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Abstract

Despite significant growth of the Brazilian biodiesel industry, the technological
goals outlined by the government have largely not been met. This study employs an
analytical framework based on the "Functions of Innovation Systems" by Hekkert
et al. (1) to investigate the reasons behind technological stagnation, gathering novel
data from multiple sources. The main findings include factors contributing to this
stagnation: a decline in scientific and technological development in recent years, with
limited innovation efforts from producers; underutilization of research networks and
collaborations between universities and industry; poor technological development of
engines adapted to biodiesel; and nascent diversification of raw materials.
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Biodiesel was officially introduced into the Brazilian energy matrix in 2005 (2),
after the National Program of Production and Use of Biodiesel (Programa Nacional de
Produção e Uso do Biodiesel) (PNPB) was created. During that period, several goals
for technological development were set for the whole biodiesel chain. Essentially, they
were the following: to diversify raw materials used for biodiesel production, by increas-
ing the use of low quality, lowering costs, and including regional cultures; to optimize
production technologies; to develop finer techniques for quality control; to ensure the
quality of biodiesel in storage; and to increase the value for co-products. The industry grew
significantly, reaching a production peak of almost 7 million m3 in 2021 (3), amounting
to 12.6% of world’s total production (4). However, since 2005, these technological goals
were not met overall, and there were no significant innovations.

Since its implementation, the biodiesel industry in Brazil basically operates via the
same technological route (detailed in Section 1). Although incremental innovations did
occur, they are not sufficient to explain the decrease in the production costs observed in
that industry between 2005 and 2015 by Nogueira et al. (5). The investigators sustain that
this reduction is explained both by economies of scale and by a decrease in input rates (5),
especially in soybean oil. Raw material costs account for around 80% of final production
costs (6) and producing biodiesel from the soybeans is notably more profitable if compared
to rapeseed and sunflower, for example (7).

Concerning the adoption of biodiesel, a niche market was created at the beginning
of PNPB, by establishing a compulsory blend of biodiesel to all fossil diesels sold to
final consumers in Brazil (2). The blend level, originally set at 2%, grew more rapidly
than initially planned, reaching 13% in 2021. Fuel distributors are allowed to voluntarily
increase the blend in any amount exceeding the mandatory minimum up to a maximum of
15% in volume, as long as engines pass tests and trials (8, p. 37). The biodiesel industry
has never operated with a high utilization factor, having the structure for extra production.
Nevertheless, voluntary use is very low (9), as biodiesel is usually more expensive than its
fossil counterpart. Therefore, biodiesel production/consumption grows at the same rate as
diesel consumption grows, subjected to the mandatory blend. Furthermore, no relevant
modifications or adjustments were made to the diesel engine so it might have an improved
performance with a higher amount of biodiesel.

In this article, we attempt to explain the failure to meet the technological goals
for biodiesel technology in Brazil. The aim is to create insight into underlying factors
associated with the operation of the biodiesel innovation system considering the framework
from “Functions of Innovation Systems” (1),1 data from Innovation Survey (Pesquisa de
Inovação) (PINTEC), and a comparison with the ethanol innovation system. Results
include a detailed understanding of the system and events which collaborated (or did not
so) to successful innovation. Considering that the Brazilian government aims to enhance
biodiesel blends and considers biodiesel an important technology to address climate change
(11), the conclusions from this study can be fundamental to evaluate existing innovation
policies and designing new ones.
1 Nikas et al. (10) partially addressed the subject; however, its analysis was less comprehensive and based

on incomplete data. Moreover, its approach differed somewhat from the current study.
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1 Technical aspects
In the first half of the 20th century, several experiments were conducted in engines

with different types of vegetable oil and animal fat. However, their high kinematic viscosity
restricted direct use. The main technological route to convert oil and fats into biodiesel
is via transesterification, which is a well-known (12), simple, relatively inexpensive, and
easily operable process. The biodiesel industry in Brazil operates with this process.

Industrial equipment for biodiesel production via continuous transesterification
processes is available in Brazil from national manufactures. Dedini S.A., a company
founded in the 1920s in São Paulo and a supplier of capital goods for ethanol mills and
distilleries (13), also provides full biodiesel plants. Dedini (14) states that its equipment
features “simple mechanics, easy maintenance, and high efficiency” and reports having
already installed 6 plants with a capacity of 630,000 m³/year and 5 plants with a capacity
of 675,000 m³/year, all of which are operational.

Despite its simplicity and widespread use, the conventional transesterification
reaction encounters operational challenges. It is notably sensitive to moisture but also to
the free fatty acid content in the oil. High levels of free fatty acids result in the formation of
soap, reducing yield and complicating the separation and purification process. Additionally,
mass transfer limitations arise due to the immiscibility of oil and alcohol.

When evaluating vegetable oils and animal fats for transesterification, their quality
needs to be considered. As previously mentioned, the transesterification reaction performs
best with low-acidity feedstock, which are typically more costly (6). Finally, the production
scale of feedstock poses a significant challenge for industrial production. In Brazil, despite
the goal for raw material diversification, alternative vegetable oils are not available to
supply the biodiesel industry on a scale that is compatible with demand (6). Unlike
more accessible raw materials, such as rapeseed and sunflower, producing biodiesel from
soybeans in Brazil is notably more profitable (7).

The most commonly employed triglycerides to produce biodiesel in Brazil are
soybean oil and animal fat, accounting for 66% and 12%, respectively, in 2022. The rise in
alternative raw materials observed from 2016 onward (Figure 1) cannot be attributed to
diversification. In fact, most components in the “other” category are “other fatty materials”,
which are waste generated during biodiesel production and re-utilized. Therefore, the shift
lies in the consequence of the developing a circular economy in production plants, rather
than substituting soybean (8).

The significant availability of soybean grain, and consequently soybean oil for
biodiesel production, stems from modernization of Brazilian agriculture since the 1960s,
a process whose best representative is soybean (15). This modernization is reflected in a
significant increase in productivity across all crops. Specifically, soybean land productivity
increased by 3.5 times between 1970 and 2015 (15, p. 73).

Regarding biodiesel quality, the requirements outlined by ANP (16) closely align
with North American standards (17). Regarding engine performance, comparisons between
biodiesel and diesel as fuels in modern test engines demonstrate comparable performances
(18). Overall, empirical findings suggest that biodiesel can be utilized without requiring
any modification to the engine. Nevertheless, there is significant potential for improvement.
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Figure 1 – Volume share of raw materials to produce biodiesel (2005-2022)

Source: created by the author, based on production data from ANP.

A study conducted by Indian researchers Goel; Kumar; Singh (19) aimed to evaluate the
effects of different modifications made to diesel engines to optimize their performance
when operating with biodiesel in terms of combustion, emissions, and overall efficiency.
The findings suggest that increasing compression ratios, injection pressures, and optimizing
injection timing result in improvements combustion, emission, and performance. These
results indicate that even modest adjustments enhance engine performance with biodiesel.

2 Innovation systems
The central idea behind the concept of a “national system of innovation” is that

successful innovations, their rate of diffusion, and their associated productivity gains
are not simply related to R&D intensity, but also, and maybe more importantly, to other
social and institutional changes (20). In other words, innovation creation and diffusion
happens within a systemic process. Freeman (21, p.1) defined the “national system of
innovation” as “the network of institutions in the public and private sectors whose activities
and interactions initiate, import, modify and diffuse new technologies”.

The concept of “technological system”, introduced by Carlsson; Stankiewicz
(22), while supporting the systemic importance for innovation production and diffusion,
proposes a different approach. According to the authors, a technological system “may be
defined as a network of agents interacting in a specific economic/industrial area under a
particular institutional infrastructure or set of infrastructures and involved in the generation,
diffusion, and utilization of technology. Technological systems are defined in terms of
knowledge/competence flows rather than flows of ordinary goods and services” (22, p.
111). Consequently, technological systems are industry-specific instead of referring to
the economy as a whole, i.e., the proper level of analysis should be a technology or
product, not an entire country. In this sense, boundaries are not necessarily national ones;
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they can be either a region within a country or internationally spread. Moreover, the
technological system approach focuses on the adoption and use of one technology rather
than the generation and distribution of knowledge (22).

The concept of functions was established by Johnson (23) as the outcome of an
extensive review of existing system approaches concerning “what happens in an innovation
system”. Function is defined as “the contribution of a component or a set of components
to the goal [of the innovation system]” (23, p. 2), being that goal “to develop, diffuse
and utilize innovations” (23, p. 4). The concept of function is useful not only to describe
the present state of a system but also to assess its dynamics, how it emerges and shifts.
Furthermore, studying the functions allows for the assessment of an innovation system’s
performance – for example, by analyzing its “functionality”, i.e., how well its functions
have been served (23, p. 17).

Hekkert et al. (1) labeled Carlsson; Stankiewicz (22)’s technological systems
as technology specific innovation systems (TSIS), departing from a specific technology.
Then, the authors presented a framework for mapping what they considered the central
seven TSIS functions (further discussed in section 3.1). The idea is that the analysis of
technological changes should focus on systematic mapping of key activities in TSIS to
explain shifts. Changes may happen faster when functions interact and lead to virtuous
cycles.

When applied, the functions approach maps the relevant “events” identified in the
technology-specific innovation systems. These “events” are then allocated to each of the
seven functions and represented over time. The method enables the visualization of periods
when each function performed well and when it did not. Finally, the seven pictures are to
be analyzed concurrently to construe a full picture of the system functioning (1). Among
the reasons to adopt this approach is reaching a potential set of policy goals as well as
instruments to meet those goals.

The functions approach, both the one developed by Hekkert et al. (1) and the one
by Bergek et al. (24), formed the framework for an extensive amount of papers, mainly
related to sustainable innovation, including alternative transport fuels and renewable energy
technologies, as pointed out by an extensive review carried out by Bergek (25). One of
her key findings was that that same framework had been applied to innovation systems
in underdeveloped countries, in a different context from the one in which it was first
developed. She claims that these economies “are more fragmented and lack an established
knowledge infrastructure and that they are more context-dependent but also more dependent
on developments at the local level” (25, p. 16). For Brazilian systems, the framework was
applied in the sugarcane and biofuel sector before the Proálcool (26); likewise, it was
applied to the production of ethanol (27, 28), biogas (29), second-generation ethanol (30),
and solar photovoltaic systems (31).

3 Methodology

3.1 Functions of the innovation system
The seven system functions proposed by Hekkert et al. (1) are listed below.
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1. Entrepreneurial activities: entrepreneurs can be either new entrants or incumbent
companies who diversify their business strategy. The presence of entrepreneurs is
the most important indicator of innovation system performance (1, p. 422).

2. Knowledge development (learning): learning lies at the core of any innovation (32,
p. 927).

3. Knowledge diffusion through networks: the aim is to identify knowledge flows,
considering that the essential function of a network is to exchange knowledge (22).

4. Guidance of the search: it refers to mechanisms that influence the direction taken by
firms and other actors as they look for new opportunities and select problems and
solutions to which they dedicate their resources (25).

5. Market formation: as new technologies face challenges in competing with embedded
technologies and undoing existing lock-ins, it is paramount to create protected spaces
for them to thrive during their initial stages (32).

6. Resource mobilization: allocating sufficient resources is required to enable knowl-
edge production (1).

7. Support from advocacy coalitions: if a new technology should succeed, it would
become part of an incumbent regime or it would have to overthrow it, unavoidably
facing opposition. Advocacy coalitions can lobby for resources, and favorable market
conditions (1, 32).

To map the functions’ activities over time, the indicators shown in Table 1 were
evaluated. The indicators for entrepreneurial activities are the same as those used by Negro;
Hekkert; Smits (32) and Furtado (33); so are the cases for: guidance of the search and
market formation. Knowledge development and resource mobilization were interpreted
following Furtado (33), with additional information from PINTEC to account for the
share of innovators. To map knowledge diffusion, the metrics for conferences, workshops,
and networks were used by Negro; Hekkert; Smits (32); joint publications and patents
were accounted for by Furtado (33); and relative importance of external information for
companies was evaluated using the results from PINTEC. Resource mobilization was
mapped not only with public funding, as in Furtado (33) but also with R&D expenditure
accessed with PINTEC. The support of advocacy coalitions was measured with the support
in Congress, proposed as a new indicator.

3.2 Data from PINTEC
The Innovation Survey (Pesquisa de Inovação) (PINTEC) was conducted by the

Brazilian Statistics Institute (Instituto Brasileiro de Geografia e Estatística) (IBGE) in
2011, 2014, and 2017, with the objective of measuring innovation activities within compa-
nies. Its results were presented grouped for the category “producers of coke, petroleum
products, and biofuels”.2 To request for a special tabulation of the results exclusively for
2 Fabricação de coque, de produtos derivados do petróleo e de biocombustíveis
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Table 1 – Function indicators for the biodiesel innovation system

Source: created by the author.
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biodiesel producers, we sent IBGE a list of the registration numbers3 of companies that
were authorized to operate by ANP at some point (Appendix 5). IBGE kindly provided
the requested dataset, which was analyzed to map indicators for the functions learning
(Section 4.2), knowledge diffusion (Section 4.3), and resource mobilization (Section 4.6).

4 Functional analysis

4.1 Entrepreneurial activities
Entrepreneurial activities in the Brazilian biodiesel sector were analyzed in two

stages. The first stage accounts for openings and closings of biodiesel plants in the period
between 2005 and 2022. Neither fusions nor acquisitions were considered openings, nor
intermittent operations – when a plant shuts down but reopens up to three years afterwards
– were considered openings or closings. Since entrepreneurs are both new entrants that see
opportunities in new markets or incumbent companies who diversify their business to take
advantage of new developments (32), all remaining openings and closings of plants were
tabulated in the data shown in Figures 2 and 3. By observing the data, three periods of
entrepreneurial activities are identified.

In the first period (2005-2008), there was a significant industry expansion with a
growing number of openings and very few closings. The sector expanded tenfold: from 4
plants in 2005 to 42 in 2008, in the first year of the mandatory blend. In the second phase
(2009-2016), despite an initial increase in operational plants – reaching its peak in 2010,
with 54 plants –, an adjustment is identified with significant amounts not only of closings
but of openings, as well. Entrepreneurial activity remained intense in this period, but at
a slower pace than in the first one; from 2010 onward, the number of plants consistently
diminished. During this adjustment period, in September/2013 ANP published a new
resolution stating, clearly establishing authorization requirements for biodiesel plants (34).
Finally, in the third phase (2017-2022), the industry expanded again, but, this time, at a
much slower pace.

The second stage of analysis for entrepreneurial activities was the elaboration of
company profiles. Data on the ten companies with the greatest production shares in 2022
(all above 3%) were gathered and displayed in Table 2. Four common features among
the firms can be highlighted. Firstly, most companies are originally Brazilian (9 out of
10), suggesting little international interest in the national biodiesel sector. Secondly, most
businesses (9 out of 10) operated in other sectors before entering the biodiesel market,
predominantly soybean agribusinesses (six companies). Therefore, the sector was mainly
composed of companies experienced in processing raw materials rather than companies
focused on fuel production and distribution. Thirdly, most firms (8 out of 10) entered
the industry in that first phase of activity (2005-2008), showing the importance of this
early period for developing the sector. In fourth place, most firms (9 out of 10) expanded
internally, opening new plants after the first.

Out of all the companies profiled, Be8 (former BSBIOS) seems to have a different
approach to the business. The largest producer – with a production share of 14% in 2022
(Table 2) – was founded in 2005 with the aim of operating in the biodiesel sector. In 2007,
3 CNPJ – Cadastro Nacional da Pessoa Jurídica.
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Figure 2 – Openings and closings of biodiesel plants (2005-2022)

Source: created by the author, based on production data from ANP.

Figure 3 – Biodiesel plants in operation (2005-2022)

Source: created by the author, based on production data from ANP.

it established a network with Embrapa and other supporters to research alternative raw
materials for biodiesel production, such as canola, sunflower and castor beans (35). Despite
their initiative, most of the firm’s current biodiesel production is derived from soybean
(35). Recently, the company expanded operations to Switzerland and Paraguay and has
been investing in other biofuels (48).
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Table 2 – Biodiesel producers with the top ten greatest production shares in 2022

Sources: created by the author, based on production data from ANP; company official websites (35, 36, 37,
38, 39, 40, 41, 42, 43, 44); and BiodieselBR (45, 46, 47).
Notes: * Former V-Biodiesel, former Brasil Ecodiesel.
The remaining 26 firms in the market amount to less than 3% production share each.

4.2 Learning
Knowledge development, or learning processes, result in broader and more pro-

found knowledge bases for a technological system (25). To assess the indicators, learning
was split between scientific and technological knowledge, following the methodology by
Furtado (33). Furthermore, the share of self-declared innovators was evaluated based on
data from PINTEC.

4.2.1 Scientific knowledge

Scientific knowledge was mainly described in terms of published scientific doc-
uments. Despite a decreasing trend in the creation of scientific knowledge related to
biodiesel in Brazil (Figure 4), the country still ranked fourth in the world in 2022, respon-
sible for 4.6% of total publications, behind India (21.6%), China (10.4%), and Malaysia
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(5.1%), but ahead of the United States (3.2%). In Brazil, scientific interest in biodiesel
became relevant after the compulsory blend for fossil diesel was implemented, as shown in
Figure 5. Afterwards, the number of publications grew to a peak of 391 in 2017. Interest,
then, decreased in 2022 to 2011 levels.

Among the top ten Brazilian institutions to which the researchers are affiliated, nine
are universities (Figure 6). Embrapa is the last organization in the top ten and Petrobras
ranks #20 among Brazilian institutions and #131 worldwide.

When scientific knowledge related to biodiesel is narrowed to include engines as
well, the Brazilian contribution becomes significantly less important at the world level. The
country ranked 17th worldwide in 2022, responsible for 1.6% of all publications, behind
India (36.9%), China (7.1%), Malaysia (5.1%), and several other countries. Actually,
scientific knowledge related to biodiesel in Brazil is systematically less focused on engines
when compared to knowledge produced elsewhere (Figure 7).

4.2.2 Technological knowledge

Technological knowledge was represented by granted patents. As in the case of
scientific knowledge, the development of technological knowledge on biodiesel followed a
decreasing trend after 2007, as notable in the data shown in Figure 8. International interest
in securing technology for the Brazilian biodiesel market has also decreased substantially
over the years (Figure 9). If, in the 2007-2012 period, 41% to 27% of patents granted by
the Brazilian Patent Office (Instituto Nacional da Propriedade Industrial) (INPI) listed in
their applicants at least one foreign institution, afterwards, the international share varied
between 25% to zero.

Petrobras has by far the most prominent role in technological knowledge creation
about biodiesel in Brazil since the company was granted almost twice the patents secured
by the second-ranked institution, the Federal University of Paraná (Table 3). Seven of
Petrobras’s patents are joint ownerships with universities, six of those with the Federal
University of Rio de Janeiro (UFRJ), located in the city of Rio de Janeiro, where Petrobras’s
R&D Center (CENPES) is also located. Figure 10 demonstrates that even Petrobras’s
interest in the biofuel has been on a decreasing trend.

Evonik is the only international company ranked amongst the top ten creators of
technological knowledge in Brazil. The German chemical company has an R&D laboratory
in Americana (São Paulo, Brazil) (49) and is the main catalyst supplier for the Brazilian
biodiesel market (50). The input – NaOMe, sodium methylate, is a chemical compound
that, despite other applications, is used primarily as a catalyst for transesterification with
methanol – is produced at a plant in Rosario (Argentina) (51).

In addition to Petrobras, the only biodiesel producers that have patents are Cargill
– one application in 2003 and another in 2007, both concerning corn oil –; Be8 (former
BSBIOS) – whose two applications were submitted in 2022, one for biodiesel production
and the other about its composition –; and Olfar – one patent about the production process
whose application was filled in 2019. This is another relevant evidence of the lack of
knowledge production by the Brazilian biodiesel private industry. None of the six patents
on biodiesel granted to vehicle manufacturers specifically concern engines.
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Figure 4 – Share per country of publications on biodiesel (2000-2022)

Source: created by the author using documents extracted from Scopus, including articles, conference papers,
reviews, book chapters, notes, conference reviews, books, short surveys, editorials, letters, data papers,
abstract reports, and business articles, with the word “biodiesel” in their title and/or abstract and/or
keywords.
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Figure 5 – Brazilian publications on biodiesel (2002-2022)

Source: created by the author using documents extracted from Scopus with the same criteria from Figure 4.

Figure 6 – Documents related to biodiesel by researcher affiliation including two Chinese
institutions that lead the world rank, the top ten Brazilian organizations, and
Petrobras (2000-2022)

Source: created by the author using documents extracted from Scopus with the same criteria from Figure 4.
Note: Chinese organizations are displayed in grey, Brazilian universities in blue, and Brazilian companies in
yellow.
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Figure 7 – Share of total publications on biodiesel that also study engines, per country
(2007-2022)

Source: created by the author using documents extracted from Scopus, with the word “biodiesel” and the
word “engine” in their titles and/or abstracts and/or keywords.

Figure 8 – Issued patents by INPI per application year (2000-2019)

Source: created by the author using patents extracted from LATIPAD - Espacenet, with the word “biodiesel”
in their title or abstract.
Note: the average time required for granting a patent on biodiesel was 2.6 years, with a minimum of zero
and a maximum of 12 years.

4.2.3 Share of innovators

As shown in Table 4, most biodiesel producers surveyed by IBGE declare to
have implemented product or process innovations in the evaluated periods; a fairly sta-
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Figure 9 – Share of issued patents by INPI per application year (2000-2019) with at least
one international applicant

Source: created by the author using patents extracted from LATIPAD - Espacenet, with the word “biodiesel”
in their title or abstract.

Table 3 – Patents issued by INPI, per applicant, related to biodiesel (2000-2022)

Source: created by the author using patents extracted from LATIPAD - Espacenet, with the word “biodiesel”
in their title or abstract.

ble share over time (2009-2017). This rate is considerably higher than the one for the
Brazilian industry in general (36% in 2017), and the one for “producers of coke, petroleum
products, and biofuels” (42% in 2017). The data suggest the existence of an innovative
industry, in contradiction not only with the other learning indicators, but also with the
R&D expenditures of biodiesel producers, detailed in Section 4.6.
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Figure 10 – Patents granted to Petrobras by INPI, per application year (2000-2018)

Source: created by the author using patents extracted from LATIPAD - Espacenet, with the word “biodiesel”
in their title or abstract.

Table 4 – Share of innovators among biodiesel producers (2009-2017)

Source: created by the author, based on data from PINTEC exclusively for biodiesel producers.

4.3 Knowledge diffusion
Knowledge diffusion was described by accounting for existing networks,4 not only

those exclusively dedicated to diffusion, but also those that connect companies and which
would probably enable exchanges. Network activity was measured by the amount of events
held by each. Additionally, linkages were also observed by computing joint ownership of
patents and joint authorship of scientific documents. Finally, the relative importance of
external information for companies was accessed using PINTEC data.

In 2005, even before the compulsory blend was implemented, the Brazilian gov-
ernment created the Brazilian Biodiesel Network (54).5 Coordinated by the MCTI, the
network program had two objectives: to o build a management system to articulate several
actors involved in research, development, and production of biodiesel; and to identify and
manage technological bottlenecks that might arise with the evolution of the PNPB.

R&D initiatives, already signaling an initial guidance of search, were split into five
categories: agriculture, storage, quality control, co-products, and production (54). Seven
4 In the launch of the PNPB, many other smaller networks, especially within states or regions, were built,

as presented in Sebrae (52) and BiodieselBR.com (53). No record of recent activities by these networks
was found.

5 Rede Brasileira de Tecnologia de Biodiesel
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events held by that network happened in 2006 (I), 2007 (II), 2009 (III), 2010 (IV), 2012
(V), 2016 (VI), and 2019 (VII). A website dedicated to that network or to its events could
not be found. Additionally, except for the 2019 event, the event papers are not easily found
online, jeopardizing circulation.

The biodiesel producers are well organized in three main associations: União
Brasileira do Biodiesel e Bioquerosene (Ubrabio) (55), Associação dos Produtores de
Biocombustíveis do Brasil (Aprobio) (56), Associação Brasileira das Indústrias de Óleos
Vegetais (ABIOVE) (57), as displayed in Table 5.

Table 5 – Associations involving biodiesel producers

Sources: created by the author using data from associations websites (57, 56, 55).
Note: Biodiesel producers are marked in grey.

Ubrabio organizes, with the support of Embrapa Agroenergia, from the MAPA, and
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of the Parliamentary Group for Biodiesel (58), an annual event called Biodiesel Week. Four
editions happened in 2020, 2021, 2022, and 2023 (59), listing as participants entrepreneurs,
public agents, journalists and researchers (55). Another important event organized by
the industry was the BiodieselBR Conference that has occurred once a year since 2007
and assembles the agents from the sector: biodiesel producers and their suppliers, fuel
distributors, government, and researchers (60).

Petrobras established close cooperation with the Federal University of Rio de
Janeiro (UFRJ), which includes a Center for Biofuels, Petroleum, and its Derivatives,
inaugurated in 2012 and built with investments from both Petrobras and ANP (61). Of the
seven patents granted to Petrobras with joint ownership, six belong to UFRJ. Out of 98
papers on biodiesel published by researchers affiliated with Petrobras between 2000 and
2022, 45 were co-authored with UFRJ researchers.

Several biodiesel producers that implemented product or process innovations
declare that these innovations were achieved with cooperation (Table 6). However, this
result is not compatible with the relative importance given to their sources of information,
shown in Table 7. Generally, biodiesel producers find their internal information sources to
have a higher importance than those external. Out of the external sources, the only ranked
to be more important is “suppliers”.

Table 6 – Share of innovators that had cooperation (2009-2017)

Source: created by the author, based on data from PINTEC exclusively for biodiesel producers.

Biodiesel producers consider both universities and research centers to be irrelevant
information sources, suggesting the ineffectiveness of university-company interaction.
Furthermore, “conferences, meetings, technical papers”, and “fairs and exhibitions” are
also deemed irrelevant by many surveyed producers, which indicates that the many attempts
to build active knowledge flows through networks cannot be considered successful.

4.4 Guidance of the search
Guidance of the search was mapped by analyzing the main national policies aimed

at influencing the direction of the research concerning biodiesel, especially its visions and
potential targets. Four major programs and policies were probed in detail.

In 2002, the Ministry for Science, Technology and Innovation (Ministério da Ciên-
cia, Tecnologia e Inovação) (MCTI) founded PROBIODIESEL “to promote scientific
and technological development of biodiesel from ethyl esters contained in pure and/or
residual vegetable oils” (62).6 To make that project viable, the Ministry created a national
6 All expressions, names, sources, and passages herein originally in Portuguese have been freely translated

by the author.
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Table 7 – Biodiesel producers’ sources of information and their relative importance (2009-
2017)

Source: created by the author, based on data from PINTEC exclusively for biodiesel producers.
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network of “more than 200 experts representing the federal, state, and municipal gov-
ernments, academia and research entities, business associations, regulatory and funding
agencies, cooperatives, and NGOs” (63). The objectives for technological development
were distributed across four areas: technical specifications; quality and legal aspects; social
/ environmental viability and technical competitiveness; and economic viability.

Before implementing the Brazilian Network for Biodiesel in 2005, in 2003 and
2004 and in cooperation with 22 states, the MCTI mapped all installed competence in the
country to serve as basis for the network structure (54). Then, that structure was split into
five sub-networks (64): (i) raw materials; (ii) production; (iii) storage and stability; (iv)
characterization and quality control; (v) co-products.

In 2018, the MCTI published a “Plan for Science, Technology, and Innovation
on Renewable Energy and Biofuels”7 that considered it strategic, in order to overcome
technological challenges, to develop R&D actions focused on:

1. diversifying raw materials used for biodiesel production;

2. increasing the use of low quality and low-cost raw materials, with the adoption of
other technologies to replace alkaline transesterification;

3. optimizing production technologies;

4. ensuring biodiesel quality while in storage;

5. simplifying the methodology for quality control;

6. increasing value for co-products; and

7. increasing the proportion of biodiesel in the blend to fossil diesel, safeguarding
quality control.

In general, national policies aimed at developing technology concerning for
biodiesel industry were consistent over time. From PROBIODIESEL in 2002, to the
plan issued in 2018, basically the focus was on the same five areas: diversification of raw
materials; production processes; storage and stability; characterization and quality control;
and byproducts. In none of those policies, the improvement of diesel engines to work
better with biodiesel were considered as a priority.

4.5 Market formation
Market formation can be described from three perspectives. Firstly, based on

the creation of a niche market and the sector’s evolution over time, comprising industry
concentration, average plant capacity, and regional concentration. Secondly, it can be based
on the establishment of a commercialization model, in force up to 2022, in addition to
average prices of biodiesel compared with fossil diesel prices. Thirdly, tax benefits.

The niche market was created at the beginning of PNPB, by establishing a compul-
sory blend of biodiesel to all fossil diesels sold to final consumers in Brazil (2). The blend
7 Plano de Ciência, Tecnologia e Inovação para Energias Renováveis e Biocombustíveis
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level, originally set at 2% between 2008 and 2012, and 5% from 2013 onwards, at first
grew more rapidly than initially planned (Figure 11).

Figure 11 – Biodiesel blend to fossil diesel (% in total mixture volume) (2005-2021)

Source: created by the author, based on data from the Oil, Natural Gas, and Biofuels Statistical Yearbook by
ANP (3).

In this context, as discussed in Section 4.1, the market expanded at the outset with
an increasing number of companies and therefore with decreasing concentration, which
then underwent adjustments. In this adjustment period, market concentration reached the
level where it still remained in 2022. CR4 is around 40%, and HHI, around 700, as seen in
the data from Figure 12. Over time, the average production per plant (Figure 13) increased
significantly, suggesting that small plants would have difficulties to survive in a mature
market.

Regarding regional concentration, the plants responsible for 42% of the national
production in 2022 are in the southern region, where cattle farming is quite relevant.
Plants responsible for another 38% of production are in the Central-West region, the main
soybean agribusiness production zone. As perceptible in Figure 14, production is very
concentrated in these four main states, which in total produced 73% of Brazilian biodiesel
in 2022. The location of the plants clearly correlates with locations where raw materials
are manufactured.

According to the commercialization model formulated by PNPB (65) and in force
up to early 2022 (66), biodiesel supplied by producers to the national market could only
be sold in public auctions held by ANP to buyers who produced or imported fossil diesel
in proportion to their market share. Importing biodiesel for the mandatory blend was
prohibited in practice.8 In this arrangement, Petrobras was granted a prominent role as the
8 International sellers were not allowed in the public auctions at first and, after auctions were ended,
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Figure 12 – Biodiesel market concentration (2005-2022)

Source: created by the author, based on production data from ANP.

Figure 13 – Average production per plant in operation (2005-2022)

Source: created by the author, based on production data from ANP.

imported biodiesel was not considered to compose the mandatory blend.
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Figure 14 – Biodiesel production per state (2022)

Source: created by the author, based on data from the Oil, Natural Gas, and Biofuels Statistical Yearbook by
ANP (3).

sole buyer in auctions, as its share in the national diesel market was over 99% (67, Item
3.1).9

Average prices of biodiesel sold in auctions is shown in Figure 15 with the fossil
diesel average prices. Three different phases are distinguishable (8). In the first stage
(January/2005 - October/2016), biodiesel prices were consistently higher than diesel ones.
In this period, Petrobras did not set a pricing policy of aligning internal diesel prices with
international ones (8). Then, in the second stage (October/2016 - March/2020), biodiesel
became competitive with diesel. In October/2016, Petrobras announced the alignment of
diesel prices to import parity prices (IPPs) (8). Despite the persistence of these pricing
policies, in the third phase (March/2020 - December/2021), biodiesel prices increased
considerably, mainly due to an increase in international prices of soybean that added to the
devaluing of Brazilian real relative to the dollar, rendering the export of that commodity
more lucrative, therefore reducing its internal availability (68).

Regarding tax benefits, the law states that the total tax rates and federal contribu-
tions for biodiesel could not be higher than those for fossil diesel (2). Furthermore, special
incentives -– still in force (69) -– were granted to producers whose raw materials were
palm and castor oil grown in the North and Northeast regions and semi-dry areas, and/or
acquired from family agriculture business. These incentives are higher if both criteria
are fulfilled (69). In fact, family agriculture was granted even further support. Out of the
9 The auctions’ operation is very well described in Dutra (8).
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Figure 15 – Biodiesel and fossil diesel prices (2005-2021)

Source: created by the author, based on data from the Oil, Natural Gas, and Biofuels Statistical Yearbook by
ANP (3).

biodiesel volume commercialized in public auctions, 80% had to be from raw materials
produced by family farmers who participated in the PRONAF – National Program to
Strengthen Family Agriculture (65).10

4.6 Resource mobilization
Resource mobilization can be described from four perspectives. Firstly, by evalu-

ating the direct investment allocated to the creation of Embrapa Agroenergia. Secondly,
by evaluating funding – both for innovative and non-innovative initiatives concerning
biodiesel – allocated by the National Bank for Economic and Social Development (Banco
Nacional de Desenvolvimento Econômico e Social) (BNDES) over the years. BNDES is
the most important funding agency for long-term projects in Brazil and the key source of
long-term committed finance in the Brazilian economy (70, p. 43). Thirdly, by analyzing
the scientific publications on biodiesel that mentioned, as sponsors, the most relevant
funding agencies for graduate programs and students in Brazil. Fourthly, by accessing the
R&D expenditures of biodiesel producers.

Embrapa Agroenergia was created alongside the establishment of PNPB, with
the aim of ensuring an increase in the participation of renewable sources in the National
Energy Balance. (71). Between 2008 and 2010, the government invested R$ 500 million in
physical improvements, operating expenses, and personnel throughout the organization
(72). Embrapa Agroenergia has a research center located in Brasília (Federal District)
10 Programa Nacional de Fortalecimento da Agricultura Familiar
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including: five laboratories; pilot plant area; greenhouses that support experiments with
plant crops; two experimental areas, where 88 people are working (73).

Before the implementation of the compulsory blend in 2008, BNDES built a
funding program comprising all stages of biodiesel production, from raw materials to
the final product (74, p. 55). Indeed, in 2006, BNDES destined almost R$ 120 million11

to projects related to biodiesel. Even with a decrease in support over the years (Figure
16), several biodiesel producers benefited from it and, in one specific case, a university
developed an innovative project, as shown in Table 8.

Figure 16 – Funds allocated by BNDES to biodiesel-related projects (2006-2022)

Source: created by the author, based on data from BNDES.
Note: financing operations were filtered by sector “production of biofuels, except alcohol”.

In the topic of scientific research funding, specifically, the two main Brazilian
funding agencies for graduate programs and students – the National Council for Scientific
and Technological Development12 (CNPq) and the Coordination for the Improvement of
Higher Education Personnel13 (CAPES) – are, respectively, in the second and the third
positions in the sponsors rank of published documents on biodiesel (Figure 17). Together,
both agencies are acknowledged in 2,949 documents, almost 50% more than those that
mention the top sponsor, the National Natural Science Foundation of China. FAPESP
(São Paulo Research Foundation)14 is also an important sponsor, fifth in the world ranking.
Based on the evolution in published documents shown in Figure 18, those three institutions
offered continued support to research on biodiesel over the years.

Data for biodiesel producers declared innovation expenditures is shown in Table
9. On average, the share of liquid sales allocated to innovation is very low compared to
11 Approximately 53 million dollars in 2006 values.
12 Conselho Nacional de Desenvolvimento Científico e Tecnológico
13 Coordenação de Aperfeiçoamento de Pessoal de Nível Superior
14 Fundação de Amparo à Pesquisa do Estado de São Paulo.
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Table 8 – Funding granted by BNDES to biodiesel-related projects (2006-2022)

Source: created by the author, based on data from BNDES.
Notes: R for reimbursable, and NR, for non-reimbursable.
* The funds for both innovative projects were granted in 2011.
Financing operations were filtered by sector “production of biofuels, except alcohol”.

both the Brazilian industry in general (2.5% in 2017) and “producers of coke, petroleum
products, and biofuels” (1.6% in 2017). Thus, despite the fact that most producers declare
to have implemented innovations (Table 4), on average they invest very little in innovation,
which is consistent with their very low knowledge production.

Table 9 – Biodiesel producers innovation expenditure (2009-2017)

Source: created by the author, based on data from PINTEC exclusively for biodiesel producers.

4.7 Support from advocacy coalitions
Support from advocacy coalitions was described by assessing legislative backing

for the biodiesel industry. In addition to having their institutional interests represented by
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Figure 17 – Documents related to biodiesel by declared sponsor including Chinese in-
stitution that leads the world rank and the top nine Brazilian institutions
(2000-2022)

Source: created by the author using documents extracted from Scopus with the same criteria from Figure 4.
Note: the Chinese organization is displayed in blue, and Brazilian institutions, in green.

Figure 18 – Documents related to biodiesel with the top 3 Brazilian funding institutions as
declared sponsors (2002-2022)

Source: created by the author using documents extracted from Scopus with the same criteria from Figure 4.
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three associations, biodiesel producers rely on the Parliamentary Group for Biodiesel in
Congress. Created in 2011 to facilitate dialogue between the sector and the federal govern-
ment, it has been renewed thrice and makes up a significant share of the representatives
(75), as shown in Table 10. Congressmen and congresswomen from the whole political
spectrum compose this institutional board, ranging from the far left to the far right (76).
All Brazilian 27 states have active members, São Paulo, Rio Grande do Sul, and Minas
Gerais being the states sending most congresspeople.

Table 10 – National Congress representatives in the Parliamentary Group for Biodiesel

Source: created by the author using data from BiodieselBR.com (75).

5 Conclusion
The expansion of Brazil’s biodiesel industry has been both significant and rapid.

Over the course of fifteen years, the industry has achieved a high-quality production output
of 7 million cubic meters, accounting for 12.6% of the world’s total production (4). The
fuel’s specifications adhere strictly to international standards.

The implementation of biodiesel industry in Brazil was predominantly government-
led, beginning with the establishment of the National Program of Production and Use of
Biodiesel (Programa Nacional de Produção e Uso do Biodiesel) (PNPB). First, a niche
market was secured from the outset through the mandatory blend of biodiesel to diesel,
a policy sustained over time through incremental increases in biodiesel share. Second, a
commercialization model was instituted through public auctions, which remained in effect
until 2022. Third, biodiesel has consistently enjoyed tax benefits compared to diesel. Fourth,
public funding for the development of scientific and technological knowledge continued
uninterrupted, facilitated by the expansion of Embrapa Agroenergia and sustained financing
from Brazilian funding agencies. CNPq and Capes respectively ranked as the world’s
second and third largest supporters of biodiesel research. Fifth, the technological goals
outlined by the PNPB remained consistent over time, providing stable guidance of the
search. Sixth, the government established the Brazilian Biodiesel Network and organized
continuous events from 2006 to 2019. Lastly, a well-established Parliamentary Group for
Biodiesel, comprising approximately 40% of Congress representatives spanning from the
far left to the far right, advocated for the industry’s interests in the National Congress over
time.

The biodiesel market in Brazil benefited from existing capacities following the
remarkable success of the soybean agribusiness. Approximately 85% of Brazilian biodiesel
is derived from soybean oil, an abundant feedstock with sufficient capacity to meet demand
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at reasonable costs, despite competition from soybean grain exports. Following an initial
adjustment period, the market has maintained stable concentration levels over the past
decade, accompanied by an increase in average production per plant. The industry appears
to have reached a more mature stage, potentially posing barriers to entry for new companies.
Among the top ten biodiesel producers with the largest production shares in 2022, five
companies originally operated in the soybean agribusiness sector.

Despite systemic government initiatives, both the development of scientific and
technological knowledge has experienced a decline in recent years. There is decreasing
scientific interest in biodiesel in Brazil when compared to countries like India, China, and
Malaysia. Long-term interest in ethanol played a pivotal role in establishing ethanol as a
viable alternative to gasoline (13).

The findings also reveal minimal efforts by biodiesel producers to generate knowl-
edge. Despite a high proportion claiming to have implemented product or process innova-
tions, few patents were filed by producers other than Petrobras, and biodiesel producers
allocate very little resources to innovation, especially when compared to Brazil’s industry
in general. In contrast, within the ethanol innovation system, the active involvement of
diverse agents, including private companies such as suppliers, startups, distilleries, and
mills, was crucial for success (13).

Despite the existence of long-standing knowledge diffusion networks that have
organized numerous events, there is limited documentation available online, suggesting
that information may not be easily accessible to researchers. Moreover, most biodiesel
producers consider conferences, meetings, technical papers, fairs, and exhibitions as irrele-
vant sources of information. In the ethanol innovation system, the effective functioning of
research networks also played a significant role in its success (13).

Overall, there has been limited interest in research exploring the association be-
tween biodiesel and engines. Engines have not been included in any of the government’s
technological goals. None of the six patents granted to vehicle manufacturers between
2000 and 2022 specifically addresses engines. In 2022, only 11% of Brazilian publications
on biodiesel also included engines, compared to 22% worldwide and 55% in India. Despite
the possibility of using biodiesel without any engine modification, there remains significant
potential for improvement. Enhancements in fuel use in engines are fundamental for more
widespread adoption of the technology. In the case of ethanol development in Brazil, FFVs
played an essential role in making ethanol viable.

Cooperation between universities and industry was found to be relevant only for
Petrobras and Embrapa, who cooperated in research centers, joint papers and shared patents.
However, most biodiesel producers declare to consider universities as irrelevant sources
of information. This disparity may be attributed to the geographical distance between
productive universities and the majority of biodiesel plants. While the most productive
universities conducting research on biodiesel are situated in the states of Rio de Janeiro,
São Paulo, and Paraná, most biodiesel producers are located in Mato Grosso, Goiás, and
Rio Grande do Sul. In contrast, during the development of the innovation system around
ethanol, most of active agents -— including sugarcane refineries, startups, suppliers of
capital goods, universities, public and private research centers, and governmental bodies
-— were concentrated in São Paulo state (13). As it is well documented in the literature,
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geographical proximity may facilitate collaboration and knowledge exchange (77).

Finally, it is important to address two key aspects of the technological development
goal aimed at diversifying feedstock for biodiesel production. On the one hand, reducing
reliance on a single input, such as soybean oil, is crucial for the industry, especially
considering the competition it faces from direct soybean grain exports. On the other hand,
ensuring feedstock viability at an industrial scale demands a sufficient volume of biomass.
Achieving this requires the development of scalable processing technologies tailored
to each biomass type, as different biomasses necessitate distinct processing methods.
However, achieving the diversification goal necessitates sustained long-term research
efforts, as demonstrated by the case of soybean, whose remarkable productivity is attributed
to technological advancements made in the latter half of the 20th century (15). Nevertheless,
as these new feedstocks mature enough for industrial-scale supply, they will encounter a
well-structured industry that has already reached a more mature stage.
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