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1 Introduction 
During the latest three decades there have been several discussions and discourses within mainstream research on development economics. The strength of the neo-classical research paradigm was the driver behind the mantra that development was all about “getting prices right” in the 1980s which implied correcting market failures in order to make the optimal resource-allocating price mechanism do its job properly. Several disappointments in development programs in Latin America and Africa designed on the basis of “getting prices right” combined with the East-Asian growth “miracles” led many to question the wisdom of the approach. Moreover, outside the mainstream school of research, a group of “heterodox” scholars discussed “getting prices wrong” and were unimpressed by the focus on “new” institutionalism (Amsden 1989; Wade 1990; Chang 2003). Their argument was that the price mechanism may allocate resources smoothly according to a static perception of the economic system where the qualitative structures at every level remain the same. Still, such an allocation will not induce a process of economic development since this implies completely changing the economic system wherefore manipulation with prices via industrial policy could serve to stimulate growth. The proponents of the neo-classical research paradigm partly admitted the problems and their reassuring answer was that market reforms did not work because the institutions were wrong. The latter development affected the mainstream research agenda in the sense that institutions became the new buzz – “Getting institutions right” was the mantra of the World Bank et. al. during the 1990s. Still, as Johnson (Johnson 2008) points to, when one, as the World Bank, defines institutions as macro stability, private property rights, absence of corruption and violence, then it still does not make much sense to claim that institutions are the source of economic development. Similar insights led the World Bank’s search process for the holy grail towards considering knowledge, innovation and technology as important factors for development. 

A recent contribution by Erik Reinert (Reinert 2007), which is in line with “getting prices wrong”, suggests a new approach for the troubled research agenda of development economics – it is about “getting economic activities right”. His point is that some economic activities are better than others for development in a developing country. His contribution has served as inspiration for this work. 

Part of the literature on innovation and economic development focuses on developing countries’ share of economic activities in high-tech sectors which is thought to reflect a country’s proximity to a world frontier of technological knowledge and its absorptive capacity for participating in changing technological paradigms. Proximity to a world frontier in the latter sense is, ceritus paribus, believed to indicate a country’s potential and likelihood for successful “catch-up” or economic development. Therefore, presence in these high-tech sectors should be the focal point of a development strategy aimed at closing “technology gaps”. The economic structure of most less developed economies though, are characterized by low-tech and natural resource-based industries that account for the majority of employment and GDP. Often these sectors are not considered as potential drivers of development – rather the opposite as exemplified by the persistence of the “resource-curse” discourse. Still, there is a range of historical and more recent examples that show how economic development can be based on natural resources. Actually, it seems that when one looks more carefully, it is not necessarily the nature of economic activities per se (what you produce) which is decisive for economic performance. It is, at least, equally important how these economic activities are carried out. The latter refers to how knowledge, learning and innovation are embedded in the economic system. This leads one to consider how and when a natural resource-based industry can be a good option for economic development. Such considerations have led me to propose a theoretical framework wherein natural resource-based industry can be analyzed.  

The question raised about the role of natural resource-based industries in growth, relates to a wider set of problems in economic history, theory and policy: Do some economic activities promote a higher degree of dynamics and growth than others? Following this line, does the structural composition of the economy determine long term growth? This has been an important element of industrial policy, and there has for long periods been argued that politicians should support specific sectors (manufacturing, high-tech industries) because this is crucial for the macro economic performance of the country. This thinking is also reflected in academic literature and underlying parts of industrial studies, including development economics and innovation studies. Analysis of the role of natural resources’ for economic growth should be seen as part of this tradition
. 
In the empirical part of this paper I present an explorative study of the Brazilian sugarcane-ethanol industry, as a natural resource-based industry, on the basis of the theoretical framework outlined
. The energy aspects of natural resource-based industry has brought it renewed attention. Our current era seems to have a “green” window of opportunity - especially for natural-resource abundant countries - including bio-energy, bio-materials and other “green” solutions. My motivation for considering sugar-ethanol industry is based on the potential of less developed countries for being large producers of ethanol as a biofuel. Biofuel
 is an issue that currently receives much attention worldwide due to its potential for lowering greenhouse gas (GHG) emission rates from transport and because the recently high oil prices have (in some regions) made ethanol production cost-competitive with fossil fuel. A longer-term perspective on energy sources also seems to be in favour of biofuels - in 2007, fossil fuels made up about 80% of the total world energy supply. With continuation of recent growth in consumption, presently known reserves of oil will last about 41 years, natural gas 64 years and coal 155 years (Goldemberg 2007). As a reaction to the energy situation, policies requiring ethanol blended with gasoline (in various proportions) are becoming widespread in OECD countries which is estimated to result in a demand for about 26 billion litres of ethanol in the short run (CREM, 2006). It seems undeniable that the demand for biofuel will surge in both the near and medium-term future – the remaining question is who will produce it?   That several poor countries have the possibility to produce ethanol is unquestionable. This possibility mainly consists of the right resource endowment inter alia including available arable land, favourable climate and low wage level. Twidell and Weir (2006) estimate that Latin America and Africa are the continents with the largest potential for producing biofuel. Still, to benefit (short or long term) from this will depend on whether a given country is capable of gardening such a production sector through policy measures. Several scholars are of the opinion that other countries, developed and developing, can learn important lessons from Brazil’s history (Goldemberg, 2007; ESMAP, 2005). 
1.1 Structure
In the first part of the paper I propose a theoretical framework for analyzing natural resource-based industries. My starting point will be a discussion of the merits of the resource-curse literature. This discussion bears significant similarities to the discussion of low-tech versus high-tech industries. The reason for these similarities is that the two discussions both rely on a inadequate conceptual model of the relations between innovation and economic development. I propose a systemic approach to overcome the problems. Hereafter, I include the micro level by trying to understand how firms in natural resource-based industry can upgrade technologically. Subsequently I illustrate how the latter elements in combination make up a dynamic, inter-industrial and systemic framework that bears much resemblance to the idea of a “development block”. I end arguing that the idea of a natural resource-based development block, can give us a good idea of how and when a natural resource-based industry is a good option for economic development. Some limitations are that I do not include ownership structure (national versus foreign) in the framework nor do I include the merits of trade theory. 
In the second part of the paper I consider the Brazilian sugarcane-ethanol industry as an example of a natural resource-based  development block. Initially, I present basic information about ethanol as a fuel and explain how it is produced. I then give on overview of the evolution of the industry since the 1970s. Among the developments in the industry, I try to, by use of my theoretical framework, identify “drivers of change” within the industry, identify relevant knowledge bases and illustrate the development block dynamism at meso and micro levels.  
My main aim in the paper is construct an analytical framework for understanding natural resource-based industry and subsequently support it with an explorative case study. The main insight and contribution of the paper is that from a systemic approach to economics, it is not necessarily helpful to distinguish between good and bad economic industries or activities. Rather, it is decisive to understand the interactions among agents going on in the system and asses the quality and sustainability of the distributed knowledge bases. 
2 Theory 

2.1 Inferiority of Natural Resource-based Industry
There is a long tradition in economics for perceiving natural resource-based
 industry as inferior to manufacture. There have been many contributions to this line of thought that has come to be known as the resource curse. The resource curse covers a lot of ground, but the basic message is that there is a negative correlation between abundance of natural resources and economic growth – there are quite a number of suggestions for causality between the two factors. Below I present a selective sample.  

A classical proposition, inter alia originating from Thomas Malthus, argues that an agricultural sector is subject to decreasing returns to scale and thus can not drive economic development. The argument is that availability of good land is scarce and when inferior lands are included in production, as production increases, the yield per unit of land will gradually diminish. Whereas in manufacture the intensive use of capital (machines can produce machines – land can not produce land) and increasingly specialized division of labour, can generate productivity improvements without “natural” constraints (besides ecological factors) and hence generate increasing returns to scale. Thus, in order to promote economic development resources should be allocated to manufacture. The latter position is echoed in Reinert (2007) who also adds to argument by stating that economic development is a process driven by certain key sectors that can produce increasing returns to scale. There are certain, often high-tech, sectors that serve as growth poles for the rest of the economy and manage to promote economic development in spite of the more backward and traditional sectors as agriculture and other resource-based activities. 
The well-known omission in Malthus’ argument is the role played by technological progress which has managed to continuously increase agricultural productivity. Ferranti (2002) showed that productivity growth in agriculture has outpaced that of manufacture in both developed and less developed countries during the 20th century. More precisely, they find that in the period 1967 to 1992 total factor productivity growth was significantly higher in agriculture than in manufacture. The total factor productivity growth in agriculture was especially high in developed countries. Reinert’s (2007) argument is moreover based on claims about that agriculture has few and weak backward and forward linkages to other sectors, has flat learning curves and has low R&D-content. On the other hand Ferranti et al (2002) concludes that “natural resource-based activities can have high productivity growth, technical spill-overs, and forward and backward linkages as much as modern manufacturing…the view that manufacturing has something special must be called into question”.  
A related argument has been put forward in the form of the Prebisch-Singer hypothesis which claims that if a country specializes in producing natural resource-based products for export and imports manufactured products, it will see its relative welfare decrease continuously which, inter alia, is reflected in detoriating terms of trade. The primary reasons for these price scissors is that (i) manufactured products have higher demand elasticity and (ii) the manufacturing sectors’ productivity growth rates are much higher than in the natural resource-based sectors. Therefore the country specialized in the natural resource-based production will face a worsening of its exchange relations. Still, according to the above, during the last 15 years is has been the terms of trade for manufacturing that has been declining (Ferranti, Perry et al. 2002).  
There are several other hypotheses that can be categorised under the heading of the resource curse. The “Dutch disease” refers to a situation where windfall earnings in a natural resource-based industry leads to exchange rate appreciation which makes domestic industries uncompetitive. Also as the natural resource-based industry grows it attracts key labour inputs from the rest of the economy. Since the starting point is that natural resource based industry can not lead growth and that its growth is temporary, these factors will inhibit economic growth in the country by negatively affecting the manufacturing sectors. Another, but related claim, is that abundance of natural resources creates rent seeking behaviour that undermines entrepreneurship and growth via corruption, lack of “rule of law” and political instability – as Lorentzen (2008) puts it the basic idea is that “sitting atop a mountain of gold spoils one’s character”. For now I will refer to Smith (2007), who concludes that in the literature “the existence of a general resource curse has not been adequately demonstrated”. Moreover, several historical examples have demonstrated that natural resource-based activities can be a successful development strategy. Some examples are forestry in Sweden and Finland and mining as the “national learning experience” in the US (Ferranti, 2002), more on this later. 

The ex ante theoretical arguments for the resource curse are weak and in the literature there is a growing consensus that  the logic behind it is a combination of bad luck and bad policies. Instead, it is not one’s relative natural resource endowment per se that determines the fortune of a nation, but rather what one does with it (Lorentzen, 2008). The issue at hand relates to a discussion of whether some economic activities are better than others for economic development. At one side of the discussion one finds the proposition: “it is what you do that matters, not how you do it”. At the other side one finds the message that what matters most is how one produces and not what, as put be Ferranti et al (2002): “more than what is produced, the important issue is whether there is an enabling environment for adopting technologies. Modern growth literature increasing stresses the development of “national innovative capacity”, or the ability of countries to produce and commercialize knowledge over the long term”.   
I will pursue this discussion further by treating a related topic in the following section. The topic is the relative importance, relevance and complementarity between low and high-tech sectors (qualitatively different economic activities). 
2.2 A related discussion: R&D Intensity and Natural Resources
The discussion of the “resource curse” is part of the same family as the “low
 vs. high-tech” sectoral discussion especially within studies on science, technology and innovation. I will outline the content of the discussion and relate to the issue of natural resource-based industry for development. I do this to illustrate a basic conceptual model of economic development and to address methodological issues. 

2.2.1 Low versus high-tech
First, this discussion can be said to take its point of departure in a matter of definitions. A sector can be characterized as low or high-tech according to a set of OECD standards that are widely used as a bench-mark in discussions of technology, science and economics. According to the classification a sector is high-tech if it (firm average) invests more than 4% of turnover in R&D, a sector is medium-tech if it invests between 1% and 4% of turnover in R&D and a sector is low-tech if it invests less than 1% of turnover in R&D
. Often these R&D intensities (a ratio of R&D and an output measure) are used as indicators for investment in innovation by looking for correlation between the indicator on industry or national scale and overall productivity or growth
 (Smith 2006 ). 

One advantage of using R&D intensity data is that there is a lot of it, but as an indicator for innovation it has some problems. Firstly, due to its definition many other knowledge-creating activities are not included as for example training and education, tool upgrading, product design and trial production – hence it is a rather narrow definition. Secondly, as an indicator it ignores that knowledge relevant for industry may be distributed across sectors and agents. Both these objections come from that fact that the use of R&D intensity as an indicator for innovation reflects a perception of innovation as a “linear model”. Still, several studies have shown that R&D is only one component of investment in innovation and not necessarily the largest, and also that firms characterized as low and medium tech do innovate 
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(Smith 1999; Lundvall 2001; Smith 2002; Tunzelmann and Acha 2006)
. Accepting the latter results implies that innovation is ubiquitous and should be seen as a process of learning by e.g. interacting, exploring or researching. This paragraph illustrates one aspect of the discussion of low vs. high-tech – namely that the definitions can be misleading and that innovation takes place in all parts of the economic system.     
2.2.2 A Conceptual Model
Now I take one step back and return to the previous section and my paraphrasing of Reinert (2007) whom I made a representative for the “growth-pole position”. The latter approach can take various forms but the basic idea is that economic growth is driven by certain key sectors and/or by radical technical change that creates new industries, destroys old industries, opens new investment opportunities and thereby changes the industrial structure – basically Schumpeterian dynamics. One link to the discussion above is that these key sectors are often juxtaposed with high-tech sectors and also radical technical change is thought to emanate from high-tech sectors
. In this optic economic development (for both developed and less developed countries) becomes a matter of presence in these key sectors and development/use of certain technological fields. If a given country can not manage the latter task, it is doomed to “fall behind” and poverty. Pushing the argument a bit, this logic leads one to the conclusion that economic development is about targeting and investing in high-tech sectors (according to OECD standards) regardless of one’s current industrial structure. The latter is bound to neglect the low-tech category wherein natural resource-based sectors most often fall. In this framework they will be seen as, at best, having a neutral influence on the development process, which is very similar to the idea of the resource curse. In all, the wisdom one can derive from the above seems to be that countries where natural resource-based sectors dominate are victims of a curse and that they will remain poor until they change their economic structures.   
2.2.3 Problems

The point is not that the dynamism described above is erroneous – but one must remember that it is only one process/aspect of economic change. To continue this line of thought, the approach (or conceptual model) outlined above has some problems with empirical facts that can be grouped into two categories (Ferranti, Perry et al. 2002; Smith 2007).
Firstly, the persistence and impact of low-tech sectors in the world economy. According to Smith (2007) it is not difficult to show that low-tech sectors account for the majority of world output and employment, are growing, are innovative, and deploy advanced knowledge bases. Smith (1999) identifies the 20 sectors with highest output growth (1988-1995) and with highest employment levels and growth (1987-1994) in the EU. He finds that the majority of this economic performance is produced by low-tech sectors. Sectors that are to be ignored by the growth-pole approach in terms of policy. Secondly and more specifically on natural resources as a sub-category of low-tech, then, as mentioned earlier, it is a problem for the (extreme version of the) growth-pole approach that natural resource-based economies are not necessarily poor. On the contrary, some of the richest, and/or fastest growing, economies today are resource based
. These economies include Norway, Sweden, Finland, Canada, New Zealand, Australia and the Netherlands
 (Smith 2007). These results are derived from data on developed economies, but with respect to less developed countries the industrial structure is likely to show a similar pattern – not least due to the relative absence of high-tech sectors
. 

2.2.4 Modifications 
If one acknowledges these objections the growth-pole approach must be modified. The modification required is similar, if not identical, to the objection made earlier to the crude assumption of seeing R&D as the sole source of innovation – innovation is ubiquitous. 

From his study of Norwegian aquaculture as a natural resource-based activity Dietrichs concludes: “What people tend not to take into consideration is that most so-called ‘high-tech’ sectors are actually engaged in the production of generic technologies. In practice, they produce capital goods and intermediate goods which flow into other industries. The performance of the economy as a whole therefore depends, not on whether one is specialised in ‘high-tech’ or ‘low-tech’, but rather on how well the industry is able to create competitive advantages by successfully accessing, transforming and adopting advanced technologies generated in high-tech sectors. By implication, the most efficient path to competitiveness of a nation therefore seems to be introducing advanced technologies into those sectors in which they already hold a comparative advantage”(Dietrichs 1995).  
Dietrichs (1995) points to one important mechanism in the relation between low and high-tech sectors – namely that they complement each other via two distinct mechanisms of innovation; (i) science-based or R&D based innovations that tend to have more radical features and can serve as basis for new industries; (ii) innovations that upgrade existing industries and activities (Sandven, Smith et al. 2005)
. If one takes into account the weight of low-tech sectors in developed economies in terms of growth rates and income, then it is reasonable to follow the conclusion of Smith (1999): “One suggestion which emerges from all this is that growth is primarily based not on the creation of new sectors but on the internal transformation of sectors which already exist”. 
2.2.5 What Drives What? Causality?

Still, one can object that the high-tech sectors are the drivers of growth since it is the technology produced by them the creates growth in the low-tech sectors. Still, it is equally likely that the complex demands from the large low and medium-tech sectors are not only shaping but also driving the development of high-tech sectors to some extent (Sandven et al., 2005). Accepting the latter proposition implies, according to Smith (2007), that rethinking sources and determinants of innovation, trying to understand how low-tech firms innovate and under which circumstances, is necessary.  
It is problematic to decide a priori which direction in causality is stronger. This must depend on the situation at hand. Still, what one can surely derive from the argumentation presented is that low and high-tech sectors – natural resource-based  sectors and manufacturing sectors – are, qua their complementarity, interacting, co-evolving and mutually dependent (at least if successful upgrading is to be achieved, this is mandatory).  

2.2.6 Implications for Less Developed Countries 

That low-tech sectors could be drivers of high-tech sectors is even more likely to be the case in less developed countries where the low-tech sectors often are dominant in the industrial structure. It has often been the case in a less developed country that the international competitiveness of certain natural resource-based sectors has been the focal point of both policy makers and industry which implies that the technological problems in this area would attract more funds and attention than other areas – thus one may find a technological infrastructure designed to serve natural resource-based industry. 
The main point regarding less developed countries and economic development is that growth does not necessarily come from the creation of high-tech sectors but rather from technological upgrading of low-tech traditional industries. The main difference between developed countries and less developed countries is not in industrial structure per se, but in their technological levels. The technological level of industries in turn depends on to which extent industry is supported by knowledge infrastructures that enable and support distributed knowledge bases and the flow of knowledge into activities that may be unglamorous, yet vital to growth (Smith, 2007).

2.2.7 Natural Resource-based Sectors as Base for Development

I will point to a few good reasons for why a focus on already existing natural resource-based sectors could be part of a favourable strategy for economic development. Not forgetting the conclusion of Smith (1999) “growth is primarily based not on the creation of new sectors but on the internal transformation of sectors which already exist”
. 
One additional argument is that due to the cumulativeness of knowledge it is most likely that changing the economic structure in a less developed country will be affected by its past activities and take a certain form. Thus, a country will find it “easier” to technologically upgrade in areas of industry already familiar. Hence, the local knowledge base around low-tech or natural resource-based activities may be much deeper than in the rest of the economy. The latter implies that “the depth of knowledge – both upstream and downstream – around these activities is such that it may spur technological learning that starts, but does not end, with a resource-based activity” (Lorentzen 2006). Moreover, even though natural resource-based sectors have respective global knowledge bases (as for soy, sugarcane or mining) then specific local circumstances will often ask for specific local solutions containing “local” knowledge.
Another argument in favour of giving natural resource-based industry attention is that it is quite unclear what the alternative would be
. Should Guatemala start producing space crafts? Should Zimbabwe initiate production of micro processors? Instead, looking at the successful historical examples of the “natural resource achievers”
, it seems “natural” that the few dominant sectors in a given less developed country would serve as drivers for producing, importing, adopting and diffusing new technology (in certain relevant areas) and in this sense serve as a building block for a (sectoral) system of innovation
. Moreover, if one has a target, a concrete purpose, for building an innovation system to stimulate international competitiveness of natural resource-based activities, then it is “easier” to mobilize support and funds. One could add that due to commonsense and a context of scarce financial resources, then less developed countries would be better off by gradually upgrade and knowledge intensify the areas wherein they already have production and/or comparative advantage as opposed to striving for blue sky applications
. 

2.2.8 Technology Level and the Systemic Nature of Knowledge
Let me summarize the argument thus far. I have linked the discussion of low vs. high-tech to the discussion of the resource curse or the a priori inferiority of natural resource-based industries. The gain from this link-up is modifications of my conceptual model for understanding the complex processes that relate innovation and economic development that places natural resource-based and low-tech industries as protagonists in this process – especially in less developed countries. Thus, this is a rejection of the resource curse and an argument in favour of the before mentioned wisdom that what matters in economic development is not merely in which economic activities one engages oneself, but also how one engages oneself. The how, as noted above, can be interpreted as technological upgrading or knowledge intensification of low-tech sectors. As proposed by Smith (1999, 2002, 2007), the degree to which firms are able to upgrade technologically or innovate depends to a large extent on the level of the distributed knowledge bases of a given region. 

The idea of distributed knowledge bases is that firms operate in an economic system where one can distinguish between several distinct knowledge bases. Smith (1999) distinguishes between 3 levels; (1) firm specific knowledge, (2) sector or product-field specific knowledge, (3) generally applicable knowledge. The various levels are interrelated in a systemic manner such that firms, industrial districts or whole economies are seen as distributed knowledge systems where the set of agents, comprising these entities, collectively possesses knowledge that no single agent posses (Foss and Foss 2002). Regarding the knowledge bases Smith (1999) describes them as follows: 
(1) Firm knowledge bases have tacit, socially embedded and organizational elements that can serve as stimulating or as a hindrance for search processes. In all cases firm knowledge bases are finite – meaning that any firm will have difficulties if its search process for technological solutions takes the firm outside of its core areas. Wherefore the firm must necessarily be capable of identifying, accessing and using knowledge from outside the area of the firm – from external knowledge bases. Obviously, the quality of firm-external knowledge bases will affect firm performance to some extent.

(2) At the level of sector or product-field specific knowledge. It is emphasised that industries often share particular scientific and technological parameters; there are shared intellectual understandings concerning the technical functions, performance characteristics, use of materials and so on of products. This part of the industrial knowledge base is public (not in the sense that it is produced by the public sector, but public in the sense that it is accessible knowledge which in principle

available to all firms): it is a body of knowledge and practice which shapes the

performance of all firms in an industry. The knowledge base is developed, maintained and diffused by institutions of various kinds, and it requires investments. The structure encompassing the renewal, reproduction and diffusion of knowledge bases, can be thought of as an innovation system.
(3) Finally, there are widely applicable knowledge bases, of which the most important

technically is the general scientific knowledge base. 

Thus, the knowledge bases are distributed across levels (wherein firms, organizations and regions differ). One can imagine that a given region has significant differences in quality in the various levels according to some bench-mark of science and technology – think of a spider web analysis. Still, it is the systemic performance of the knowledge system containing the bases that is determinant for the “success” of the firms. 
Smith (2002) concludes from the above that the relevant knowledge base for many industries is not internal to the industry, but is distributed across a range of technologies, actors and industries. 
Hence, the quality or level of the distributed knowledge bases strongly influences to what extent firms can upgrade technologically and, in terms of quality, transform the existing industrial structure. Still, high quality is not useful without strong diffusion mechanisms and investments in sustaining or improving the quality due to constant detoriation of the usefulness of knowledge. How knowledge is developed, maintained and disseminated across the distributed knowledge bases can best be analyzed in an innovation system framework.  

The main point is that because knowledge is distributed, firms or industries may be knowledge-intensive/high-tech, innovative and generate value from a systemic perspective even though they (as individual parts of the system) do not invest much in R&D or develop radically new technologies. The systemic aspect here refers to that system approaches to innovation “look not simply at the performance of individual firms, but at the integration of firms into complex social and economic relationships with their environments”. 
The difference regarding less developed countries is that they often do not posses a supporting innovation system wherefore low-tech sectors may not be able to upgrade and be knowledge-intensive from a systemic point of view. Still, looking at less developed countries one can find several recent and successful examples of knowledge intensification in natural resource-based sectors. It is important to study these successful examples in detail in order to understand under what circumstances natural resource-based development is possible. Smith (1999, 2002) has developed a methodology for identifying and mapping the knowledge bases relevant for a given industry – I will apply this approach in the empirical section, but before doing that I will explore knowledge intensification further in order to get a deeper understanding of the process.
2.3 Knowledge Intensification of Natural Resource-based Activities
This section focuses on the firm level – on how firms can upgrade technologically. Lorentzen is occupied with understanding knowledge intensification of firms in natural resource-based industries in less developed countries (Lorentzen 2008 ). He looks at how knowledge is developed and applied as a consequence of natural resource exploitation – thus examples of natural resource-based sectors driving knowledge generation – but also on how the knowledge developed may migrate laterally and find applications outside the realm of natural resource-based production. Hence, not only may natural resource-based sectors be initiators and drivers of knowledge intensification, but this knowledge may also beneficially diffuse to other parts of the economic system – in this sense natural resource-based sectors can be drivers of development. The latter phenomena can be described as a natural resource-based development path
.  
Lorentzen (2008) outlines four forms of knowledge intensification:

· Improvement of production process within the main production chain via technological upgrading.
· Downstream beneficiation – knowledge intensification of resource base finding application downstream as either product or process innovation. I also include diversification of use of natural resource in this point. 
· The “development” of input industries, upstream, downstream or midstream (product innovation)

· Lateral migration – when knowledge, capital or services sector, associated with a natural resource-based activity, are applied in areas not linked directly to resource exploitation (“knowledge spillover”). This means, when knowledge accumulation bridges the natural resource and knowledge economies through linkages of human and other capital.

The four mechanisms can respectively take various forms and take place under various institutional set-ups wherein for example the role of firm knowledge, universities, entrepreneurs, foreign firms, licensing, industrial policy and industry knowledge base can be very different. The firm case studies collected in Lorentzen (2008) show that successful knowledge intensification is always context dependent. In order to clarify the mechanisms at play among institutional, technological and firm factors, it is important to study and find regularities in the successful examples of natural resource-based development that are around.     

2.4 Development Blocks and Natural Resource-based Industry 
All four mechanisms, mentioned above, on both firm and sector level can be part of a more general dynamism where technological upgrading, creation of new industries and knowledge spillover to other parts of the economy happens if not simultaneously, then in a sequence of interrelated events. The latter phenomena has been described as a development block by Swedish economist Erik Dahmén. Dahmén developed the concept by studying the industrial development of Sweden which has been a prime example of a natural resource-based development path. 
Erik Dahmén was concerned with the analysis of economic development understood as qualitative change in economic structures. He calls it transformation analysis. Economic transformation takes place both during economic growth and decline – it is facilitated by positive and/or negative structural tensions. The basic idea is that complementarity exists among technological, economical and related factors. These complementarities often produce bottlenecks or structural tensions. If e.g. new field of technological opportunities arises which makes it profitable to restructure the economy/firm, then positive pressures will arise for new investments to be made (changed perception of future profit opportunities)
. Once these complementary investments are in place, the development potential is released. When the complementary investments in turn produce further (positive) structural tensions in other parts of the economy, then we have a development bloc. A development bloc refers to a sequence of complementarities which by a way of a series of structural tensions (disequilibria), may result in a balanced situation or in a new structural tension (Dahmén 1994). 
The source of structural tension or disequilibrium is most often new knowledge and/or new market opportunities. Dahmén mentions the following events as able to pave the way for a transformation (pressure):

a. Introduction of new methods of production and marketing

b. Appearance of new markets and marketable products and services

c. Opening of new markets

d. Exploitation of new sources of raw materials and energy

e. Scrapping of old methods of producing and marketing products and services

f. Disappearance of old products and services

g. Decline and fall of old markets

h. Closing of old sources of raw material and energy (Dahmén 1986)
Dahmén represents an approach to economics that sees economic development as a chain structural disequilibria 
 ADDIN EN.CITE 
(Hirschman 1958; Carlsson and Henriksson 1991; Mathews 2005)
. This entails focusing on the transformation of economic structure, which means focusing on changes through time within and among micro entities. Also, there is a focus on context dependency since economic transformation (qualitative change) cannot be separated from historical circumstances. 

The construction of railroads in Sweden is an example of complementarity among factors. Railroads (which have high fixed cost) were initially an unprofitable investment because of limited users. The network of users needed to reach a minimum size for the investment to be profitable. This created a structural tension, which could lead to complementary investments being carried out. The complementarity of factors (technological, economical, social) is at the core of Dahmén’s thinking – this also implies that the development block dynamics cannot be completed in one step (Carlsson and Henriksson 1991).  
As indicated above it is far from always that complementary investments are made. This has to do with the nature of economic transformation. One characteristic of most transformations is a constant conflict between representatives for the new and the old. The realization of a development-block potential depends in turn on (i) entrepreneurial quality and (ii) the nature of a given institutional set-up. With respect to (i) the block dynamism implies a two-way traffic between technical – in a broad sense – developments and economic change wherein economic and technological opportunities must be identified and acted upon. Regarding (ii), e.g. the social power structure may not welcome novelty and thus hinder a block dynamism (Dahmén 1989).
A development block (is a realization of a sequence of transformation pressures) are driven by structural tensions on micro, meso and macro level. The focus of analysis should be these “drivers” of change. Economic transformation can be motivated by (i) opportunity (positive) or (ii) by necessity (negative),  but usually has its centre somewhere between the two situations. Ad. (i) a positive transformation pressure can arise from opportunities to generate new fields of activities and thus to contribute to a restructuring of industry and trade. The number and importance of such opportunities and the extent to which they are seized depend inter alia on the quality of entrepreneurship as well as on institutional factors. Ad (ii) a negative transformation pressure may arise from a more or less strongly felt necessity to adjust and adapt. In such a case there are likely to be more losers than winners from economic transformation (especially if the winners happen to be foreign firms). Again, how such a negative pressure and social-economic conflict is handled depends on i.e. how efficiently  economic problems are handled and on entrepreneurial qualities and institutional circumstances (Dahmén 1989).        

The strength and usefulness of the Dahmén’s approach is not only that it manages to explain a virtuous (or vicious) circle of development, but also that it helps you to identify the reasons why firms upgrade and innovate and how such activities under the right circumstances can lead to long period of continuous learning, innovation and upgrading. To illustrate the usefulness of the development-block concept I will relate the transformation analysis of Dahmén to historical examples of natural resource-based development –more specifically I will consider (selective aspects of) the economic history of Finland. 
2.4.1 Finland 
The evolution of the Finnish forestry is illustrated in figure 1 which shows how knowledge intensification of the sector in terms of diversification towards more processed, value-adding and knowledge-intensive products. At the end of the 19th century Finnish export mainly consisted of unprocessed wood (roundwood). The production gradually diversified towards more processed products as sawnwood, plywood and later furniture and wood products in general. Export of these products topped in the 1950s. During the 1920s production and export of wood pulp, cardboard and increasingly sophisticated types of paper. Since World War II Finland has been exporting all kinds of machinery for forestry as for example planting, extraction and processing). During the 1970s Finland began exporting chemical inputs for the forestry sector (enzymes). 
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Figure 1: Evolution and Diversification of Forestry Sector, x = time and y = export value (Ramos 1998).
Ramos (1998) has tried to outline a general mechanism of what he calls natural resource-based production clusters. It is based on the review of several historical examples of natural resource-based development blocks. He uses the Finnish forestry cluster as an example of the general development trend which, according to him, is actually a stages theory – a “production cluster” goes through four stages from birth to maturity.

During the first stage the natural resource is extracted and exported with a very low degree of local processing. The majority of inputs for production as capital equipment and knowledge services (engineering) is imported. Local repair shops do exist though.
In the second phase processing and export activities are initiated and a start is made on import

substitution with local production of some inputs and equipment (typically under license for the domestic market), while almost all production engineering services are provided locally except those connected with design.

In the third phase export of the capital products whose production was set up during import substitution. The products are inputs and basic machinery for relatively undemanding

markets (as for example, in the case of Finland, to the Soviet Union after the Second World War); the engineering services used are almost entirely of domestic origin, and further progress is made in the export of increasingly sophisticated processed goods (such as fine and special papers).

In the fourth and last stage (which in the case of the Finnish forestry cluster began in the mid-

1970s) all types of goods and services are exported - processed goods of great variety and complexity, inputs and machinery for demanding markets, design engineering services, and specialized consultancy services. In addition, domestic enterprises begin to

invest abroad in the same area of activity. 
	
	Phase I
	Phase II
	Phase III
	Phase IV

	Exports
	Unprocessed natural resource
	First-level processing
	More specialized first-level processing
	Investment abroad

	Inputs 
	Imported
	Import substitution, production of the main inputs for the domestic market
	Export of inputs
	Export of inputs 

	Machinery
	Imported (repair carried out locally)
	Production under license for domestic market
	Export of basic machinery to less sophisticated markets. Development of more sophisticated equipment.
	Export of all sorts of machinery to sophisticated markets.

	Engineering 

Production 

Project design 

Consultancy 
	Semi-imported
	Domestic 
	Domestic
	Export

	
	Imported 
	Partly domestic
	Domestic
	Export

	
	Imported 
	Partly domestic
	Domestic, except specialities
	Export


Table 1: Stages model of Production Clusters (Ramos, 1998).
From figure 1 and the stages model one can see how the various forms of knowledge intensification, outlined by Lorentzen (2008), are involved. The knowledge intensification of the production process and downstream beneficiation (product innovation) is reflected by export of more processed and advanced products. Also, the development of input industries and machinery production is the result of knowledge intensification. The diversification into producing chemical inputs for forestry can be seen as a case of lateral migration since the knowledge is partly developed due to the evolution of the sector, but the production of this complex product is not directly linked to resource exploitation.

There are obviously processes of knowledge intensification at work through the stages of Ramos’ (1998) production cluster, but these are not explored in terms of technological content, which actors were involved, which knowledge bases were activated, which were the important linkages, what was the role of foreign technology, were there local innovations, etc. Instead, Ramos’ approach is quite mechanistic. He describes the stages of a “production cluster” without much analysis.
On the contrary transformation analysis focuses on the drivers of change, not merely describing stages. The development block concept obviously, via its emphasis on complementarities, stresses that things develop in blocks – they co-evolve. This immensely important aspect is not present in the presentation above due to the general level of detail, but has most likely played a vital role. Furthermore, the development block concept is broader than the production cluster approach by Ramos, because it advocates a broad view of linkages between the natural resource-based industry and the rest of the economy. The latter implies looking not only at innovative and technological factors but also institutional and environmental factors as financial systems and potential markets (STEP 2007). Besides, Dahmén (1989) stressed that in order to identify the sources of economic transformation one must analyze micro, meso and macro entities. A good argument for this broader approach is that one can not know exactly where the key linkages will appear. It is possible that a government by stimulating mining industry, can simultaneously stimulate economies of scale and stronger linkages to a complementary industry as international banking, machinery suppliers or stimulate knowledge generation in research to solve certain bottlenecks. Subsequently, these improvements may help filling other “structural gaps” in development blocks relevant for other sectors. 

The strength and contribution of Ramos (1998) for my purpose is that he supplies a different overview of the phenomena I wish to study – a natural resource-based development path – where, in the Finnish case, gradual technological upgrading and innovation are the main tools for building an internationally competitive natural resource-based industry.     
2.5 Main Points

The main points in the above include (i) natural resource-based industry is not a priori worse or better than manufacture; (ii) natural resource-based industry should not be ignored due to its volume and due to path dependency; (iii) natural resource-based industry may (depending on context) serve as a driver of economic development via its demand for knowledge; (iv) it matters not only what you produce, but also how you produce – natural resource-based industry can be dynamic, innovative and apply sophisticated knowledge from a systemic point of view. 
Adding up the theoretical pieces presented above, one has a theoretical framework that can be denoted as a natural resource-based development block. Within this block one finds two main interacting mechanisms: (1) a trend towards knowledge intensification and technological upgrading within the primary production chain (deepening effect); (2) a trend towards diversification in terms of new products and processes that involves still more industries (spread effect). The framework is basically inter-industrial and multi-levelled and emphasis is given to identifying the drivers of change. It is mainly thought of a framework for understanding long-term structural change in an economic system.  
2.6 Empirical Considerations 
Here I will clarify how the various contributions presented above will be applied in my empirical section. The quality of the empirical section will not be adequate to draw strong conclusions. The empirical material will be of an explorative nature. I will try to make clear how the analytical tools presented can help explain the developments in Brazil.   
Firstly, the conceptual model that was illustrated via the low-tech versus high-tech discussion highlighted that respective contributions of the various sectors and their linkages must be seen in a systemic manner. As is also the approach of Smith (1999, 2002), the latter insight makes it interesting to know which kind of technology and knowledge bases are applied and involved in the industry at hand. Since such a knowledge mapping will illustrate to which extent there are linkages and co-evolution between the natural resource-based sector in question and more high-tech areas of the economy. 

Smith (1999, 2002) presents a methodology for mapping the knowledge applied. His starting point is that the knowledge base is the key resource for a firm or an industry. He considers the entire production chain of an industry and tries to identify key technologies. He does this by dividing the production chain into several distinct activities which then in turn are analyzed with focus on knowledge bases. The analysis has four steps: (1) the production chain is divided into key activities in the industry in terms of technical phases of production where focus is on the main technical components of the sector and on what technology a firm must master in order to compete. (2) what are the key techniques being used to perform the activities? The techniques could be capital inputs, machinery, instruments or organizational structure. What must a firm do to master the key technology. (3) which knowledge bases are supporting the key techniques?  A knowledge field could be geology or micro-biology. (4) what is the institutional framework and the characteristics of the actors producing the relevant knowledge. There will necessarily be a problem of identification of which activities are key activities. A criterion set by Smith (1999) is that the activities must be specific to the industry in question and be common to all firms (within this key activity).  

In the following section I will use the outlined analytical framework to describe part of the knowledge bases in use in the industry.

Secondly, the rather rigid schematic presentation of Finland’s forestry sector’s development draws the attention to inter alia how knowledge bases changes over time. Even though left out in Ramos’s (1998) analysis such a development encompasses the construction of an innovation system around the natural resource-based industry – a co-evolution of production system and knowledge bases. In spite of being criticisable, the simplicity of his stages model allows me to make a general description of the development over time of various aspects of the sector in question. The various aspects includes different forms of knowledge intensification as described by Lorentzen (2008). Also, this approach makes is possible both to clarify whether one is really looking at a natural resource-based development block (if it approximately follows the stages) and to crudely evaluate the sophistication, in terms of knowledge intensification, of the block.   
Thirdly, there are several insights gained from the development-block concept. It draws attention to that the main factors one must understand in order to comprehend economic transformation and subsequently be able to produce correct policy advice, is the sources of change. The latter is done by identifying structural tensions and analyze how and why they were realized or not. Another feature of the transformation analysis is an inter-sectoral approach (as Smith (1999) and to a lesser extent Ramos (1998)). The broad approach implies that one must consider complementarities among factors, prerequisite conditions for dynamics and institutional set-ups. This approach further entails identifying tendencies of technological upgrading and of diversification.  

Fourth, the presentation of various forms of knowledge intensification brought some attention to the level of the firm. It is important to understand how firms operating within a natural resource-based development block are acting and thinking. Moreover, the general traits of industrial development that we can see are the results of firms’ actions – they are creating the knowledge intensification, linkages and innovation to a large extent. I will present firm examples of knowledge intensification.

3 Empirical section 
In this section I will apply the theoretical framework presented above to analyze the Brazilian sugar-ethanol industry
. The empirical material is based on literature review of empirical work about ethanol production in Brazil and on explorative field research conducted in November 2008.  
The area is special for a natural resource-based activity. Sugar produced from sugarcane is a well-known commodity which Brazil produces best. Brazil produces ethanol for fuel to various transport vehicles – bio-fuel – directly from sugarcane, which also makes it a natural resource-based commodity. During nearly 40 years production of ethanol has increased in Brazil and especially during the last 4-5 years production has risen. Both areas of production have made technological progress during the years, but lately the dynamics of demand for bio-fuels has made ethanol production the main driver in the industrial complex – both in terms of production and innovation, wherefore I will mainly focus on this. There have been several drivers of change during the years, which I will consider below, but the major factor is currently GHG emissions and demand for green products and solutions. 

In general I will apply the theoretical framework outlined earlier and look at technological upgrading, product (diversification) and process innovations, structural tensions and drivers of change at all levels and co-evolution between natural resource-based sectors and knowledge production (low and high-tech). 

In the following section I will describe the production process of sugar and ethanol, which in terms of figure 2 makes up the main production chain (grey area). 
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Figure 2: Natural resource-based production chain (Developed from Fuchslocher (2007)). 
In the subsequent section I present the recent history of the sector and try to identify structural tensions that through time have functioned as drivers of change in the industry. At the end of the section I will take a look at interesting developments in co-products and diversification, which will lead me to consider input suppliers and especially secondary production chains, cf. Figure 2. Thereafter I will try to map the knowledge bases relevant for the industry based on the idea of distributed knowledge bases. Finally, I will look at two firm examples of knowledge intensification within the industry.    
3.1 The Production of Sugar and Ethanol 
In this section I will present the production process of sugar and ethanol (the main production chain). 

Not so long ago renewable energy sources were thought of as a possibility for the far future without present relevance and potential due to cost and inefficiency in production. Renewable energy, and especially bio-ethanol, has during the last decade become increasingly cost-competitive vis-à-vis fossil fuels. The term biofuels includes both bio-ethanol and bio-diesel that can function as complete or part substitutes for petrol and diesel oil respectively. Bio-ethanol and bio-diesel are produced from different feedstocks and processed differently. I will only focus on ethanol produced from sugarcane. Since ethanol is used in combustion engines, the following considerations mainly concern the transport sector. The world transport sector may seem insignificant with respect to global warming but the transport sector is actually responsible for 1/5 of total world GHG emissions and this share is only expected to rise (ESMAP 2005). Furthermore, estimations show that the largest increases in demand for oil will on a short/medium term come from transport in inter alia large emerging markets as China and India (Girard, Fallot et al. 2006). 
The production of Brazilian sugarcane is one of the most cost efficient productions of sugar in the world which gives certain advantages to ethanol produced from sugarcane. The Brazilian ethanol is very energy efficient
 with an energy balance averaging 8.0 (WWI 2007). Brazil’s natural conditions mean that soil productivity is very high and that photosynthesis is strong. The sugar fields are also rain fed which means that production does not need many additional inputs. Moreover, in Brazilian plants the residues from ethanol production (bagasse) is used for generating electricity (by burning) which implies that fossil fuels requirements are close to zero. These factors compose a strong part of Brazil’s natural-resource advantage.

Moreover, one must distinguish between anhydrous and hydrous ethanol. Hydrous ethanol can be used in pure form in motors designed for it while anhydrous ethanol is blended with gasoline. The factor separating the two is the water content. Anhydrous ethanol has a water content of 0.5% (by volume) while hydrous ethanol contains about 5% water (by volume). Hydrous ethanol comes directly from the distillation process while anhydrous requires additional processing to remove more water (UNICA 2007). 

3.1.1 Cost Structure of Ethanol

Biofuels are available in every country albeit in varying quantities and at different costs. Given the commercially available technology, the potential for producing biofuels in industrialized countries is small compared to import of petroleum due to high cost of feedstocks (ESMAP, 2005). 

Ethanol as a fuel is a special type of product since it builds directly on agricultural production. The feedstock used to produce ethanol therefore determines how production and technological development take place in the sector. Hence, ethanol production can be clearly separated into agricultural production and ethanol production that use different technologies. Also, the production of ethanol requires feedstock-specific technology. The cost of producing biofuel depends on the movements of both the price of the feedstock in question and the price of oil. Hence, it is profitable to produce ethanol when feedstock prices are low and oil prices are high and vice versa. Feedstock costs are a major component of biofuel production cost – in Brazil it accounts for as much as 2/3 of the cost producing ethanol (ESMAP, 2005). Hence, productivity improvements in the agricultural part of production are crucial for efficiency and competitiveness. 

3.1.2 Production Process for Ethanol

It is possible to distinguish between two very different methods/technologies to convert biomass into biofuel. One is converting traditional agricultural products like sugar and starch-rich crops. Another is to convert lignocellulosic products and residues. The former is known as 1st generation technology for biofuel and the latter is known as 2nd generation. The 2nd generation technology is not yet commercially developed but heavy investments are currently made in R&D. Potentially the latter can convert all sorts of biomass including garbage, grass and wood into biofuel at low cost.  

Ethanol can be produced from a wide range of organic material inter alia corn, sunflower, weed, grain, beet and sugar cane. The various feedstocks contain different amounts of starch from which ethanol is produced – sugar cane is a top scorer in this respect. Likewise, these feedstocks grow differently across climate zones. The standard is that plantation grows faster in tropical climate than in temperate zones. 

Ethanol is an alcohol produced by biological fermentation of carbohydrates derived from plant material. Much ethanol is produced from sugar-rich feedstocks - in 2003 as much as 61% of world ethanol was produced from sugar crops (cane, beet and molasses). Molasses is a sugar-rich residue from sugar production which can be used for ethanol through further processing. The production process of ethanol from sugarcane follows the process illustrated in figure 1 below.  The process of getting from sugar to ethanol involves fermentation of glucose (sugar) by adding yeast where after it undergoes a process of distillation. A by-product from ethanol production is bagasse which contains a lot of fibre. It can be burnt in order to create heat that can be transformed into electricity through steam turbines (Twidell and Weir 2006).
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Figure 3: Ethanol Production Process (BNDES, 2008). 
In the following sections I will bring more details on the organizational and technological nature of the various processes illustrated in figure 3.  
3.2 History of Sugar-Ethanol Production 
Brazil has a long history of ethanol production which I will outline in this section. The ethanol production became a serious political target as a response to the oil crises in the 1970s where the government launched a massive public-funded program to promote ethanol production and use. Still, the production and use of ethanol started much earlier as will be shown below. 

Brazil currently produces 45% of world ethanol. In 2005 Brazil produced 14.5 billion litres and plans to produce 30 billion litres of ethanol by 2015. The sugarcane industry makes up 2.35% of Brazilian GDP (CREM 2006). The largest importers of Brazilian ethanol are US, India, Korea, Japan, Sweden and Holland. 

Ever since production of sugar was introduced in the northeast region of Brazil in the 17th century it has been an important agricultural activity in the country
. Sugar production was established (by the Portuguese) in order to break down France’s world monopoly in sugar supply which was produced at the Caribbean Islands (Moreira and Goldemberg 1999). Ethanol was first used as a fuel in Brazil in 1903 when the first national congress on industrial applications of alcohol proposed to establish an infrastructure to promote ethanol production and use. Also, the use of ethanol was compulsory many places in the country during World War 1 and production amounted to 150 million litres by 1923. The first policy demanding ethanol (5%) blended with gasoline came by a federal decree in 1931 which also put forward guidelines for its transportation and commercialization – ethanol production reached 650 million litres in 1941 (Moreira and Goldemberg 1999). 

After World War 2 Brazil experienced a high-growth period, but the economic policies at the time reached their limits in the early 1960s which partly served as the basis for a military coup in 1964. The coup introduced a new approach to policy making and a new strategy for economic development which involved foreign capital that was to help the country achieve economic independence. The multinational car industry soon became the flagship of this industrialization model – between 1960 and 1976 the country’s car fleet increased tenfold and consumption of oil (80% imported) increased at an average rate of 16.2% p.a. (while the economy grew at an average of 11.2%). Hence, the dependency on oil imports put the country in a very vulnerable situation with respect to the coming oil crises in the 1970s (Lehtonen 2007). 

Ethanol was produced as a niche product and a by-product from the sugar industry until the 1970s. It had functioned as an auxiliary market in the sugar sector helping to dampen the influences of price fluctuations. The technology for producing ethanol at a large scale was already present and the sugar industry was loosely tied to the transport system. During the 1960s the government had supported the sugar industry intensely in order to modernize and increase production so that Brazil could be competitive at the world market and increase its market shares. Hence, the capacity of the sector nearly doubled during the first half of the 1970s. There was a sudden collapse of the sugar world market prices in 1975 which threatened the now politically powerful sugar and alcohol industry because it was struggling with overcapacity (Lehtonen 2007).       

The above describes the context in which the Brazilian military dictatorship/government initiated a large-scale program for promoting ethanol. The program, called Proalcool, was launched in 1975 in response to the 1973 oil crisis. The support mechanisms in the program were gradually phased out during the 1990s. During its lifetime it underwent several changes as reactions to other external events that will be used to structure the below account of Proalcool into five phases. 

3.2.1 History of Proalcool and Evolution of the Sector

3.2.1.1 Phase 1: 1975-1979

When the first oil crisis hit in 1973 the government (whose legitimacy rested upon persistent economic growth), car manufacturers and sugar producers came under pressure. In the presence of fuel shortage and overproduction of sugar, expansion of the production and use of ethanol seemed as a satisfactory solution. Hence, the sugar-alcohol sector became an integral part of the transport regime. Proalcool was launched on the basis of the following objectives: save foreign currency, reduce regional disparities and income inequality, increase GDP and capital goods production. The aim was to increase production fivefold by 1980 which was more than achieved (in 1979) due to prevailing overcapacity in sugar production. One policy measure to reach the goal was to use blending regulation – the maximum was 20% of ethanol to be blended with gasoline because engines at the time would suffer damage at a higher ratio (Lehtonen 2007). Thus, the goal was to produce anhydrous ethanol. Investment-friendly policies stimulated construction of distilleries that were annexed to existing sugar cane mills (Walter and Cortez 1999).

3.2.1.2 Phase 2: 1979-1985 

When the second oil crisis hit in 1979 the consumption of ethanol could be pushed no longer under the given technological possibilities – the max limit of about 20% ethanol blend had been reached. Thus, technological development was necessary in the form of cars purely running on ethanol. There had been successful experimentation in government labs that were now put to commercial use and the government “persuaded” the car industry to heavily invest in production of 100% ethanol cars. Also, the former overcapacity in the sugar sector was now fully exploited and new investments had to be made if further expansion was to take place – especially there was a need for support for autonomous ethanol distilleries. New production targets were set – the production in 1979 (3.4 billion litres of ethanol) was to triple and make up 10.7 billion litres by 1985. Several autonomous distilleries were constructed on the basis of extensive public subsidies. In the period 1983-86 more than 90% of car sales were ethanol cars and in the mid-1980s ethanol amounted to 50% of Brazil’s fuel supply (Lehtonen 2007). The sale of cars meant that demand for and production of hydrated ethanol to a large extent replaced production of anhydrous ethanol (Walter and Cortez 1999).

3.2.1.3 Phase 3: 1985-1990

World oil prices fell sharply in 1985-86 while at the same time Brazil experienced serious inflation and started a series of reforms. The latter meant that subsidies and support were phased out. As a result hereof production of ethanol stagnated and eventually started to decline – an augmenting factor was that the price of sugar on the world market was increasing. Still, these downward trends did not affect the production of cars – automakers undaunted continued to produce ethanol-only cars (and even increased production). In late 1980s nearly all sold cars were only running on ethanol. This mismatch in trends resulted in a serious shortage of ethanol by 1990 which caused protests and loss of credibility for ethanol as a fuel. Ironically, Brazil was forced to import methanol from the US due to the shortage. Gradually political support for the ethanol program weakened. Automakers soon restructured production to build gasoline cars (Sandalow 2006). 

In spite of the phasing out of public subsidies to the sector, more investments in R&D focusing on improving productivity were undertaken. One key point was the use and development of by-products from the production process (e.g. bagasse to produce electricity and heat). The alcohol programme was kept alive due to (lock-in conditions) employment and clean air benefits. Also, substantial R&D had been conducted which amounted to a significant capacity in biotechnology. The state of Sao Paulo and some firms continued to invest heavily in R&D on sugarcane crop improvements (Lehtonen 2007)
3.2.1.4 Phase 4: 1990-1999

Since 1997 the role of the state has solely been to regulate framework conditions and not to intervene as forcefully as earlier. Subsidies for the ethanol sector ended in 1997 where the sector was fully competitive vis-à-vis fossil fuel. In the period 1990-1999 sales of ethanol cars declined due to incidents of the latter period and a relatively low price of oil. The ethanol sector’s role in relation to the fuel transport regime gradually diminished but it found a stable position as an integrated, but minor, part of the regime. An important point in this period is that due to technical development producers had the opportunity to switch production between sugar and ethanol depending on price movements on the world market. This strategy was followed throughout the 1990s with some success since price of sugar was good while demand for ethanol declined. During the end of this period world price of sugar fell though and overproduction was a significant problem which gradually detoriated the competitiveness of the industry. Overproduction meant that ethanol was produced in large quantities – that were not demanded in the market. This led to complete use of existing storage facilities and the construction of new. In the late 1990s Brazil had a high interest rate and an overvalued currency. The former meant low investment activity (especially in agricultural and industrial segments of ethanol production) which made it difficult for Brazil to compete on the world sugar market. These factors combined gave a dim outlook for the future of the sector at the end of the 1990s (Walter and Cortez 1999).
3.2.1.5 Phase 5: 1999-present 

A range of factors have recently brought renewed interest to ethanol production. The main factor has been the rising oil prices but also the fear of terrorism (and hence instability in oil supply and prices) and the surge in the political interest in global warming have revitalized the ethanol sector. Brazil’s plans are big: one goal is to produce 30 billion litres in 2015 which would require extra 3 million hectares of new land into cane cultivation. A bit more ambitious plan made by the ministry says that Brazil should aim at producing 200 billion litres by 2025 which would require an increase of cultivated area from 6 million hectares to 30 million. The latter would put significant pressure on the potential conflicts with environmental damage and food scarcity.  
Another important event in the revitalization of ethanol production and use was the introduction of the flex-fuel vehicle (FFV) in 2003. The FFV is able to drive on any blend of pure ethanol (E100) and E20 (20% ethanol) and with E100 significantly cheaper than E20, the FFVs have been a massive success. In December 2005, 70% of new light-duty vehicle sales were FFVs and the cumulative sales since 2003 amounts to 1.3 million vehicles (WWI 2007). The FFV has allowed Brazilians to tank fuel according to the changing relative prices of fuels. 

Following the revitalization of interest in and production of ethanol, the presence of foreign firms and FDI is currently increasing in the sector – the participation of foreign capital is about at 4.5% in production of sugar and ethanol. Firms are attracted by the low production costs which are among the lowest in the world. 
The role of the state has gradually diminished as deregulation increased. Today, there are state organs monitoring and managing the sectors further deregulation on its way to becoming a free market. An area where the state is still active involves the sector’s environmental impact as for example waste management, soil quality, biodiversity, and ground water quality. These areas are still recipients of public R&D investments and support – here it can be possible find productivity increases and lessen negative effects of ethanol production. Hence, the competitive edge now concerns R&D which inter alia is coordinated by the ministry of science and technology (Lehtonen 2007). The sector still enjoys some policy support since the blending policy (min. 20%) and import tariffs on ethanol (30%) and sugar (20%) are still in use. 
3.2.2 Diversification pattern and Secondary Production Chains
In continuation of the more recent developments within the sector I will now consider some important secondary production chains that use sugarcane-derived products as basic input, which also makes these activities natural resource based.

3.2.2.1 Bio-electricity 

Firstly, the co-generation of electricity has been an integral part of sugar mills since the 1980s, but they have gradually become much better due to technological developments, knowledge about burning residues and chemical characteristics of biomass. Table 2 shows the developments in the performance of boilers heated by the burning of bagasse, but also the size and efficiency of steam turbines have increased significantly. 
	Parameter 
	”old” boilers
	”new” boilers

	Pressure
	25 bar
	100 bar

	Temperature
	350 c
	540 c

	Performance (tons of steam per hour)
	120 tons
	250-300 tons


Table 2: Boiler developments (Sermatec 2008).

These improvements imply that a sugar mill can produce much more electricity than it needs in order to be self-sufficient. The result has been that sugar mills have burned less bagasse and used the remaining for other by-products. Still, there is a huge potential for producing electricity from renewable resources – 1 modern sugar mill should be able to supply 1 million people with electricity on a daily basis. Sugar mills have a lot of interest in this area, but are risk-adverse in the sense that it takes a large investment in capital equipment to install modern/new co-production of electricity in a distillery (sunk cost are big) and the market is still only emerging and regulation to give security and stability for investors is still only in the making. The market awaits new regulation. People in the industry expects this area to be huge – it is expected that some sugarcane producers will stop producing sugar and ethanol and only concentrate on producing bio-electricity. This could be profitable due the unique high performance of the sugarcane crop to rapidly turn sun light into biomass (photosynthesis). For the same reason experimentation and research is currently being done to maximise content of carbon in the crop such that it can burn longer.  
3.2.2.2 Sugar and Ethanol Chemistry 
It is possible to develop several chemicals and products from both sugar (sucrose) and ethanol. The most important applications are in plastic. There are currently two trajectories – one based on sugar and one based on ethanol – both based on exploitation of sugarcane. Production of plastic has over the previous two decades been, and still is, one of the fastest growing sectors. Producing “green” plastic seems an interesting business when the world is looking for “green” solutions. 
Sugar-based bio-degradeable plastic

The global production of plastics was 230 million tons in 2004 and it is expected to increase

to nearly 300 million tons en 2010. This enormous and growing market is a source of increasing environmental concern, because most plastic products are rapidly discarded and they have slow decay rates. Once used, less than 10% of plastics are recycled and the vast majority ends up in landfills, where complete decomposition can take from 100 to 500 years. The use of biodegradable plastics, besides increasing recycling, would be an effective solution to circumvent the problem. Biodegradable plastics are polymers that, under appropriate environmental conditions, decompose completely in a short period of time due to microbial action. Bioplastics have an added important advantage: they are produced from renewable sources, like starches, sugars or fatty acids (BNDES 2008). 
During the 1980s and 1990s several R&D programs were partly financed inter alia by the world bank and depending on the organizational stakeholder in the project (university or industry focus) it aimed at either improving existing production or diversifying the use-products from sugar. Several patents were established at this time. The R&D diversification search process was initiated due the decline in demand and profits in regular ethanol production - a search for new products, markets or use of the production capacity constructed. One outcome of this initiative was the R&D project focusing on developing bio-degradeable plastic based on sugar. Today a pilot plant is in operation with plans to begin industrial production by 2010 (Velho and Velho 2006).  
Ethanol-based plastic 

Some firms have found a way to transform ethanol into ethylene which then is transformed into poly-ethylene. Poly-ethylene is a basic building block in petrochemicals wherefore further processing from that point onwards is pure petrochemistry. Thus, the product is basically plastic as we know it, but it is produced from a renewable source – it is called green polymer (plastic). Moreover, green polymers have a negative carbon balance – they capture CO2 in the product instead of releasing it as petrol. It is possible to do this via “carbon dating analysis” which can date the age of CO2. This will be part of quality control to check whether firms mix green polymer with oil-based polymer (Braskem 2008).  

Interestingly enough, ethanol chemistry was part of the Proalcool program at its beginning, but it never got much attention. During the “bad” times for the sugar mills in the late 1980sand early 1990s, they initiated a search process for alternative uses for sugar. The started a program doing R&D in ethanol chemistry which was closed after only few years. The point here is that the knowledge and building blocks for current developments have been constructed in the recent past. Still, the firms currently engaged in production have obviously made some incremental improvements. Today the developments in ethanol chemistry are driven by environmental pressures and high oil prices (CTBE 2008). 
3.2.2.3 Co-evolution 

These two examples of secondary production chains illustrate quite clearly the co-evolution of natural resource-based activities and advanced knowledge production. Further, in these cases it has mainly been the will to exploit the natural resource that has been the driver of technological innovations and/or knowledge intensification. It seems that the development of bio-materials is only just beginning, which sets up a path for further knowledge intensification of natural resource-based activities.  

3.2.3 Overview 
Below is an overview of the various activities in the industrial complex which might make it easier to group the information presented.

[image: image4]
Figure 2: Activity Overview

3.3 Structural Tensions and Transformation Pressures
On the basis of the previous section I will now try to identify some of the sources of change in the sector on meso and macro level. The result can be seen in table 3 below.  
	Phase
	Structural tensions
	Transformation pressure 
	Outcome/response 

	1
	A
	Large sugar production capacity in place, but then sugar price collapses which puts pressure on producers 
	Negative 
	Search for other markets 

	
	B
	Oil crisis increases price of oil while the country is highly dependent on oil
	Negative 
	Search for alternative fuel

	
	C
	The launch of Proalcool which creates demand for ethanol from sugarcane and supplies financial incentives to invest in and expand production.
	Positive
	Mitigates problem of alternative fuel and overproduction of sugar

	2
	A
	2nd oil crisis further increases demand for ethanol, but existing production capacity is in use. 
	Negative 
	New investments incentives

	
	B
	Use of ethanol (20%) blended with gasoline has reached its limit, but oil price is rising
	Negative
	Development of 100% ethanol car

	
	C
	Ethanol cars run on hydrous ethanol, which can not be distributed via same system as gasoline 
	Negative
	Investments in infrastructure

	
	D
	B + C creates strong increases in demand (creates a market)
	Positive 
	Production expands 

	3
	A
	Oil price falls, sugar price rises and financial incentives for the industry are curtailed or cut.
	Negative
	Ethanol production falls

	
	B
	Since demand for ethanol is stable, an ethanol shortage arises
	Negative
	Consumer dissatisfaction and loss of trust

	
	C
	Collapse of ethanol market and limited success in international sugar markets producers start search for diversification
	Negative
	Search for alternative use for sugar – private investment in R&D

	4
	A
	Introduction of switching technology such that sugar mills can switch between producing sugar or ethanol when they want and thereby produce according to best price
	Positive
	Flexibility in production

	
	B
	Institutional changes – deregulation and removal of subsidies – which leads to harder competition
	Negative
	Efficiency and collaboration

	
	C
	Sugar price falls (late 1990s) and Brazilian mills can not compete
	Negative
	Start producing ethanol 

	
	D
	Ethanol production rises but demand for ethanol has been in decline for years
	Negative
	Large quantities of ethanol stored

	5
	A
	Internationally high oil prices and unstable supply
	Negative
	Search for alternative energy sources

	
	B
	Global warming and man-made climate change is put on the international agenda with demands about reducing green house gas emissions and pollution in general
	Negative
	Search for “green” solutions

	
	C
	A + B creates a renewed interest in energy produced from biomass and thus in Brazil’s ethanol production as one of the only existing large scale bio-fuel program at the time. 
	Positive 
	Production, demand and export of ethanol increases

	
	D
	The development of the flex-fuel vehicle (FFV) allows consumers to freely chose between gasoline and ethanol at the tank station, which makes them independent of producers and they regain confidence in the fuel  
	Positive
	FFV car sales rises rapidly and demand for ethanol increases

	

	Bio-electricity
	There are opportunities and interest to generate enormous quantities of electricity, but market regulation is missing. Demand for “Green” solutions is the underlying driver. Also, investments in infrastructure would be necessary 
	Positive
	?

	2GT

	Efficiency gains made possible by advancements in R&D
	Positive
	Pilot-projects and investments in R&D

	SMAR

	New Capital Equipment in Mills – steam turbines needing electro-mechanical control automation

	Negative
	New System of Control Automation (world leader)


	Bio-plastic
	Demand for “Green” solutions and high/unstable oil prices, make bio-plastic production a profitable business
	Positive
	? 


Table 3: Structural Tensions
3.4 Distributed Knowledge Bases 
In table 4 below I have tried to identify the knowledge bases used in the natural resource-based activities. Even though it is only a crude approximation and a simple method, then it is clear that many sophisticated bodies of knowledge are applied in these natural resource-based activities. It is moreover obvious that the latter is possible even though the activities are “low-tech” in terms of R&D spending. Thus, from a systemic perspective these activities are knowledge intensive.  
	Activity
	Technique
	Knowledge base 

	Agriculture – developing, planting, growing, harvesting and transporting sugarcane 
	Analyzing soil qualities and local climatic conditions.

Use of satellite monitor.  

Match soil information with a suitable genetic variety.

Modern machinery.
	Agronomy (plant genetics, plant physiology, meteorology, and soil science); Precision agriculture (requires the use of new technologies, such as global positioning (GPS), sensors, satellites or aerial images, and information management tools to assess and understand variations); Biotechnology; Genetics

	Industrial processing – producing sugar, ethanol and co-products
	Mill construction.

Cleaning, sorting and crushing sugarcane.

Processing. 

Automation systems. 
	Electro engineering; Mechanical engineering; Physics; Chemistry; Micro electronics; Micro biology; Bio-chemistry; Thermo chemistry; Hydraulics; Automation

	Further processing of co-products - plastics
	Producing plastic
	Chemistry, Petro-chemistry, Bio-chemistry, Plant genetics, Bio-materials 

	Distribution and Transport
	Quality control

Storing

Infrastructure 


	Meteorology (atmospheric chemistry); Logistics; Informatics; Material technology; Systems engineering  



	Marketing phase 
	International market penetration.

Sustainability responsibility and green products – certifications.

IT control systems and international standards.

Patenting competences
	Logistics; Informatics; Economics


Table 4: Knowledge Bases 
 ADDIN EN.CITE 
(Abarca 2000; CNAA 2008; CTBE 2008; CTC 2008; Inmetro 2008)

An important aspect when considering less developed countries is to look at whether these knowledge bases are actually present, maintained and developed inside the country. All these advanced technologies could to some extent be a matter of capital good import, which has often been seen as a source of technological dependency which in turn will reproduce underdevelopment (Albuquerque 2007). This potential problem varies across areas and knowledge bases for sugarcane-derived production in Brazil
. Also, the composition of technologies applied in these activities has changed during the last nearly 40 years which is reflected by significant productivity improvements in most areas (UNICA 2007).  
3.5 Knowledge Intensification in Firms 

As a counterweight to the general picture given above, I will now present a few examples of firms operating within the main production chain that have managed to technologically upgrade which has brought them commercial success. The technological upgrading has taken place within the broader trends outlined above. I will also pay attention to the co-evolution between knowledge bases and natural resource exploitation.  

3.5.1 Dedini

Dedini is today the largest sugar-mill and ethanol-plant manufacturer in Brazil. Dedini produced turn-key plants for both domestic sales and exports. Dedini is exporting worldwide today (From the US to African countries). The case of Dedini is classical in the sense that it completely reflects the stages model presented in table 1. 

Initially all capital equipment for sugar production was imported from Europe (France and England) which was possible due to the harvest cycle which meant that for a long period one could order, receive and install new equipment and repair old. In this context Dedini started as blacksmith repairing wheels and simple equipment in the 1920s, which gradually developed. Due to World War 2 transport of capital equipment and knowledge services became difficult, which forced the industry to look for other solutions. Dedini gradually started to produce their own capital equipment.
When Dedini started producing they needed – due to the absence of complementary industries – the production chain completely vertically integrated. Dedini produced steel (had a foundry, steel mill – Brazil has steel reserves), they did design, tests and produced other materials needed including bolts and plates, they produced small mechanics equipment (gear transmission, controllers) and they produced centrifuges, larger capital equipment (boilers, distillers, tanks, crushers, etc.). It seems that the development of the complementary industries as steel and other capital equipment benefitted from the – at the time popular – import substitution policies that granted Dedini unique financial incentives. Dedini gradually improved and expanded production and in 1973 Dedini was producing 10 sugar mills per anno. 
Due to the generally bad economic situation in the country and in Latin America in the mid 1980s Dedini was bankrupt and the large vertically integrated structure broke up. Thereafter Dedini concentrated on its core technology which was producing large capital equipment for and assembly of sugar and ethanol mills. Many of the people that had worked within Dedini now started their own businesses as suppliers for Dedini – it was the same people which facilitated a strong network from the start. 
During the latest three decades Dedini has performed and gradually increased in-house R&D on several areas. One is gradual improvement of production processes which is in part done by applying new technologies and in part by interacting with the mills. When mills are sold Dedini delivers technological and knowledge consultancy which is carried out by teams of engineers. Dedini employs many scientists and more than 300 engineers who have graduated from Brazilian top universities. Dedini has experts in physics, chemistry, biology, thermal dynamics, and other fields. Dedini has also been active in developing the so-called 2nd generation technology. Dedini has developed its own process called Dedini Rapid Hydrolysis (DRH). DHR can convert bagasse and straw into ethanol and has the potential of almost doubling the production of ethanol without the use of additional cane. At the same time it aims to reduce the hydrolysis reaction time from hours to minutes
 (Ueki 2007).
Dedini has also diversified it production during the years and now sells capital equipment to such diverse sectors as breweries, cement, chemical, mining and metals, pulp and paper, wastewater treatment plants, energy and co-generation and sugar and ethanol. 

The production started with small-scale mills and gradually changed into production of modern mills, but the technology did not change much until Proalcool was launched which created an enormous demand for scale and efficiency. Inter alia as a result from this demand Dedini has been granted 45 domestic patents in the period 1980-2006 (Furtado, Scandiffio et al. 2008).
The loose description of this case illustrates that the sugar-ethanol industry has given birth to a firm which has managed to walk through the different stages of knowledge intensification proposed by Ramos (1998). It seems that much of the upgrading has been motivated by negative transformation pressures, but a clarification would require more in depth analysis. On overall, it is strongly indicated that the firm was forced to upgrade its knowledge base as a consequence of the demands coming from the natural resource-based activity. 
3.5.2 SMAR

SMAR is a firm that can be characterized as a technology-intensive supplier in a natural resource-based industry (Fuchslocher 2007). Only the firm did not get born technology-intensive, but was driven to technologically upgrade or perish by the complex demand coming from the sugar-ethanol industry. 
The firm started as servicing the sugar mills – maintenance  and repairing of equipment – in 1974. There were 2 founders who started doing relatively simple work tasks but gradually integrated service on steam turbines that were already then integrated in the mill to generate electricity for own use. In 1975 they developed their first control system for the turbines. It was a system which could control that 2 turbines, placed symmetrically in front of each other, would move parallel and then be more efficient. In 1978 they developed an automation system for the process system of crushing cane and extracting juice. 

In about 1980 the sugar mills started to introduce electrical regulation of the turbines. The firm had until then only been doing “simple mechanics” and not electronical mechanics – they did not know how to calibrate electronic regulation. So in order to stay in business something had be done.  The founders invited five engineers, who worked with electronical mechanics, from Zanini
 to hold talks about the possibility of a partnership
. The five engineers were convinced that it would be a good idea to go into this market of automation by use of electronical mechanics. From then onwards SMAR started to develop a range of products based on the knowledge brought in by the Zanini people.

In 1986 they had developed own electronical automation systems to control pressure, temperature and transmission. As a result of good business results SMAR continued to invest in R&D which is inter alia reflected by the fact that they hired more and more engineers. In 1985-86 SMAR started using digital technology (use of micro processors) instead of analog systems. This has been the main source of improvements ever since. From the mid 1980s till today the core concept or method in their products has not changed – only the use of new technology (digital) has improved the quality of the product a lot with respect to precision, better components, faster processes, more efficiency and less costly.   

In the mid 80s, when things were going well, SMAR decided to try to diversify their markets so as to be less dependent on sugar mills (in a time of insecurity) and they saw that their products were suitable for more sectors. SMAR’s product was actually applicable for any sector that needs control of production involving regulation of flow, level, temperature, density, filters, evaporation (liquid to gas), tanks and distillation. Between 1980 and 1990 SMAR did enter several new markets as for example glass, textiles, mining, paper and pulp, energy, ship, food, steel, petroleum and gas, water and waste water and sugar and ethanol. Around 1990 SMAR decided not only to diversify within the domestic market, but to go international. A decision that made it necessary to think in terms of patents in the US system. SMAR got its first patent in 1998 and between 1998 and 2008 they got 24 patents and have more in process. They now have products in NASA and the US Navy. SMAR is the only firm of its kind in Brazil and moreover receives about 40% of revenue from international sales.  

SMAR never received direct public support and have not collaborated with universities or other R&D institutes. The deliberately try to attract the best students from the best domestic universities. An interesting aspect of SMAR’s history is that since the very beginning the owners of SMAR have had a good and trustful relation with owners of sugar mills. This implied that SMAR was allowed to go to the mills to test their new equipment and new products and thereby interact with people in production which must have helped them to identify which kinds of solutions that were needed (SMAR 2008 ).  

Even though the level of detail of information is relatively low, then one can argue that the case of SMAR is the story of technology-intensive supplier growing out of the sugar-ethanol industry – lateral migration in the words of Lorentzen (2008). Lateral migration takes place when knowledge, capital or services sector, associated with a natural resource-based activity, are applied in areas not linked directly to resource exploitation. The technology developed and knowledge accumulated by SMAR on the basis of a natural resource-based activity reached a general-purpose level and were able to migrate to and benefit other sectors in (and outside) the economic system. The initial impulse for SMAR was complex demand from the natural resource-based industry – later the knowledge development found its own momentum. Again, one sees an indication for that a low-tech sector may drive and steer a high-tech sector. The path of knowledge intensification followed by SMAR can approximately be seen as the engineering track in the stages model in table 1.  

Dedini and SMAR were just two cases out of many where natural-resource exploitation leads to innovation and knowledge intensification. The sugar-ethanol industry has created much industry as a consequence of its needs. Other examples that I have investigated but not presented here include a sugar mill that, due to a wish to export ethanol to the US market, is undergoing radical organizational change in order to adhere to international business systems and standards (CNAA 2008). Another concerns the National Institute of Metrology, Standardization and Industrial Quality (Inmetro). In the quest for penetrating the international markets Brazil is trying to establish international standards for ethanol as a fuel – making it a commodity (Souza and Hasenclever 2008). One necessary step in this plan is to be able to measure the quality of the product. Measuring the sucrose content sugarcane and sugar is a important part of this. Trying to construct a polarimeter for calibration of quartz control plates, Inmetro has been engaged in a long-term technology transfer with the German Institute of Metrology. The result is that new knowledge bases have been built in inter alia sucrose chemistry, ethanol chemistry and calibration that can also benefit other sectors such as pharmaceuticals (Inmetro 2008).    
4 Concluding Remarks 
In the theoretical section I presented an argument for why and how natural resource-based industries can serve as a base for devising a development strategy for less developed countries with abundance of natural resources. The main points were that: (i) natural resource-based industry is not a priori worse or better than manufacture; (ii) natural resource-based industry should not be ignored due to its volume and due to path dependency; (iii) natural resource-based industry may (depending on context) serve as a driver of economic development via its demand for knowledge; (iv) it matters not only what you produce, but also how you produce – natural resource-based industry can be dynamic, innovative and apply sophisticated knowledge from a systemic point of view. 
The theoretical framework presented can be denoted as a natural resource-based development block. Within this block one finds two key interacting mechanisms: (1) a trend towards knowledge intensification and technological upgrading within the primary production chain (deepening effect); (2) a trend towards diversification in terms of new products and processes that involves still more industries (spread effect). The framework is basically inter-industrial and multi-levelled and emphasis is given to identifying the drivers of change. It is mainly thought of a framework for understanding long-term structural change in an economic system.  

Empirically I illustrated (at various levels) the co-evolution of natural resource-based industry and significant knowledge intensification and high-tech activities. I showed a development block dynamism in the Brazilian sugarcane-ethanol industrial complex by identifying transformation pressures, a trend of technological upgrading (deepening effect) and a trend of diversification (spread effect) that continuously created disequilibria in the economic system. Also, the micro-level examples of knowledge intensification and lateral migration neatly illustrated the dynamism at firm level. It seems that in this Brazilian case, the natural resource-based industry has often been the driver of high-tech activities and thus improving the level of the industry’s knowledge base.  
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� I am treating this topic in my dissertation, but here there is not enough space.  


� As the reader may have noticed by now, I use (wrongly) sector and industry interchangeably.  


� Biofuels covers a range of energy forms. In this paper I am only concerned with bio-ethanol produced from sugarcane in Brazil. Thus, when biofuel is mentioned it should be read as ethanol. 


� Natural resource-based industry can be defined as an economic activity based on the intensive exploitation of a natural resource. Thus this involves agriculture, mining, oil, tourism, primary products, raw materials of all sorts.  


� R&D is by the OECD defined as production of new knowledge and practical applications of knowledge. The basic criterion distinguishing R&D from related activities is the presence in R&D of an appreciable element of novelty and the resolution of scientific and/or technological uncertainty, i.e. when the solution to a problem is not readily apparent to someone familiar with the basic stock of commonly used knowledge and techniques in the area concerned (Smith, 2006). 


� In the following I will omit the med-tech category to more clearly illustrate my points. 


� The “growth-pole approach” is not flawed per se – it is rather the exclusive identification of high-tech sectors as poles. 


� A resource-based economy can be classified as an economic system whose main drivers are derived from natural resource-based industry. 


� These countries initiated their industrial development on the basis of natural resource-based industry. This history is to a large extent still visible in their trade and production specialization patterns. Still, today they would not spring to mind as resource based. The point here is that these economies managed to go through a process of economic development with a specialization in natural resources. They did so in a very different time, but the point is that they did it and that it therefore is not a priori impossible. This comment clearly reflects my time perspective in the analysis which is long-term structural change.


� I am not suggesting that high-tech sectors are unimportant. There are many good examples of development experiences on that basis as e.g. the performance of the “Asian Tigers”. Likewise, it does not automatically follow from the experience in South-East Asia that natural resource-based industry is unimportant. 


� Very related to the STI-DUI distinction (Lundvall). 


� This in turn must depend on which sectors already exist. Drawing identical conclusions for less developed countries as Smith does for EU countries does not seem straightforward.  


� This point is naturally only/mainly relevant for less developed countries that actually have an abundance of natural resources. 


� Those who did not fall victim of the resource curse but used their natural resources to initiate a path of industrialization.  


� Industry sponsoring research and universities is not unheard of. Still, this the described phenomena is rather the exception, than the rule for natural resource-based sectors in less developed countries.


� This does not dismiss the importance of high-tech, but rather calls for a policy approach balanced according the given industrial structure as e.g. (i) high-tech for low-tech and (ii) investment in strategic high-tech areas. 


� Path can work for firm, industry and nation.


� The strength of this pressure depends on the match (of the new opportunities) with prevailing institutional set-up and quality of entrepreneurs.


� I see the empirical area as an industrial complex – thus involving several industries. Hence, even though I at times use industry, then have this in mind. 


� Energy efficiency indicates how much energy is used to produce (input) one unit of ethanol as compared how much energy is produced (output) - if it is less than 1, it is inefficient and vice versa. Energy efficiency is unrelated to economic and environmental efficiency. 





� There are two main regions for ethanol production in Brazil – the north east of Brazil and the Sao Paulo region (south-centre). Significant differences exist between these regions in terms of ownership structure, productivity, employees, wage, technology and management. Still, these will not be explored further in this paper.  


� The demarcation points for the various phases are given by external events as e.g. changes in the price of oil or externally imposed political reforms. 


� 2nd Generation Technology


� A firm producing control systems. 


� Due to time constraints I have not been able to explore this further. Nor have I had sufficient time to describe the actors involved and the linkages between them.


� This section is based on an interview (CTBE, 2008) and website information. 


� Still, Dedini is currently facing massive problems of moving from a demonstration plant level to actual industrial production. The chemical processes are harder to manage on large-scale production.  


� This section is based an interview with SMAR (2008) and website information. 


� A large machine tool firm specialized in sugar-ethanol production. 


� The geography of the industry has been neglected in this work, but these two firms (also Dedini) are placed very close to each other. Thus, people in the industry interact and talk and the contact with Zanini was based on personal relationships. 
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