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Abstract - The transportation sector in Brazil consumes over one-third of the national energy matrix, which makes biofuels
critical for diversifying energy sources and reducing environmental impacts from fossil fuels. Prodlcool started in 1975, and
the National Biodiesel Production and Use Program (PNPB) began in 2004. These historical programs prepared the ground
for biofuel production. Then, RenovaBio arrived in December 2016 as a more recent policy. When the SARS-CoV-2 pandemic
arrived in March 2020, fuel supply and demand were significantly disrupted. This study examines production trends for
ethanol (both anhydrous and hydrous) and biodiesel from 2012 to 2021, also using GDP data, to evaluate RenovaBio’s role
across three periods. Those periods are pre-pandemic (2012 to 2019), acute pandemic (2020), and post-acute (2021). The
data come from the ANP (Agéncia Nacional do Petroleo, Gas Natural e Biocombustiveis) and the World Bank. The results
show that the pandemic’s negative effects largely outweighed any benefits from RenovaBio, although the program reduced
some of the harm. Meanwhile, production of hydrated ethanol contracted, while production of anhydrous ethanol and
biodiesel remained stable, even as fuel price increases favored gasoline. In 2021, there was a 3% reduction in the required
biodiesel blend, slowing growth without affecting production, which remained close to previous years. Overall, these findings
show the importance of policies like RenovaBio for meeting climate targets and the Sustainable Development Goals, while

also pointing to the need for bigger changes to make biofuels more competitive and encourage continued investment.
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1. Introduction

The energy matrix is the combination of multiple
sources available to a nation for its development. This matrix
is composed of sustainable sources and others that impose
environmental liabilities. Economic and technological
development, as well as other sectors, depend on the energy

supply.

The transportation sector in Brazil uses 34% of the
country’s total energy [1]. In this area, 73% of the energy
comes from fossil fuels like gasoline and diesel, while 23%
comes from biofuels. This large use of oil affects both
Brazil’s trade balance and its environmental conditions.
However, the effects on trade deficits and pollution are
different because reliance on oil impacts each in different
ways.

Since 1975, Brazil has been promoting biofuels, initially
with the Proalcool Program. Then, in 2004, the National

Program for the Production and Use of Biodiesel (PNPB)
was created. Both programs were designed to incorporate
more biofuels into the national energy matrix, reduce oil
imports, and address environmental challenges, reinforcing
the role of biofuels in Brazilian energy policy.

The RenovaBio program, launched in December 2016
and regulated by Law No. 13,576/2017, was designed to
encourage low-carbon fuels, cut greenhouse gas emissions,
and meet global climate goals [2,3]. The program was still
being implemented when the SARS-CoV-2 pandemic began
in March 2020, disrupting energy markets and fuel supply
and demand. Liquid fuels were hit harder than other types.

The COVID-19 pandemic brought major changes to
daily life, such as travel restrictions, remote work, and
reduced mobility, directly affecting fuel use and biofuel
production. In Brazil, these changes made existing problems
in the biofuels sector worse, like price swings, lower
demand, and labor shortages. Rather than introducing new
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problems, the pandemic intensified existing weaknesses.
RenovaBio may have contributed to maintaining biodiesel
production and supporting the ethanol market, although
biodiesel and ethanol were affected differently by the crisis

[4].

Research on biofuels and energy policy in Brazil is
growing, but most studies look at policies like RenovaBio or
the economic effects of COVID-19 on their own. This
separation limits the understanding of how policy design
performs under stress conditions. There are few studies that
examine how decarbonization policies and global shocks
interact over time, and not much attention has been given to
how these combined effects change production and prices in
Brazil's biofuels sector. This indicates a literature gap. This
study addresses this gap by jointly evaluating the
implementation of RenovaBio and the impacts of the SARS-
CoV-2 pandemic within a unified temporal framework. This
approach allows a more integrated understanding of policy
performance under external shocks.

The timeframe is divided into three phases: pre-
pandemic (2012-2019), the acute pandemic in 2020, and the
final phase in 2021, the post-acute pandemic. This study
evaluates how RenovaBio and the SARS-CoV-2 pandemic
jointly influenced biofuel production, fuel prices, and
Brazil’s economy, focusing on the interaction between policy
incentives and external demand shocks. Using data from the
Agéncia Nacional do Petroleo, Gas Natural e
Biocombustiveis (ANP) and the World Bank, the analysis
covers 2012 to 2021.

The study examines the production of both types of
ethanol (anhydrous and hydrous) and biodiesel, along with
Brazil's GDP, to assess how RenovaBio supported biofuels
and lessened the effects of the pandemic, with different
magnitudes across fuel types due to distinct market
conditions.

By studying these factors, this research shows how
energy policies can help make biofuels more competitive,
support economic recovery, and achieve the Sustainable
Development Goals (SDGs), especially SDG 7, SDG 9, and
SDG 13. The findings offer useful advice for policymakers
and stakeholders to improve current policies and create a
stronger, more sustainable energy sector. The conclusions of
the analysis relate to public policies.

2. Materials and Methods

This analysis uses data from the Agéncia Nacional do
Petroleo, Gas Natural e Biocombustiveis, ANP, obtained
through the Brazilian Open Data Portal, Portal Brasileiro de
Dados Abertos 2022a, b. The biofuels production series is
available for different periods, with biodiesel data from 2005
to 2021 and ethanol data for anhydrous and hydrous forms

from 2012 to 2022. Because the full historical series is not
complete for both fuels over the same interval, the study
focuses on 2012 to 2021, the period for which comparable
data are available for all variables analyzed.

The original production data are reported in cubic
meters. For this study, the values were converted to
thousands of cubic meters, while preserving all digits used in
the calculations. Fuel sale price data were collected for the
same period. These data are published every six months in
spreadsheets covering all gas stations in Brazil, generating
about 1.5 gigabytes of information for the period studied.

A descriptive time-series approach guides the analysis,
in which biofuel production, fuel prices, and macroeconomic
performance are examined jointly. The variables considered
include the production of anhydrous ethanol, hydrous
ethanol, and biodiesel, together with the average prices of
gasoline, common diesel, S10 diesel, and ethanol, as well as
gross domestic product as an indicator of economic
performance. This approach makes it possible to identify
patterns and co-movements over time, without establishing
causal relationships.

Because the collected datasets on production and sales
prices were large, data processing and visualization were
performed wusing Microsoft Power BI, which enabled
integration, filtering, and summarization of the information
used to generate the figures. The base data for the figures are
available in Appendix A of this study. Notably, the price data
use the term ethanol, while the production data use the term
hydrous ethanol.

The analysis is organized into three periods: pre-
pandemic from 2012 to 2019, acute pandemic in 2020, and
post-acute in 2021. This organization makes it possible to
identify changes in production and price behavior associated
with both the introduction of RenovaBio and the impacts of
the SARS-CoV-2 pandemic, as well as to evaluate trends and
possible links between policy incentives and market
conditions.

During the initial processing, records not relevant to this
study were removed, and inconsistencies in the
regionalization of some states in the data for 2020 and 2021
were identified. Data on GDP were collected from the World
Bank, with Brazil, the United States, the European Union,
and China selected for the same period covered by the ANP
dataset. Once the data were treated, they were organized into
electronic spreadsheets, which supported the figures and
simplified tables used in the analysis.

Differences between datasets require aligned time
periods, without modification of the original values, in order
to preserve comparability across the series. As the analysis is
descriptive, the results are treated as associations and do not
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represent direct causal relationships. Even with these
limitations, the dataset allows the identification of the main
trends and sector responses over the period.

This study uses a descriptive approach to examine
patterns and trends over three periods. The variables
considered in the analysis include biofuel production
(anhydrous ethanol, hydrous ethanol, and biodiesel),
expressed in thousands of cubic meters, average retail fuel
prices (gasoline, ethanol, S500 diesel, and S10 diesel), and
GDP as an indicator of economic performance. Econometric
models are not used, so the results show associations rather
than causal relationships. Factors such as international oil
prices, exchange rates, and changes in domestic or foreign
policy may affect the results.

3. Results and Discussion

This study examines events between 2012 and 2021,
grouped into three key periods related to the SARS-CoV-2
pandemic declared on March 11, 2020. The period from
2012 to 2019 is defined as pre-pandemic, 2020 represents the
acute period, and 2021 is defined as post-acute rather than
post-pandemic. As of January 2023, the World Health
Organization had not declared the end of the pandemic.
Across these three periods, the production of ethanol
(anhydrous and hydrous) and biodiesel is evaluated, together
with the sales values of gasoline, common diesel (also called
S5000), S10 (a formulation with lower pollutant emissions),
and ethanol (hydrous, according to ANP labeling).

3.1. Pre-pandemic Period (2012-2019)

During the pre-pandemic period, from 2012 to 2019, the
Brazilian government launched its newest biofuel incentive
program, RenovaBio, in December 2016, which was
implemented in December 2017 [2,5]. Between its launch
and implementation, only biodiesel exhibited a positive
market response, which may reflect a response to the
program and anticipation of its potential effects, although
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other market factors may also have contributed. For hydrous
ethanol and biodiesel, 2018 marked the rise in production
(Figure 1). Although this section covers events from 2012 to
2019, Figure 1 illustrates the entire historical series up to
2021, providing relevant data for the subsequent sections,
where it is analyzed in the following sections.

Through Figure 1 and Table 1 of Appendix 1, from 2012
to 2018, anhydrous ethanol showed stable production levels.
Hydrous ethanol exhibited a consistent growth trend, except
in 2016 and 2017, when no direct correlation with anhydrous
ethanol production was observed. In 2018, hydrous ethanol
recovered its growth curve with a 40% increase over the
previous year. In 2018, there may have been a greater
allocation of inputs to hydrous ethanol due to the 20%
reduction in anhydrous ethanol production. RenovaBio was
regulated by decree in March 2018, which may be associated
with the 19.6% increase in biodiesel production during the
2017-2018 biennium (Figure 2) [2,5]. The 2018-2019
biennium marks the beginning of a slowdown in biodiesel
production, indicating an adjustment after a period of high

production. Nevertheless, production levels remained
positive.
Figure 2 demonstrates percentage variations by

biennium, revealing moments of growth and retraction due to
various factors beyond the scope of this study. Evaluating the
types of ethanol, only in the 2012/13 and 2018/19 biennia
was the production of both ethanol types increasing, while in
the other periods there was alternation between them. The
2016/17 biennium was marked by a decline in the production
of both types of ethanol, and this trend occurred in the
2019/20 biennium. This decline may reflect early market
adjustments and may have been intensified by subsequent
measures implemented to mitigate the effects of the COVID-
19 pandemic, which reduced fuel consumption and,

consequently, the production of both ethanol types.
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Fig 2 Percentage changes in production in each biennium from 2012 to 2021

The analysis aligns with the IEA report, which stated
that global biofuel production grew at an average rate of 5%
per year from 2010 to 2019, and it was expected that from
2019 to 2030 demand would triple in the transport sector [6].
In the case of Brazilian biodiesel, which from 2012 to 2019
had only one year with growth below 5% (biennium
2015/16, reduction of 3.6%), ethanol production showed
varying growth rates. On average, hydrous ethanol grew by
7.38%, while anhydrous ethanol grew by only 0.05%, below
the global average (Figures 1 and 2), in line with the trends
reported by the IEA [6].

3.2. Acute pandemic period (2020)

With the declaration of the SARS-CoV-2 pandemic on
March 11, 2020, many activities shifted to remote work,
reducing fuel demand for car and motorcycle fleets [7].

Figure 3 compares the monthly biofuel production in
2019 and 2020. In the first four months of 2020, biofuel
production was higher than during the same period in 2019,
indicating an initially favorable scenario. The effects of the
pandemic were already being felt worldwide before the
official declaration, starting with the first cases reported in
Wuhan, China [8].

Among the biofuels studied, biodiesel showed the
smallest changes, possibly due to the positive effects of
RenovaBio, a program that has been expanding since 2017,
and the nature of the biodiesel market. Figure 3 also shows
that until May 2020, ethanol production was higher than in
2019. From April, production declined sharply, immediately
after the pandemic declaration. These drops may be
associated with lower demand and worker shortages.
Hydrous ethanol production remained below 2019 levels
until December, while anhydrous ethanol varied month to
month, with growth from February to October 2020. In the

last three months of 2020, production approached 2019
levels but declined again in December.

The reduction in ethanol production was accompanied
by a price increase, which may have reduced the
competitiveness of this biofuel compared to gasoline [9].

In the United States, during the acute phase of the
pandemic, there was a reduction in ethanol prices, while this
effect was not observed in the European market. There,
ethanol prices were influenced by the supply and demand of
sugar and corn, used for both biofuel and food production. In
Europe, ethanol prices were mainly influenced by the costs
of artificial fertilizers and corn [10].

Figure 3 reflects a global reduction in biofuel
production, with different patterns across regions [8,10].
Europe’s ethanol market remained stable, while Brazil
presented greater variation.

The international drop in oil prices during the acute
phase of the pandemic reduced the competitiveness of
biofuels and the demand for inputs such as corn and oilseeds
[11]. This effect also extended to other agricultural products.

Global biofuel demand in 2020 declined by 8%, mainly
due to the effects of the pandemic [6]. In Brazil, the ANP
reduced greenhouse gas targets in the transport sector and
lowered the mandatory biodiesel blend from 13% to 10% in
response to rising costs.

The data suggest that this reduction did not lead to a
clear and lasting decline, although short-term adjustments
may reflect supply constraints and market expectations. In
contrast, countries such as Indonesia, Colombia, and
Argentina postponed the implementation of biofuel policies

[6].
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Fig. 3 Monthly production of biofuels in 2020 compared to 2019 (in m?)

3.3. Post-Acute Period of the Pandemic (2021)

After the acute phase, Figures 1 and 2 show that
anhydrous ethanol increased significantly, surpassing 2019
levels by 10.4%, which was the best performance among the
three biofuels. Biodiesel grew more moderately at 4.8%.
Hydrous ethanol, in contrast, fell to its lowest point in the
entire study period, dropping 85.1% after two years of
reduced production.

Similar patterns were observed as government rules
lowered demand for fossil fuels and affected prices and
production of alternative fuels like biofuels [12]. Local
market conditions in each country may have also affected
these results, limiting overall biofuel growth.

Projections suggested that biofuel production and
demand would recover in early 2021, but this recovery did
not materialize [12]. Still, some positive trends appeared.
Biodiesel showed higher production from January to May
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and again in October, and anhydrous ethanol had six months
of higher production, from February to May through
September. Hydrous ethanol showed no improvement,
staying below 2020 levels throughout the year, as seen in
Figure 4.

In 2020 and 2021, biodiesel remained relatively stable,
with changes in April and June. Anhydrous ethanol varied
across months, with changes in August and January.

Hydrous ethanol varied over the year, with the largest
difference in October and the smallest difference between
2020 and 2021 in February. For ethanol (anhydrous and
hydrous), production was higher from April to November.

Sugarcane harvesting occurs at different times
depending on the region of the country, taking place from
April to November in the Central-South Region and from
November to April in the Northeast Region [13].
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Hydrous Ethanol/20
=== Biodiesel/21

Fig. 4 Monthly production of biofuels in 2021 compared to 2020 (in m?)
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The interval between harvesting and production
confirms the months in which increases or reductions in
production predominantly occur [13]. For every 1% increase
in economic globalization, a 0.021% growth in biofuel
consumption is observed, with developing countries showing
higher demand for biofuels [14].

Internationally, a sharper decline was recorded in the
early quarters, followed by a recovery that varied for each
fuel. It was expected that prices would return to pre-
pandemic levels within two years, provided there was no new
wave of the pandemic [15]. In 2021, compared to 2020, there
was a 5.9% increase in fuel sales, reaching 139.5 billion
liters, although still below 2019 levels [16].

GDP grew by 4.6% in 2021, offsetting the losses of
2020, driven mainly by the services and industry sectors
[17]. In the same period, agriculture recorded a slight decline
of 0.2%, its first decrease since 2016.

Although biodiesel production did not decrease and only
showed a slower growth rate, it remains lower than total
ethanol production, which may be partially associated with
the implementation of RenovaBio, alongside other market
factors, although differences in feedstock availability and
market demand may also have influenced this outcome.

3.4. National and International Markets
As seen in previous sections, fossil fuels and biofuels
remained stable until the end of 2019, when, internationally,
6
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Figure 6 shows the ratio between the price of hydrous
ethanol and gasoline (common), a metric considered
favorable to biofuels when below 70% [9]. This ratio is also
displayed at fuel stations according to Bill 4525/2016, which
establishes that retail sellers of automotive fuels must display
the percentage ratio between the prices of hydrous ethanol
and gasoline.

2016

conditions began to change as the pandemic spread. This
section presents an overview of Brazil, along with general
data from countries with policies similar to RenovaBio.

Using data from the ANP, Figure 5 presents the average
price curves of fuels in Brazil, where both common and S10
diesel follow the same price trend. In general, the four fuels
analyzed follow a common trajectory, although in distinct
price ranges up to 2019.

In 2020, ethanol approached diesel (common and S10),
nearly converging in 2021. These data are consistent with an
association between rising ethanol prices and reduced
competitiveness relative to gasoline, as well as with patterns
observed in major biofuel markets under pandemic-related
demand shocks [9,18].

Nationally in Brazil, fossil fuel prices have always been
higher than ethanol prices, except in 2012, when common
diesel cost R$ 2.08 and ethanol cost R$ 2.10. Before the
pandemic, 2012, 2013, and 2016 were the years with the
smallest price differences between common diesel, S10, and
ethanol. After the pandemic, these differences became
minimal, with ethanol slightly below both types of diesel.

The largest price difference between ethanol and
gasoline occurred in 2018, in the pre-pandemic period,
reaching R$ 1.32. In 2021, at the peak of fuel price increases,
the difference was R$ 1.22.

2017 2019 2020 2021

2018

Ethanol
Fig. 5 Growth curves of fuel prices in Brazil between 2012 and 2021 (in reais)

---& -+ Gasoline

In 2018, ethanol use was most favorable according to
this metric. After that, gasoline becomes the recommended
choice under this metric. In 2021, when the ratio nearly
reached 80%, gasoline was the preferred alternative.

The result observed in 2018 may be linked to hydrous
ethanol production being the highest so far, only exceeded in
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2019, while anhydrous ethanol, which is mixed into gasoline,
had its lowest recorded production, leading to more hydrous
ethanol being sold directly. In 2021, anhydrous ethanol went

over 11 million cubic meters, while hydrous ethanol dropped
to its lowest level, about half of what was produced in 2019,
the peak year with the third-best ratio.

80%
75%
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65%
90/9 90/\} 90/7 90{;\ 90/0‘ 90/) 90/(9 90/9 900 909/
—&-— Relationship e |imit

Fig 6 Ratio between the national average prices of ethanol and gasoline

Brazil is strongly influenced by foreign pricing in
biofuels due to the pricing policy adopted by Petrobras for
oil and derivatives, which considers macroeconomic
variables such as commodity futures contracts, exchange
rates, international parity, port bureaucracy, and taxation [3].

The rise in ethanol prices may be associated with a loss
of competitiveness relative to gasoline [9]. After 2018, the
relationship between the prices of these fuels deteriorated at
the national level, reducing ethanol adoption.

Between 2010 and 2019, biofuels grew in the global
market at an average rate of 5% per year, and demand was
expected to triple from 2019 onwards due to the
transportation sector [6]. Brazil ranks second globally in

ethanol production, behind the United States, which is the
largest producer, consumer, and exporter [9].

The BRICS countries (Brazil, Russia, India, China, and
South Africa) have their own incentive programs for biofuels
but face challenges such as limited cultivation areas and raw
material supply; among these, Brazil stands out as an
industrial model for sugarcane [19].

In Brazil, ANP data for September and part of October
2020 were unavailable during data collection, causing gaps
in Figures 7 and 8. The official pandemic declaration on
March 11, 2020, serves as a reference point for interpreting
these figures.
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Fig. 7 Consumer prices from 2019 to 2021 - Regular diesel and S10
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Figure 7 shows that common diesel and S10 prices rose
slightly from January 2019 until March 2020, except
between July and September. Prices then dropped below
2019 levels before recovering later in 2020. In 2021, prices
increased again, peaking in November. S10 remained
consistently more expensive than common diesel.

The prices of ethanol and gasoline show similar
behavior, despite occurring at different levels (Figure 8), due
to the mandatory blending of anhydrous ethanol into
Brazilian gasoline. The production of the two types of
ethanol is competitive, with one increasing as the other
decreases. The only exception occurred in 2021, when

hydrous ethanol reached its lowest level in the 2019-2021
period, nearly equaling anhydrous ethanol (Figure 3).

In February 2019, ethanol prices started steadily rising
until May 2020, when they dropped to R$ 2.86, about the
average price in 2016. After hitting the lowest value in the
2019-2021 period, ethanol prices went up again, reaching
R$ 5.54 in November 2021, close to the national average
gasoline price of R$ 5.89. Gasoline prices for 2021 and 2022
were expected to range between R$ 4.00 and R$ 5.00, and
ethanol prices between R$ 3.00 and R$ 4.00 [20], but the
values observed in 2021 exceeded these projections.
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Fig. 8 Consumer prices from 2019 to 2021 - Ethanol and Gasoline

In the cities of Riyadh and Jeddah, Saudi Arabia,
pandemic containment measures reduced urban circulation
compared to 2019, followed by a decline in fuel prices
starting in January due to dynamic pricing and pandemic
effects [21]. A similar pattern occurred in Brazil, although
the price decline began in April 2020. In May 2020, the
lowest prices for all fuels shown in Figures 7 and 8 were
recorded, followed by a recovery cycle reaching minimum
values in January 2021. Fuel consumption recovery varies
according to the size of each economy, which directly affects
GDP [15].

The global economic recession caused by SARS-CoV-2
led to lower prices for products like meat and dairy, and also
affected biofuels and their raw materials, such as corn in the
US and rapeseed in Europe, along with oil prices [11].

In 2021, global investment in biofuels reached US$ 8
billion, with much of it coming from the United States and
Brazil through RenovaBio [18]. This investment may have
contributed to the upward trends observed in Anhydrous
Ethanol and Biodiesel (Figure 1). These results suggest

uncertainty about whether RenovaBio can sustain growth in
biodiesel and anhydrous ethanol while supporting recovery
in hydrous ethanol production, or if conditions similar to the
acute phase will persist.

The program is positively assessed in the literature,
highlighting its role in strengthening the biofuels market,
introducing carbon pricing in Brazil, and contributing to
greenhouse gas emissions, while also showing that more
improvements are needed [3].

Between 2012 and 2021, the Brazilian economy
declined by 22.67%, followed by the European Union
(2.06%) and the United States (1.50%), while China grew by
2.86% [22].

In 2021, the economies that had declined showed
recovery, with the European Union reaching 10.71% and the
United States 11.76%, both surpassing 2019 levels. Brazil
grew by 11.07%, although this did not fully recover the 2019
level. China recorded a 20.74% increase in GDP compared to
2020.
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As discussed in Section 3.2, Europe and the United
States reduced biofuel production during the acute phase of
the pandemic, indicating economic slowdown [10,11].

In Brazil, 34% of total energy consumption is allocated
to the transportation sector [1]. This sector accounted for
RS 284,471.00, R$ 273,239.00, and R$ 283,181.98 in 2019,
2020, and 2021, respectively [23], corresponding to a 3.95%
decline followed by a 3.64% recovery. In 2021, activity
remained slightly below 2019 levels, consistent with national
GDP behavior.

After the pandemic, global biofuel markets stabilized,
with demand recovering and average annual growth rates of
about 3.2% for ethanol and 2.7% for biodiesel [24-27].
Policies like the US Renewable Fuel Standard and updates to
the EU Renewable Energy Directive continue to shape the
market. In Brazil, RenovaBio and the CBIO market support
biofuel production and emission targets, though regulatory
structures vary across countries. Recovery patterns differ
across regions and follow differences in policy frameworks
and market conditions.
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4. Conclusion

Historically, Brazil has adopted policies aimed at
promoting biofuel production, starting with the Proalcool
program in 1975 under the government of Ernesto Geisel and
later with the launch of RenovaBio in 2016, which became
the National Biofuels Policy (Law No. 13.576/2017). Despite
these developments, Brazil remains the second-largest
ethanol producer in the world, behind the United States.
Biodiesel, in turn, showed steady growth over the period
from 2012 to 2021.

This study evaluated the dynamics of ethanol and
biodiesel production, as well as the relationship between
biofuels and the prices of gasoline and diesel. For this
purpose, data from the ANP (Agéncia Nacional do Petrdleo,
Gés Natural e Biocombustiveis) and the World Bank on
Brazil's GDP and other major economies were analyzed, with
these economies selected due to their own biofuel incentive
programs, such as RenovaBio, or due to the effects of the
pandemic. The analysis was divided into three periods: pre-
pandemic (2012-2019), acute pandemic period (2020), and
post-acute pandemic period (2021), allowing for the
evaluation of trends and associations.

From this analysis, the following patterns were
observed for fuels and their market as a whole:

e Anhydrous ethanol, more sensitive to production
variations, showed growth after the pandemic. This
movement may be linked to gasoline demand, since it is
blended with this biofuel. Even with pre-pandemic
instability, production reached levels close to the best
years on record (Figure 1).

e Hydrous ethanol did not follow the same path. During
the acute phase of the pandemic, production declined
sharply and, in 2021, reached the lowest level observed
in the series. The alternation between ethanol types,
shown in Figure 2, does not point to a single
explanation. Part of this behavior may be related to the
role of anhydrous ethanol in gasoline blending, but
pricing conditions and supply constraints also need to be
considered when interpreting these changes.

e Biodiesel followed a more stable path during the period.
Even with the economic slowdown, production
continued to increase. The reduction in the required
blend in 2021 may be part of this behavior, although
other adjustments in the market also need to be
considered. Evidence from Figures 3 and 4 suggests that
the monthly variation in biodiesel production remained
lower than that observed for ethanol.
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e Brazil’s GDP did not fully return to 2019 levels, unlike
the United States, European Union, and China (Figure
9). The transportation sector, which depends heavily on
fuel, was strongly affected, with impacts on demand and
prices. There was some recovery in 2021, but it did not
fully make up for the drop in 2020, as explained in
Section 3.4.

RenovaBio may have played a role in stabilizing the
biofuels market, although this relationship cannot be
interpreted as causal. There are still uncertainties regarding
the competitiveness of hydrous ethanol and its role in Brazil's
energy security. Changes in incentives can affect how
biofuels compete with fossil fuels and change the country’s
energy mix.

At the global level, policies like the Renewable Fuel
Standard in the United States and the Renewable Energy
Directives in the European Union work in different ways,
making direct comparisons difficult. Still, they provide
useful examples for understanding how policy design affects

economic activity. In Brazil, transportation data and GDP
show that levels before the pandemic had not fully returned
by 2021.

The analysis describes what happened, so the results
indicate  connections  rather than  cause-and-effect
relationships. Further research using updated data is needed
to see how long these effects will last. The effects on
RenovaBio and similar policies also need more study,
especially to support the design of more resilient energy
policies under external shocks.

Conflicts of Interest
The authors declare that there is no conflict of interest
regarding the publication of this paper.

Funding Statement

This study was financed in part by the Coordenagdo de
Aperfeicoamento de Pessoal de Nivel Superior — Brasil
(CAPES) - Finance Code 001.

market behavior.

effects worldwide, as reflected in fuel demand and overall

Acknowledgments
The authors would like to thank the institutions and

The SARS-CoV-2 pandemic caused major economic X )
contributors who supported this research.

References

(1]
(2]

(3]

N.I. Canabarro et al., “Sustainability Assessment of Ethanol and Biodiesel Production in Argentina, Brazil, Colombia, and Guatemala,”
Renewable and Sustainable Energy Reviews, vol. 171, 2023. [CrossRef] [Google Scholar] [Publisher Link]

Onelina Cecilia Santos Rodrigues, “Um panorama historico do Programa RenovaBio,” 49 f. Monografia (Bacharelado em Ciéncias
Econdmicas) - Universidade Federal do Tocantins, Palmas, 2020. [Google Scholar] [Publisher Link]

Carolina Grangeia, Luan Santos, and Lira Luz Benites Lazaro, “The Brazilian Biofuel Policy (RenovaBio) and Its Uncertainties: An
Assessment of Technical, Socioeconomic and Institutional Aspects,” Energy Conversion and Management: X, vol. 13, 2022. [CrossRef]
[Google Scholar] [Publisher Link]

Fernanda Silva Martinelli et al., “Will Brazil’s Push for Low-carbon Biofuels Contribute to Achieving the SDGs? A Systematic Expert-
based Assessment,” Cleaner Environmental Systems, vol. 5, 2022. [CrossRef] [Google Scholar] [Publisher Link]

Orianna Araujo Silva, “Perspectivas e inovagdes na darea do biodiesel,” 47 f. Monografia (Bacharelado em Engenharia de Energias
Renovaveis) - Universidade Federal da Paraiba, Jodo Pessoa, 2020. [Google Scholar] [Publisher Link]

IEA - International Energy Agency, Transport Biofuels, 2021. [Online]. Available: https://www.iea.org/reports/renewable-energy-
market-update-2021/transport-biofuels

Behzod B. Ahundjanov, Sherzod B. Akhundjanov, and Botir B. Okhunjanov, “Risk Perception and Oil and Gasoline Markets Under
COVID-19,” Journal of Economics and Business, vol. 115, 2021. [CrossRef] [Google Scholar] [Publisher Link]

Na Zhu et al., “A Novel Coronavirus from Patients with Pneumonia in China, 2019,” New England Journal of Medicine, vol. 382, no. 8,
2020. [CrossRef] [Google Scholar] [Publisher Link]

Maria de Fatima Vidal, “Ethanol Production and Market in Northeastern Brazil,” Caderno Setorial ETENE, vol. 6, 2021. [Google
Scholar] [Publisher Link]

[10] Tamas Mizik et al., “The Major Driving Forces of the EU and US Ethanol Markets with Special Attention Paid to the COVID-19

Pandemic,” Energies, vol. 13, no. 21, 2020. [CrossRef] [Google Scholar] [Publisher Link]

[11] Christian Elleby et al., “Impacts of the COVID-19 Pandemic on the Global Agricultural Markets,” Environmental and Resource

Economics, vol. 76, pp. 1067-1079, 2020. [CrossRef] [Google Scholar] [Publisher Link]

[12] Behdad Shadidi, and Gholamhassan Najafi, “Impact of Covid-19 on Biofuels Global Market and Their Utilization Necessity During

Pandemic,” Energy Equipment and Systems, vol. 9, no. 4, pp. 371-382, 2021. [CrossRef] [Google Scholar] [Publisher Link]

[13] Raffaella Rossetto, “Harvest Planning,” Cana-de-Acucar, 2022. [Publisher Link]
[14] Yogeeswai Subramaniam, and Tajul Ariffin Masron, “The Impact of Economic Globalization on Biofuel in Developing Countries,”

Energy Conversion and Management: X, vol. 10, 2021. [CrossRef] [Google Scholar] [Publisher Link]


https://doi.org/10.1016/j.rser.2022.113019
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sustainability+assessment+of+ethanol+and+biodiesel+production+in+Argentina%2C+Brazil%2C+Colombia%2C+and+Guatemala&btnG=
https://www.sciencedirect.com/science/article/pii/S1364032122009005
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=UM+PANORAMA+HIST%C3%93RICO+DO+PROGRAMA+RENOVABIO&btnG=
https://repositorio.uft.edu.br/handle/11612/3398
https://doi.org/10.1016/j.ecmx.2021.100156
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+Brazilian+biofuel+policy+%28RenovaBio%29+and+its+uncertainties%3A+An+assessment+of+technical%2C+socioeconomic+and+institutional+aspects&btnG=
https://www.sciencedirect.com/science/article/pii/S2590174521000817
https://doi.org/10.1016/j.cesys.2022.100075
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Will+Brazil%E2%80%99s+push+for+low-carbon+biofuels+contribute+to+achieving+the+SDGs%3F+A+systematic+expert-based+assessment&btnG=
https://www.sciencedirect.com/science/article/pii/S266678942200006X
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Perspectivas+e+inova%C3%A7%C3%B5es+na+%C3%A1rea+do+biodiesel&btnG=
https://repositorio.ufpb.br/jspui/handle/123456789/22889
https://www.iea.org/reports/renewable-energy-market-update-2021/transport-biofuels
https://www.iea.org/reports/renewable-energy-market-update-2021/transport-biofuels
https://doi.org/10.1016/j.jeconbus.2020.105979
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Risk+perception+and+oil+and+gasoline+markets+under+COVID-19&btnG=
https://www.sciencedirect.com/science/article/pii/S0148619520304239
https://doi.org/10.1056/NEJMoa2001017
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+Novel+Coronavirus+from+Patients+with+Pneumonia+in+China%2C+2019&btnG=
https://www.nejm.org/doi/full/10.1056/NEJMoa2001017
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Produ%C3%A7%C3%A3o+e+mercado+de+etanol+no+Nordeste+brasileiro&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Produ%C3%A7%C3%A3o+e+mercado+de+etanol+no+Nordeste+brasileiro&btnG=
https://www.bnb.gov.br/revista/cse/article/view/2883
https://doi.org/10.3390/en13215614
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+Major+Driving+Forces+of+the+EU+and+US+Ethanol+Markets+with+Special+Attention+Paid+to+the+COVID-19+Pandemic&btnG=
https://www.mdpi.com/1996-1073/13/21/5614
https://doi.org/10.1007/s10640-020-00473-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Impacts+of+the+COVID-19+Pandemic+on+the+Global+Agricultural+Markets&btnG=
https://d1wqtxts1xzle7.cloudfront.net/106910229/s10640-020-00473-6-libre.pdf?1698214088=&response-content-disposition=inline%3B+filename%3DImpacts_of_the_COVID_19_Pandemic_on_the.pdf&Expires=1777272646&Signature=Fk8YKlksfv0JoIXlj33CeX1JX9Uhl88e0bjt3k9D9-5qIkllqqnYIjxU4OeyTyWnR57iDnQAQYlyJIBeawV29GDHptaz1z5dLShzUMFazfqkgDfE6tC8aAECdX-Ziewd7xWET2EWZvnu-BDZzma~gihC8T5u4sIHTLnw1Pj9AuJVwi4zjAMmqKumfDWm-~f7EWLl205P7terDOT3BTIC-F3joRmU4wZ47942axU54Y~GqkxP0dmI4KQ4wPnCqxTlkC2tNXA51m3rZXEdCP99oSrjcC4Eh89ti13aJZ8mlmy3FM1HmCVKS4sdM8Bd-2uMT7UNnWlBSC~r3eEezXltfg__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.22059/ees.2021.248655
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Impact+of+covid-19+on+biofuels+global+market+and+their+utilization+necessity+during+pandemic&btnG=
https://www.energyequipsys.com/article_248655.html
https://www.embrapa.br/agencia-de-informacao-tecnologica/cultivos/cana-de-acucar/producao/planejamento-da-colheita
https://doi.org/10.1016/j.ecmx.2020.100064
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+impact+of+economic+globalization+on+biofuel+in+developing+countries&btnG=
https://www.sciencedirect.com/science/article/pii/S2590174520300362

Antonio Otto Neves Filho et al. / IJRES, 13(2), 9-20, 2026

[15] Xuelin Tian et al., “Assessing the Impact of COVID-19 Pandemic on Urban Transportation and Air Quality in Canada,” The Science of
the Total Environment, vol. 765, 2021. [CrossRef] [Google Scholar] [Publisher Link]

[16] ANP - Agéncia Nacional do Petréleo, Gas Natural e Biocombustiveis, Fiscalizacdo do Abastecimento em Noticias: Balango anual de
2021. [Publisher Link]

[17] Alerrandre Barros, PIB Cresce 4,6% em 2021 e Supera Perdas da Pandemia, Agéncia IBGE Noticias, 2022. [Google Scholar] [Publisher
Link]

[18] IEA - International Energy Agency. [Online]. Available: https://www.iea.org/

[19] Azhaham Perumal Saravanan, Arivalagan Pugazhendhi, and Thangavel Mathimani, “A Comprehensive Assessment of Biofuel Policies
in the BRICS Nations: Implementation, Blending Target and Gaps,” Fuel, vol. 272, 2020. [CrossRef] [Google Scholar] [Publisher Link]

[20] EPE - Empresa de Pesquisa Energética, Impactos da Pandemia de Covid-19 no Mercado Brasileiro de Combustiveis, Nota Técnica, Rio
de Janeiro, 2020. [Publisher Link]

[21] Syed Masiur Rahman et al., “Transformation of Urban Mobility During COVID-19 Pandemic - Lessons for Transportation Planning,”
Journal of Transport & Health, vol. 23,2021. [CrossRef] [Google Scholar] [Publisher Link]

[22] The World Bank, Development Indicators, 2023. [Online]. Available: https://databank.worldbank.org/source/world-development-
indicators

[23] Ipea - Instituto de Pesquisa Econdmica Aplicada. [Online]. Available: http://www.ipeadata.gov.br/Default.aspx

[24] IEA - International Energy Agency, Renewables 2023: Analysis and Forecast to 2028.
https://www.iea.org/reports/renewables-2023

[25] Organisation for Economic Co-operation and Development (OECD); Food and Agriculture Organization of the United Nations (FAO),
OECD-FAO Agricultural Outlook 2023-2032. [Online]. Available: https://www.oecd.org/en/publications/oecd-fao-agricultural-outlook-
2023-2032 08801ab7-en.html

[26] European Court of Auditors (ECA), Special Report 29/2023: the EU’s Support for Sustainable Biofuels in Transport - An Unclear way
Ahead. [Online]. Available: https://www.eca.europa.eu/en/publications?ref=SR-2023-29

[Online].  Available:

[27] Biofuels in the Road Transport Sector, IFP  Energies Nouvelles IFPEN, 2023. [Online]. Available:
https://www.ifpenergiesnouvelles.com/article/biofuels-dashboard-2023
Appendix 1
Table 1. Values in Fig 1 - Biofuels production curves between 2012 and 2021 (million m*)
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
A 9.91 11.81 11.74 11.39 11.66 11.64 9.42 10.39 10.23 11.42
H 13.85 15.72 16.47 18.61 17.03 16.95 23.62 2491 22.45 12.13
B 2.72 2.92 3.42 3.94 3.80 4.29 5.34 5.90 6.43 6.76
A: Anhydrous Ethanol; H: Hydrous Ethanol; B: Biodiesel
Table 2. Values in Fig 2 - Percentage changes in production in each biennium from 2012 to 2021
12/13 13/14 14/15 15/16 16/17 1718 18/19 19/20 20/21
AE 16.1% -0.6% -3.1% 2.4% -0.2% -23.6% 9.4% -1.6% 10.4%
HE 11.9% 4.6% 11.5% -9.3% -0.5% 28.2% 5.2% -10.9% -85.1%
B 6.9% 14.7% 13.1% -3.6% 11.4% 19.6% 9.6% 8.2% 4.8%
AE: Anhydrous Ethanol; HE: Hydrous Ethanol; B: Biodiesel
Table 3. Values from Fig 3 - Monthly production of biofuels in 2020 compared to 2019 (in m?®)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
A/19 135 67 104 423 1,248 1,504 1,553 1,569 1,338 1,412 806 235
A/20 151 76 142 616 1,060 1,185 1,469 1,451 1,614 1,465 775 227
H/19 223 159 477 1,843 2,804 3,082 3,431 3,814 3,569 3,349 1,664 496
H/20 324 298 620 1,982 2,659 2,728 3,202 3,202 3,177 2,499 1,315 449
B/19 447 415 462 465 448 462 495 503 558 584 540 523
B/20 468 483 550 440 481 533 602 623 594 588 554 516
A/19 e A/20: Anhydrous Ethanol in 2019 e 2020; H/19 e H/20: Hydrous Ethanol in 2019 e 2020; B/19 e B/20: Biodiesel in 2019 e 2020.
Table 4. Values from Fig 4 - Monthly production of biofuels in 2021 compared to 2020 (in m?)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
A/20 151 76 142 616 1,060 1,185 1,469 1,451 1,614 1,465 775 227
A21 143 87 95 510 1,429 1,600 1,916 1,902 1,795 1,120 609 217
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H20 | 324 298 620 | 1,982 [ 2,659 [ 2,728 | 3202 | 3,202 [ 3,177 | 2,499 [ 1,315 | 449
H/21 141 117 208 | 1,112 [ 1,798 | 1,568 | 1,873 | 1,900 | 1,772 | 933 471 146
B20 | 468 483 550 440 481 533 602 623 594 588 554 516
B/21 507 529 643 631 542 528 561 572 575 618 528 526
A/20 e A/21: Anhydrous Ethanol in 2020 e 2021; H/20 e H/21: Hydrous Ethanol in 2020 e 2021; B/20 e B/21: Biodiesel in 2020 ¢ 2021.
Table 5. Values in Fig 5 - Growth curves of fuel prices in Brazil between 2012 and 2021 (in reais)
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
D 2.08 231 2.49 2.81 3.02 3.17 3.50 3.60 3.42 4.69
S 2.18 2.46 2.64 2.96 3.15 3.28 3.59 3.69 3.51 4.74
E 2.10 2.14 2.26 2.39 2.86 2.86 3.13 3.17 3.18 4.67
G 2.77 2.89 3.00 3.35 3.73 3.86 4.45 4.42 4.28 5.89
D: Diesel S10; S: Diesel S10; E: Ethanol; G: Gasoline.
Table 6. Values in Fig 6 — Ratio between the national average prices of ethanol and gasoline
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Relationship 76% 74% 75% 71% 77% 74% 70% 72% 74% 79%
Table 7. Values in Fig 7 — Consumer prices from 2019 to 2021 — Regular diesel and S10
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
D/19 3.45 3.47 3.54 3.58 3.66 3.62 3.56 3.54 3.61 3.71 3.72 3.75
D/20 3.80 3.73 3.60 3.32 3.06 3.08 3.26 3.37 3.58 3.56 3.64
D/21 3.71 3.95 4.27 4.23 4.49 4.53 4.60 4.64 4.75 5.06 5.38 5.37
S/19 3.56 3.57 3.64 3.68 3.75 3.71 3.65 3.63 3.69 3.79 3.81 3.83
S/20 3.87 3.81 3.69 341 3.17 3.18 3.34 3.45 3.63 3.62 3.71
S/21 3.79 4.01 4.34 4.29 4.55 4.59 4.66 4.69 4.79 5.11 5.46 5.45
D/19, D/20, D/21: regular diesel prices in 2019, 2020 ¢ 2021; S/19, S/20, S/21: diesel S10 prices in 2019, 2020 ¢ 2021
Table 8. Values in Fig 8 — Consumer prices from 2019 to 2021 - Ethanol and Gasoline
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
E/19 3.07 3.05 3.20 3.26 3.30 3.16 3.07 3.10 3.12 3.16 3.21 3.32
E/20 3.43 345 343 3.08 2.86 2.92 3.02 3.04 3.29 3.33 3.40
E/21 3.43 3.63 4.25 4.07 4.42 4.58 4.59 4.72 4.94 5.10 5.54 5.37
G/19 4.32 4.24 4.35 4.47 4.59 4.51 4.39 4.36 4.37 4.42 4.45 4.56
G/20 4.62 4.59 4.51 4.12 3.85 3.99 4.17 4.26 4.39 4.40 4.47
G/21 4.59 4.91 547 545 5.58 5.67 5.80 5.92 6.08 6.34 6.74 6.67
E19, E/20, E/21: etanol prices in 2019, 2020 ¢ 2021; G19, G/20, G/21: etanol prices in 2019, 2020 e 2021
Table 9. Values from Fig 9 — GDP values in the main economies covered (in billions of dollars)
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Brazil 2,465 2,473 2,456 1,802 1,796 2,064 1,917 1,873 1,449 1,609
United States 16,254 | 16,843 | 17,551 | 18,206 | 18,695 | 19,477 | 20,533 | 21,381 | 21,060 | 23,315
European Union 14,642 | 15,294 | 15,650 | 13,553 | 13,889 | 14,765 | 15981 | 15,693 | 15369 | 17,177
China 8,532 9,570 10,476 | 11,062 | 11,233 | 12,310 | 13,895 | 14,280 | 14,688 | 17,734




