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Abstract: Competition is a relevant element in any open economy. Public policies are necessary
to induce economic efficiency and to create conditions to preserve or stimulate a competitive en-
vironment. This paper aims to assess the competitiveness of hydrous ethanol price in a period of
political, social and economic crises, in 15 Brazilian state capitals between the years 2012 and 2019.
We compared the ethanol–gasoline price ratio behavior in two different periods, before and after the
import parity price policy implemented by Petrobras in 2016. Mann–Whitney and Levene’s tests,
two non-parametric statistical methods, were applied to verify significant changes between these
periods. The implementation of changes in Petrobras’ pricing policy from 2016 onwards caused a
statistically significant increase in the ratio coefficient of variation in two-thirds of the distribution
market and more than the half of analyzed retail markets. Second, overall, the cities that showed
statistically significant changes in the median and coefficient of variation in the distribution market
price ratio were followed by the retail market. Our findings suggest that government interventions
in the fuel and byproduct final selling prices to distributors negatively impact competition between
companies that are part of the fuel distribution and retail chain, also affecting the sale of biofuels in
Brazil and discouraging the initiatives to use renewable fuels to reduce the emission of pollutants.

Keywords: ethanol–gasoline price ratio; distribution market; retail market; comparative analysis;
Brazilian crises

1. Introduction

Brazilians lived through a period of political and economic stop-and-go from 2010 to
2019. Four covers’ headings from the respected British magazine The Economist summa-
rizes how the Brazilian economic crisis turned into an institutional crisis. In November
2009 the heading was “Brazil takes off” [1]; Brazil’s economy was growing at an annualized
rate of 5%. It should have picked up more speed over the following few years as big new
deep-sea oil fields came online, and commodity sales grew. As a prelude to the upcoming
crisis, fiscal stimulus policies, spending and tax cuts, and a monetary policy that was more
lenient with inflation, continued to stimulate the market through 2014. In September 2013
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the heading was “Has Brazil Blown it?” [2]; the economy grew by 0.9% relative to the
previous year and hundreds of thousands of people took to the streets in mid-year for the
biggest protests of this generation, protesting the rise of living costs, poor public services,
and the greed and corruption of politicians. Then, between 2014 and 2016, one of the
worst recessions in Brazil’s history was followed by the impeachment of president Dilma
Rousseff, accused of a crime of responsibility [3].

In 2016 the heading was “The great betrayal” [4]; the economic stagnation in 2014,
fiscal adjustment, and more restrictive monetary and credit policies limited the Brazilian
GDP. A series of corruption allegations started in 2014, which culminated in the federal
police operation named “Lava Jato”, a new anti-corruption initiative mainly focused on
the state-owned oil company, Petrobras. This led to the shutdown of Petrobras’ investment
capacity and a truckers’ strike in 2018. Then, in 2019 the heading was “Deathwatch
for the Amazon” [5]; the government of Jair Bolsonaro tacitly approved the process of
devastating the forest in the name of what the government called “development”, creating
an environment of world isolationism for the country. All of these issues have contributed
to persistent political, economic, and environmental crises in recent years in Brazil.

Despite being a period of severe recession, Brazil presented an atypical scenario
with double-digit inflation in 2015 [6], reaching almost 11% inflation in that year [7]. The
recession was driven by government austerity, for instance the withdrawal of subsidies to
intermediate inputs, which led to an increase in fossil fuel and electricity prices. Brazilian
inflation rose by 4.26% in 2015 compared to 2014, and variations in electricity, diesel, and
gasoline prices contributed to 2.35% of this inflation rise [6].

1.1. Brazilian Fossil Fuel Policy Framework

Regarding fossil and renewable fuel products, Brazil has a price-free regime for all
segments without any prior government authorization for price adjustments since 2002.
Until the mid-1990s, the Brazilian federal government controlled prices, sales margins, and
freight for all automotive chain fuels. Thereafter, a process of price liberalization began in
the entire production chain of oil, natural gas, and biofuels, more effectively based on the
Brazilian Petroleum Law (BPL), Law No. 9478/1997, which started to be fully applied on 31
December 2001. As of that date, the readjustments in fuel prices started to fall exclusively to
each economic agent, including upstream fuel markets (distribution and retail). Thus, they
were allowed to establish their sales prices and commercialization margins in a scenario of
free competition [8,9].

Petrobras was officially the only company allowed to operate in the oil and derivatives
industry in Brazil until the mid-1990s. The BPL broke this monopoly, allowing other
competitors to operate in Brazil. Literature addresses the importance of free competition
in fuel prices and how it affects the final consumer. The fuel price difference between
unbranded and branded gas stations was analyzed in Austria, which showed that the
quality of the gasoline influenced the demand, the price elasticity of demand was negative,
and unbranded stations had a small influence on the prices charged by branded stations [10].
The gasoline price dispersion in San Diego, US, was measured and showed a sensitivity
to the composition of station types in the local market [11]. Prices, brands, and locations
at the gas station level were analyzed in Spain, with the empirical results suggesting that
dominant firms tend to set prices above the average and that “low-cost” stations produce
relative downward effects on the prices of local competitors [12].

On the other hand, the competition of the fuel markets can be neutralized due govern-
ment fuel-subsidies [13–16]. In general, the fuel prices hold an essential role in economic
policy due its lack of elasticity and the direct impact in mobility costs wherein any positive
variation may cause negative reactions on many different socioeconomic levels [17]. Aucott
and Hall [18] analyzed the impact of fossil and nuclear fuels on the US Gross Domestic
Product (GDP). The empirical results suggest that the availability and cost of energy sig-
nificantly impact the country’s economic performance, where the rise of the energy cost
reflects upon the reduction of GDP.
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The Brazilian government has artificially frozen gasoline C (anhydrous ethanol
blended into gasoline) and diesel prices to the end consumer since 2008 with the in-
tention of controlling inflation [19]. This seems to be a contradiction, because the BPL was
created for stimulating the competition in the whole oil distribution and retail chain and its
byproducts as well. The fuel price control was possible because of two reasons: Petrobras
is practically the only fuel supplier for Brazilians with more than 80% of the market share
for Gasoline A delivered to the distributor chain [20], and the Brazilian federal government
holds the majority of the ordinary shares of Petrobras (PETR3) [21]. There was also a lack
of definition regarding who was mainly responsible for the Petrobras’ pricing policy. In
summary, the variation in international prices was applied with a delay to fuel prices in
the country.

The period between 2012 and 2015 saw successive changes in Petrobras’ Chief Executive
Officer (CEO), suggesting the attempt of the Brazilian government to intervene in fuel prices.
Due to the company net losses from 2014 to 2016, with a huge loss of BRL 34.8 billion in
2015 [22], in a period where the Brent crude oil price reached values above 100 USD [23],
Petrobras decided to adjust (raise) the fossil fuel prices. These years coincided with the
highest Brazilian inflation rate of the decade, reaching 10.67% in 2015 (Figure 1). In 2016,
Pedro Parente became the new company CEO, appointed by the president Michel Temer. He
promoted a new diesel and gasoline company pricing policy based on two factors: Import
parity price (IPP) plus a price margin to remunerate risks inherent to the operation [24]. The
IPP increased the importance of markets in setting prices [25]. Even this change in pricing
policy was not able to prevent freezing the diesel prices to face the Brazilian truckers’ strike
in 2018 [26,27], likely the worst political and economic crisis of that year in Brazil.

The Brazilian political and economic scenario in this period of recession and crisis and the
main events in Petrobras including the company’s CEO turnover are summarized in Figure 1.

Figure 1. Timeline of Brazilian political and economic crises, Petrobras’ CEO turnover, and the IPP policy released in 2016.
The Brazilian Inflation percentile between 2012 and 2020 is also included, provided by [7].

1.2. Ethanol and the Transition from Oil-Based Economy to the Use of Renewable Energy Resources

Bio-economy is creating a new era of economic development due to the transition from
a fossil fuel-based economy to the use of renewable resources [28], and hydrous ethanol
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plays an important role in Brazilian’s bio-economy. Brazil is the second-largest ethanol
producer worldwide, contributing 30% of the world’s ethanol production [29]. As a result
of government policies, research, and technological development, sugarcane ethanol has
become the most representative biofuel in the Brazilian energy matrix [30]. One way to
positively impact the country GPD might be by replacing fossil fuel-powered systems with
inexpensive renewable energy sources [18], such as Brazilian hydrous ethanol.

Despite Petrobras’ fossil fuel pricing policy being influenced by the Brazilian govern-
ment, the price of hydrous ethanol continued to be free from governmental controls [19].
The ethanol price has a seasonal pattern and its volatility is associated with some factors—
for instance, the quantity of production of sugarcane and the production mix, among other
factors [31]. Dutta [32] showed that oil and sugar prices influence the Brazilian ethanol
prices in the long run and suggested that an increase in the oil prices will raise the ethanol
prices, but sugar prices are not affected by the fluctuations in Brent oil or ethanol prices.
Kristoufek, Janda, and Zilberman [33] showed a positive long-run relationship between
prices of ethanol and sugar in Brazil.

As part of a government policy to promote hydrous ethanol consumption, consumers
are informed that this biofuel is economically viable to fuel vehicles when the ethanol–
gasoline price ratio is below 0.70 [19,34], and the government encourages the reduction of
pollutants with the renewable energy source from sugarcane [35] by the Brazilian National
Biofuel Policy (Renovabio). It is a program that provides incentives for the development of
biofuel chains by giving carbon credits for all biofuels in Brazil. The RenovaBio program
may be compared with the United States Renewable Fuel Standard (RFS), the California
Low Carbon Fuel Standard (LCFS), and the Renewable Energy Directive (RED) of the
European Union. Renovabio has the ambition to expand biofuel consumption and impact
the final price in the retail market, introducing a direct path between ethanol plants and
service stations [9].

Consequently, over the last decade, studies have changed their focus from the effect of
asymmetry in gasoline retail and crude oil prices as well as gasoline retail and distribution
price movements [36–38] to the comparison between renewable fuels and gasoline price.
Rodrigues, Losekann, and Silveira Filho [39] evaluated the asymmetric price response of
gasoline and hydrous ethanol and concluded that there is both a rise of a flex-fuel vehicle
fleet made consumers more sensitive to price changes, increasing the competition between
hydrous ethanol and gasoline, and a high substitutability between both fuels in Brazil. Lau-
rini [40] evaluated the spatio-temporal dynamics of ethanol–gasoline price ratios in Brazil
between 2009 and 2014 and found that the hydrous ethanol price was more competitive
than gasoline C only in 2009, becoming uncompetitive after that. El Montasser et al. [19] an-
alyzed the ethanol–gasoline price ratio and showed that freezing gasoline prices weakened
Petrobras’ investment capacity, depressed investments in both new sugarcane crops and
distillation plants, and made hydrous ethanol prices noncompetitive for the end consumer.
Khanna, Nuñez, and Zilberman [41] provided insights on the fuel policy in Brazil and
analyzed the tradeoffs that the choices of this policy caused in the fuel and sugar markets.

Overall, the Renovabio program, the favorable Brazilian economic scenario (mainly
the inflation rate decrease), and the rise of Brent crude oil price in the period between 2016
and 2020 might have positively impacted hydrous ethanol competitiveness in the Brazilian
fuel market, as gasoline C demand in the country decreased while hydrous ethanol demand
increased after 2017 [42] (Figure 2).
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Figure 2. Brazilian annual demand for hydrous ethanol and gasoline C from 2009 to 2020. The
gasoline C demand in Brazil decreased while hydrous ethanol demand increased after 2017.

This raises many questions regarding the impact of the Brazilian political and eco-
nomic scenario, which led to Petrobras’ IPP policy, for the Brazilian fuel consumer, as well
as its impact on hydrous ethanol price behavior. This paper aims to assess the ethanol–
gasoline price ratio in two distinct Brazilian periods, before and after Petrobras’ IPP policy
in 2016, and the competitiveness of hydrous ethanol in Brazil during the economic and
political crises through 2012–2019. For this purpose, we compared the behavior of 15
Brazilian state capitals.

2. Materials and Methods
2.1. Data

We investigated the dynamics of fuel markets from 2012 to 2019 using the spatio-
temporal dynamics of ethanol–gasoline price ratios in the distribution and retail markets.
The ratio is an important metric for the analysis of the market dynamic because hydrous
ethanol is considered economically viable for flex-fuel vehicles when the ethanol–gasoline
price ratio is below 0.7 [19,34,40] and this information is highly publicized by the Brazilian
media. The original data used in ethanol–gasoline price ratios were collected from a weekly
survey of gasoline prices, available at the National Petroleum, Natural Gas and Biofuel
Agency (ANP) [43].

The criteria used to choose these cities was as follows: three capitals from each of the
five Brazilian regions where the population is over 500,000 people (Figure 3). The same cities
were used in previous studies about gasoline and ethanol prices ([8,9] with the objective
of analyzing fuel markets with different behaviors and costs across the country. The time
series of ethanol–gasoline price ratios were divided into two parts, before, from January
2012 to May 2016, the occasion when the Brazilian government informally imposed a policy
on Petrobras that prevented the adjustment of fuel prices based on the international oil
price fluctuations [44], and after, the period between June 2016 and June 2019, the occasion
on which the new Petrobras CEO, Pedro Parente, implemented a new fuel price mechanism
based on parity with the international market policy, the IPP. This price policy promotes
the price adjustment for gasoline and diesel in refineries based on IPP plus costs such as
ship freight, internal transport costs, port fees, and a markup to remunerate risks inherent
to the operation, such as exchange rate volatility and prices on stays in ports and profit,
in addition to taxes [24]. A similar approach regarding the sample periods was applied
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by Hallack, Kaufmann, and Szklo [25] to investigate Granger causality of the Brazilian
fuel market.

Figure 3. Brazilian map with the location all 15 evaluated capitals—Belém (BEL), Belo Horizonte
(BHZ), Brasília (BSB), Cuiabá (CGB), Curitiba (CWB), Florianópolis (FLN), Fortaleza (FOR), Goiânia
(GYN), Manaus (MAO), Porto Alegre (POA), Recife (REC), Rio Branco (RBR), Rio de Janeiro (RIO),
Salvador (SSA), and São Paulo (SAO).

The dynamics of the hydrous ethanol price, the gasoline C price and the ethanol–
gasoline price ratio for distribution and retail of the 15 markets per Brazilian region
between 2012 and 2019 are available in the Supplementary Materials (Figures S1–S5).

2.2. Statistical Method

We evaluated the data used to define the statistical methods to be used in order to
compare the ethanol–gasoline price ratio behavior before and after the IPP. Part of the
data does not follow a normal distribution (i.e., Figure 4); we thus decided to use two
non-parametric tests to determine whether the population medians and variance of these
two groups differ.

First, the Mann–Whitney test [45] was applied to compare the medians between these
groups, for distribution and retail markets, where H0 means the two populations, called
before and after, are equal, versus H1, which means the two populations are not equal with
a significance level of 5% (p–value).

Second, Levene’s test based on the proposed modification of Brown and Forsythe [46]
was applied to compare the variance between the same groups, where H0 means the two
populations are equal and H1 means the two populations are not equal with a significance
level of 5%.
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Figure 4. Sample of distribution and retail ethanol–gasoline price ratio.

3. Results and Discussion

The results of the non-parametric Mann–Whitney test applied to the ethanol–gasoline
price ratio of the 15 cities are shown in Table 1. A third of the cities showed significant change
in the distribution median, followed by a significant change on the retail median. In total, 50%
of the cities showed a significant change from the median in retail. POA showed the greatest
change from the median, with a rise of more than 11% after 2016 for both distribution and
retail. On the other hand, the median of ethanol–gasoline price ratio for CGB was more than
8% in the retail market, which was not preceded by the distributor chain.

Table 1. Comparative analysis of the median before and after the IPP using the statistical Mann–Whitney test. All statistically
significant changes, with p-values less than 0.05, are highlighted in gray. A third of the cities showed a significant change
in the distribution median. These same cities showed significant changes in the retail median (POA, FOR, RIO, REC, and
BHZ). Three other cities also had significant changes in the retail median (FLN, CWB, and CGB), totaling significant changes
in more than half of the cities.

Distribution Retail

City Median Mann–Whitney Test Median Mann–Whitney Test
Before After Delta p-Value Before After Delta p-Value

POA 0.824 0.917 11.25% 0.0000 0.814 0.908 11.46% 0.0000
FOR 0.817 0.840 2.85% 0.0060 0.795 0.858 7.93% 0.0000
RIO 0.806 0.826 2.56% 0.0126 0.804 0.864 7.44% 0.0007
FLN 0.835 0.846 1.29% 0.4412 0.825 0.858 4.04% 0.0002
CWB 0.696 0.699 0.36% 0.4669 0.685 0.709 3.44% 0.0159
BEL 0.875 0.886 1.30% 0.3510 0.862 0.875 1.54% 0.0820
GYN 0.681 0.672 −1.25% 0.1280 0.691 0.700 1.43% 0.3852
SSA 0.751 0.757 0.81% 0.4187 0.767 0.775 1.09% 0.5347
RBR 0.897 0.885 −1.28% 0.1564 0.914 0.922 0.89% 0.6572
SAO 0.629 0.625 −0.71% 0.5333 0.624 0.630 0.83% 0.4374
BSB 0.826 0.803 −2.75% 0.0830 0.824 0.820 −0.43% 0.7184

MAO 0.880 0.866 −1.63% 0.0504 0.844 0.837 −0.85% 0.3274
REC 0.799 0.772 −3.28% 0.0000 0.781 0.754 −3.37% 0.0002
BHZ 0.725 0.687 −5.32% 0.0009 0.726 0.691 −4.87% 0.0016
CGB 0.619 0.612 −1.12% 0.0646 0.682 0.621 −8.87% 0.0000

FLN, CWB, and CGB demonstrated an asymmetry between distributors and retailers,
as if policy changes affect only their retail markets or that there is an independence between



Sustainability 2021, 13, 9899 8 of 12

distribution and retail in these cities. For instance, Figure 5 shows the histogram and
boxplot of ethanol–gasoline price ratios before and after the IPP for CWB.

Table 2 shows the Interquartile Range (IQR), Coefficient of Variation (CoefVar) and
Levene’s test results for the studied cities. With a few exceptions, our results show that
significant changes in the distributors’ ethanol–gasoline price ratio variance were followed
by changes of similar magnitude to the retailers’ (p-values less than 0.05 are highlighted in
gray). The cities whose variance value rose only for the distributor chain were GYN and
FOR. Two-thirds of all cities presented some kind of significant change in variance and all
of these changes resulted in an increase of the CoefVar and IRQ.

Overall, the political and economic conditions found in Brazil after 2016 (mainly the
reduction of inflation and the fiscal austerity policy implemented in the government of
former president Michel Temer), Petrobras’ IPP policy implemented after the company net
losses from 2014 to 2016, and the price of Brent crude oil price after 2016 impacted more
than a half of the ethanol–gasoline price ratio medians.

However, the ethanol–gasoline price ratio median remained the same or significantly
decreased in 66% of the analyzed cities, although the nominal oil prices were generally low
after 2016 (57 USD per oil barrel on average), when compared to the pre-IPP period where
the average was 75 USD and the maximum nominal price was 142 USD per barrel [25]. At
first glance, this seems to be a contradiction, but it may be explained by the government
interventions in the fuel and byproduct final selling prices before 2016, artificially reducing
the gasoline C price at oil refineries while Brent oil prices were high in the international
market [19] before the IPP and the correlation between Brent oil price and ethanol price [32].

Figure 5. CWB ethanol–gasoline price ratio of distribution and retail markets from January 2012 to May 2016 (Before) and
from June 2016 to June 2019 (After)—(a) histogram of distribution, (b) boxplot of distribution, (c) histogram of retail and
(d) boxplot of retail.
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Table 2. The IQR, CoefVar, and Levene’s test results for the 15 studied cities. All statistically significant changes, with
p-value sless than 0.05, are highlighted in gray. Two-thirds of all cities presented some kind of significant change in variance
and all of these changes resulted in an increase of the CoefVar and IRQ.

Distribution Retail

City IQR CoefVar Levene’s Test IQR CoefVar Levene’s Test
Before After Delta Before After Delta p-Value Before After Delta Before After Delta p-Value

BSB 0.070 0.111 58.14% 5.52 8.88 60.87% 0.0000 0.053 0.113 112.37% 5.22 9.08 73.95% 0.0000
BEL 0.055 0.128 131.29% 4.80 9.58 99.58% 0.0000 0.057 0.120 110.30% 5.54 9.39 69.49% 0.0000

MAO 0.061 0.116 89.94% 4.69 9.26 97.44% 0.0000 0.056 0.084 50.33% 5.35 8.62 61.12% 0.0000
RIO 0.066 0.127 90.57% 6.96 9.60 37.93% 0.0000 0.078 0.139 78.46% 6.72 9.84 46.43% 0.0000
FLN 0.074 0.121 64.18% 6.36 10.16 59.75% 0.0000 0.068 0.095 38.47% 6.13 8.97 46.33% 0.0010
SSA 0.065 0.112 70.40% 6.31 8.94 41.68% 0.0000 0.071 0.104 45.27% 6.72 8.77 30.51% 0.0090
RBR 0.080 0.086 7.10% 6.06 8.71 43.73% 0.0130 0.083 0.098 18.05% 6.39 8.25 29.11% 0.0220
SAO 0.069 0.104 51.33% 7.98 10.10 26.57% 0.0040 0.070 0.100 42.79% 7.83 9.62 22.86% 0.0170
CWB 0.072 0.092 27.73% 7.54 9.14 21.22% 0.0770 0.067 0.082 22.83% 6.89 8.40 21.92% 0.0510
GYN 0.083 0.102 23.78% 7.84 10.24 30.61% 0.0240 0.071 0.092 29.31% 8.00 9.47 18.38% 0.0720
REC 0.059 0.073 24.01% 6.06 7.12 17.49% 0.4170 0.061 0.068 11.66% 6.00 6.94 15.67% 0.5360
BHZ 0.080 0.093 15.88% 8.15 8.05 −1.23% 0.8370 0.084 0.094 11.29% 7.82 8.28 5.88% 0.7200
FOR 0.052 0.077 47.46% 4.98 6.65 33.53% 0.0010 0.069 0.061 −11.38% 6.30 6.06 −3.81% 0.8940
CGB 0.075 0.094 25.75% 9.39 9.33 −0.64% 0.6130 0.058 0.101 75.77% 9.87 9.49 −3.85% 0.7510
POA 0.100 0.066 −34.52% 8.63 7.21 −16.45% 0.1440 0.072 0.071 −1.53% 8.02 6.11 −23.82% 0.2880

The capitals SAO, BHZ, CWB, GYN, and CGB, which are located in the states that
were the largest consumers of hydrous ethanol over the evaluated period [47], maintained a
favorable price ratio for hydrous ethanol to the final consumer of approximately 0.7 or less.
BHZ and CGB also showed a reduction in the ethanol–gasoline price ratio median of 4.87%
and 8.87% after 2016, respectively. This scenario may have contributed to the increase in the
Brazilian demand for ethanol in the same period (Figure 2). Furthermore, the increase of the
ethanol–gasoline price ratio CoefVar in most cities may have been caused by the increase
in the amount of readjustments in gasoline prices as a result of the IPP. The rise of gasoline
price fluctuations after 2016 is shown in Figures S1–S5 of the Supplementary Materials.

The most striking observation to emerge from the data comparison was an apparent
dependence of the Brazilian fuel market on the ethanol–gasoline price ratio practiced by
the distributor chain. Overall, statistically significant changes of the ethanol–gasoline price
ratio median or variance in the fuel distributors after 2016 were followed by changes of sim-
ilar magnitude and direction of the ratio practiced by service stations in the retail market.

An increasing number of studies suggest that crises might offer room for creativity
and innovation. Mens et al. [48] found that the Netherlands’ shift from conventional urban
planning practices to organic planning practices, called bottom–up urban development,
coincided with the financial crisis that occurred from 2008 to 2016 and can be attributed to
an absence of investment. Pallagst, Vargas-Hernández, and Hammer [49] presented new
strategies for shrinking cities, many of them undergoing structural changes because of
economic crises. Scheidgen et al. [50] showed that crises such as COVID–19 might result in
new entrepreneurial opportunities and social innovation. Petrobras’ CEO Pedro Parente
released the IPP in 2016, modifying the company policy for gasoline pricing after some
economic and political issues. This policy virtually extinguished the Brazilian government’s
influence on artificially frozen gasoline prices to the final consumer and significantly
increased the ethanol–gasoline price ratio variance, generating a new market behavior.

4. Conclusions

In this paper we verified the competitiveness of the Brazilian hydrous ethanol market
after the implementation of Petrobras’ IPP policy during a period of political, social and
economic turbulence in the country, from 2012 to 2019. The ethanol–gasoline price ratios
were used to compare the behavior of the fuel market throughout this period. Brazil is
the second-largest ethanol producer worldwide [29], contributing to the transition from a
fossil energy economy to a bio-economy based on renewable sources of energy.

We have demonstrated that the political and economic scenario after Petrobras’ IPP
policy modified the behavior of the ethanol–gasoline price ratio, by both changes in the
cities’ median and an overall increase of the ratio variance. Hallack, Kaufmann, and
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Szklo [25] also identified a change in the behavior of the Brazilian fuel market after the IPP,
where ethanol became a dead–end price, which fostered competition between hydrous
ethanol and gasoline C. This behavior change may be related to the rise in hydrous ethanol
demand after 2016 [42]. However, the likely impact of the IPP on Brazilian biofuel demand
and hydrous ethanol price should be interpreted with caution. We acknowledge that sugar
plays a key role in the ethanol price [32,33], and further work needs to be done to establish
IPP’s contribution to increasing the consumption of hydrous ethanol from the perspective
of the flex-fuel vehicle fleet in Brazil after 2016. Additionally, the impact of IPP on other
biofuels, such as biodiesel, should be analyzed.

Our findings highlight the market’s dependence on the ethanol–gasoline price ratio
practiced by the fuel distributors, because statistically significant changes in the fuel price
ratio median or variance that occurred among the distributors were followed by changes of
similar magnitude and direction in the price ratio of the retail market after the IPP, as stated
in the discussion. On 12 August 2021, the government published the Provisional Measure
1063/21 that authorizes producers and importers of hydrated ethanol to sell the product
directly to service stations and may reduce the dependence on fuel distributors. Murari
et al. [9] also mentioned that the government may promote biofuel-only service stations
through Renovabio carbon credit incentives to minimize the retail market dependence on
the fuel distributors’ price and make hydrous ethanol a perfect substitute for gasoline C.

Although the price of ethanol is free from governmental controls, the ethanol–gasoline
price ratio can be artificially modified if the Brazilian government eventually decides to
freeze prices or give subsidies to fossil fuels with the objective of reducing pressure politics
or controlling inflation. Once consumers are widely informed that hydrous ethanol is
economically viable to fuel vehicles when this price ratio is below 0.7, further changes in
Petrobras’ current fuel pricing policy might modify the renewable fuel market dynamics.
This work has revealed the need to implement new government policies to reduce the
impact of fossil fuel pricing on the final price of hydrous ethanol in the service stations,
stimulating the competition between fossil and renewable fuel and taking full advantage
of the benefits of the flex-fuel vehicle fleet in Brazil.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/su13179899/s1, Figure S1: The Distribution and Retail time series of the hydrous ethanol
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gasoline price and ethanol–gasoline price ratio between 2012 and 2019 of cities of the Midwest region
of Brazil. Figure S3: The Distribution and Retail time series of the hydrous ethanol price, gasoline
price and ethanol–gasoline price ratio between 2012 and 2019 of cities of the Northeast region of
Brazil. Figure S4: The Distribution and Retail time series of the hydrous ethanol price, gasoline price
and ethanol–gasoline price ratio between 2012 and 2019 of cities of the Southeast region of Brazil.
Figure S5: The Distribution and Retail time series of the hydrous ethanol price, gasoline price and
ethanol–gasoline price ratio between 2012 and 2019 of cities of the South region of Brazil.
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