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Abstract

:

Fertilizers are essential inputs for the agribusiness chain—they increase the productivity on available arable land and help to avoid changes in land use. Currently, Brazil is one of the largest consumers of fertilizers in the world but its imports of NPK fertilizers, as a percentage of its total consumption, have risen from 32% in 1988 to 77% in 2018. Biofuels are relevant in the transport sector and the Brazilian government, after the Paris Agreement, created the National Biofuels Policy (Renovabio), which has as one of its goals to raise the participation of biofuels in the transport sector to 28.6% by 2028. Soy, corn, and sugarcane (biofuels raw material) currently account for more than 70% of the consumption of NPK fertilizers in the country. Due to several reasons, in the last 10 years many local projects designed to fill the supply gap for fertilizers in Brazil have not been successful. The recent COVID-19 pandemic has raised questions about the reliability of fertilizer supply in global value chains. In this context, is Brazil’s long-term biofuel market at risk after COVID-19? A total of 38 experts were consulted and four reference scenarios were developed. The article concluded that the Brazilian fertilizer industry must be prepared for a scenario of limited increase in demand on a global scale—strategic alliances may be forged to maintain existing installed capacity. Should the Brazilian government fail to provide any stimulus for the country’s fertilizer industry, it is likely that by 2035, Brazil’s biofuel industry sector would be overexposed to price volatility and availability on the global fertilizer market.
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1. Introduction


Agribusiness is a major driver of the Brazilian economy. In 2019, the Brazilian trade balance recorded a US$ 48 billion surplus, 17.2% lower than the one recorded in 2018, and 28.3% lower than in 2017. However, in 2019 the agribusiness sector was responsible for a surplus of US$ 83 billion. In other words, without agribusiness, Brazil would record recurring deficits in its trade balance [1]. Soy, corn, and sugarcane currently account for more than 60% of the gross value of agriculture (considering only crops) [2]. Brazil is the fourth largest consumer of fertilizers in the world, behind China, India, and the USA [3]. Agriculture plays an essential role in mitigating climate change: at least 40% of the world’s soil is used as cropland or grassland and the use of fertilizers can contribute to soil carbon sequestration, increasing biomass productivity [4] and forestalling deforestation. Climatic impacts caused by agricultural intensification are preferable to those of a system with lower inputs and land expansion to meet global demand [5]. Consequently, crop nutrition plays a key role in the achieving of Goals 2 (Zero Hunger) and 13 (Climate Action) of the United Nations Sustainable Development Agenda [6].



The importance of renewable energy sources in Brazil has grown in recent years [7]—in 2018, these sources were responsible for 45.2% of domestic energy supply, with prominent roles for sugar cane products (17.4%), hydraulic (12.6%), firewood and charcoal (8.4%) [8]—while, in the same year, the global average consumption of energy from renewable sources is estimated at 11% [9]. The importance of biofuels in the transport sector is relevant: ethanol accounted for 18.7% of the national demand for fuels, while biodiesel accounted for 4.3% in 2018 [8]. In 2019, these values corresponded to 20.6% and 4.5%, respectively (preliminary data) [10]. The Brazilian government created the National Biofuels Policy (Renovabio), an instrument that aims to contribute to the achievement of the commitments assumed by Brazil in the Paris Agreement [11], which has as one of its goals to raise the participation of biofuels in the transport sector to 28.6% by 2028 [12].



Brazil currently imports most of the fertilizers it needs for its agricultural activity. In the last 30 years, its imports of NPK fertilizers, as a percentage of its total fertilizer consumption, have risen from 32% in 1988, to 50% in 1998, to 68% in 2008, and to 77% in 2018 [13]. In 2019, Brazil imported more than US$ 9 billion in fertilizers [14]. The development of the Brazilian fertilizer industry has been captained by state investment since the 1960s. In the 1990s, the sector was largely transferred to private companies [15].



With two world wars, The Great Depression, massive growth of state power, private institutions, and international organizations, as well as important changes in the field of scientific and philosophical knowledge, the twentieth century brought to light the need for new disciplines to improve the management of institutions, including consideration of the environment they were operating in [16]. There are several tools to perform a foresight exercise (scenarios, expert panels, essays, future workshops, literature review, morphological analysis, brainstorming, and others) [17]. However, prospective attitude (the move from foresight to strategic foresight) should aim to dominate the expected change and induce the desired change, by means of strategic planning [18], and scenarios can be useful: they are suitable for studying systems of high levels of complexity and uncertainty [19]. The NPK fertilizer industry interacts with several economic activities, such as agribusiness (food and energy), oil and gas (O&G), the chemical industry, foreign trade and the mineral industry—which exacerbates its complexity and uncertainty. In the face of potential input shortages for the Brazilian biofuels value chain, prospective scenarios could prove effective in elucidating the long-term prospects for the NPK fertilizer industry.



This article aims to identify possible opportunities and challenges for the development of the fertilizer industry in Brazil using a prospective approach (Delphi Questionnaires, Probabilistic Scenarios, 2035 horizon).




2. Methods


The first phase of the scenarios approach applied in this article (Grumbach Method, see Figure 1) consists of delimiting the boundaries between the system and the environment: the system considers only the NPK basic fertilizer industry based in Brazil and the horizon is at 2035. The second phase of the methodology involved performing a strategic diagnosis in order to identify systematically possible relevant variables related to: market structure, the profile of organizations, their economic situation, the scale of plants, their investments, access to domestic and foreign markets, access to raw materials, access to technology, demand factors in Brazil and worldwide (market size, growth, foreign trade, trends, agribusiness), production factors (infrastructure, regulatory environmental regulation), business environment, access to credit, etc. Complementary to the method, raised variables were interrelated (identification of patterns of behavior and construction of a cause–effect map) in order to help the choice of definitive events (in phase 3). The second phase is briefly developed in Section 3 [20].



The third phase of the methodology consisted of preparing the scenarios. Specific events had to be chosen to compose the scenarios [20]. These specific events were presented to experts via a Delphi Questionnaire—a traditional method of obtaining expert opinion consensus by subjecting them to questionnaires [21]. Scenarios were generated with statistical support combining Monte Carlo simulation and cross-impact matrix analysis. Of all the scenarios generated, three were highlighted: the most likely scenario, the trend scenario (or projective), and the ideal scenario. The preactive analysis aims to classify the events as a source of opportunity or a threat for this industry—it demonstrates for what this industry should be prepared for in the future. In addition, we built a proposal for an alternative future, the target scenario (proactive analysis) [20]. Using storytelling techniques is useful to describe the scenarios and their implications [22]. This analysis is presented in Section 4. The fourth and final phase comprises the consolidation of the prospective study (Section 5—Conclusions).




3. Strategic Diagnosis


3.1. NPK Fertilizer Industry and Agribusiness Input


Brazil is the second largest producer of biofuels in the world (22.4% of world production in 2018), behind only the USA, with 39.9% [9]. Soy, corn, and sugarcane currently account for more than 70% of the consumption of NPK fertilizers in the country [13]. In 2019, more than 70% of the biodiesel produced in Brazil came from soybean oil. In the 2019/2020 harvest, it is estimated that 66% of the sugar cane produced will be destined to ethanol [23]. Brazilian corn, which was traditionally destined for the domestic market, after the technological development that allowed soy monoculture to transition into a rotational corn/soy system, has been gaining competitiveness [24]. While the production of corn ethanol in 2016 was nil, currently more than 6% of the national production is destined for ethanol production and there is a grain surplus of 30% to be exported [25]. The price of fertilizer inputs is relevant to price formation in the agricultural sector. In Brazil, there are soy farmers (Sorriso—Mato Grosso) who spend approximately 32% of the total cost of production on fertilizers [26], while corn production farmers (Primavera do Leste—Mato Grosso) would invest around 27% [27]. In Penápolis (São Paulo), the cost of fertilizers for planting sugar cane represents 19% of the total production cost [28].



Between 2001 and 2008, the price of fertilizer commodities experienced higher growth rates than rice, corn or wheat [29] and the apparent consumption of Brazilian fertilizer reduced in 2004–2006 and 2007–2010 [30]. In 2013, there were several ongoing projects aiming to expand basic NPK fertilizer production capacity [31]. Even so, domestic production in 2020 is lower (Figure 2). Many of these ventures stalled due to regional factors, such as the political and economic crisis that hit Brazil in the 2010s, causing extreme uncertainty to the industry and keeping investments at bay.



In a wider context, some other factors also contributed to the lack of attractiveness of these projects: persistent falling global prices of the main agricultural commodities (and considerable inventories); unfavorable climatic conditions in South and Southeast Asia, Latin America, and Africa [32]; slowing economic growth and environmental policies to increase the efficiency of fertilizer application in China [33]; exchange rate devaluations in countries like Turkey, India, and Pakistan [34]; the trade dispute between the USA and China; and the uncertainties surrounding the UK’s exit from the European Union [35]; for the past 10 years, the world has experienced global growth rates below 4% per year and, in 2019, experienced the lowest growth rate since the 2008 crisis (estimated at 2.4%) [36]. The COVID-19 pandemic will probably affect the global fertilizer industry in the short and medium term. In a global context, its demand-restricting effects will likely have a greater impact than those seen during the collapse of the USSR and during the global crisis of 2008. In addition to the effects arising from the difficulty of access to fertilizers, the volatility of oil prices, and the economic slowdown, with recession in certain key markets, the fertilizer industry will have to deal with widespread disruption of transportation, labor shortages, trade restrictions, evidence of a new swine fever, and new restrictions on maritime emissions [37]. China was the first country to suffer the consequences of the COVID-19 pandemic. The lockdown affected its imports of raw materials, production in fertilizer factories, the export of fertilizer products, and even domestic consumption. A comparable situation occurred in India and the USA. This scenario of reduced consumption caused a considerable drop in prices. Some products such as urea and potassium chloride have reached their lowest price in recent years. However, in Brazil this price drop has not been felt with the same intensity, since the country is heavily dependent on imports [38]. The recent events can benefit Brazilian agro exports—food safety can become one of the main points of cooperation between Brazil and China [39]. However, the biofuels industry probably will be negatively impacted due to low oil prices [23].



The Brazilian nitrogen fertilizer industry faces several local challenges. It is very common in Brazil for the industrial sector to acquire natural gas at prices above US$ 13/mmBtu [40]. In comparison, some fertilizer companies in Russia have access to natural gas at around US$ 3/mmBtu [41,42]. In the USA, the Henry-Hub Index experienced a downward trend in recent years, falling below US$ 3/mmBtu [9], stimulated by the competitiveness of shale-gas [43]. In 2019, the Brazilian National Energy Policy Council established new guidelines in order to promote competition in the natural gas market [44] and the modernization of the natural gas regulatory framework is now under discussion in the National Congress [45]. The Brazilian phosphate and potash fertilizer industry also faces internal challenges. The mineral extraction stages face the same difficulties as most of the national mining industry, usually located in remote areas where the logistics structure still needs to be developed [46]. The phosphate deposits are predominantly of igneous origin, with low phosphate content [47]. In 2018, the company Vale chose to exit the fertilizer market, selling its phosphate and potassium assets to Mosaic Company and its nitrogen assets to Yara—increasing concentration in the global market [48]. There are also unexplored potash deposits in an area of extreme environmental and social sensitivity: the Amazon [49]. Furthermore, fertilizer producers claim that Brazilian laws do not guarantee tax isonomy between domestic and imported products—imported ones are tax exempt, while national production is charged in interstate operations [50].




3.2. Variables Raised and Cause–Effect Map


During the execution of the strategic diagnosis, the authors identified almost 100 variables (in a brainstorming session with experts) and the raised variables are interrelated in Figure 3A,B. This map enables a wide range of conclusions and it will be useful for choosing the definitive events.



The attractiveness of the Brazilian NPK fertilizer industry is determined by variables that affect the attractiveness of the nitrogen, phosphate, and potassium industries. One decisive factor in attracting investments for the Brazilian nitrogen fertilizer industry is the availability of natural gas at competitive prices. The withdrawal of Petrobras from the fertilizer market could impair its attractiveness, because although it reduces industrial concentration in the Brazilian market, it could end up fostering increased industrial concentration on a global scale and could even jeopardize Brazilian supply. In the phosphate and potash industry, much of Brazil’s competitiveness is limited by production factors, such as access to raw materials and mineral processing technologies, as well as safety and environmental regulation issues. Government efforts to improve the mining business environment might be an advantage in the future. There are local production factors that affect the entire NPK fertilizer industry, such as the defective logistics infrastructure and the cost of energy. The exemption of import tariffs for fertilizers is favorable for agribusiness (a very influential industry in Brazil), but it creates hindrances to the national fertilizer industry.



Globally, there is already a high level of idle capacity, which makes new players less inclined to invest in Brazil. The global industry concentration has a similar effect: Why would any company start a new venture if they already have idle capacity elsewhere? Brazil has been increasingly deindustrialized in recent years, shrinking the size of its industrial capacity, and impairing the synergy and density of some production chains, fertilizers included. From the perspective of demand, the growing importance of Brazilian agribusiness (e.g., the Renovabio initiative) could provide opportunities for the national fertilizer industry. China may boost this demand with grains and meat. The proximity of the Brazilian consumer market could be an advantage for the attractiveness of its fertilizer industry. In a wide context, accelerated global economic growth tends to increase the demand for fertilizers. Factors such as a weaker dollar, increased demand for biofuels, higher prices (and smaller inventories) of agricultural commodities, increased per capita income in developing economies, global access to agricultural credit and fertilizer subsidy schemes tend to boost the demand for NPK fertilizers, which means this industry is likely to become more profitable worldwide.





4. Results and Discussion


Nine specific events with a significant impact on the attractiveness of the Brazilian fertilizer industry were devised by the authors (in a brainstorming session, with the help of Figure 3) and presented to 38 experts (Table 1). The Delphi Questionnaire survey data were collected in May and June 2020 and the following observation was added to the questionnaire: “The ongoing pandemic caused by COVID-19 might cause profound changes in society in a variety of aspects (e.g., beliefs and values, political, institutional, economic, social, military, environmental, scientific and technological issues). In the case of a prospective study ranging until 2035, this event cannot be disregarded: the pandemic may cause structural changes, and not just circumstantial ones. However, the answers to the questionnaire should not only reflect the current situation, because it is a long-term prospective study.” A total of 512 scenarios have been generated (combinations of nine binary events), which were ordered by probability. Four of these scenarios (Figure 4) were featured for more in-depth analysis.



The threats facing the development of the Brazilian fertilizer industry have to do with the occurrence of events 1, 2, 3, and 6 and the non-occurrence of events 8 and 9. Event 5 constitutes the biggest opportunity, while events 4 and 7 are moderate opportunities—preactive analysis. The target scenario selected is the second most likely scenario, which differs from the most likely scenario according to the unconditional occurrence of event 9—proactive analysis (see Table 2).



4.1. Scenario I: Agribusiness at Risk (Most Likely Scenario)


According to the experts’ responses, the scenario “Agribusiness at Risk (most likely scenario)” is associated with an environment of low or moderate global economic growth until 2035 (less than 2.5% p.a.). The balance of powers prevailing at the end of the 2010s, followed by factors prompted (or aggravated) by the pandemic at the beginning of the 2020s, curb global economic growth (especially in emerging and developing countries) for some 15 years. Thenceforth, a resumption of global economic growth is more likely. China—the powerhouse of the global economy for a long time—sees modest GDP growth in this period (less than 5% p.a.). While it is self-sufficient in NPK fertilizers today (importing and exporting little, with some seasonal variations), it could increase its imports considerably by 2035.



The slowdown in demand for commodities means their prices cannot be kept at attractive levels for exporter countries. Nonetheless, food commodity prices suffer less than those of industrial commodities. Fertilizer prices also remain at low and moderate levels, especially in the early 2020s. As such, the impacts of the availability and cost of the main agricultural inputs (like fertilizers) in the early years are not so significant in Brazil, seasonal effects aside. However, food commodity producers who see their currencies lose value in this context of low economic growth are harder hit by the cost of agricultural inputs (especially when these are for internal consumption). In this same scenario, the global availability of credit becomes an obstacle to major investments and new projects, constraining the restructuring of different global value chains, such as fertilizers. Furthermore, this limited availability of credit affects farming, reducing demand for NPK fertilizers.



Energy is cheaper in the early years of the 2020s thanks to low O&G prices. By 2035, however, prices are back to profitable levels for the main global players. O&G accounts for less of the global energy mix by 2035 (shifting from 58% of global energy to less than 45%). Many companies from this sector perceive this and over this 15-year period invest in diversifying their portfolio. Societal pressure for less CO2-emitting energy sources, vehicle electrification (initially more in developed countries, then spreading around the world), accelerated development of hydrogen technologies, expanded production of biofuels in countries like Brazil and the USA, more widespread use of solar and wind power, and the development of circular economy business models combine to reduce the share of O&G in the global energy mix. This change could have been more abrupt, but China reduces its coal consumption and considerably increases its O&G consumption. At the same time, governments and businesses see a new opportunity: the use of natural gas as a raw material (rather than as a source of energy), adding more value to production chains, and causing fewer environmental impacts. Some countries make natural gas a prime raw material (but not Brazil). The main global fertilizer companies start to operate with less exposure to risk in the cost of this input (especially the producers of nitrogen fertilizers), but the Brazilian fertilizer industry becomes less attractive as the country fails to invest in its natural gas infrastructure. Brazil seizes the opportunity to reconfigure its energy mix and its biofuel market expands. Biofuels now account for over 30% of the fuels used by the domestic transportation sector.



Low fertilizer commodity prices, stronger supply than demand, global idle capacity, smaller agricultural profit margins, limited availability of agricultural credit, and reduced per capita income in developing countries (and other events) prompt the leading global fertilizer producers to set up strategic alliances (e.g., mergers) to maintain their installed capacity (or even just to survive) in this challenging scenario, which lasts for ten years.



Brazil’s agribusiness production and exports become a larger share of the country’s GDP and trade balance (annual growth rates above 6%). As of 2020, with the potential to reorganize foreign trade relations (thanks to geopolitical events such as the dispute between the USA and China), Brazil steps into the breach to export more.



By 2035, Brazil has not undergone any reindustrialization, and is recording small, incremental GDP increases. The business environment for industry is still of limited attractiveness. Even with the slowdown in competition from Chinese industry, the lack of investment in infrastructure (especially logistics and energy) and political and economic instability prevent any significant increase in the country’s industrial capacity. Government and industry fail to work in unison to boost the country’s NPK fertilizer production capacity. Its nitrogen fertilizer production capacity shrinks (remaining below its 2017–2018 production level), phosphate fertilizer production stagnates, and the only potassium mine still in operation is depleted. In 2035, Brazil is importing over 85.5% of its fertilizer needs (around 52.5 million tons of NPK).



By 2035, the global economy is starting to look up. Demand for Brazil’s agricultural products is growing (agricultural commodities prices are rising). Countries like the USA, India and Brazil (and perhaps China) are vying for the fertilizers available on the world market. Brazil and India are in a more vulnerable position than the USA and China in this respect. NPK fertilizers are overpriced and have started to cause geopolitical disputes. The Brazilian agribusiness (food and energy) profit margin is in jeopardy. The government starts to wonder about its fertilizer production capacity.




4.2. Scenario II: Mitigating Risk (Target)


What distinguishes scenario II from scenario I is that event 9 (Government incentives for the fertilizer industry in Brazil) takes place. In other words, this scenario is based on the assumption of a pro-active stance. In the first few years of the 2020s, the global and local environments are not attractive to new projects to expand Brazilian fertilizer production. Many old production plants are close to shutting their doors in this period: it is cheaper to import. Generally, Brazilian industrial conditions are no more favorable. The supply of natural gas improves in terms of availability and price, but its competitiveness is still limited. However, aware of the potential risks to Brazilian agriculture in the future environment, the government designs a strategic plan to boost this sector in the country. The first step is to encourage existing businesses to maintain their installed capacity. From 2022 to 2026, fertilizer companies are given tax breaks for the acquisition and importing of machinery, equipment, instruments, and construction materials for their plants or to incorporate into new projects as part of the Fertilizer Industry Infrastructure Development Plan. In counterpart, these companies are required to invest in infrastructure sharing (transportation, steam, energy, utilities) or process sharing (integration with other industries, e.g., channeling waste from the potassium fertilizer industry as an input for chlorine and caustic soda production). Tax parity between national and imported fertilizers is partially promoted: the National Congress is sensitive to the national fertilizer industry, but the agribusiness lobby blocks any moves to raise taxes on imported inputs. In response, the national nitrogen fertilizer industry recoups much of its installed capacity at its existing plants. Phosphate fertilizer production grows 25% in this 15-year period, and at least one production expansion project (equivalent to the Carnalita or Autazes plants in size) takes place, raising the supply of potassium chloride to one million tons per year. Demand for fertilizers in 2035 is around 52.5 million tons, and imported fertilizers account for around 78.3% of this value, since NPK fertilizer production has grown by around 40% between 2017 and 2035.



In 2035, the global economy is healthy. Demand for Brazil’s agribusiness (food and energy) products is high and growing (prices are high). Brazilian manufacturing has lost ground in this 15-year period. Countries like the USA, India and Brazil (and perhaps China) are vying for the fertilizers available on the world market. Brazil and India are in a more vulnerable position than the USA and China in this respect. NPK fertilizer prices rise further and become the target of geopolitical disputes. This new cycle of improved fertilizer production attractiveness, commencing in 2035, enables new projects, and Brazil, which has incrementally expanded its installed fertilizer production capacity from 2020 to 2035, is more attractive for the expansion of this industry and capable of receiving new projects (whether brownfield or greenfield).




4.3. Scenario III: Business as Usual (Trend Scenario)


The Business as Usual scenario constitutes a straightforward extrapolation of existing trends. Despite the downward trend seen in global economic growth in the last decade (culminating in growth of just 2.4% in 2019 and aggravated by the COVID-19 pandemic), the twentieth century teaches us that it is rare for a global economic crisis to last for 15 years. As such, recuperation is expected in the coming years. From this perspective, it is expected that China will soon return to the growth rates that prevailed in the last 30 years.



Especially in the early 2020s, food commodities tend to remain at low prices. Prices gradually become more attractive as the global economy starts to pick up. Food commodity exporters with more solid economies (e.g., the USA) will probably take a larger market share. Developing exporters of these commodities, hard hit in the early years of the 2020s, gradually get the resources they need to compete on the global market and get back on track.



Although O&G are already set to account for less of the world energy mix by 2035, the transition from the current status, where they account for 58% of all primary energy sources, to below 45% will only be seen a few years later. The dip in crude prices seen as of January 2020 temporarily puts the brakes on several alternative energy projects. Nonetheless, the use of biofuels in Brazil continues to grow until 2035, when biodiesel and ethanol account for over 30% of the energy consumed by the transportation sector. The government’s Renovabio program and low food commodity prices (especially in the early 2020s) have a positive impact on this scenario, offsetting the effects of low oil prices. This transition in the transportation sector is virtually null (or even recedes) between 2020 and 2024, when the Brazilian sugar and ethanol industry has trouble coping with the low oil prices.



More mergers and acquisitions are seen in the global fertilizer industry. Despite the prospects for improved demand conditions in the coming years, production factors, such as limited availability of raw materials at competitive prices, have a determining impact. Companies operating in the links of the chain that are closest to mining and extraction and companies operating closer to the consumer market forge stronger strategic alliances until 2035. The overwhelming strategy of commoditization (instead of investing in new differentiated products and service provision) favors economies of scale. The idle capacity accumulated globally in recent years makes it hard for new players to enter the sector.



The importance of agribusiness to the Brazilian economy continues to grow at rates above the global average. However, the gross agricultural output (crops) will not reach annual growth rates of 6% between 2020 and 2035, averaging around 4%. In the early years after 2020, low food prices, limited investments in logistics infrastructure, and restricted access to credit squeeze sector growth. Potential economic turbulence in Brazil puts the brakes on domestic consumption. The Brazilian manufacturing industry behaves as described in Scenario I, remaining of limited attractiveness.



Government and industry fail to work in unison to boost the country’s NPK fertilizer production capacity. Its installed nitrogen fertilizer production capacity shrinks, phosphate fertilizer production stagnates, and the only potassium mine still in operation is depleted. In 2035, Brazil is importing around 84.5% of its fertilizer needs (around 49.2 million tons).



By 2035, the global economy is at full throttle. Demand for Brazilian agricultural output is high. Brazil’s manufacturing industry has lost importance in this 15-year period. Countries like the USA, India and Brazil (and perhaps China) are vying for the fertilizers available on the world market. Brazil and India are in a more vulnerable position than the USA and China in this respect. NPK fertilizer prices are rising and have become a cause of geopolitical tensions. Agribusiness (food and energy) fertilizer supply is at risk, but at less risk than in Scenario I, because national demand for fertilizers has grown at lower rates.




4.4. Scenario IV: Opportunity (Ideal Scenario)


The Opportunity (or Ideal) Scenario occurs in the context of rapid recovery of the global economy after 2020. Even after a decade of economic slowdown (since the 2008 global financial crisis) and the COVID-19 pandemic, the global business environment is quick to regain confidence. In 2024, the economy is more vigorous than it was in 2019. China, Russia, Brazil, and India are key players in this economic turnabout. By 2025, commodity exports are again at high levels, but less so than in the 2000s. These high prices enable many exporting countries (like Brazil) to adjust their balance of payments after the pandemic. This foreign trade income gives Brazil the chance to make a series of investments in infrastructure and productivity. China develops closer trade ties with Brazil, even financing investments in infrastructure.



The global O&G market has similar behavior to what is described in scenarios I and II. What is different, however, is that Brazil’s natural gas value chain is restructured: by 2030, Brazil’s natural gas is more competitive, and natural gas has started to be prized as a raw material in Brazil, thanks to tax and fiscal incentives (more value is added to the pre-salt reserves). The country’s fertilizer producers are able to operate with less exposure to natural gas price oscillations. Biofuels are responsible for over 30% for the fuel used by the country’s transportation sector. Developed countries with biofuel blending mandates start to import biodiesel from Brazil at high prices. This boosts Brazilian demand for NPK fertilizers.



The global economic recovery proves a watershed for the global fertilizer industry. Strong demand means profit margins—squeezed for many years—become healthier. Expansion projects abandoned between 2008 and 2019 begin to get off the drawing board. The COVID-19 pandemic prompts the big players in the sector to review their strategy: reliability becomes more important and companies tend to channel their investments into projects that involve a diminished physical distance between the different links in their production chains (nearshoring). Proximity to the agricultural consumer market (like Brazil) becomes the object of disputes between these companies. With increasingly stringent environmental legislation, it may be necessary to boost the performance of (and add more value to) fertilizers. New projects (especially phosphate and potash mining) tend to come up against more environmental and security-related legislation hurdles. This prompts demand for premium fertilizers, like controlled release fertilizers and fertilizers with reduced levels of leaching, both of which offer chances for a higher profit margin. Investments in new process technologies (alternative sources of phosphate and potassium, mining of tailings, etc.) make new, previously overlooked projects feasible. Furthermore, crop nutrition consultancy services provide another potential income stream for this industry. While this environment is favorable for the expansion of players that are already established on the market (and verticalization strategies), it also attracts new players, boosting competition and reducing the global concentration of the sector. Idle installed capacity is reduced, as are global fertilizer inventories.



As of 2020, with a reorganization of international trade relations (prompted by the US–China geopolitical dispute, among other events), Brazil steps into the breach to export more foodstuffs. The COVID-19 pandemic has a radical impact on China’s food production practices: much of its meat production was not channeled into the animal feed market. Brazil’s exports of soy and corn to the country increase. Its meat exports also rise, because the Chinese government decides to dilute the public health risk inherent to its attempt to supply its whole domestic market with animal protein (which boosts Brazil’s corn and soy output). Brazil’s agribusiness (food and energy), which grows at over 6% a year in these 15 years, enables a readjustment of the balance of payments and investments to be made in logistics infrastructure. Keen to innovate, agribusiness increases its productivity and reduces its planted area in Brazil, resulting in increased demand for fertilizers. There is synergy between the sector and R&D institutions. Indeed, Brazil learns to exploit its biodiversity more effectively, and, as of 2035, its agribusiness no longer sees biodiversity as a barrier, but as an opportunity to add value to its products.



In the same 15-year period, Brazil executes a robust strategic plan to boost the competitiveness of its domestic industry, and by 2030 it is beginning to reap the rewards. The 2020 pandemic marked the beginning of policies to reduce the concentration of global industry and initiate its migration away from Asian countries. With Brazil enjoying economic and political stability just a few years after the outbreak of the COVID-19 pandemic, global businesses now see Brazil for its full potential: not only a source of natural resources and a potentially vibrant domestic market, but also a way of enhancing the reliability of the supply of global value chains. A substantial investment plan leads to improved port, airport, and road infrastructure. Plans are also made to restructure the country’s railroad network. Little has yet left the drawing board, but prospects for 2050 are looking good. With increased competition in the Brazilian natural gas market as of 2021, there is greater availability of this resource in Brazil at competitive prices by 2030. In this strategic plan, the fertilizer industry is considered strategic, as are the fine chemicals, drug, bioproducts, and agricultural machinery industries, among others. The 2025 tax reform reduces bureaucratic (and litigation) costs in the country, while also curbing inter-state bickering over investments, as the competitive advantages intrinsic to each region of Brazil are prioritized. Fertilizer businesses are given incentives as in scenario II; however, now, the Brazilian business environment is more attractive to new ventures. As a result, the installed capacity for nitrogen fertilizers in Brazil is boosted (and there is also a new large ammonia and urea plant), the phosphate fertilizer industry’s output expands by 50%, and two new large-scale projects for potassium chloride production go into service.



In 2035, demand for fertilizers stands at around 52.5 million tons, 29.6% of which Brazilian industry is capable of supplying. The USA, India and Brazil (and perhaps China) are vying for the fertilizers available on the world market. However, this dispute is less exacerbated than in scenarios I and II because in recent years the global fertilizer industry has expanded its installed capacity. By 2035, Brazil runs little risk of a supply shortage for its agricultural activities: the production factors are propitious for the expansion of the Brazilian fertilizer industry’s output.





5. Conclusions


The use of prospective scenarios proved effective for identifying potential challenges and opportunities the Brazilian fertilizer industry could face in the long term. The pre-active analysis demonstrated that this industry should be prepared for a scenario of limited increase in demand on a global scale. Furthermore, low prices in the agricultural market may squeeze the profit margins of the sector in the early years of the 2020s. The global fertilizer industry is likely to hamper the entry of new businesses to the sector and strategic alliances will be forged to maintain existing installed capacity. The reduced importance of oil in the overall energy mix is an opportunity that should be seized: it could be more widely available for use as a raw material, which could be positive for the nitrogen fertilizer industry. In Brazil, growth of the biofuel market and agricultural output are opportunities that should be harnessed.



Should de-industrialization continue to be seen in Brazil, and should the Brazilian government fail to provide any stimulus for the country’s fertilizer industry, it is likely that by 2035, the country will be importing over 85% of its fertilizers (and even more for nitrogen and potassium fertilizers). By 2035, Brazil’s biofuel industry sector would be overexposed to price conditions and availability on the global fertilizer market—biofuels can lose competitiveness. The COVID-19 pandemic poses the biofuel industry with a serious threat, since it exacerbates the global downward trend in the attractiveness of NPK fertilizer production in the early years of the 2020s, in addition to momentarily reducing competitiveness vis-à-vis other fossil energy sources.
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Figure 1. Prospective Scenarios approach proposed by Marcial and Grumbach (2008) [20]. 
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Figure 2. Brazilian fertilizer trade balance between 1996 and 2018 [13,30]. 
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Figure 3. (A) Brazilian Fertilizer Industry Cause–Effect Map. (B) Brazilian Fertilizer Industry Cause–Effect Map. 
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Figure 4. Brazilian Fertilizer Industry Scenarios in 2035. 






Figure 4. Brazilian Fertilizer Industry Scenarios in 2035.



[image: Sustainability 12 08889 g004]







[image: Table] 





Table 1. Events and Delphi Questionnaire.
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	Event
	Question
	Average Result (2 Rounds)





	1—Slowdown in global economic growth
	How likely is it that, until 2035, there will be an overall slowdown in the growth of the global economy (rates below 2.5% growth in 2020–2035)?
	55.09%



	2—Slowdown in China’s GDP growth
	How likely is it that by 2035 Chinese GDP growth will have slowed (rates below 5.0% growth per year in 2020–2035)?
	61.99%



	3—Maintenance of moderate prices, food commodities
	How likely is that the main food commodities will largely remain at moderate prices until 2035?
	56.91%



	4—Reduction in the participation of O&G in the world energy matrix
	How likely is it that by 2035 the global energy market will have reduced its dependence on the O&G industry (currently around 58%, accounting for oil and natural gas) to 45% or less?
	62.15%



	5—Increase in biofuel consumption by the Brazilian transportation sector
	How likely is that by 2035 biofuels (biodiesel and ethanol) will provide 30% (or more) of the fuel needs of the transport sector in Brazil?
	64.16%



	6—Increase in mergers and acquisitions in the global NPK fertilizer industry
	How likely is that there will be an increase in the number of mergers and acquisitions in the global industry of production of essential inputs for the agribusiness chain (NPK fertilizers) until 2035?
	64.33%



	7—Increase in gross value of agricultural production in Brazil
	How likely is that by 2035 the gross value of agricultural production (considering only crops) will have shown (predominantly) average annual growth of more than 6% per year in the last 15 years?
	54.52%



	8—Increased share of the manufacturing industry in Brazilian GDP
	How likely is that by 2035 the Brazilian manufacturing industry will again account for at least 20% of GDP?
	44.82%



	9—Government incentives (tax, credit, or other) for the fertilizer industry in Brazil
	How likely is it that until 2035 the Brazilian government will have created tax, credit or other forms of incentives for the fertilizer industry in Brazil?
	47.76%
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Table 2. Reference Scenarios, Preactive Analyses, Proactive Analysis.
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	Event
	Most Likely Scenario
	Ideal Scenario
	Trend Scenario
	Event Classification
	Target Scenario





	1—Slowdown in global economic growth
	Occurs
	Does not occur
	Does not occur
	Moderate threat, change in trend
	Occurs



	2—Slowdown in China’s GDP growth
	Occurs
	Does not occur
	Does not occur
	Moderate threat, change in trend
	Occurs



	3—Maintenance of moderate prices for food commodities
	Occurs
	Does not occur
	Occurs
	Strong threat, no change in trend
	Occurs



	4—Reduction in the participation of O&G in the world energy matrix
	Occurs
	Occurs
	Does not occur
	Moderate opportunity, change in trend
	Occurs



	5—Increase in biofuel consumption by the Brazilian transportation sector
	Occurs
	Occurs
	Occurs
	Strong opportunity, no change in trend
	Occurs



	6—Increase in mergers and acquisitions in the global NPK fertilizer industry
	Occurs
	Does not occur
	Occurs
	Strong threat, no change in trend
	Occurs



	7—Increase in the gross value of agricultural production in Brazil
	Occurs
	Occurs
	Does not occur
	Moderate opportunity, change in trend
	Occurs



	8—Increased share of the manufacturing industry in Brazilian GDP
	Does not occur
	Occurs
	Does not occur
	Strong threat, no change in trend
	Does not occur



	9—Government incentives (tax, credit or other) for the fertilizer industry in Brazil
	Does not occur
	Occurs
	Does not occur
	Strong threat, no change in trend
	Occurs
















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file4.png
SUoj o01L

20

15

10

- ¢l0¢

0002

8661

8L0¢
L10¢
910¢
GLoc
v10c
€L0c

~Main Exports

mports

LL0C =
0L0C
6002
800¢
£L00¢
9002
G00c
002
€002
c00¢
1002

-National Production

6661

L661|
9661

-Apparent Consumption





nav.xhtml


  sustainability-12-08889


  
    		
      sustainability-12-08889
    


  




  





media/file6.jpg
ottt

il
a4
“evesnn

T tem s

®)





media/file2.png
Phase 1: Phase 1:
System Identification Retrospective Analysis

A4

!

Competitive
Intelligence
Techniques

Business
Intelligence
Techniques

Phase 2:
Strategic diagnostics

Phase 3: Events
— Reactive Measures |« Analysis
(Vision of the Present) v [
Phase 3:
Phase 3: Scenario Dynamics — Brainstorming,
: ' _ Delphi, Cross Impact Analysis,
PT""‘.‘“ SWDILEEIES | Monte Carlo Simulations
(Vision of the Future) (Most likely Scenario, Trend

Scenario, Ideal Scenario)

\ = |
Phase 3: Phase 3:
> Measures Evaluation — Proactive Measures > STarge'f -
: : cenario
(Strategic Alliances)

l 4 [

Phase 4: Phase 3:
Consolidation Proactive Measures
(Constructing the Future)

A






media/file5.jpg





media/file7.png
4. Attractiveness of the K
fertilizer industry in Brazil

51.

potassics industry,
Canada, Russia,
Belarus, others

e
-

35. Capluring 54. Expansion of the
value of the NPK vuo K property) \.Iwu'ldirp:taladpomh‘
32 ;zﬂillly. capacity (except
environmental Brazil) :
legislation &
. 55 Price of P fentilizers,
46. Synergy with
other mining international ma
activities
36. Improvement of RF and KCI
processing technology with low
phosphate / potassium content,
Allemative sources of phosphate /
potassium MP, such as
organomineral fertilizers
43. Phosphate industry
competitiveness USA, a
Morocco, Russia, others 1. Attractiveness of the
39. Expansion of the global NPK fertilizer industry
installed capactty ~, in Brazil (system)

(except Brazil)

38, Price of P fentilizers, 4’
international market

_ . a===19. New players N NPK industry
s 14. Mergers and 22. Incentives
. ) )
7 i acquisitions (verticalization) use of NG as a
¥ 7. New ammonia plants and raw al
; nitrogenous basic fertilizers
/15 Concentration (verticalization) 2. Attractiveness ofthe N ggg==” =~ , 24 Expansion of global N
\ Inthe global N fertilizer ¢ capacity (except Brazi)
s market 25 Idle - '
LR capacily ===3Iil-="/ 0 v
. - *._ 8. Natural gas
24 " Price of nitroge
"oy 4 21.Infrastructure  Price (Brasil) ::ﬁ,,‘ un -
W 10. Concentration on  investment 4
S m’%‘:" 16, New \_ 12 Natural gas __#
il Brazil razilian NG price (world)
" market . 11, of
N it
w S o T
—  Direct relation, long term Price

(A)





media/file3.jpg
®
rts

L0z
910z
s10z
10z
10z
zoe
110z
oLoz
6002
8002
1002
9002
002
002
€002
2002
100z
0002
6661
8661
1661
9661

Imports ~Main Expor

~Apparent Consumption ~National Production





media/file1.jpg
Phase 1.
System Identification

Phase 1.

Retrospective Analysis

Gusiness

Phase 2:
Strategic diagnostics.

Phase 5:
Reactive Measures
(Vision of the Present)

Events.
Analysis

Phase 3:
Preactive Measures
(Vision of the Future)

Phase 3:

I

Phase 3:
Measures Evaluation

1

(Most liely Scenario,

Scenario Dynamics ~ Brainstorming,
Delphi, Cross Impact Analysis,
Monte Carlo Simulations

Scenario, Ideal Scenario)

Trend

Phases:

Proactive Moasures [ grroor

(Stategic Allances)
 S——

Phase 4:
Consolidation

Phase
Proaciive Measures
(Constructing the Future)






media/file10.png





media/file9.jpg





media/file0.png





media/file8.png
- 89. Competitive freight
87. Business environment e cost (Brazil)
21 favorable to long-term = -<=-=--""" , o
projects in Brazi S 86. Integration of research (soil fertility,
A agronomic efficiency, etc.) and
17. Jobs Y agricultural producers
18.EPC / creation \ \'
opportunities for 42, Qualified 485. Deindusirialization in 37
Brazilian companies haman oo Brazi
. resources /':: 89.Importance of. 81 .Importance of 83. Competitiveness
1. Attractiveness of the vy agfgu'“}l!a' pesdl the agft'cu!t“fa' of Braziian soy (and
.- y razilian sector in :
0 e diabyy ko eemT others) in the global
NPK fertl|lzel‘ IndUStry - Brazilian exports )marketg
in Brazil (system)
I
1
| o 82. Accelerating  77. Increase in 76. Increased 73. Access to credit for
. 26. Proximity to Braziian GDP  planted area in agricultural  agriculture in Brazi
, Internal market as a growth Brazil  productivty in Brazil
|| competitive
| advantage
. Import of NPK 75. Accelerating growth in ] 2,0' 9
agricuttural inputs demand for NPK fertilizers <-
in Brazil 78. Improved fertilizer
85 exchange ratio 4.\
' (Brazil) %
91. Compefiton with / 7. Red
. : rate devaluation
USA, Ipdla and.Chlna """" 39,54 .- 62. Dollar strenght
for agricultural inputs R
V ! !
e ! |
24, Expansio|n of global N : :
- . . |
,*~" capacity (except Brazil 90. Wars, pandemics and / or 13,23,38,%5 " P‘rice o
23 Pi g i other unwanted events that 1 ' ditized
- FICe Of hitfogen may slow the growth of the 66, Glopal ~GOMmodize
fertilizers, international : NPK stock food in the ,
market gllobal economy or restrict t.he world 65. China's
11.Competitiveness of international flow of trade in . growth
USA shale-gas goods and services ' 57. Acceleration 69. acceleration
84. Brazilian national o _.-~-=p of world demand Geopolitical ,‘
12.Natural gas ey to simulat 74. Negative impacts N for NPK nutrients tension
price (world) policy o SImUIA® - of climate change on - - - - -~ _ between
renewable fuels - glohal agriculture 60. Policy to USA and
| promote fertilizer CHINA
i , ! use in Afric |
64;;2’}':2?(';‘:2?' 63. Global ' /' N ' 70. Geopoliical
press! . —Pp demandfor q-. “~-- \ / i tension in the
reduction of fossil biofuel N 58, Accelerali
energy matrix l0TUeIS ' 39 FIeX|b|I|ty, . Acgeleration

=~~~ environmental ~

legislation

———» Direct relation, long term

67. Environmental
------ P Inverse relation, long term

pressure for efficiency <-
in the use of fertilizers

(B)

59. Accelerating | European Union
of world demand demand for NPK ! :
for “premium” nutrients in East ‘vl |
NPK nutrients and Asia 56, !
specialized 79. Global Accelerating
services access to growth in the »
credit for global
agriculture economy






