioned not only by Brazilian 

scientists, but also by Americans, as exemplified in the letter signed by 111 

American scientists (111PhD Scientists Letter, 2009), as we will see later in this 

section. Goldemberg (2009, p. 41) explains that: 

The data used by US and European agencies comes from macro-
economic models based on inputs that do not correspond to the 
situation we have here [in Brazil]. They are what we call top-down 
models; they include average figures of deforestations caused by 
agricultural expansion, which are applied blindly to the Brazilian 
situation.  

Joel Velascos, the then chief representative for North America in UNICA (the 

leading sugarcane association in Brazil), claims that the requirement for 

calculation of indirect land use change is intended to protect US and EU 

domestic production, although:  

…the science used to determine indirect impacts is quite limited, 
highly uncertain and open to misuse… I‟m particularly amazed at how 
folks who have never stepped foot in the Cerrado or the Amazon 
claim to be experts on agricultural land dynamics… (Velascos, 2009).  

According to the Brazilian actors, the main obstacle to the growth of ethanol 

production is not availability of land or other environmental issues, but tariffs 

in developed markets to protect their domestic industries. This is evidenced by 

the lack of clarity on sustainable criteria on the part of the European Union 

concerning the areas where biofuel crops should not be grown, i.e. no-go areas 

(UNICA, 2010a).   
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On-going reframing on CO2 emissions 

The need to find an environmentally, economically and socially sustainable 

alternative to fossil fuel has facilitated a negotiation process among the 

interested parties and their representatives. The negotiation was very much 

motivated by the Brazilian actors‟ belief on the possibilities of expanding the 

ethanol production and desire to create a global market for ethanol and started 

soon after the first critics to biofuel in general came to the media headlines. It 

was initially believed by international actors, motivated by the article 

mentioned above, that each new hectare of sugarcane planted for ethanol 

production would require the replacement of natural vegetation and thus 

increase the CO2 emissions instead of decreasing them. A new frame 

concerning CO2 emissions due to indirect land use change is being shaped as 

key these same actors appear to be gradually recognising the actual dynamics 

of land use in Brazil, which involve the use of degraded pasture land for the 

expansion of sugarcane plantations.  

The hypothesis in this thesis is that reframing has been achieved as a result 

of intense international discussion over the sustainability of Brazilian ethanol 

in general, and especially around the criteria used to calculate CO2 emissions 

due to indirect land use changes. The discussions were very much motivated 

by the Brazilian desire to create a global market for ethanol, which started soon 

after the first criticisms of biofuel came to the media headlines. Academics, 

government and industry representatives participated intensively in these 

discussions. Brazilian academic participation is illustrated by the number of 

articles and books published in 2008 (e.g. BNDES/CGEE/FAO 2008; 

Fundação Getulio Vargas, 2008; Goldemberg, 2008a; Goldemberg, 2008b; 

Goldemberg, Coelho and Guardabassi, 2008; Macedo and Seabra, 2008; 

Macedo et al., 2008; Nassar et al., 2008; Smeets et al., 2008; Cerqueira Leite et 

al., 2009; Escobar et al., 2009; Galdos, Cerri and Cerri, 2009; Egeskog, 2011).  

At international level, the workshop on Measuring and Modeling the Lifecycle 

Greenhouse Gas Impacts of Transportation Fuels held by the University of California 

Berkeley (EDF & EBI University of California Berkeley, 2008) is a good 

example of the international involvement in the discussion. Another example 

is 111PhD Scientists Letter (2009), which illustrates the strong involvement of 

scientists in the discussion on CO2 emissions due to indirect land use change 

associated with the production of ethanol. The letter, by 111 scientists 
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opposed to selective enforcement of indirect effects of land use change in 

California legislation, states that the science used in determining indirect 

impacts is quite limited and highly uncertain.   

Brazilian organisations have also participated actively in the debate by 

organising international events to discuss issues concerning controversies 

generated overseas concerning the sustainability of Brazilian ethanol. An 

example is the Ethanol Summit 2009 (as described in section 3.3.2) organised 

by UNICA to discuss international controversies over the sustainability of 

ethanol. UNICA has also been active internationally, informing important 

social actors about the development of ethanol production with a strong focus 

on its sustainability as exemplified in the report Proposed Low Carbon Fuel 

Standard (UNICA, 2009b) sent to members of the California Air Resources 

Board (CARB).  

As a result of the negotiations process, in February 2010 the US 

Environmental Protection Agency (EPA) recognised ethanol from sugarcane 

as an advanced biofuel and concluded that it reduces GHG emissions by 61% 

compared with the average petroleum fuels used in 2005. A change in the 

direction of considering Brazilian ethanol as sustainable has also taken place in 

the EU: a report (22/12/2010) of EU Biofuel Commission identified a 

number of uncertainties associated with the available models to calculate 

greenhouse gas emissions due to indirect land use change. To avoid the 

uncertainties, the peculiarities of each region that produces ethanol have to be 

considered in the analysis, which increases the possibilities that the dynamics 

of land use in Brazil and the role of degraded pasture in the expansion of 

ethanol production will be analysed.  

Need for reframing 

However, this thesis also recognised the need of a new reframing to guarantee 

a socially and environmentally sustainable expansion of ethanol should the 

hypothesis of a future large-scale expansion of sugarcane plantations become 

reality, especially in relation to the preservation of the biodiversity of the 

Cerrado biome. A great part of the biome has been replaced by agriculture and 

pasture land in recent decades and we saw that its biodiversity is seriously 

threatened. A reframing of Cerrado use is needed to protect this fragile biome. 

While some belief that the expansion of sugarcane will only occur on degraded 
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pasture land (e.g. Goldemberg, 2008; Cerqueira Leite et al., 2009), others point 

out that it is not yet clear how the displacement of crops and cattle for the 

expansion of sugarcane plantations will occur (Marta Jr, n/d). There is a good 

chance that such expansion will not happen in the Amazon region as there are 

so many eyes, nationally and internationally, watching the Amazon forest for 

signs of deforestation and Brazilian law attempts to severely limit such 

devastation. The same cannot be said for the Cerrado, which is seen as an 

agricultural frontier and not as a biome to be legally protected.   

The hypothesis in this thesis is that the natural vegetation of the Cerrado is 

not seen as such an important part of nature as the rainforests, especially when 

we consider that those who defend the latter do not defend the former. The 

dry, open landscapes dotted with the small, twisted trees that make up a large 

part  of the vegetation in the Cerrado biome are remote from the idea of 

„natural vegetation‟ inspired by the images of the luxuriant Amazon rainforest 

that is considered to belong to the world. 

 The sustainability criteria adopted by the EU Directive on highly 

biodiverse grasslands may still result in the designation of some of the Cerrado 

as „no-go‟ areas, according to Zahniser (2010). However, there has been no 

final definition. An impetus for reframing the vision of the use of the Cerrado 

biome may be given by the Nagoya Protocol on Access to Genetic Resources and the 

Fair and Equitable Sharing of Benefits Arising from their Utilization, recently agreed 

upon by the parties during the UN Biodiversity Summit in 2010, to which 

Brazil is a signatory since February 2011. The Protocol creates a framework 

that balances access to genetic resources on the basis of prior informed 

consent and mutually agreed terms with the fair and equitable sharing of 

benefits, while taking into account the role of traditional knowledge. In 

addition, a plan to guide international and national efforts to save biodiversity 

and a resource mobilisation strategy to increase the current levels of official 

development assistance in support of biodiversity were drawn up in the 

meeting (Normile, 2010). 
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4.3.5 Framing and reframing the food versus fuel debate  

Controversies over food security 

The increasing scale of biofuel production and the escalation of food prices in 

2007-2008 created serious concerns regarding the possible role of biofuels in 

the 2007-2008 food crisis that resulted in riots in many parts of the world. 

Several reports by advocacy organisations have accused large-scale biofuel 

production of driving up food prices or threatening food security by other 

means. For example, ActionAid (2010, p. 2) that states that:  

The rapidly rising demand for crops for fuel has put them into 
competition with those grown for food, driving food prices higher and 
affecting what and how much people eat in developing countries. This 
is a significant issue in a world where a billion people are already going 
hungry.   

In addition, the Gallagher Review, an independent review prepared for the UK 

Government on the indirect effects of current biofuel production, found that 

increasing demand for biofuels contributes to rising food prices that harm the 

poor (Renewable Fuels Agency, 2008).   

Other studies and reports reinforce the frame of biofuel as a threat to food 

security. Biofuels have been claimed to be the driving factor for an increase in 

food prices and the food price increase in recent years has been mainly 

explained as a result of the expansion of biofuels (e.g. Rajagopal et al., 2007; 

Engdahl, 2008; Friends of the Earth, 2008; Tangermann, 2008; Christian Aid, 

2010).  

Although the strong criticisms were directed to biofuel in general, 

Brazilian ethanol production was discussed as a contributor to the spike in 

food prices, and was thus a focus of the food versus fuel debate. Brazilian 

reactions were also strong. Goldemberg (2009, p. 37) affirmed that the 

suggestion that expanding sugarcane production is one of the causes of world 

hunger „violates common sense‟. He explains that sugarcane-based ethanol 

requires a very small amount of land (as illustrated in Figure 4-10) and it would 

not influence food prices. President Lula affirmed that „Biofuels are not the 

villain that threatens food security‟ (UN Food Summit, 2008). 

However, a reframing process concerning Brazilian ethanol production 

seems to be taking place. Our analysis identified a change from a threat to food 
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security frame to a safe fuel frame. The hypothesis is that this change were mostly 

based on the international actors‟ new belief that the indirect impact of 

Brazilian sugarcane ethanol on food production could be minimal (Ajanovic, 

2011; Nuffield Council on Bioethics, 2011). Recent studies on land use seem to 

have influenced the reframing process. For example, it has been reported that 

the projected increase in land area planted with sugarcane by 2020 has been 

described as having potentially little or no impact on areas used to produce 

food or areas occupied by natural forest (Matsuoka, Ferro and Arruda, 2009). 

In addition,  a study into the direct and indirect land use changes brought 

about by sugarcane production found that between 2002-2006 and in states 

where sugarcane production increased, the area dedicated to other crops also 

increased (with the exception of São Paulo State) (Nassar et al., 2008). A study 

by the research unit (FGV Projects) of the Brazilian school of high studies, 

Fundação Getúlio Vargas, on the impacts of biofuels on grain prices found 

that the major reason for the rise in food prices was speculation on futures 

markets, stimulated by increased demand coupled with low grain stocks due to 

bad weather conditions and poor harvests. It concluded that there was no 

significant correlation between sugarcane cultivation and average grain prices 

(Fundação Getúlio Vargas, 2008). For Rathmann et al. (2010) and Escobar et 

al. (2009), the rise in food prices primarily to factors such as changes in the 

price of oil, financial speculation and recent strong growth in demand from 

China. 

Land competition for food and ethanol production  

The dynamics of land use change for the expansion of sugarcane plantations 

has been analysed by Brazilian actors, for example the recent analysis to 

evaluate the country‟s potential to replace 5% (102 billion litres) of the world 

demand for petrol with sugarcane ethanol by the year 2025. It was estimated 

that this demand would take 17 million ha of sugarcane to provide sufficient 

feedstock to meet the projected demand for ethanol, plus 20% required by law 

for legal reserves, thereby requiring a total of 21 million ha. It also considered 

that sugarcane plantations will replace degraded areas or areas currently used as 

low productivity pasture, through the conversion of pasture and the 

intensification of cattle grazing (Cerqueira Leite et al., 2009), following a trend 

in the country in recent years (Camargo et al., 2008; Nassar et al., 2008). For 

example, the average stocking density in the country is one head per hectare, 



68 
 

 
 

compared with 20-30 head of cattle in Switzerland for the same area of grass. 

In the state of São Paulo there has been an increase of approximately 20% in 

the density of cattle per hectare. That alone has released 2 million ha for 

agricultural expansion (Goldemberg, 2009).   

However, the increase in cattle productivity (number of cattle per hectare) 

has its price. The higher productivity is achieved mainly by improved of 

pasture quality and cattle management. Three main types of management: are 

in use: cattle on extensive pasture (low density of cattle per ha, roaming freely 

over the pasture land to feed themselves); cattle in semi-confined spaces 

(medium density of cattle per hectare, part of the diet being provided from 

external sources) and totally confined cattle (high density of cattle per hectare, 

all diet being provided from external sources). These different types of 

management also define the final price of the cattle (and the meat), the totally 

confined system being the most expensive and the free grazing option the least 

(experts in cattle breeding, interview in 2008 and 2009). 

 

 

 

Figure 4-9: Illustration of the percentage of land use in Brazil. 

Source: Adapted from MAPA 2007a and BNDES/CGEE/FAO 2008.  

Total country area,  
851 million ha, 100% 

Agricultural land,  
355 million ha, 42% 

Cultivated area,  
77million ha, 9% 

Area cultivated with sugarcane  
for ethanol production, 
 4 million ha, 0.5% 



69 
 

Need for reframing land use in Brazil  

The availability of agricultural land is an issue that has been debated and 

discussed in Brazil since the start of the Proalcool programme and since the 

beginning it has been said that the country has enough potential land to 

expand sugarcane plantation (Borges, 1990). However, more recently, experts 

have made warnings about such expansion. They see this as a determining 

factor for the increase in the concentration of land ownership. That is, the 

expansion of sugarcane changes the existing agricultural models in some areas, 

establishing new ones that will decrease the number of small and medium-

sized properties (Camargo et al., 2008; Egeskog et al., 2011). One hypothesis is 

that the cost benefit of sugarcane production is directly related to the distance 

of the sugarcane plantations to the mill and distilleries, from 30 to a maximum 

of 50 km (experts in sugarcane production, interview in 2008 and 2009). 

Attracted by better returns than those obtainable from traditional activities, 

many farmers are shifting to energy agriculture, resulting in the systematic 

replacement of other crops by sugarcane. Farmers rent their land to the 

sugar/ethanol industries. In doing so, the houses, fences, and other facilities 

existing on the properties will be destroyed, as there is no need for them. 

However, as Egeskog et al. (2011) concluded in their study of a region where 

sugarcane has already been established, small-scale farmers who substituted 

sugarcane production for their milk production experienced economic 

stagnation after the change. The high cost of rebuilding what has been 

destroyed to make way for sugarcane plantations makes it very difficult for 

farmers to return to their previous activity. It can be even worse when small 

properties are sold to the industries, as the former owners will never be able to 

buy them back (experts on small-scale properties, interview in 2008).   

The importance of small and medium-sized properties is a hotly debated 

issue in Brazil. From the economic perspective, there is a view that the small 

properties are not profitable, as stated by Mauro Lopez and Ignez Lopez 

scientists of the Fundação Getúlio Vargas/RJ in interview for The Economist 

(2010): „half the country‟s 5 million farms earn less than 10,000 Reais a year 

and produce just 7% of the total farm output; 1.6 million are large commercial 

operations which produce 76% of output‟.  

However, the Brazilian Colonisation and Land Reform Agency (INCRA) 

views properties run in a family structure (normally small properties) as being 
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of great importance for the country socially and economically. The diversity of 

what is produced by these properties, in addition to the way they are managed, 

makes this type of business rather profitable, particularly in the southern part 

of the Brazil. In the other regions, better infrastructure and more investment 

are needed to make them as profitable (INCRA/FAO, 2000).  

The divergent views over the role of the small properties for the country 

show an ongoing social conflict concerning land use in Brazil. Due to its 

essentially social character, this conflict was not within the scope of this work 

and was thus not analysed. However, we call attention to a challenge posed to 

modern sustainable agriculture in Brazil: how to combine the traditional small 

farms with the expansion of the modern agribusiness.  
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 FRAME ANALYSIS – CASE STUDY IV 

5.1 Background to Frame Analysis of Sugarcane Harvesting 

Methods  

Case study 4, which is also described in Paper II, examined the conflicts related 

to methods of harvesting sugarcane. A description of semi-mechanised 

harvesting, mechanical harvesting, the characteristics and working conditions 

of sugarcane cutters, as well as the actions for banning the burning of 

sugarcane, are what I, the researcher, considered all essential parts of the 

background to this case study.  

5.1.1 Methods for harvesting sugarcane  

In Brazil there are two main types of system for harvesting sugarcane: semi-

mechanised and mechanised. The former is labour-intensive, as human labour 

is used to cut and prepare the cane before loading it into trucks. In the semi-

mechanised system the cutting and loading of the cane are manual and the 

cane is most often burnt before cutting as the flames consume excess foliage, 

leaving the stalks ready for harvesting. Cane burning also clears the plantation 

of snakes and scorpions, which either die or flee from the fire. The 

mechanised system covers planting, cutting, collecting and transporting 

sugarcane. Large mechanical harvesters travel back and forth in the field, 

cutting the cane, stripping it of unwanted leaves, and bundling it tidily into a 

high-sided trailer. This system is capital-intensive and uses a small number of 

qualified workers. Pre-burning is not used. 
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The semi-mechanised system used to be cheaper than the mechanised 

system on flat land, primarily due to the high investment costs needed to 

convert from manual to mechanical cutting (Braunbeck et al., 1999; Smeets et 

al., 2008). Furthermore, there was an abundant workforce available for use in 

cane harvesting in Brazil in the 1990s (Alves, 2008). Today, due to 

technological advances, mechanical cane harvesters have become smaller, more 

flexible and more economically competitive, especially for the large sugarcane 

producers, as one harvester replaces 80 to 100 cutters (Braunbeck and Oliveira, 

2006). This is due to the higher productivity of the machine and also to the 

fact that the machine works 24 hours a day, seven days a week, compared with 

the 8-10 working hours a day, six days a week for the cutters.  However, the 

high initial investment cost still limits the implementation of mechanical 

harvesters by small sugarcane producers (interview with sugarcane producers, 

in 2008 and 2009).  

 

 

Figure 5-1: Mechanical sugarcane cutting. 

 

The mechanised system has advantages over the semi-mechanised system on 

flat land as it decreases CO2 emissions due to the avoidance of cane burning 
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and increase of trash in the soil (Lal, 2004; Galdos et al., 2009); results in better 

air quality due to the reduced emissions of particles from cane burning, and 

increases the quantity of cane trash biomass (leaves), which is used to produce 

bioenergy (Seabra and Macedo, 2011). Around 22% of the biofuel processing 

plants export energy to the commercial energy grid and they produce only 2% 

of the electrical energy consumed in Brazil (Jank, 2010). This is mainly due to 

the lack of a well-established route for trash recovery (harvest and 

transportation) (Macedo, Seabra and Silva, 2008).  

In 1997, mechanical cutting was used on only 18% of the total land area 

planted with sugarcane in the São Paulo State (Paes, 2007). This had risen to 

34% by 2006 and 56% by 2009 (INPE, 2010a). According to the Secretary of 

the Environment for São Paulo state, by 2006 there were 500 harvesters 

operating in the state but by 2008 this had risen to 1,900, with each harvester 

costing an average of USD 800,000 (R$1.3 million). It is estimated that 5,000 

harvesters will be needed if cane harvesting in the state is to be fully 

mechanised (Graziano, 2008). 

 

 

Figure 5-2: Mechanical sugarcane harvesting. 
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A simulation carried out by Guilhoto et al. (2002) found that mechanisation is 

possible in approximately 50% of the north-east region and 80% of all other 

regions of the country (south, south-east, north and central west). Considering 

a scenario with an increase in the productivity of both manual cutting and 

mechanical harvesting, Guilhoto et al. (2002) estimated that direct employment 

in cane production would be reduced by 62%, i.e. 316,000 workers 

(employment in 1997 minus estimated employment after full mechanisation)  

workers (Table 5-1).  

Table 5-1: Employment in cane production in 1997 and after fully mechanised 
harvesting 

 
Region Employment 

1997 
(x1000) 

 

Estimated employment 
after full mechanisation 

(x1000) 

Estimated reduction 
in employment 

(% of 1997) 
 

North 2.0 0.2 90.3 
North-east 225.9 76.3 66.2 
Central South 35.7 11.0 69.1 
South-east 194.7 95.3 51.0 
South 52.3 11.5 72.0 

Total Brazil 510.7 194.4 62.0 

Source: Guilhoto et al. (2002). 

 

Sugarcane plantations are responsible for the inclusion of a great amount of 

unskilled workers in the labour market. Sugarcane is cultivated in more than 

1000 municipalities in the country, employing, in 2007, 527,000 workers, or 

20% of the jobs in the agricultural sector in Brazil (Moraes et al., 2010). The 

analysis by Moraes et al. (2010) suggests an increase in the number of jobs with 

the expansion of ethanol production in Brazil, but for the sugarcane cutters a 

sharp decrease is expected due to mechanisation. This agrees with Guilhoto et 

al. (2002), who suggested that the reduction in direct employment in sugarcane 

harvesting would mainly affect workers with low qualifications, i.e. workers 

with three or less years of schooling.  

5.1.2 Sugarcane cutters: Characteristics and working conditions 

The age and educational background of sugarcane cutters are of interest as 

expressions of the work demands in cutting and in relation to the possibilities 
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of these workers to get another job in the event of unemployment. The cutters 

have a low educational level, as do workers in the agricultural sector as a 

whole. The average formal education for workers in the agricultural sector in 

2006 comprised 3.6 years of schooling, compared with 7.6 years for workers in 

the industrial sector and 8.9 years for those in the service sector (Hoffman and 

Oliveira, 2008). Although higher than in other states, the education level 

among sugarcane cutters in São Paulo State was still low in 2005, as observed 

by Moraes (2007). That study found that among the 160,000 workers surveyed, 

45% were aged between 18 and 29 years; 19% had one year of schooling or 

less and 14% were illiterate (Table 5-2).  

Table 5-2: Percentage of workers in the sugarcane sector in Brazil, between 1981 
and 2005. 

 1981 
(625,000 workers) 

% 

2005 
(519,00 workers) 

% 

Less than or equal to 1  57 30 
More than 2 and less than 4  28 23 
Equal to 4 10 17 
Less than or equal to 7 2 14 
Equal to 8  1 6 
Less than or equal to 10 0.7 3 
Equal to 11 0.2 6 
Equal to or more than 12 0.1 1 

Source: Moraes, 2007 

 

The literature shows that the working conditions of the sugarcane cutters have 

changed since the strike in 1984 (Guariba strike). In the 1980s the cutters were 

transported standing on the flatbed of open trucks and were thus exposed to 

the risk of accidents in transport. However, in the 1990s the transport mode 

for cane cutters in the state of São Paulo was changed to buses. There was a 

high rate of informal work in the 1980s, but 90% of workers was formally 

employed by 2006 (Hoffmann and Oliveira, 2008). The general use of child 

labour in the state of São Paulo has decreased, from a total of 8% in 2000 to 

3% in 2004 (NEV/USP, 2006, p. 108). 

However, the arduous nature of the work has not decreased. On the 

contrary, it has increased in some aspects due to mechanisation. An analysis by 

Silva (2006) showed that in the 1980s, the average rate of productivity 

demanded of an individual cutter was around 6 tons of cane per day, but by 
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the 1990s it was around 8 tons/day and now, in some cases, it is 12-15 

tons/day. Mechanised cutting has been pushing the work rate in manual 

cutting towards higher productivity (Silva, 2006).   

Back and leg pains are constantly reported, as well as severe 

musculoskeletal disorders in the arms and hands due to repetitive movements 

(Rocha et al., 2010). Diseases in the respiratory system due to inhalation of 

particles and black smoke are frequently diagnosed among cane cutters 

(Cançado et al., 2006). Heat-related exhaustion and cardiovascular overload 

were also documented in a recent analysis of cutters‟ work and were correlated 

with dehydration and physical exhaustion (Vilela, 2010). Early retirement 

among cane cutters has been documented. Nowadays, most cutters are able to 

work a maximum of 12 to 15 years due to the high work demands and poor 

working conditions (Silva, 2006).  

5.1.3 Actions for banning sugarcane burning  

The demand to eliminate pre-harvest burning of sugarcane is resulting in cane 

harvesting changing from a semi-mechanised to a mechanised process. This 

has been a controversial issue and the proposed ban on cane burning is the 

subject of constant writing and re-writing of laws, regulations and agreements. 

In 1984, sugarcane cutters went on strike for the first time to demand better 

wages and working conditions. The strike, known as the Guariba strike, 

revealed the extremely poor working conditions in sugarcane plantations: daily 

transport of workers in unsafe open trucks, resulting in numerous fatal 

accidents, very low wages, lack of individual protective equipment, etc. (Alves, 

2008). The shortage of cane cutters at that time and their strong demands and 

mobilisation prompted the industry to invest in alternatives to manual 

harvesting and consequently mechanised harvesting began to be implemented 

from 1985 (Eid, 1996).  

However, during the 1990s not much effort was devoted to mechanisation 

of cane harvesting. The high investment costs and the technical limitations 

associated with harvesting equipment at that time were the main factors 

limiting the expansion of mechanisation (Braubeck et al., 1999). However, this 

situation gradually began to change as a result of increasing awareness of the 

pollution generated by cane burning (Braubeck et al., 1999; Paes, 2007).  
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In the 1990s, people living near sugarcane plantations started complaining 

about the air pollution caused by the burning. For years they had suffered in 

relative silence over what was called „black snow‟ - the black ash particles that 

covered their houses and backyards and dirtied washing on clotheslines. 

School playgrounds, swimming pools, cars, streets and public parks were all 

„snowed upon‟ during the harvest season. In addition, public health problems 

started to be correlated with emissions of black snow (Uriarte et al., 2009). 

These factors combined led to public demands for a ban on cane burning in 

plantations adjacent to residential areas. With this, environmental 

considerations entered into play in the sugarcane industry. 

In 1997, the first decree (Decree 42056/97) that defined a period for the 

phasing out of sugarcane burning was issued by the São Paulo State Governor. 

The reasons (stated in the Decree) for not phasing out pre-harvest burning 

abruptly were: the high economic investment needed to convert from semi-

mechanised to mechanised harvesting of the cane; the current technical state 

of cane harvesting machinery, and the immense social problems conversion 

would create, especially due to the dismissal of hundreds of thousands of cane 

cutters and the time needed to replace them in other employment.  

At the Federal level, Decree 2,661 issued in 1998 established the gradual 

elimination of burning in agricultural practices. For sugarcane plantations, it 

specified a reduction of 25% in burned area every five years of each property 

which is suitable for mechanised production until 100% of the area was 

included. The decree defined mechanisable areas as properties larger than 150 

ha or with a slope of less than 12 degrees.  

At the state level, 2000 saw the approval of law 10.547, which regulated 

burning in all rural activities. In 2002, a new law, based on the earlier decrees 

and laws, was debated and passed in the state of São Paulo legislative assembly. 

This law (11.241) specifically requires the gradual phasing out of sugarcane 

burning (Table 5-3). The final time limit is 2021 for mechanisable areas and 

2031 for areas unsuitable for mechanisation (see Table 5-3). A reporting 

requirement is included in the legislation for cane producers, whereby they are 

required to specify a cane burning reduction schedule. Similarly to the earlier 

decree (42056/97), law 11.241 specifically takes into account the socio-

economic consequences, i.e. the high capital costs, associated with mechanical 

harvesting, as well as unemployment effects. Other laws have been passed at 
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county level to reduce the time period for banning even further. The laws 

passed in Ribeirão Preto and Limeira counties (Law 1616/2004 and 

3963/2005, respectively), which establish an immediate ban on burning in 

those two counties, are examples of such local initiatives. 

 

Table 5-3: Schedule for phasing out sugarcane burning law 11,241/2002 compared 
with the Agro-Environmental Protocol/2007 

 

Year Percentage of area where 
mechanical harvesting is possible 
(slope gradient <12%) 

Percentage of area where mechanical 
harvesting is not possible (slope 
gradient >12% and/or plantation 
smaller than 150 ha) 

 

Law 
11,241/2002 

Agro- 
Environmental 
Protocol/2007   

Law 
11,241/2002 

Agro- 
Environmental 
protocol/2007   

2002 20 - - - 
2006 30 - - - 
2010 - 70 - 30 
2011 50 - 10 - 
2014 - 100 - - 
2016 80 - 20 - 
2017 - - - 100 
2021 100 - 30 - 
2026  - 50 - 
2031  - 100 - 

 

 

In 2007, the State Government and the Sugarcane Industries Association 

(UNICA) for São Paulo State negotiated the Agro-Environmental Protocol, 

considering, among other things, the global climate change requirements and 

the planned expansion of agriculture for energy purposes. The main aim of the 

Protocol was to bring forward the dates stated in law 11,241/2002 for a total 

ban on cane burning, and to forbid the expansion of sugarcane plantations in 

areas that would need to use pre-harvest burning. UNICA members produce 

more than 50% of Brazil‟s ethanol and 60% of its sugar (UNICA, 2009). By 

2009, those responsible for more than 90% of sugarcane plantations in the 

state of São Paulo had signed the Protocol. Following the São Paulo State 

initiative, Minas Gerais State signed a similar protocol. 

At international level, sustainability criteria for biofuel production have 

been developed in different instances. For example, the Round Table on 
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Sustainable Biofuel (RSB, 2010) established in 2007 at École Politecnique 

Fédérale de Lausanne (EPFL) states that „Biofuel operations shall avoid and, 

when possible, eliminate open air burning of…‟ (criterion 10.b). The minimum 

requirement of criterion 10.b is that „A plan should be put in place to phase 

out any open-air burning of leaves, straw and other agricultural residues within 

three years following certification‟ (RSB, 2010). In the case of Brazil, Smeets et 

al. (2008, p. 790) drew attention to the negative employment effects from 

increasing the use of mechanical harvesting, „particularly in the case a reduction 

is demanded in a certification scheme that goes beyond the legal requirements‟. 

5.2 Frame Analysis of the Conflicts on Sugarcane 

Harvesting Methods 

5.2.1 Disputes over cane burning 

An analysis of the actions to ban cane burning and the resulting conversion 

from manual to mechanical cutting shows that there has been a change in the 

values held by the government and those in the industry. Up until the end of 

the 1990s, profit-making was the main basis of the actions taken by the 

industry – cutting was labour-intensive work with a low salary and poor 

working conditions. No concerns about the environment were expressed at 

that time, and no environmental laws constrained sugarcane burning. 

In the 1990s and 2000s, however, the decrees issued and laws passed in 

Brazil (Decree 2661/98), and particularly in São Paulo State (Decree 42056/97, 

Law 10.547/2001 and 11.241/2002), established a gradual ban on sugarcane 

burning. In some cases, other laws passed at county level demanded an 

immediate ban (e.g. laws1616/2004 and 3963/2005). The number of laws and 

regulations mentioned here reflects that the demands from communities 

adjoining sugarcane plantations, public health authorities and 

environmentalists gradually entered the political agenda. In terms of frame 

analysis, the „economic frames‟ held by the executive branch of the state 

government had social and environmental considerations added to them. 

According to the Secretary of the Environment for the São Paulo State, pre-

harvest burning of sugarcane was a „medieval practice‟ (Graziano, 2008). 

However, he also acknowledged that conversion from manual to mechanical 
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cutting would take time and money and would require planning, so the 

conversion process had to be gradual. 

The communities living close to sugarcane plantations had a feeling of 

injustice, when the „black snow‟ fell on their gardens, streets and cars. The 

sense of having their rights abused was often discussed in everyday life and 

frequently mentioned in conversations (interviews and informal conversations 

with inhabitants in Catanduva, 2008, 2009 and 2010) and in local newspapers, 

TV and radio. The residents viewed clean air as a right and the creation of 

legislation as a matter of justice. A sign of their pressure on local politicians is 

the county laws, which are more restrictive than those at state level. 

Besides the new legislation, other factors helped to incorporate 

environmental values into the economic frame of the sugarcane industry 

advocates. Although the mechanisation process started back in the 1980s, it 

was not until the late 2000s that mechanisation began to be implemented on a 

significant scale. Documents show that the dispute over cane burning was 

primarily resolved through legislation – at national, state and county levels. 

Environmental laws and regulations passed over the last 15 years have required 

the industry to adopt less environmentally damaging practices. 

The signing of the Agro-Environmental Protocol in 2007 coincided with 

the opening of the international market to Brazilian ethanol. However, the 

prospects for expansion of the international market are conditional on how 

international actors perceive the environmental and social sustainability of 

Brazilian ethanol. To comply with the international demands, sugarcane-related 

industries are searching for more socially and environmentally sustainable 

processes. These demands were expressed by the European Union (EU) 

environmental commissioner, Stavros Dimas, saying that „planned EU biofuel 

should be subservient to environmental and social concerns‟ (Financial Times, 

2008). Poor social and environmental conditions may have damaged the image 

of Brazilian ethanol in major importing countries, such as Sweden and 

potentially Britain (The Guardian, 2008a). 

5.2.2 Dispute over the working conditions of sugarcane cutters 

The work of sugarcane cutters requires great physical strength and job-specific 

skills to fulfill the productivity demands set by the industry. It takes a great deal 
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of practice and the expenditure of considerable strength and energy for a new 

cutter to achieve good performance. Although they have poor working 

conditions, cutters can be proud of their productivity and salary, which allows 

their families to live in their home areas: 

…our families are able to stay and take care of our piece of land 
because we can go for the cane harvest, and be back with them after 9 
months (interview with cutter in 2008). 

…the job is heavy but I‟m strong enough to do it. Once I cut 40 ton 
of cane in one single day. I‟ve got a prize for that (interview with 
cutter in Machado, 2008). 

The poor working conditions and the resulting early retirement, because the 

cutters are worn out, are frequently mentioned in the media and have attracted 

attention from government agencies. As a result, the issue has also been 

discussed in academic and professional circles. 

Frame analysis showed that negative characterisation frames were 

prevalent among the parties concerned. In commenting on the precariousness 

of the cutters‟ working conditions, analysts use terms such as „…extreme 

exploitation of the workforce‟ (Silva, 2006, p. 1). Another academic states that 

„Fatigue, blood and death build Brazilian sugar and ethanol‟ (Gonzaga, 2007). 

The term „work under conditions analogous to slavery‟ was employed by a 

federal labour inspector to define the work and living conditions of some 

sugarcane cutters observed during his inspections of sugarcane plantations 

(interview with rural labour inspector José B, in 2010). 

The representatives of employers frame this issue in an entirely different 

manner. A negative frame towards the labour inspectors was noted in the 

words of the president of the small farmers‟ organisation, ORPLANA. He 

stated that the expression „work under conditions analogous to slavery‟ is „very 

offensive and unfair‟… He also stated that „…arbitrariness and subjectivity are 

ruling labour inspection today‟… „It only serves to create conflicts‟… and „This 

shows a lack of knowledge of rural conditions by the labour inspectors 

applying in rural areas the industrial concepts they have learned.‟ (interview 

with President of ORPLANA, in 2009). 

It is apparent that there is a major conflict concerning working conditions. 

Conflicts have arisen over the years and have resulted in a series of strikes, 

starting with the Guariba strike. These actions resulted in better solutions 



82 
 

 
 

being found for the daily transport of cutters to cane plantations in São Paulo 

State, and higher rates of sugarcane cutters integrated into the formal labour 

market in recent years. My view is that the „negative characterisation frames‟ 

held by the different actors have generated a certain antagonism that has 

inhibited public dialogue concerning the working conditions and future of 

sugarcane cutters. 

This shows the complexity of the situation, with those focusing their 

attention on the workers refusing to see the importance of ethanol in terms of 

mitigating global warming, and those focusing on ethanol production 

remaining oblivious to the vulnerability of the cutters in the process. The 

former group can be said to hold ideologically orientated frames, while the 

latter holds economically orientated frames. 

Resolution of the problem of occupational damage to sugarcane cutters 

(for example, accidents and diseases related to their activities) and that of 

ecological damage from sugarcane burning comes down to a single factor, 

mechanisation. This is now seen by the state, employers and the academic 

community as a way of resolving the two conflicts, as mechanised cutting does 

not require burning and replaces laborious manual cutting and the associated 

poor working conditions. 

5.2.3 Emergent conflict – mass unemployment 

A new source of potential social problems and conflict has arisen as a result of 

increasing mechanisation. Workers strongly and rightly associate the 

mechanisation process with the risk of unemployment: „…they don‟t care 

about our demands; now that we are easily replaced by the machines…‟ 

(interview with cutter, in 2009). 

It is estimated that hundreds of thousands of sugarcane cutters will lose their 

jobs because of mechanisation. To deal with the resulting unemployment, re-

training programmes for sugarcane workers have been launched: one by 

UNICA in 2009 and one by the federal government late in 2010. UNICA aims 

at training 30,000 workers and community members in 5 years in São Paulo 

State. The federal government aims at training 25,000 workers, starting with 

12,600 positions. 
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The threat of cane cutters losing their jobs is reinforced by the fact that 

back in their rural home areas, there are few possibilities of any paid 

employment that would permit them to provide for their families. The lack of 

infrastructure (road, rail and childcare) affects the family members who stay at 

home and who could otherwise contribute in some way to the family income. 

Knowledge of the conditions prevailing in the cutters‟ home regions and 

their level of education and skills is important in understanding how they 

perceive the risks to the sustainability of their work. Despite the harsh working 

conditions in manual cutting, they see this seasonal activity as the only 

possibility for them to keep their family living in their home area. The 

sugarcane cutters in São Paulo State receive higher salaries than other rural 

workers (Hoffman and Oliveira, 2008). The opportunities for workers in 

precarious conditions to get a new job are limited, and their physical abilities 

are not always needed. If they do get a new job, these jobs tend to be of even 

lower quality than the cutting work (Matsuo, 2009).  

5.2.4 The discussion over the conflicts over methods of sugarcane 

cutters 

Sugarcane has been harvested and sugar produced in Brazil for hundreds of 

years. The cane cutters, originally slaves, have always had poor working 

conditions and the cane has traditionally been burned before harvest, but 

neither of these aspects generated any international protest or even interest. 

This can be explained by the fact that sugarcane harvest and sugar production 

have been carried out in similar ways in many countries all over the world with 

equally poor or even worse conditions. A different situation has developed 

with the arrival of Brazilian ethanol on the international market in recent years. 

This has led to detailed scrutiny of Brazilian methods of sugarcane harvesting 

by a number of developed countries.  

Frame analysis revealed a lack of social considerations in the frames 

sponsored by those in the industry, a frame that we named economic frame due to 

its strong economic orientation, as described in the previous sections. This lack 

of concern is illustrated by the fact that poor working conditions existing in 

the sugarcane plantations were ignored in discourses and actions for decades. 

The analysis also shows a lack of political will from the part of the government 

to improve the cutters‟ working conditions, as seen from the labour 
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inspectorate´s inability to implement legislation to achieve safe and healthy 

work. With increasing mechanisation, many jobs will disappear and poor 

working conditions will be replaced simultaneously by re-adaptation of some 

to new jobs and by potentially massive unemployment.  

The lack of environmental considerations in the industrial and government 

frames is also illustrated in the analysis by: a) the long time taken by the 

industry to decrease cane burning and b) the lack of environmental legislation 

to oblige them to do so. It was not until the 1990s that environmental 

concerns were incorporated into the frame held by the government. The 

reframing was mostly provoked by the demands for better air quality from 

communities adjoining sugarcane plantations, public health authorities and 

environmentalists. A sign of this is the number of regulations and laws that 

were passed to restrict cane burning. However, legislation alone has not been 

enough to improve the situation and the time limit established for the 

implementation of a ban on burning seems too long for those affected by it, 

although not long enough for the workers who will lose their jobs.   

It was not until 2007 that a reframing of the industry‟s views occurred so 

that environmental considerations were added onto their narrow essentially 

economic frames to produce what we called ethanol as green fuel frame. The fear 

of the industry leaders that cane burning and poor working conditions would 

be used as non-tariff barriers in international trade forced them to opt for 

more environmentally sustainable practices. Thus, mechanisation became the 

solution to both poor working conditions for cutters and environmental 

damage from sugarcane burning. This change was made possible by 

technological improvements that are predicted to ultimately lead to lower costs 

for the industry. However, there is a perverse effect of these developments; 

hundreds of thousands of cutters will lose their jobs. 
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 CONCLUSIONS 

This thesis describes frame analysis of the production and expansion of 

Brazilian ethanol. The four case studies also reported in Papers I-III examined 

very different situations, conflicting and non-conflicting. These were 1) frame 

analysis of a non-conflicting situation, describing the frames orientating the 

creation and implementation of a new technology (the Brazilian ethanol 

programme); 2) a study of the divergent views and conflicts created 

internationally should the hypothesis of a future large-scale expansion of 

sugarcane plantations become reality, especially in relation to the impacts of 

deforestation of Amazonia, CO2 emissions savings and loss of biodiversity of 

the Cerrado biome; 3) within the same framework as (2), this analysis focused 

on the divergent views in the international debate over land use competition 

for food and ethanol production in Brazil; and 4) analysis of the problem with 

an international dimension, concentrating rather on the regional development 

of agriculture in ethanol production and conflicts concerning the methods of 

cane harvesting.  

The first conclusion of the thesis is the usefulness of frame analysis in the 

study of different conflicts arising with the introduction of new technologies, 

especially in the field of Industrial Ecology. The new technology of an ethanol 

programme was implemented in Brazil in 1975 and for more than 30 years few 

conflicts arose in the country, the main exception being conflicts relating to 

methods of sugarcane harvesting and its impacts on air pollution and 

sugarcane cutter‟s working conditions. However, in the early 21st century the 

production of ethanol became an international issue, as the prospect of future 

large-scale world production of ethanol raised conflicts involving 
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environmental, social and economic factors with an international dimension. 

These are examples of conflicts that emerge from the development and 

implementation of new technologies. 

Secondly, the case studies identified major issues in the debate about land 

use changes: deforestation, degraded areas, CO2 emissions, food versus fuel, 

land competition, environment, global market, non-tariff barriers and 

sustainable expansion. In these cases we sought to interpret the problem of 

„Brazilian ethanol production‟ through a correlation between the two sets of 

conflicting frames related to land use change in the country: ethanol as green fuel, 

and as safe to food frames on one side, and on the other side, ethanol as destructive for 

nature and ethanol as a threat to food security, which combined formed ethanol as 

brown fuel.   

Brazilian actors analysed in this study sponsor green fuel and safe to food 

frames, and see expansion of ethanol production as sustainable, while overseas 

actors analysed in this thesis frame ethanol as brown fuel and have concerns about 

its sustainability. Meeting these concerns could be a way to improve the 

sustainability of exported ethanol. Unresolved, they could lead to new barriers, 

which would be seen as unfair and would contravene the principle of free 

trade.  

However, it seems that views have started to change. This analysis 

identified ongoing reframing processes. After intense international debates 

over CO2 emissions due to land use change, the peculiarities of land use 

dynamics in Brazil are gradually being recognised by key international actors 

and will be included in the new models for calculating CO2 emissions. 

Following negotiations, the US EPA now recognises ethanol from sugarcane 

as an advanced biofuel and the EU intends to continue scientific research to 

determine how indirect land use change should be measured. 

Developments during the past five years show that the risks to the 

Amazon forest are being controlled but the biodiversity of the Cerrado 

savannah is another matter. To protect this fragile biome, a reframing of the 

visions surrounding the use of the Cerrado is needed. The new Nagoya 

protocol signed in 2010, with Brazil as one of the signatories, may be the first 

step to putting a value on biodiversity as an economic incentive to prevent its 

destruction. 
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 There is also a need for reframing regarding the role of small farmers in 

future large-scale ethanol expansion. Replacement of small farms by large 

sugarcane plantations can be an economic loss, particularly in southern Brazil, 

and a social loss by the displacement of farming families. Modern sustainable 

agriculture in Brazil must combine the profitability of agribusiness with the 

social importance of small farms.  

Thirdly, frame analysis of sugarcane harvesting methods identified five 

major issues related to sugarcane harvesting for ethanol production 

(productivity/economy, mechanisation of harvesting, pre-harvesting burning/ 

environment, working conditions, and employment). These have been 

confronted and integrated within the frames held by the powerful actors: 

employers and producers in the industry, environmentalists and government. 

Workers and trade unions represent an important stakeholder, but have 

scarcely appeared as a social or political actor in this context.  

The solution to many of the conflicts created by these issues is likely to be 

increased mechanisation of cane harvesting. This will render pre-burning 

unnecessary, thereby improving the environment (better air quality and lower 

CO2 emissions), and eliminate harsh working conditions. It will also decrease 

the scope for some to argue in favour of non-tariff barriers to ethanol in 

international trade. However, hundreds of thousands of cutters will lose their 

jobs. To reach an ideal national solution for the conflicts involved, the 

resulting unemployment will have to be dealt with by retraining cutters and 

creating new jobs for them. 

Environmental and social concerns about the sustainability of Brazilian 

sugarcane-based ethanol are currently being expressed by potential importers 

of biofuel. These concerns ostensibly refer to pre-harvest cane burning and 

poor working conditions for cutters, but they may be regarded as non-tariff 

trade barriers. The former would be a way to improve the sustainability of 

imported ethanol, while the latter would be an unfair way of breaking the 

principle of free trade. However, unemployment is not one of their concerns, 

which is not difficult to understand considering that bad working conditions in 

cane harvesting disturb the picture of green ethanol, while unemployed cutters do 

not project an image but are invisible to the international community. 

Finally, the thesis shows that in the search for more sustainable pathways 

for society, there are often situations where conflicts arise between economic 
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and environmental development and the associated social impacts, as seen in 

the case of sugarcane cutters. The study of conflicts is not an easy task, mainly 

due to the time and energy required to make sense of the arguments expressed 

by all the parties for and against a given issue. It is also complicated by the fact 

that all opinions are taken into account, not only those of the powerful actors 

(government, industry, environmentalists and the international media) but also 

those of less powerful actors, for example, of the sugarcane cutters and 

inhabitants of local communities. It would be much easier to analyse a 

situation where all the parties are for or against a given cause. However, the 

richness of the social world is not revealed in a situation of harmony, but 

rather in contractions and conflicts.   

The study of conflicts can improve the scientific and public debate, which 

may improve the capacity of academics, journalists and decision-makers to 

understand these conflicts. Furthermore, debate may help academics develop a 

more holistic approach in the development of criteria for certification (thereby 

helping prevent environmental and economic criteria conflicting with social 

criteria). Combined, I believe that such efforts will help improve the overall 

decision-making process 
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 SUMMARY OF APPENDED PAPERS  

7.1 Paper I 

Galli, E. (in press) „Framing land use changes in the expansion of Brazilian ethanol 

production‟, Int. J. of Sustainable Society x:x, xx-xx. 

This paper describes the debate over land use changes in the case of the 

hypothesis of future large-scale production of ethanol being confirmed. 

Background considerations for the frame analysis included: instruments to 

control land use in Brazil; global land use and land use in Brazil; rates of 

preservation and rates of deforestation of Amazonia; state of knowledge of the 

models to calculate CO2 emissions due to indirect land use changes; 

characteristics of the Cerrado biome, and others.  

Paper I seeks to interpret the problem of „Brazilian ethanol production‟ 

through a correlation between two main conflicting frames: ethanol as destructive 

for nature and ethanol as green fuel.  Deforestation, decreasing CO2 emission 

savings and loss of biodiversity of the Cerrado biome are described. An 

ongoing reframing process about the views over the CO2 emissions due to 

land use change is verified in the paper. 

Paper I concluded that the Brazilian actors advocate a green fuel and see a 

sustainable expansion of ethanol production, while overseas actors subscribe 

to ethanol as destructive for nature fuel and express their concerns about this 

sustainability. It was seen that these concerns may also lead to non-tariff trade 

barriers. Furthermore, developments in the past five years indicate that the 

risks to the Amazon forest are being controlled, but not the risks to the 

Cerrado savannah. While the Amazonia is seen as a biome to be preserved, the 



90 
 

 
 

Cerrado savannah has been seen as worthless, fit only for conversion to crop 

and pasture. To protect this fragile biome, a reframing of the visions 

surrounding the use of the Cerrado is needed.   

7.2 Paper II 

Galli, E. and Wennersten, R. (in press) „Frame analysis of environmental conflicts in 

ethanol production in Brazil‟, Int. J. of Sustainable Society x:x, xx-xx. 

Paper II deals with the conflicts over methods of sugarcane harvesting. Semi-

mechanised harvesting, which includes manual cutting, requires pre-burning of 

the cane, which increases air pollution and CO2 emissions. The paper describes 

methods for harvesting sugarcane, characteristics and working conditions of 

the sugarcane cutters and actions for banning sugarcane burning in Brazil.  

Paper II analyses how the replacement of manual cutting by mechanical 

cutting will eliminate pre-burning of the cane (and decrease air pollution) but is 

likely to cost the jobs of the hundreds of thousands of cane cutters employed 

annually by mills and distilleries.  

Paper II concluded that environmental and social concerns about the 

sustainability of Brazilian sugarcane-based ethanol are currently being 

expressed by potential importers of biofuel. These concerns ostensibly refer to 

pre-harvest cane burning and poor working conditions for cutters, but they 

may be regarded as non-tariff trade barriers. The former would be a way to 

improve the sustainability of imported ethanol, while the latter would be an 

unfair way of breaking the principle of free trade. Paper II suggests that 

academics could help to increase the public debates concerning the 

sustainability of an issue. That would certainly help other academics develop a 

more holistic approach in the development of criteria for certification (thereby 

helping prevent environmental and economic criteria conflicting with social 

criteria), and also help journalists improve the level of knowledge that flows 

into media discussions. 
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7.3 Paper III  

Galli, E. „Framing the debate over Brazilian ethanol production‟. Submitted manuscript. 

Paper III begins with an overview of the frames orientating the creation of the 

Brazilian ethanol programme (Proalcool) in 1975 and changes during the first 

30 years of its development. The paper continues by presenting the 

international debates over biofuels, and particularly over the expansion of 

ethanol, with the focus on land competition for food and ethanol production. 

It also describes agricultural land use in the world and in Brazil, and its relation 

with the expansion of sugarcane plantations. Paper III seeks to interpret the 

problem of „Brazilian ethanol production‟ through a correlation between two 

main conflicting frames: ethanol as a threat for food security and ethanol as green fuel.   

The need for reframing is presented in Paper III and the role of the 

farmers on small-sized farms in the event of future large-scale ethanol 

expansion is discussed.   

The main conclusion of Paper III is that the problem is not availability of 

land for expanding ethanol production, but how this expansion will occur. The 

paper reports the concerns expressed by experts about the replacement of 

small-scale production by large sugarcane plantations and that it can be an 

economic and social loss: the former by the profitability that they represent, 

particularly in the southern part of the country, and the latter by the 

displacement of farming families from rural areas. The challenge for modern 

sustainable agriculture in Brazil is to combine the profitability of the 

agribusiness with the social importance of small farm properties.  
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