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Abstratct

The present study aims to carry out an international analysis of the biofuels sector, from the United States, Brazil and
China, in order to verify how countries have dealt with strategies for adding technology and value to the sector. The
methodology of this study is focused on the analysis of data on the economic complexity of the biofuels sector,
relating production and innovation indicators, from a quantitative and qualitative point of view. Very clear situations
are evidenced in terms of international perspectives for the evolution of the biofuels sector among the countries
selected in this study. The United States is a world leader in the production of biofuels and also increases its
leadership in the technological domain through the generation of patents in Brazil, which is also a major international
competitor, however, a less complex sector. In the era of patents, China, despite hardly appearing as a major
international producer, has been investing heavily in the generation of new technologies, also betting on the
complexity of the sector.
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1. Introduction

Biofuel is a product derived from organic vegetable or animal material (biomass) and converted into renewable
energy. In the case of ethanol production, it can be obtained from sugar cane, corn, beet, cassava, potatoes and, in the
case of biodiesel production from vegetable oils (sunflower, castor bean, soybean, babassu and other oilseeds) ), as
well as alternative raw materials, such as animal fat (marrow) or frying (RIBEIRO 2013; 2014).

Biofuel emerged in the 19th century, Goettemoeller & Goettemoller (2007), in his research on biofuel from ethanol
production, recall that the German engineer Nikolas Otto, in 1860, used alcohol as fuel for one of his combustion
engines. “Otto” cycle. Even in a scenario of heavy taxes, in North America, Henry Ford designed his first car, a
quadricycle, powered exclusively by ethanol in 1896. Regarding biofuel from the production of biodiesel, it is worth
remembering that in 1900 it was presented a Rudolf Diesel engine at the Universal Exhibition in Paris, running on
peanut oil (MAIA & FEITOSA, 2009).

We live in a time in the economy where the most efficient use of natural resources has become strategic and
competitive, especially those coming from the Sun and photosynthesis processes, in which the production of biofuels
stands out. Because, as Silva, et al (2013) points out, fossil fuels are finite, non-renewable sources and responsible
for considerable CO2 emissions into the atmosphere, so ethanol and biodiesel are identified as viable alternatives to
provide clean and renewable energy .

The environmental advantages of biofuel production and use are fundamentally associated with the reduction of
greenhouse gases. It is due to climate change and the environmental imbalance that the world is suffering, that many
countries have recognized the importance of breaking the dependence on fossil fuels through the adoption of policies
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for the production of clean and renewable energy that meets market demands (ANTONIOSI AND MAINTINGUER,
2016).

For Masiero and Lopes (2008), in this market still in formation, Latin American countries and the United States are
seen as potential suppliers of ethanol and biofuels, however Asian countries and India despite having less soil
availability for cultivation recently invested in technologies for second and third generation biofuels.

Based on the above, the central question of this study is: how can countries make better use of economic alternatives
by adding value and technology in the production of biofuels? Which countries are concerned with this technological
evolution applied to the economic complexity of the sector?

It is based on this questioning that the general objective of this study is to carry out an international diagnosis of the
biofuels sector, from the United States, Brazil and China, in order to verify how the countries have treated the
strategies of adding technology and value to the sector. Specifically, it is intended to analyze the installed capacity of
biofuel in relation to production in the international context; evaluate biofuel in relation to innovation and technology
and; understand the economic complexity of biofuel in selected countries.

2. Methodological Procedures

The methodological procedures adopted to achieve the objectives proposed in this study are divided into 4 stages: a)
selection of the study area; b) data collection and c¢) data analysis and interpretation.

2.1 Selection of the Study Area

The countries chosen for the most specific study were the United States, Brazil and China, as they are the largest
producers and consumers of biofuels and, at the same time, those with the most patent registrations in biofuels in the
world (IEA, 2006), (BP , 2019), IRENA (2020).

2.2 Data Collect

Initially, a review of the literature on biofuels was carried out. Then, the data were collected on the Institutions Portal:
International Limited (BP) and International Renewable Energy Agency (IRENA). Then, the data were transferred,
tabulated and converted to graphics.

2.3 Data Analysis and Interpretation

After elaborating the graphs, the data were analyzed to understand the sector in terms of production, installed
capacity and registered patents, in order to understand in a panoramic way the dynamics of the sector from the
conceptions of the theory of economic complexity.

For Hausmann (2009), the theory of economic complexity not only demonstrates that the volume of products
produced in a country is associated with the way they are manufactured, but also shows that knowledge in production
is a differential in rich countries, because it occurs more intensely therefore, the more knowledge there is, the more
complexity there will be. In this case, complexity plays a key role in the sophistication of a product.

Currently, there are two basic concepts for assessing whether a country is economically complex: the ubiquity and
diversity of products found on its export agenda (GALA, 2017). For the author, if an economy is capable of
producing rare, complex and non-ubiquitous goods, there is an indication that the country has a sophisticated
productive fabric.

It is understood that non-ubiquitous goods are divided between those that have a high technological content and,
therefore, are difficult to produce, such as airplanes and those that are very scarce in nature, such as diamonds
(GALA, 2017).

The term sophistication extends not only to the production of biofuels, but also to the manufacture of hybrid and
electric cars, as it is in this process that complex products are created with wide integration between companies that
need a multitude of suppliers and producers, inside and outside of the producing country that integrates the
production process, called global value chains. In general, high connectivity products are complex and low
connectivity products are not complex; in this case, oil extraction is not complex, but, on the other hand, the
machines on which the fuel is produced are quite complex (GALA, 2017).

It is considered that the economy in general, and a sector in a specific way, only advances structurally, with the
evolution of its level of economic complexity, its perspective of connection with new complex products in space.
Thus, there is a sustained process that can allow structural variation in GDP per capita, in exports and in the
generation of sophisticated jobs and income, with the demand for qualified labor. Thus, the economic complexity of
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sectors of the economy explains how per capita income has consistent historical leaps, leaving for example a region
with medium income to high income (HAUSMANN, et al., 2013).

Based on the theory of economic complexity, the data collected on the production of biofuels, their industrial
transformation and also the level of innovation of the sector in the selected countries (Brazil, USA and China) were
related. Subsequently, information was collected on the technological evolution in each of these countries to deepen
the comparative analysis of the data.

3. Results and Discussion

It is observed by the world production of biofuels in tons that almost 50% of the production of biofuels is
concentrated in the United States, almost 25% concentrated in Brazil and 5% less concentrated in China. It is

observed that Brazil, in addition to producing more biofuel than China, surpassed several rich countries, among them:
Germany, Holland, United Kingdom. See Figure 1.
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Figure 1. World biofuel production in tons in 2018
Source: BP International Limited (2020). Adapted by the author

Brazil's position in relation to biofuel production compared to other countries is explained by the fact that it is the
largest producer of sugarcane ethanol in the world, but, in total production, it lags behind the United States, which
uses corn. However, the ethanol production technology in Brazil is fully mature, still allowing for some productivity
gains in the agricultural area and little in the industrial area; there are varieties of genetically modified sugarcane that

would allow great reductions in production costs, although they cannot be used due to the long release process
(LEITE AND LEAL, 2007).
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Figure 2. Installed capacity of liquid biofuels including biofuel liquids and colored biofuels in megawatts (MW) -
2018

Source: BP International Limited (2020). Adapted by the author

Figure 2 shows that Brazil, although it has a lower production capacity than several countries such as Spain, Turkey
and Belgium, it is observed that it is currently the second largest biofuel producer in the world, trailing behind in the
production ranking only for the United States.

In the same vein, although it is perceived that the United States is the largest producer of biofuel in the world, it was
noted that the installed production capacity in the country is less than the installed production capacity of biofuel in
Germany, Korea, Sweden, Canada and Italy.

Thus, it was observed that there is practically no installed capacity for the production of biofuels in China, which can
be explained by studies by Zhou and Thomson (2009), that the Chinese biodiesel industry is yet to be quite
developed because, the sector it has a small installed capacity of 300,000 tons and biodiesel is produced from animal
waste from fats and vegetables, considered to be low quality sources.

Although in Figure 2 China does not appear in the ranking of installed capacity for the production of biofuels, it is
the fifth largest producer of biofuels in the world, surpassing Italy because, according to IRENA (2014), the demand
for production and heating of biofuels in industrial sectors and heating represent 45% of total demand.

There is a conception that part of this demand is linked to the transport sector due to the technology options in liquid
biofuels and electric mobility that resulted in twice the production of ethanol between 2005 and 2012, reaching a
total of 2.5 billion liters ( CNREC, 2013a); (IRENA, 2014).

Although biodiesel production in China is quite limited, with around 0.5 million tonnes out of a total production
capacity of 3 million tonnes in 2009, and production levels remain stagnant today (QIU et al., 2012; USDA, 2012,
CNREC, 2013a).

To better understand the competitive conditions of biofuel between countries, it is relevant to analyze the
international behavior of biofuel in relation to the generation of patents, as well as the specific technological
innovations carried out in the sector, as shown in Figure 3.

South Africa [ 0.85%
France 0.83%
Denmark 1.04%
New Zealand 1.27%
Spain  [I1.44%
Russian Federation 1.83%
Mexico 2.00%
Germany 2.58%
Brazil 3.65%
Australia 441%
Republic of Korea 5.58%
Canada 6.95%
Tapan 0.05%
China 20.74%
United States 26.01%
0 2000 4000 6000 8000 10000 12000 14000

Quantities of patents registered

Figure 3. Number of biofuel patent registration in the world until 2016
Source: IRENA - International Renewable Energy Agency (2019). Adapted by the author
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Based on Figure 3, it can be said that although China is considered the fifth largest producer of biofuel until 2018, it
is important to consider that the country in 2016 was the second largest country in the world in terms of registration
of renewable patents, second only to the United States that even in the same year there were 13,177 patents
registered, 26% of the total renewable patents in the world.

The United States, in recent years, has seen an increase in the number of Electric Vehicles sold. In 2011, for example,
the country announced a goal that aimed to facilitate a production capacity of 1 million electric vehicles in the USA
by 2015 (US DoE, 2011a). However, in 2014, the study by Navigant (2014) already projected that the global market
for battery electric vehicles (BEVs) would reach only 350,000 in 2014 and only 4% of all new passenger cars sold
globally in 2022 will be fully electric .

The economy of electric vehicles is improving, and efforts in states like California to promote zero-emission vehicles
could result in a rapidly expanding market for electric mobility. However, recent trends still show that the majority
of electric vehicles sold are pluggable hybrid electric vehicles (PHEVS) and battery-powered non-electric vehicles
(Cleantechnica, 2014b).

Based on this, Figure 4 is presented, on the evolution of patents between the countries analyzed in this study.
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Figure 4. Evolution of patents among the main biofuel producers in the world between 2011 and 2016
Source: IRENA - International Renewable Energy Agency (2019). Adapted by the author

Based on what was presented about the evolution of patent registration and its specificities, the issue of the economic
complexity of biofuel in the United States, Brazil and China can be demonstrated from the comparative indicators in
Figure 5.
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Figure 5. Economic complexity of biofuel between countries

Source: IRENA - International Renewable Energy Agency (2019) and BP International Limited (2019). Adapted by
the author

It is noticed that very clear situations are evidenced in terms of international perspectives for the evolution of the
biofuels sector among the countries selected in this study. First, the USA is a world leader in the production of
biofuels and also bases its leadership in the technological domain through the generation of patents, which can be
considered a country with a complex sector in the definitions used in this work. Brazil, which is also a major
international competitor, leading mainly in lower costs, has a less complex sector, with less generation of patents.
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Particularly noteworthy is China, which despite not being a major international producer, has been investing heavily
in the generation of new technologies, also betting on the complexity of the sector, but in conditions that differ from
the USA, in the field of production.

In this case, from the United States GSR Solutions stands out as a privately owned American institution that has
developed several technologies, including GSR-AD-BOLT, which is a technology that benefits farms, industries and
municipalities that operate recovering anaerobic digesters efficiently from nitrogen and phosphorus from digested
effluents, further reducing the Biochemical Oxygen Demand (DBO) of anaerobically treated effluents, allowing the
production of evaluated by-products, including changes in soil, fertilizers and fuels (GSR SOLUTIONS LLC, 2019).

GSR Solutions recently patented an algae cultivation system that seeks to provide an economical alternative to the
production of algae biomass from fertilizers, feed and biofuels to recover nutrients from wastewater for the
production of evaluated by-products, recycled water and energy production alternative and renewable. (KRIVOV,
2014).

Another institution that has received worldwide patent recognition over the years is Energy Integration, also based in
the United States, of which some points are important to highlight. This institution was the first to develop a
technology for the production of corn ethanol in the late 1970s, with a capacity of 400,000 gallons per year. Its first
patent was issued in 1982, a few years later, in 1985, a commercial scale dry mill ethanol plant was built that
incorporates the technology with an annual production capacity of approximately 15 million gallons per year
(ENERGY INTEGRATION INC, 2019).

However, in 2018, Energy Integration patented a technology that provides processes and systems to compress
distillation vapors and recover heat from condensation by compressing steam and deriving mechanical, thermal and
electrical energy from a combined heat and power system, maintaining capacity original operational plan. The plant's
existing distillation system, steam generation and electrical demand determine the basis of the modernization system
design, aiming at an ideal combination of energy use, energy cost and environmental impact. Steam compression (by
mechanical steam recompression and / or thermal steam recompression) minimizes total energy use. Optionally, the
combined heat and energy provide a means of converting energy between fuel, electricity (CRAWFORD &
SCHAFER, 2018).

In addition to these institutions, there are Wisconsin Alumni Res, Zeal0 Llc, Manta Biofuel, Marshall Maximilian
Davis and Nat Tech & Eng Solutions Sandia, among others seeking innovation and technology through patents
recently registered in the United States, which is why there is a conception of that the United States is, and can
remain, complex due to the fact that there are still institutions focused on technology development and innovation.

In turn, China, despite occupying the 5th position in terms of biofuel production, has become complex, occupying
the second place in the world in number of patents, unlike Brazil which, in the production of biofuel, occupies the
2nd place in production, but in the patent registration ranking it is the seventh, which indicates that the sector is not
complex, since it represents 3.65% of the patents in the world, that is, in terms of economic complexity, neither does
India advanced. It is from this that the first, second, third and fourth generation of biofuel are discussed, so that this
change in classification in terms of technology and innovation can be understood.

According to Lee and Lavoie (2013), first generation biofuels include ethanol and biodiesel and are directly related
to a biomass that is more than often edible. Ethanol is generally produced from the fermentation of C6 sugars
(mainly glucose) using classical yeast strains or GMQOs, such as Saccharomyces cerevisiae. Only a few different raw
materials, mainly sugar cane or corn, are actually used for the production of first generation bioethanol. Other, more
marginal raw materials used to produce first generation ethanol include, among others, whey, barley, potato waste
and sugar beet. Sugarcane is a common raw material for the production of biofuels, Brazil being one of the leading
countries in its use. The process that allows the production of ethanol from sugarcane is quite simple. Sugarcane is
crushed in water to remove sucrose, which is purified to produce raw sugar or ethanol.

It is understood that, in the study by Lee and Lavoie (2013), it is clear that the production of ethanol from sugar
fermentation is part of the first generation of biofuel, in which there may be little use of sophisticated machines and
equipment to produce it. However, complexity cannot be ruled out based on this study, because in countries that have
invested in technology and innovation such as the United States, which represents 26% of the world's patents, there
may be complexity in the exports of these products.

Biodiesel is the only other biofuel produced on an industrial scale. The production process of this biofuel is very
different from ethanol, as it can be considered a chemical process. Obviously, it uses biomass (plants and oil seeds),
but the process itself is based on extracting the oils and converting them into biodiesel, breaking the bonds that link
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the fatty acids of the long chain to the glycerol, replacing it with methanol in a process called transesterification
(LEE and LAVOIE, 2013).

Unlike ethanol, the production of biodiesel is more dependent on technology and innovation, since the extraction of
essential oils to convert them into biofuel can generate sophistication not only in exports, but also in the production
of these products. For Lee and Lavoie (2013), second generation biofuels are defined as fuels produced from a wide
variety of raw materials, but not limited to non-edible lignocellulosic biomass, in which it is generally more complex
to convert and their production depends on new technologies, as it is linked to the commodities market; therefore, the
cost of converting the original raw material into the final product must be as low as possible to maintain profitability.

This generation is believed to insert underdeveloped and developing countries that, over the years, have invested
little in technology and innovation, as public and private institutions expand the resources available to the biofuels
sectors through new credit lines, since to produce biofuel from new raw materials, it is necessary to acquire new
machinery and technological equipment.

The most accepted definition for third generation biofuels are fuels that would be produced from algae biomass that
has a very different growth yield compared to classic lignocellulosic biomass (BRENNANA and OWENDEA, 2010).
The lipids obtained from algae can be processed by transesterification using the biodiesel process described above or
they can be subjected to hydrogenolysis to produce alkane with kerosene grade suitable for use as aviation fuel
(TRAN et al., 2010).

There is a conception that the expansion of the patent register shows that countries are seeking economic complexity
in the sector, although the patent process is developing slowly in countries like Brazil and India, that is, similar
countries, in terms of investments in technology. and innovation, who sought to invest in patents, is certainly
producing aviation fuels from algae, which is called the third generation.

For Pandey and Kumar (2017), the fourth generation of biofuels is still under development and none of the
practically synthesized compounds have been tested. To date, it is the most promising and referred to as the most
advanced generation of biofuels. The theoretical concepts on which the principles of the fourth generation are
established are: development of genetically modified plants that will consume more dioxide (CO2) from the
atmosphere. Combination of oilseeds and algae plants to stimulate a species of cross-genetics of high yield and
success. For the authors, at the moment, only a few companies are working on it, the most popular being Craig
Ventor's Synthetic Genomics, which is prototyping microorganisms that can directly produce fuel from carbon
dioxide (CO2). By 2050, this generation is expected to be fully developed and to play an important role in the
world's energy sector. Thus, it can be said that countries such as the United States, Brazil and China have evolved,
but in each generation of biofuel, this evolution has become more complex, since it requires, from the registration of
patents, more investments in technology and innovation.

5. Conclusion

Based on the diagnosis, it is concluded that biofuel in terms of economic complexity is due to the particularities of
each country in relation to the installed production capacity and the way they invest in technology and innovation. In
Brazil, for example, it is difficult to believe in an economic complexity linked to the sector, as there is little
investment in technology and innovation, considering that, at the moment, the country has about 3% of the world's
registered patents related to biofuels.

Unlike the United States, which believes that the biofuels sector can be economically complex, as it is one of the
countries that most invests in technology and innovation, responsible for 26% of the patent registration and high
connectivity; therefore, it was found that in this country there is economic complexity in this sector.

In relation to China, there is the concept that it is one of the world's leading producers of biofuels, which has been
growing in the sense of economic complexity when one realizes that 26% of patents registered in the world are
Chinese, a similar proportional increase for the United States that consequently, it can reflect in the field of
international competitiveness as a whole.

Thus, this research ends up answering the central question highlighted in the introduction of this study on how
countries can better use the economic alternatives that add value and technology in the production of biofuels,
pointing out that the alternative is to seek technological innovations, more sophisticated products and, at the same
time. time, products more connected to the value chain.

Finally, this study revealed that the United States has been concerned with the evolution of technology applied to the
economic complexity of the sector, since more than a quarter of global biofuel patents are concentrated in the USA.
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However, China also has the same concern, as it has advanced a lot in the direction of innovation, which ends up
contributing to the sustainable economy for future generations.
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