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Brazil is a pioneer in large-scale production and consumption of fuel ethanol. During its 40 plus years of history, the ethanol industry has faced crises and criticism. It has also contributed to the reduction in pollutants emission and the improvement of the country's economy. The productive organizations and natural conditions involved with sugarcane plantation were not the only responsible for the development of the ethanol market since there are organizational environments and several factors that may have played a significant role in an integrated and dynamic way. Therefore, through the PESTEL framework, the objective is to map and analyze the macro-environment influence on Brazilian ethanol development between 1975 and 2019. Results show that positive and negative macro-environmental factors showed an essential and near-balanced presence during the analyzed period. Over the first and third decades, the macro-environment exerted a more significant positive influence, while during the second decade, the negative factors portrayed the most adverse environment for Brazilian ethanol. The political and economic factors had continued relevance, while technological factors stood out positively in the most challenging periods in the sector. At present, social and environmental factors have assumed a predominant role, especially given the sector's future. Finally, the PESTEL analysis allowed to segment and characterized the macroenvironment. It is a dynamic, integrated, and interdependent environment where potential opportunities and threats for developing a sector or organization can be identified.

Introduction

The worldwide interest in renewable energy as a basis for fulfilling socialeconomic needs has been expanding, especially since the beginning of the 21 st Century due to worldwide energy supply, oil price increase, and the effects of climatic changes [START_REF] Castañeda-Ayarza | Final and B molasses for fuel ethanol production and some market implications[END_REF]. For that reason, in the attempt to overcome the fossil fuels paradigm concerning vehicle transportation and the search for rural areas' development, biofuels saw their importance in the energy industry concurrently increase [START_REF] Bndes | Bioetanol de cana-de-açúcar: energia para o desenvolvimento sustentável[END_REF].

Fuel ethanol produced from renewable sources has proven to be a valid strategy for reducing the issues above. However, the ethanol market has not developed consistently and rapidly in the countries [START_REF] Castañeda-Ayarza | Final and B molasses for fuel ethanol production and some market implications[END_REF]. For example, although global ethanol production grew from 22 billion liters in 2000 to almost 130 billion in 2019, over the past twenty years, world production and consumption are concentrated in the United States and Brazil, accounted, together, for almost 75%. The European Union and several other countries with intentions and potential to develop their domestic market for fuel ethanol have not yet grown consistently. Still, the international market has also not grown significantly since, in 2000, it represented 6% of world production, and in 2019 it represented 9% (Figure 1).

Studies on strategy emphasize that organizational environments influence organizations' strategy and that managers need to monitor and understand the influence of these environments to make better decisions. Organizational environments' impact reaches the competitive dynamics between organizations and economic sectors' development process [START_REF] Ricks | Strategic planning for improved competitiveness by regional commodity industries[END_REF][START_REF] Peng | The Institution-based view as a third leg for a strategy Tripod[END_REF]5,[START_REF] Sun | Organizational intention to adopt big data in the B2B context: An integrated view[END_REF]. Including studies have shown that the external organizational environment is decisive for innovation's success [START_REF] Dijk | Will the momentum of the electric car last? Testing a hypothesis on disruptive innovation[END_REF][START_REF] Guo | Measurement framework for assessing disruptive innovation[END_REF].

The internal environment determines the organization's strategies from the perspective of the resources and capabilities. In the external environment, the sectorial environment or industry (where partner organizations and competitors interact) and the macro-environment can be identified. The latter also plays a fundamental role in the strategic process, precisely when it successfully subordinates the organization or the economic sector [START_REF] Mintzberg | Strategy Safari: A guided tour through the wilds of strategic management[END_REF][START_REF] Ben-Slimane | The legitimation strategies of earlystage disruptive innovation[END_REF].

In organizational environments where the ethanol industry evolves, events, issues, and causes that affect such sectors can be found. In the internal environment, one may mention the influence of the production companies' efficiency and effectiveness. In the sectorial environment, the impact of the competitive dynamics between production companies and those that purvey raw material, supplies, and equipment can be mentioned; whereas in the macro-environment should be point the effect of the economic, political, technological, social, and cultural scenarios. Including all of them related to the guidelines of sustainable development [START_REF] Hitt | Administração Estratégica[END_REF].

Several studies assess the relationship between specific parts of the macroenvironment and the energy sectors, including the biofuels sector. They realize the lack of studies that focus on the macroenvironment as a whole. Some works assess political issues [START_REF] Landry | On the trade-offs of regulating multiple unpriced externalities with a single instrument: Evidence from biofuel policies[END_REF][START_REF] Fertel | Canadian energy and climate policies: A SWOT analysis in search of federal/provincial coherence[END_REF][START_REF] Mansson | Energy security in a decarbonized transport sector: A scenario-based analysis of Sweden's transport strategies[END_REF], other economic [START_REF] Guo | The growing U.S. Bioeconomy: drivers, development, and contraints[END_REF] technological [START_REF] Salles-Filho | Perspectives for the Brazilian bioethanol sector: the innovation driver[END_REF][START_REF] Freitas | Is there a causal relation between ethanol innovation and the market characteristics of fuels in Brazil?[END_REF][START_REF] Weil | The dynamics of innovation ecosystems: A case study of the US biofuel market[END_REF] and social issues [START_REF] Gegg | The development of seaweed-derived fuel in the UK: An analysis of stakeholder issues and public perceptions[END_REF]. Some works combined analysis of policies and technological issues [START_REF] Talamini | The composition and impact of stakeholders' agendas on US ethanol production[END_REF], politics and economics [START_REF] Ahmad | Evaluation of the external forces affecting the sustainability of oil and gas supply chain using Best Worst Method[END_REF][START_REF] Fagundes | Interdependent international relations and the expansion of ethanol production and consumption: the Brazilian perspective[END_REF], and social and environmental issues [START_REF] Everard | The ripple effect: Institutionalising proenvironmental values to shift societal norms and behaviors[END_REF].

The methods used in the research mentioned above are varied, including multicriteria methods, which can reach many issues that are part of the macro-environment [START_REF] Fertel | Canadian energy and climate policies: A SWOT analysis in search of federal/provincial coherence[END_REF][START_REF] Salles-Filho | Perspectives for the Brazilian bioethanol sector: the innovation driver[END_REF][START_REF] Scott | A review of multi-criteria decision-making methods for bioenergy systems[END_REF][START_REF] Krumdieck | Retro-analysis of liquid bio-ethanol and bio-diesel in New Zealand[END_REF]].

An alternative method recently used to analyze the influence of the macroenvironment in energy sectors is PESTEL. For example, the waste-to-energy incineration industry in China [START_REF] Song | Pestel analysis of the development of the waste-to-energy incineration industry in China[END_REF], the hydrocarbons sector in Cyprus [START_REF] Tsangas | The application of the analytical hierarchy process in combination with PESTEL-SWOT analysis to assess the hydrocarbons sector in Cyprus[END_REF], the geothermal energy in China [START_REF] Jianchao | Development and utilization of geothermal energy in China: Current practices and future strategies[END_REF], the ocean energy and wind energy in several countries of the European Union [START_REF] Segura | A strategic analysis of tidal current energy conversion systems in the European Union[END_REF][START_REF] Sandberg | Critical factors influencing the viability of wave energy converters in off-grid luxury resorts and small utilities[END_REF][START_REF] Andres | Beyond LCOE: a study of ocean energy technology development and deployment attractiveness[END_REF][START_REF] Mytilinou | A comparative multi-disciplinary policy review in wind energy developments in Europe[END_REF], the possibilities of developing macro-algae biofuels in the UK [START_REF] Gegg | UK macro-algae biofuels: a strategic management review and future research agenda[END_REF], the energy efficiency for residential buildings in China [START_REF] Shilei | Target-oriented obstacle analysis by PESTEL modeling of energy efficiency retrofit for existing residential buildings in China's northern heating region[END_REF], and the possibilities for sustainable development of renewables energies in Malawi [START_REF] Zalengera | Overview of the Malawi energy situation and a PESTLE analysis for sustainable development of renewable energy[END_REF].

Two characteristics of the works mentioned above can be mentioned: i) there are no studies on sugarcane fuel ethanol using the PESTEL framework; ii) the studies show an analysis focused on the present and the future of the respective evaluated energy systems. Therefore, the opportunity to research the macro-environment role in the fuel ethanol sector's entire development process is identified.

In this sense, the Brazilian case is particularly interesting due to its worldwide pioneering in large-scale production and consumption. This case started in 1975 by creating the National Alcohol Program (Proálcool) [START_REF] Coelho | Brazilian sugarcane ethanol: lessons learned[END_REF][START_REF] Vian De | Agroindústria canavieira: estratégias competitivas e modernização[END_REF][START_REF] Xavier | The Brazilian sugarcane ethanol experience -Issues Analysis[END_REF]. This history has signaled a fruitful interaction between organizational environments in more than forty years, including between the macro-environment and the productive sector. For that reason, the objective is to make a PESTEL analysis of the Brazilian ethanol industry macro-environment between 1975 and 2019.

Method and theoretical underpinning

Macro-environment

A macro-environmental assessment is an integral part of systematic strategic planning [START_REF] Ginter | Macroenvironmental analysis for strategic management[END_REF]. Analysis of the segments (the basic are social, economic, technological, political, legal, ecological) of the macro-environment involves studying their factors. It means that factors will be identified and their potential changes and how such changes impact the organization or the industry will be evaluated [40 41].

The macro-environment factors are often non-controllable by organizations and, depending on each specific situation, may ameliorate or discourage organizations' efforts to develop and implement strategies [START_REF] Ortas | The influence of macro factors on corporate water management: A multi-country quantile regression approach[END_REF].

Still, macro-environment analysis can help understand the strategic process in the emergency, growth, and development of industries. It reveals external positive or negative factors that can influence the sustainability of a market [START_REF] Ulubeyli | Holistic sustainability assessment of the green building industry in Turkey[END_REF].

Finally, it should be noted that many organizations' performance hinges on how well they respond to their external macro-environment [START_REF] Babbar | Competitive intelligence for international business[END_REF][START_REF] Strickland | Administração estratégica[END_REF]. In other words, macroenvironmental analysis can contribute to the creation of competitive advantage.

The PESTEL framework

The PESTEL (acronym derived from political, economic, social, technological, environmental, and legal) allows for analyzing the macro-environment. It arises from organizing the existing factors into six segments that facilitate the identification and interpretation of their influence over the organization or sector under study [START_REF] Song | Pestel analysis of the development of the waste-to-energy incineration industry in China[END_REF][START_REF] Segura | A strategic analysis of tidal current energy conversion systems in the European Union[END_REF].

In the political segment, factors related to stances and policies that the government administers the local, regional, or national environment can be found. Tax, social security, labor, and education issues, among others, are some of the policies that could be identified and evaluated. In its turn, the social segment refers, among others, to the size of the population, age structure, geographic distribution, blending, employed women, employed disabled persons, behavioral culture, and social tendencies.

The economic segment refers to the nature and direction of the economy in which an organization competes or may compete. In the technological segment, the technology's availability, dissemination, diversification, changes, and innovation can be found. It may influence the products, the processes, and the raw-material employed by the organization or industry. The legal segment refers to regulations defined for the area in which the organization competes and must abide. The sustainable environmental or ecological segment relates to trends and changes in the physical environment in which the organization operates [START_REF] Hitt | Administração Estratégica[END_REF][START_REF] Barney | Administração estratégica e vantagem competitiva: casos brasileiros[END_REF].

In strategic planning, strategies result from the strategist's or decision-maker's purpose and their level of understanding about the joint influence of organizational environments. In other words, the strategist will be the one to decide which factors of the macro-environment represent an opportunity or a threat to his organization [START_REF] Hitt | Administração Estratégica[END_REF].

Therefore, in this research, each factor evaluated using the PESTEL framework was interpreted as positive or negative, depending on its contribution to the Brazilian fuel ethanol industry's development. The identification and interpretation of each macro-environmental factor were recognized in bibliographic and documentary publications on the Brazilian fuel ethanol industry -for example, review and research articles, doctorate theses, master's degree dissertations, official web pages from the Brazilian government, and web pages from technical journals and magazines of the sector.

Research that used the PESTEL framework does not have a single or standard structure in its application [START_REF] Ulubeyli | Holistic sustainability assessment of the green building industry in Turkey[END_REF]. In this sense, in this research, the PESTEL framework was used employing three analysis criteria, Scanning, Correlation, and Assessment (Figure 2).

The analysis period of the Brazilian fuel ethanol industry development, from 1975 to 2019, was divided into four decades. This division is because essential macroenvironmental changes tend to happen in the long run [START_REF] Hitt | Administração Estratégica[END_REF] -such as government policies, technological innovations, changes in-laws, and new socio-cultural trends.

The PESTEL framework was used for each decade and each of six macroenvironmental segments (appendices).

PESTEL analysis of Brazilian fuel ethanol between 1975 and 2019

The entire PESTEL analytical process is in the appendices. Results and discussion on each of the four decades analyzed are shown in the following subtopics.

PESTEL analysis for the 1975 -1985 period (Appendix 1)

From the 29 identified factors, 75% were evaluated as positive for the fuel ethanol industry development. The political and economic segments were the significant influencers due to economic crises [START_REF] Almeida | Etanol: 40 anos de evolução do mercado de combustíveis e automóveis no Brasil[END_REF][START_REF] Gorren | Biocombustíveis -Aspectos sociais e econômicos: comparação entre Brasil, Estados Unidos e Alemanha[END_REF][START_REF] Souza | oportunidades e desafios para o mercado mundial de álcool automotivo[END_REF] and the subsequent Brazilian Government reaction. Proálcool [START_REF] Almeida | Etanol: 40 anos de evolução do mercado de combustíveis e automóveis no Brasil[END_REF][START_REF] Carvalho | Cana-deaçúcar e álcool combustível: histórico, sustentabilidade e segurança energética[END_REF][START_REF] Nitsch | O programa de biocombustíveis Proalcool no contexto da estratégia energética brasileira[END_REF] and The Second National Development Plan (II PND) [START_REF] Bertelli | A verdadeira história do Proálcool[END_REF] were created, as well as the implementation of policies that contributed to the acceleration of the ethanol production growth [START_REF] Ferreira | Os efeitos das políticas voltadas ao setor sucroalcooleiro no estado de São Paulo[END_REF][START_REF] Cazeiro | Processo de aperfeiçoamento da cadeia de produção e comercialização do etanol: um estudo sobre a regulamentação e a tributação do mercado de etanol combustível no Brasil[END_REF][START_REF] Gorren | Biocombustíveis -Aspectos sociais e econômicos: comparação entre Brasil, Estados Unidos e Alemanha[END_REF][START_REF] Michellon | Breve descrição do proálcool e perspectivas futuras para o etanol produzido no Brasil[END_REF][START_REF] Oliveira | Indústria de etanol no Brasil: uma estrutura de mercado em mudança[END_REF][START_REF] Bray | As políticas da agroindústria canavieira e o Proálcool no Brasil[END_REF].

Figure 3, along the country's historical fuel ethanol production curve, shows the concentration of the relevant factor in the decade, their trend of the impact, and changes in the long term. Many important factors happen simultaneously coinciding with the production curve's behavior in the short, medium, and long terms.

One of the relevant macro-environmental economic factors was the crisis caused by the increase in the international price of oil. [START_REF] Conant | A geopolítica energética. Translation by Biasi RS. Rio de Janeiro[END_REF] The technological and legal segments also played a decisive influencer role related to ethanol, due, especially, to the effects caused by the political segment.

Through laws, The Alcohol National Council (CNAL) and The National Alcohol Executive Committee (CENAL) were created and fostered technological development [START_REF] Figueiredo | O carro a álcool: uma experiência de política pública para a inovação no Brasil[END_REF][START_REF] Busanelo | Um estudo sobre as condições competitivas do Setor Sucroenergético brasileiro a partir dos Pressupostos da competitividade sistêmica[END_REF]. CNAL and CENAL revolutionized the agricultural and industrial practices for the sugar-alcohol sector and, on the other hand, enabled the automotive industry to produce cars that ran only on alcohol [START_REF] Bertazi | Uma história movida a álcool: impactos ambientais no contexto canavieiro paulista[END_REF][START_REF] Shikida | Evolução da Agroindústria Canavieira Brasileira de 1975 a 1995[END_REF].

During this first decade, the social and ecological segments did not constitute a positive, direct force for developing the fuel ethanol industry. They presented negative factors deriving from the scenario shaped by the other four macro-environment segments. Emphasized negative factors were the atmospheric pollution during sugarcane harvest time and water and agricultural soil use, due to the increase of pesticides used and the employment of erosive processes [START_REF] Carvalho | Cana-deaçúcar e álcool combustível: histórico, sustentabilidade e segurança energética[END_REF][START_REF] Bray | As políticas da agroindústria canavieira e o Proálcool no Brasil[END_REF][START_REF] Bertazi | Uma história movida a álcool: impactos ambientais no contexto canavieiro paulista[END_REF]. From the social standpoint, the increase in internal migration due to the expansion of the sugarcane culture, planting mechanization, and adverse work conditions of the sugarcane harvesters, are highlighted [START_REF] Almeida | Etanol: 40 anos de evolução do mercado de combustíveis e automóveis no Brasil[END_REF][START_REF] Bertelli | A verdadeira história do Proálcool[END_REF][START_REF] Gorren | Biocombustíveis -Aspectos sociais e econômicos: comparação entre Brasil, Estados Unidos e Alemanha[END_REF][START_REF] Cezarino | Impactos sociais e ambientais da indústria da cana-de-açúcar[END_REF].

At last, during the first analyzed decade, the macro-environment played a crucial role in the country's fuel ethanol industry's growth and strategic positioning.

PESTEL analysis for the 1986 -1996 period (Appendix 2)

From 1986 to 1996, the macro-environment shaped the most adverse scenario for the fuel ethanol industry. Thirty-six macro-environmental factors were identified, out of which 80% negatively influenced the sector. Figure 4, along the country's historical fuel ethanol production curve, shows the concentration of the relevant factor in the decade, their trend of the impact, and changes in the long term. Like the first decade analyzed, many critical negative factors happen in a short period and follow the ethanol production curve's behavior.

In the early 90s, the political segment played a significant role in reducing the sugar-alcohol sector support drastically and putting an end to the Proálcool Program.

The Sugar and Alcohol Institute (IAA) and the PLANALSUCAR Institute were also extinguished, responsible for several positive technological factors to the sector's development [START_REF] Shikida | Evolução da Agroindústria Canavieira Brasileira de 1975 a 1995[END_REF][START_REF] Figueiredo | O carro a álcool: uma experiência de política pública para a inovação no Brasil[END_REF][START_REF] Tonin | Do Proálcool ao "Próetanol": novos desafios na produção do etanol brasileiro[END_REF]. At the end of this decade, water use began to be taxed.

Although it encouraged technological development and the improvement of agricultural and industrial processes, the law initially hindered the sector's economy [START_REF] Filho | Futuros do Bioetanol: O Brasil na Liderança[END_REF].

The hostile scenario faced by fuel ethanol was leveraged by the economic segment that presented factors like the drop in the international oil price [START_REF] Biodieselbr | PróAlcool: Programa Brasileiro de Álcool[END_REF], the global sugar price increase, and Brazil's economic instability [START_REF] Busanelo | Um estudo sobre as condições competitivas do Setor Sucroenergético brasileiro a partir dos Pressupostos da competitividade sistêmica[END_REF][START_REF] Correia | Proálcool: do sucesso à polêmica[END_REF]. All of this caused the ethanol supply contraction and the subsequent shortage of fuel supply to the end-user.

That turned out to impact the automotive sector that experienced a continuous decrease in ethanol-driven cars' demand.

Figure 5 shows the contraction in the growth of fuel ethanol consumption between 1988 and 1993. During that time, the production of gasoline-powered vehicles went from 6.4% to approximately 90%. In 1979 the production of vehicles powered by ethanol was 1%, and in 1985 it reached almost 96% of the national production [66].

With the sector under crisis, the social segment also presented negative aspects, since many sugar-alcohol plants closed down, contributing to an increase in unemployment [START_REF] Shikida | Evolução da Agroindústria Canavieira Brasileira de 1975 a 1995[END_REF][START_REF] Santos | Quarenta anos de etanol em larga escala no Brasil: desafios, crises e perspectivas[END_REF]. Ethanol production kept concentrated in the south-eastern region, mostly in São Paulo (Figure 6), that possessed the financial and strategic capability to reposition itself within the marketplace through investment and technology [START_REF] Cezarino | Impactos sociais e ambientais da indústria da cana-de-açúcar[END_REF][START_REF] Shikida | Evolução da Agroindústria Canavieira Brasileira de 1975 a 1995[END_REF]. Such a concentration ceases all questioning regarding the social contribution provided by the fuel ethanol.

During this decade, only the technological segment presents significant positive factors that enabled the sector to cope with other adverse macro-environmental segments [START_REF] Figueiredo | O carro a álcool: uma experiência de política pública para a inovação no Brasil[END_REF][START_REF] Santos | Quarenta anos de etanol em larga escala no Brasil: desafios, crises e perspectivas[END_REF][START_REF] Soares | O avanço das tecnologias de segunda geração e seus impactos na indústria do etanol[END_REF][START_REF] Cruz | A Evolução da Produção de Etanol no Brasil, no Período de 1975 a 2009[END_REF]. The impact can be observed in some indicators of the sugarcane industry. The fermentation time decreased from 14 to 8 hours, the fermentative yield increased from 86% to 91%, while sugarcane productivity, which at the beginning of Proálcool was 46.8 ton/ha, at the end of 1996 it registered 66.5 ton/ha in Brazil, and in São Paulo 77.5 ton/ha. Currently, Brazil produces 76 ton/ha, and São Paulo almost 80 ton/ha of sugarcane [START_REF] Gimenez | The rise in productivity and search for excellence in the Brazilian ethanol production: a success story[END_REF].

The technology evolvement was stimulated by ecological and legal factors such as the world concern regarding the climatic changes and laws that supported sustainable fuel production [START_REF] Cezarino | Impactos sociais e ambientais da indústria da cana-de-açúcar[END_REF][START_REF] Vianna | O papel do etanol na mitigação das emissões de Poluentes no meio urbano[END_REF][START_REF] Cana | História da legislação sobre o etanol[END_REF].

PESTEL analysis for the 1997 -2007 period (Appendix 3)

Following a problematic second decade, the third one to be evaluated presents a macro-environment favorable to the fuel ethanol sector's development. Twenty-three factors were assessed, 87% of which were considered as positive.

The political segment keeps on being of paramount importance due to the quantity and influence of its factors. During this decade, especially from the year 2000 on, the government takes on a new role, coordinating one, to encourage the biofuel market [START_REF] Santos | A Crise na Produção do Etanol e as Interfaces com as Políticas Públicas[END_REF][START_REF] Centenario | Análise da Evolução da Indústria Sucroenergética do Estado de Mato Grosso do Sul[END_REF], including the sugarcane ethanol biodiesel [START_REF] Leite | O Biocombustível no Brasil[END_REF]. It was also favorable to Petrobras' participation, enhancing ethanol transportation and logistics in the national and international marketplace [START_REF] Shikida | Álcool combustível no Brasil e Path Dependence[END_REF].

Despite its unstable economic environment during its early years, as the trade deficit increased [START_REF] Soares | Desequilíbrios cambiais e os fundamentos econômicos: uma análise do Plano Real[END_REF], the Economic segment presented positive sugar-alcohol industry growth factors. Figure 7 shows the most prominent and constant growth in the international oil price compared to ethanol, whose prices, despite rising over this decade, showed a downward trend between 2007 and 2019 [START_REF] Oliveira | A Bioeconomia e os Biocombustíveis no cenário Brasileiro[END_REF]. Another factor was the increase in national and foreign investments in ethanol production [START_REF] Shikida | Álcool combustível no Brasil e Path Dependence[END_REF][START_REF] Santos | A Crise na Produção do Etanol e as Interfaces com as Políticas Públicas[END_REF]. These factors were also strengthened by the influence exerted by the political and technological segments.

During the third decade, the technological segment was crucial due to the flex engine emergence, which uses ethanol and gasoline mixed in any proportion [START_REF] Leite | O Biocombustível no Brasil[END_REF][START_REF] Su | An overview of biofuels policies and industrialization in the major biofuel producing countries[END_REF],

the Centre for Sugarcane Technology (CTC) creation [80], and the cogeneration in the sugar-alcohol plants, making them self-sufficient in energy [START_REF] Shikida | Álcool combustível no Brasil e Path Dependence[END_REF]. It is on or after the third decade that, for the first time, a significant favorable influence exerted by the social and ecological segments was observed. For the social segment, the concern with labor conditions in the sugar-alcohol sector, affected by factors that attempted to eliminate child labor and the incentive to formalize workers, guilds were perceived [START_REF] Moraes | A influência dos sindicatos nos salários do setor sucroalcooleiro[END_REF][START_REF] Gilio | Avaliação de aspectos limitantes ao crescimento do etanol e o setor sucroenergético no Brasil[END_REF]. In its turn, the ecological segment fosters efforts to enhance the sector's environmental profile [START_REF] Shikida | Álcool combustível no Brasil e Path Dependence[END_REF][START_REF] Leite | O Biocombustível no Brasil[END_REF][START_REF] Rollano | Análise da Evolução do Desenvolvimento Sustentável nas Indústrias Produtoras de Biocombustíveis no Brasil[END_REF]. This scenario is reflected in the legal segment that regulates the plan to end sugarcane burning during harvesting and creating the Sugar and Alcohol Inter-ministerial Council (CIMA) to foster technological and scientific development [START_REF] Shikida | Evolução da Agroindústria Canavieira Brasileira de 1975 a 1995[END_REF][START_REF] Moraes | O mercado de trabalho da agroindústria canavieira: desafios e oportunidades[END_REF].

PESTEL analysis for the 2008 -2019 period (Appendix 4)

The last decade assessed shows for the first time, the political environment less influenced a macro-environment. Only four important actions, each taken by each of the previous three country's presidents, are worth mentioning. In 2013, President Dilma Rousseff lowered taxes on ethanol [START_REF]Brazil -Presidency of the Republic Library. Speech by the President of the Republic, Dilma Rousseff[END_REF]. In 2018, President Michel Temer approved the Biofuel National Policy that defined targets raising the anhydrous ethanol content in gasoline (currently, the mandatory blend is 27% ethanol) [START_REF]Brazil -Câmara dos Deputados[END_REF]. In 2019, President Bolsonaro, ignoring technical recommendations, seeks for direct sale by the part of ethanol producers to service stations [START_REF] Cagliari | Para distribuidoras, venda de etanol defendida por Bolsonaro leva à sonegação[END_REF], which may be seen as a negative aspect due to the risk of tax evasion and anhydrous ethanol tainting.

Another negative factor is that, in 2019, the Brazilian government increased the import quota for ethanol from the United States, from 600 to 750 million liters, exempt from taxes. It should be noted that 90% of imported ethanol comes from the United States (1.321 billion liters in 2019) [START_REF] Rodrigues | Brasil renova tarifa zero para importar 187[END_REF]. Figure 9 shows the fast and growing trend of ethanol imports from Brazil.

In 2020, after the agreement between Brazil and the United States expired, the Brazilian government again granted a tariff exemption for 187.5 million liters of United States ethanol. It is worth remembering that all countries outside Mercosur must pay a 20% import tax for ethanol except for the United States. Besides, the United States currently imposes a 140% import tax on Brazilian sugar, which, together with ethanol, represents the sugarcane industry [START_REF] Rodrigues | Brasil renova tarifa zero para importar 187[END_REF].

The economic segment also configured an unfavorable environment for the sector, due to the 2008 and 2014 economic crises [START_REF] Macêdo | A reestruturação do setor sucroenergético no Brasil uma análise do período entre 2005 e 2011[END_REF][START_REF] Idoeta | Quatro fatores para entender a crise do etanol[END_REF], which presented financial and trade issues (especially with the external market), as well as problems faced by the industry in trying to keep up with the rapid growth of demand for ethanol.

The economic crises were reflected in global investments in energy. Between 2015 and 2020, global investments in fossil fuels fell by almost 40%. In the same period, renewable energies, whose average investment represents not even 50% of what fossil fuels receive, suffered 10% globally and 37% in Central and South America (including Brazil). In biogas and liquid biofuels, such as ethanol, world investment was reduced by 24% and in Central and South America by 22% (Table 2). The social segment also presents adverse factors influenced by the political segment, like the flexibilization of labor laws that facilitate outsourcing, intermittent labor contracts, and cut down on commuting ("in itinere") hours [START_REF] Penha | Raízen deve voltar a pagar horas de transporte de funcionários, decide Justiça[END_REF][START_REF]O etanol brasileiro no mundo: os impactos socioambientais causados por usinas exportadoras[END_REF]. In 2013, the National Commitment to improving sugarcane plantation work conditions came to an end [START_REF] Cana | Repleto de problemas[END_REF]. On the other hand, one notes the negative influence of the increase in mechanization for sugar cane harvesting, resulting in a rise in unemployment among agricultural workers [95,[START_REF]IEA -Instituto de Economia Agrícola. Mecanização da Colheita da Cana-deaçúcar Atinge 90% na Safra 2016/17[END_REF].

In the technological segment, the progress achieved over history and its subsequent positive influence on the country's fuel ethanol's evolution were observed. It is currently evident the public and private efforts to make feasible the production of the second generation ethanol that most likely will significantly contribute to the increase in the sustainable production manner [START_REF]Descoberta na Amazônia enzima-chave para obtenção do etanol de segunda geração[END_REF][START_REF]Etanol 2G: inovação em biocombustíveis[END_REF][START_REF] Biaggi | Inovações e Tendências Tecnológica na Produção de Etanol de Segunda Geração a partir da cana-de-açúcar pela rota hidrolítica enzimática: um estudo de prospecção tecnológica[END_REF][START_REF] Martins | A produção de etanol de segunda geração a partir do bagaço da cana-de-açúcar[END_REF]. It is relevant to mention factors such as the renowned Brazilian Universities, the public institutions that foster scientific research, and the research centers sponsored by the government, like the National Laboratory for Bioethanol Science and Technology (CTBE) [101].

In this last assessed decade, the ecological segment appeared as the primary influencer that allows fuel ethanol to keep on writing its history in the country [START_REF] Manzatto | Zoneamento agroecológico da cana-de-açúcar: Expandir a produção, preservar a vida, garantir o futuro[END_REF][START_REF]O zoneamento agroecológico da cana-de-açúcar: análise dos avanços e das lacunas do projeto oficial[END_REF]. Its influence has been growing over the last years and, in the future, shall rule strategies for all economic sectors. The problematic aspects are related to worldwide and national concerns from climatic changes and air, water, and soil pollution [START_REF]Unica vê 'boas oportunidades' para o etanol após Acordo de Paris[END_REF].

One notes that the global society, through organizations of the first, second, and third sectors, pushes towards the production in a sustainable fashion of all forms of energy [START_REF] Drumm | Poluição atmosférica proveniente da queima de combustíveis derivados do petróleo em veículos automotores[END_REF].

The legal segment also posed as a positive and vital influencer over the last decade, primarily through the participation of the National Oil Agency (ANP) in Brazil, which issued ordinances in the attempt to enhance the competitive profile of the fuel ethanol, be it at a national or international extent [START_REF]Brazil -Câmara dos Deputados[END_REF][START_REF] De Petróleo | Gás Natural e Biocombustíveis[END_REF][START_REF] De Petróleo | Gás Natural e Biocombustíveis[END_REF][START_REF] De Petróleo | Gás Natural e Biocombustíveis[END_REF].

Figure 10, along the country's historical fuel ethanol production curve, shows the concentration of the relevant factor in the period, their trend of the impact, and changes in the long term. A lesser concentration of macroenvironmental factors is observed since the biggest is happening over more than ten years of the last analyzed period. However, although not regularly, ethanol production tended to continue to grow.

Discussion of results

Over the last four decades, positive and negative macro-environmental factors showed a near-balanced presence since out of the 112 identified factors, 56% were positive (Figure 11). Over the first and third decades, the macro-environment exerted a more significant positive influence, while during the second decade, the negative factors portrayed the most adverse environment for the fuel ethanol sector.

The political and economic segments were of continuous relevance over each of the four decades (Figure 12) due to their positive or negative influence. Together, they presented 22 of the 63 positive factors and 24 of the 49 negative factors. For example, the PESTEL analysis shows that policies and the economic situation enabled Proálcool's dawn, progress, crises, and finale.

It is possible to bolster the understanding of the importance of politics and the public authority for the ethanol fuel development by observing the legal segment, which served as the instrument that ensured the shaping of a favorable macro-environment.

Incidentally, out of the 16 factors identified for this segment, 13 proved to be positive.

One should also recall that currently, through the law, a portion of ethanol's demand is guaranteed through the mandatory addition of 27% of anhydrous ethanol to the gasoline blend.

As with the ecological segment, the social segment did not play a significant role during the first decade. Due to the expansion of the sugar-alcohol sector, it is on and after the second decade that it presents itself as an essential opposing force, accounting for 14 of the 18 identified factors. In other words, social issues and interests have always questioned fuel ethanol's evolvement and contribution to the country.

The ecological segment saw its importance continuously grow over the last years, mainly as a positive force for fuel ethanol development, encompassing 11 of the 16 factors found. The rise in national and international concerns involving the risks associated with climatic changes can be highlighted and the consequent awareness about the need to encourage sustainable development and renewable energy utilization.

The technological segment stands like the major positive force shaped by the macro-environment over fuel ethanol's history in Brazil. The segment shows the highest number of positive factors and the lowest quantity of negative factors. Its importance is the result of the contribution that research and technological evolvement brought to the expansion, efficiency improvement, and cost reduction, that is, to the sector's survival and competitiveness. It is worth mentioning that the technological segment was essential during the second decade when it represented 50% of the positive factors in all the macro-environment. It represents the force that expands the future perspectives for ethanol, revealing 5 of the 15 positive factors found in the entire macro-environment.

Upon looking at the macro-environment over those four assessed periods, it was possible to identify the influence and even the interdependence among the six segments proposed by the PESTEL framework. For example, at first, it was the economic segment that influenced the factors that came about the political segment, which, in their turn, influenced the legal and technological segments. It is currently possible to realize how the ecological and technological segments are affecting the political, legal, and social segments. This interaction and interdependence within the entire macroenvironment show the influence that this environment may come to exert on the organizations' strategies and competitiveness and the economic sectors, as stated by [START_REF] Hitt | Administração Estratégica[END_REF][START_REF] Ginter | Macroenvironmental analysis for strategic management[END_REF][START_REF] Strickland | Administração estratégica[END_REF].

Finally, the results of this research are compared in two ways. First, studies were cited that analyzed the fuel ethanol macro-environment in the world, whether focusing on a single segment or the entire environment (Table 3). Second, some of the primary studies on the macro-environment of energy systems using the PESTEL framework were cited (Table 4). In both tables, it is possible to contrast and highlight this research's contribution, which, using the PESTEL framework, mapped, structured, characterized, and allowed to understand the influence exercised by the macro-environment in energy sectors. However, this market's development and consolidation will also be possible insofar as social, technological, ecological, [START_REF] Fagundes | Interdependent international relations and the expansion of ethanol production and consumption: the Brazilian perspective[END_REF] There is interdependence between markets, nations, producers, and consumers of biofuels. Currently, Brazilian ethanol has interdependent relations with countries that produce and consume ethanol, such as the USA, China, and countries in Europe.

Table 3. Comparing Macro-environment analysis of ethanol fuel sector

Macro

In order of importance, these relationships take place in the political, economic, technical, and socio-environmental dimensions.

In other words, the prospects for the national and international growth of Brazilian ethanol will be influenced Thus, it can be said that there is no [START_REF] Salles-Filho | Perspectives for the Brazilian bioethanol sector: the innovation driver[END_REF] This The study concludes that the results obtained may influence more assertive and influential policies to develop sustainable biofuels.

It is possible to say that the macroenvironment analysis is necessary for the decision-making of stakeholders, both at the macro, sectoral, and organizational levels.

In other words, understanding the Finally, it is relevant to mention the influence between the segments of the macro-environment.

Brazil's natural conditions for large-scale sugarcane production were a fundamental factor for developing the fuel ethanol industry.

In times of crisis and the future perspectives of Brazilian fuel ethanol, the technological segment presents itself as a necessary force in the macro-environment.

[31]

In order to assess the possibilities to improve competitiveness in the use of ocean energy, it was identified that the country's natural conditions It is understood that the national and international growth prospects for the Brazilian fuel ethanol industry depending on the way the sector will position itself in the face of the growing influence of the ecological and social segments.

[33]

A new source of renewable energy depends on the conditions of the technological segment. However, for the possibilities for the development of macro-algae biofuels, the macroenvironment analysis allowed us to identify that social acceptance can also be a determining factor.

Practical implications

It is understood that the macro-environment can influence strategic decisionmaking, both by private and public stakeholders.

The macro-environment monitoring and analysis can allow the manager to identify opportunities and threats to his organization's objectives and strategies. This research showed how the macro-environment allowed the creation and development of the fuel ethanol sector, offering private investment conditions and the interaction between industry and universities and research centers.

Renewable energies, such as biofuels, are sensitive to the macro-environment conditions that can offer over time. For this reason, producers, suppliers of inputs and equipment, and new investors and entrepreneurs must have the capacity to evaluate and interpret macro-environmental factors and their tendencies to make better strategic decisions.

As shown in the historical analysis of the Brazilian ethanol macro-environment, its future depends on the policies, technological development, and socio-environmental trends that permeate economic activities.

For public policies, understanding the strength in economic activity, the organization, and the dynamics of segments interaction from the macro-environment will allow it to identify opportunities for policy development that meet the interests of the entire society and strategic economic sectors.

For the fuel ethanol sector, the public sector could promote constant and accelerated technological development and its alignment with socio-environmental trends.

Limitations

The PESTEL framework employed in this research (scanned factors and describing their impact) allowed an objective and sequential process to analyze the available bibliographic material. However, the need to use other complementary methods is identified, which allows for hierarchizing and quantifying the level of impact of macro-environmental factors. Likewise, the use of integrated analyzes that allow the evaluation of the interaction between organizational environments and, in this way, to deepen the discussion of the possibilities of sustainable development of the economic sectors is necessary.

Conclusion

Energy systems, as today with renewable energies, depend on favorable production and market conditions. However, this study showed that macroenvironmental conditions also play a leading role. Policies, laws, innovations, Therefore, given the importance of the macro-environment for renewable energies development, additional research becomes necessary to understand better its internal interaction and its potential influence on new sectoral and organizational strategies. 
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 8 Figure 8, along the country's historical fuel ethanol production curve, shows the concentration of the relevant factor in the decade, their trend of the impact, and changes in the long term. The main positive factors occurred between 2000 and 2003, following the resumption of growth in ethanol production.

  fuel ethanol sector's development in the last 44 years. These factors can be characterized within six segments (political, economic, social, technological, ecological, and legal). Although the six macroenvironmental segments had a constant presence throughout the evaluated period, their level of importance was different. In this sense, just as at the beginning of Proálcool, the political and economic segments were predominant. It is understood that the beginning of the global fuel ethanol market is highly dependent on the same macroenvironmental segments.

  research shows the importance of the political and technological segments for the Brazilian ethanol sector's future. It also highlights the critical role of political factors as influencers in the macroenvironmental technological segment, favoring innovation in the sector. Policies can signal opportunities and threats to stakeholder decisionmaking, which are within the macroenvironment, sectoral environments, single configuration of the macroenvironment that determines opportunities and threats for the development of the ethanol sector. The macro-environment is a permanent force, positive or negative, that influences the chances of developing an organization and an entire sector. and organizations' internal environments. The history of Brazilian fuel ethanol shows that the policies implemented were motivated by the country's natural conditions to produce sugarcane, by the industry's experience and potential, by the greater agricultural and productive efficiency of sugarcane as a raw material for the production of fuel ethanol, and the economic effects for the country. More recently, the positive social and environmental impacts resulting from the production and use of fuel ethanol have become the new drivers of the sector's policies. [25] This research starts with the importance of political factors for the development of liquid biofuels in New Zealand. However, in the face of various alternatives for producing these biofuels, the research evaluated, through an approach called retro-analysis, the productive and energy efficiency of several raw materials of biofuels.

[ 110 ]

 110 This research shows the value of the available quality data in the political decision-making process in favor of bioenergy development. Policies are indispensable for bioenergetic sectors, but they way the macro-environment was configured and influenced throughout the development of Brazilian fuel ethanol contributes, at least in part, to the process of new decision making. This research is also allowed to observe that the macroenvironment is complex and integrated. Their factors interrelate and influence each other, and its presence and influence for economic sectors and organizations are constant. The factors of the political, economic, and legal segments were decisive for the beginning and growth of Proálcool. These same segments were also influential in the sector's crisis periods in Brazil. [111] Wind energy in the European Union. The UK focuses on economic and legal factors. Germany focuses on political and economic factors. Greece needs to focus on legal and economic factors. All of them aiming to boost the beginning of wind energy development. Over more than 40 years analyzed, it was impossible to determine the main segment of the macroenvironment that influenced the Brazilian ethanol industry. In the first two decades, the political, economic, and legal segments were more critical. While in the last two decades, the technological, social, and ecological segments have increased their relevance. The macro-environment presents itself in a diverse, situational, and integrated way.

[ 29 ]

 29 In order to develop technologies for harnessing ocean energy in Europe, several macro-environmental factors have been identified, the importance of which depends on the point of view of each stakeholder. For example, from technology developers, technological and economic factors will be more critical; from investors, economic factors will be fundamental; the main factors will be ecological and social from the general public.

(

  ecological segment) and conditions for technological development (technological segment) are the critical forces of the macroenvironment.The Brazilian macro-environment was, is, and will be an environment that offers conditions and barriers for the sustainable development of the large-scale fuel ethanol industry.[START_REF] Zalengera | Overview of the Malawi energy situation and a PESTLE analysis for sustainable development of renewable energy[END_REF] In order to assess the possibilities of renewable energy development in Malawi, it was identified that the six segments of the macro-environment present in a joint and integrated way, positive and negative factors. Therefore, it is understood that macro-environmental conditions will be fundamental to develop all types of renewable energy found in Malawi. The historical analysis of the macro-environment of Brazilian fuel ethanol showed the preponderant role of the political segment, presenting factors that contributed to and hindered the sector's development. At the same time, all segments of the macro-environment change, [28] In China, the political and technological segments were assessed as the leading macroenvironmental influencers in geothermal energy development. It should be noted that in 2017 the Chinese government launched the first national program for the development of geothermal energy. influence each other, and may even present strategic alternatives for decision-makers, which will depend on their ability to analyze and interpret the macro environment's influence. This research also shows that the social, economic, and ecological segments are essential and could be strategically used to favor the growth of the use of geothermal energy. The historical analysis of the macro-environment shows that the possibilities for the future development of the Brazilian fuel ethanol sector depend mainly on the political segment's strategic posture. [26] The political segment was identified as the central influencer in transforming a favorable macroenvironment to develop urban solid waste treatment in China. For this reason, the study suggests policies, laws, and public-private partnerships to strengthen economic, technological, social, and ecological segments.

  technological development, social trends, and economic factors can positively and negatively contribute. Brazilian fuel ethanol, a pioneer in the world in large scale production, and currently an economic, agro-industrial, and environmental reference in the production process, has continuously developed over the last 45 years, thanks to the various forces have been configured in the macro-environment. The PESTEL analysis allows segmenting and characterizing the macroenvironment and shows that it is a dynamic, integrated, and interdependent environment. Potential opportunities and threats for the development of a sector or organization can be identified. All of this reinforces the need for decision-makers to monitor current and possible changes in this environment constantly. Several Brazilian ethanol stakeholders have made strategic decisions influenced by the macro environment. Producers invested; research institutions innovated and developed technologies; companies of inputs, materials, and equipment entered the market; the automobile sector took advantage of growth and diversification opportunities.
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 123456789101112 Fig. 1. Global fuel ethanol market (Source: Based on data from OECD-FAO database (2020) [112])

  

  

  

  

  

  

  

  

  

  

Table 1 . Average prices of an oil barrel imported by Brazil between 1967 and 1979 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 US$ FOB

 1 Table 1 shows the average prices of a barrel of oil imported by Brazil between 1970 and 1979.

	1.51 1.85 1.99 2.80 11.13 10.72 11.50 12.30 12.44 17.11
	Source: Conant; Gold, 1981

Table 2 . Renewable and fossil energy investment

 2 

	US$ Billion (2019)	2015	2016	2017	2018	2019	2020
	World						
	Total energy	2062.8 1928.2 1911.9 1904.5 1890.9 1519.5
	Total fossil energy	1149.7 971.6	978 975.3 976.3 698.5
	Renewable energy	316.8 321.1 319.1 316.6 318.6 288.1
	Fossil fuels	1000.3 825.8	841 845.4 845.9 587.8
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