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The purpose of this paper is to evaluate the sensitivity of fuel consumers regarding price and income, taking
recent changes in the Brazilian fuel market into account. In this market, new market rules, energy policy to-
wards fuel diversification and introduction of flex-fuel engines have determined fuel competition among gas-
oline, ethanol and compressed natural gas. Using a dynamic panel data model, demand equations for these
three fuels are econometrically estimated to obtain consumer adjustment coefficients, price, cross-price
and income elasticities in the short and long-run. In addition, the effect of the introduction of flex-fuel
engines in the market and the rationality of consumers towards efficiency constraints of the engines were
tested. Apart from considerable competition, results show that the dynamics of the Brazilian fuel market
revolves around ethanol instead of gasoline. While demands for gasoline and natural gas are inelastic to
price, demand for ethanol is elastic in Brazil. Furthermore, after the introduction of the flex-fuel technology
the sensitivity of consumers to fuel prices changed, and ethanol consumers take efficiency constrains into
account when ethanol prices reach the threshold of 70% of gasoline prices.

© 2012 Elsevier B.V. All rights reserved.
1. Introduction

The Brazilian fuel market is considerably different from other mar-
kets due to diversity of alternative fuels. There are four main fuels in
this market: gasoline, ethanol, natural gas – in its compressed form,
thus known as compressed natural gas (CNG) – and diesel. Gasoline
still remains as the main fuel, but it strongly competes with two substi-
tutes: ethanol and CNG. The features of the Brazilian automobile fleet
imply that diesel is only used by large road vehicles, not competing
with other fuels in the short-run. Ethanol plays a historic role in the na-
tional energy policy, being an important alternative in periods of high
oil prices or to face environmental enforcements. On the other hand,
CNG has recently been introduced in the market and already competes
with ethanol and gasoline. As a consequence of this diversified marked,
the economic theory of consumer behavior suggests the hypothesis that
consumers are more responsive to prices, and adjust faster towards
desired demand levels. The estimation of price and income elasticities
jointly with the adjustment coefficients of consumers might bring
new insights about the Brazilian fuel market.
3 de Maio nº 06, Piedade CEP.
71 3283 7563.

rights reserved.
The literature on the estimation of fuel demand equations in the
field of energy economics is considerably extensive. Surveys of the lit-
erature might be found in Dahl (1995) and Dahl and Sterner (1991),
which summarized a set of principles, models and data requirements
used for the estimation of the demand for gasoline and transportation
fuels. Bentzen (1994), Eltony and Al-Mutairi (1995), Espey (1996a,
1996b, 1998), Graham and Glaister (2002, 2004), Goodwin et al.
(2004), and Polemis (2006) also provided good insights on this sub-
ject. The estimation of fuel demand through panel data models can
be found in Baltagi and Griffin (1983), Puller and Greening (1999)
and Rouwendal (1996). For the Brazilian fuel market Alves and
Bueno (2003), Azevedo (2007), Burnquist and Bacchi (2002), Freitas
and Kaneko (2011), Iootty et al. (2004), Nappo (2007), Pontes
(2009), Rogat and Sterner (1998), Roppa (2005), Silva et al. (2009)
and Schünemann (2007) estimated demand equations using time
series models. General results for Brazil showed that fuel demand is
inelastic and that these fuels are imperfect substitutes.

International and national literature reviews are focused on the esti-
mation of gasoline demand and the usage of time series models. Dahl
and Sterner (1991) presented standard models to estimate price and
income elasticities for gasoline mainly using monthly, quarterly and
yearly time series. Eltony and Al-Mutairi (1995) estimated the demand
for gasoline in Canada and Kuwait, using cointegration techniques.
Bentzen (1994) estimated the demand for gasoline in Denmark using

http://dx.doi.org/10.1016/j.eneco.2012.08.012
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that same technique. Dahl (1995) also presented a survey on demand
elasticities and their components regarding the demand for transporta-
tion fuels. Espey (1996a) explained the variation in elasticity estimates
of gasoline demand in the United States through meta-analysis. Espey
(1996b) analyzed fuel consumption through an international automo-
bile fuel-saving model. Espey (1998) wrote a review on gasoline de-
mand through an international meta-analysis of elasticities. Graham
and Glaister (2002, 2004) analyzed various international researches
on the responses of conductors to fuel price changes and the road
traffic-related elasticity estimates reported in international literature;
particularly the magnitude of the relevant income and price effects
and new directions in relevant literature. Goodwin et al. (2004) give
the main results of a literature review of empirical studies that have
been published since 1990, updatingwork on the effects of price and in-
come on fuel consumption, traffic levels, and, where available, other in-
dicators, including fuel efficiency and car ownership. More recently,
Polemis (2006) presented the determinants of road energy demand in
Greece using cointegration techniques and vector auto regression anal-
ysis. The evidence presented shows important differences between
long- and short-run price elasticities.

In Brazil, the use of time series models with cointegration techniques
to estimate the price and income elasticities prevails over other models,
as shown in Table 1. Rogat and Sterner (1998) estimated the price and in-
come elasticities of gasoline demand for some Latin American countries,
including Brazil, to be compared to those of OECD countries. They con-
cluded that Latin America tended to have a very heterogeneous pricing
policy, which has not necessarily followed international trends.
Burnquist and Bacchi (2002) estimated demand equations for gasoline
in Brazil using yearly time series. The main finding was that fuel con-
sumption is more sensitive to income than price in both the short and
long-run. Alves and Bueno (2003) also estimated a demand equation
for gasoline using yearly time series and found that ethanol is an imper-
fect substitute for gasoline, even in the long-run. Roppa (2005) compared
the competitiveness of gasoline to that of ethanol, also using yearly time
series. Results showed that ethanol is an imperfect substitute for gaso-
line, whose consumers are indifferent to price increases in both the
short and long-run. Iootty et al. (2004) compared the competitiveness
between gasoline and CNG using monthly time series and found that
CNG is an imperfect substitute for gasoline. In spite of that, the demand
for CNG was found to be price inelastic. In the short-run consumers
were more sensitive to price than they were to income and in the
long-run this relationship was shown to be inverted.

Recent studies in Brazil also have applied time series models and
some of them have explored beyond gasoline demand. Azevedo
(2007) estimated the short and long-run price, cross-price and
Table 1
Short and long-run price, cross-price and income elasticities of the fuel demand in Brazil fr

Referencea Dependent variableb Period Short-run

Explanato

Gprice

Rogat and Sterner (1998) Gasoline 1960–1994
Burnquist and Bacchi (2002) Gasoline 1973–1998 −0.319
Alves and Bueno (2003) Gasoline 1984–1999
Iootty et al. (2004) CNG 01.2001–12.2003 0.100
Roppa (2005) Gasoline 1979–2003 −0.073
Azevedo (2007) Ethanol 01.2002–06.2006 1.301
Azevedo (2007) CNG 01.2002–06.2007
Schünemann (2007) Gasoline 1980–2005 −0.122
Schünemann (2007) Gasoline 01.1991–02.2007 −0.488
Nappo (2007) Gasoline 08.1994–07.2006
Pontes (2009) Ethanol 7.2001–10.2008
Silva et al. (2009) Gasoline 04.2001–12.2006
Freitas and Kaneko (2011) Ethanol 01.2003–07.2010 1.987

a References are ranked by the year of publication.
b Demand equation.
c Eprice, Gprice, CNGprice and income are real price of ethanol, gasoline, CNG and real in
income elasticity of ethanol and CNG demand in Brazil. Despite spe-
cific results showing that ethanol demand is almost elastic to its
price and elastic to the gasoline price, the general result showed
that price elasticities are growing in Brazil. Schünemann (2007) ana-
lyzed the gasoline demand in Brazil estimating its elasticities and the
impact generated by the introduction of flex-fuel vehicles. General re-
sults showed a high income elasticity and only a very small effect of
the flex-fuel vehicles on the long-run gasoline demand. The same
kind of study was developed by Nappo (2007) and showed a consid-
erable increase in the price elasticity of gasoline demand after the in-
troduction of flex-fuel vehicles. Pontes (2009) estimated the ethanol
demand and showed a considerable change in its price elasticities
caused by the flex-fuel engines. Silva et al. (2009) studied the impact
of the growing ethanol market on the demand elasticity for gasoline
in Brazil and results showed a considerable increase in the price elas-
ticity and cross-price elasticity regarding ethanol. Finally, Freitas and
Kaneko (2011) analyzed the characteristics of ethanol demand in the
context of fuel mix diversification in Brazil. The study showed that
during the last decade, ethanol has strengthened its position as both
an independent fuel and a substitute for gasoline. In summary, this
study showed that the growth in the Brazilian automobile fleet
based on flex-fuel technology is a major driving factor of long-run
ethanol demand.

Previous studies in Brazil still present some limitations which the
present study was designed to overcome. Few studies consider the
substitution among the three main fuels. From the Brazilian literature
review, only Silva et al. (2009) consider the use of econometric tools
other than time series, but without the substitution among the three
main fuels. The country-level estimations from aggregated time series
might affect the results. The fuel market in Brazil presents specific
features than those of other countries due to its diverse fuel supply.
In addition to fuel diversification, the Brazilian economy is consider-
ably heterogeneous and marked by a high degree of concentration
of economic activity. For this reason, there are different unobserved
heterogeneities at the state level that may affect consumer prefer-
ences to use each type of fuel. Panel data models can account for
these heterogeneities and at the same time capture the variations
among the time periods and the cross-section units. The consider-
ation of these elements is the starting point to future studies in Brazil
designed to evaluate different patterns of consumer behavior by re-
gion in the presence of fuel prices, income variations or fuel taxes.
In addition, newmarket rules and technological advances in the auto-
mobile industry, such as flex-fuel engines, are increasing competition
between fuels. For this reason, the question that emerges is: how sen-
sitive are the consumers in this new environment? No previous study
om the literature.

Long-run

ry variables and elasticityc Explanatory variables and elasticity

Eprice CNGprice Income Gprice Eprice CNGprice Income

−0.980 0.900
0.600 −0.230 0.960
0.120 −0.464 0.480 0.122

−0.420 0.505 0.354 −1.010 0.181
−0.198 0.471 −0.634 0.401 0.163
−0.926 0.400 −0.364 −0.459 0.137

0.431 0.394 0.247 0.406
0.747 −0.292 1.340
0.857 −0.337 1.749

−0.197 0.690
1.374 −0.934 1.255

−0.945 0.049 0.154
−1.800 0.948 −1.413

come, respectively and the coefficients refer to elasticities in short and long-run.
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Fig. 1. Price relations in the Brazilian fuel market (Jul/2001–Dec/2010).
Source: ANP — Brazilian National Agency of Oil and Biofuel.
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examining the Brazilian fuel market has considered all factors identi-
fied. The present study is designed to overcome these shortcomings,
introducing those elements in the analyses, along with a dynamic
panel data approach to estimate fuel demand equations for Brazil.

The following section presents the main elements of the Brazilian
fuel market, mainly the determinants of the new dynamics of the
market. Section 3 presents the econometric specification to estimate
demand equations for each fuel. In Section 4, the data requirements
are described. The results and comparisons with previous studies
will be presented in Section 5. Finally, in Section 6, some final remarks
are presented.

2. The Brazilian fuel market

The starting point of the recent dynamics of the Brazilian fuel mar-
ket was the liberalization process of this market in 1997. Through the
known Law of Petroleum (Law 9.478/97) and new designs for energy
policy, competition was introduced in the fuel market through free
prices and free entry to new agents. The impacts of this policy on a
market with considerable diversity of substitute and complementary
fuels dramatically changed the structure of fuel demand in Brazil. In
order to comprehend these changes, it is necessary to understand
the cycle from the introduction of ethanol to the introduction of
flex-fuel engines by the national automobile industry.

Ethanol was introduced in the Brazilian energy matrix in 1975
through the Pro Alcool or National Alcohol Program. This was a large
scale energy production program designed to substitute ethanol pro-
duced from sugar cane for vehicular fossil fuel.1 The reasons for creat-
ing the program were the first and second oil shocks of 1974 and
1979 respectively. Likewise, the decision to produce ethanol from
sugarcane was driven by low sugar prices in the international com-
modity market at that time. Since the beginning of Pro Alcool, ethanol
fuel was massively introduced as a complementary and substitute
fuel in Brazil. Initially, ethanol was mixed into gasoline, at an amount
of 25%2 to this day (National Agency of Oil and Biofuel (ANP) (2011)).
On the other hand, the Brazilian automobile industry has started to
produce vehicles with engines that run solely on ethanol, making it
also a substitute fuel to gasoline.
1 The program was officially created in November 14th of 1975 by Decree no.
76.5930. Sugar-cane plantations and ethanol refineries were supported by the Govern-
ment. Ethanol was priced at the rate of 65% of the gasoline price in 1980 and 59% in
1982. Moreover, prices of vehicles with ethanol engines and their property tax were
set at 5% and 3% respectively, lower than taxes of vehicles with gasoline engines
(Roppa).

2 Because of this mixture some authors refer to gasohol blend instead of gasoline fu-
el. In the remainder of the paper the international definition ‘gasoline’ will be used,
even when considering its mixture.
The program was successful until the first half of the 1980s. After
that, a set of factors such as the decline of oil prices (and consequently
of gasoline) along with increases in sugar prices in the international
market, led to the end of the program. In addition, the engagement
of Brazil in liberal policies which enforced the elimination of subsidies
made the program unfeasible. Aside from that, the production of eth-
anol and vehicles with ethanol engines continued on a small scale.

Regarding energy efficiency, because the calorific value of ethanol
is smaller than that of gasoline, technical restrictions on engines re-
sult in fewer kilometers/hour using ethanol instead of gasoline. As a
consequence, the competitiveness of ethanol in the Brazilian fuel
market depends on its price being around 70% of the price of gasoline.
In 1989, when the Pro Alcool program collapsed, this percentage was
larger than 75% (Roppa, 2005). Since that time, the price relation has
rigorously been maintained (Fig. 1), mainly due to government assis-
tance, such as smaller fuel tax.3

The end of Pro Alcool in 1989 did not eliminate the use of ethanol
as a fuel. A considerable fleet consuming ethanol still remained in the
fuel market. The sales of vehicles with ethanol engines nonetheless
declined from 80% of the total sales in the period 1983–1987 to 0.7%
in 2000. Data from the National Traffic Agency (DENATRAN) (2011)
indicate that in 2009 the national fleet was composed of 35.5 million
vehicles. About 25.4 million were light vehicles; from this amount
1.3 million ran solely on ethanol, which represented 5.1% of the
light vehicle fleet. This stock of ethanol vehicles was important to
the continuity and new developments in the technology of large
scale ethanol production.

In the meantime, CNG was introduced in the fuel market. The ini-
tial strategy was to use it as a substitute for diesel in large road vehi-
cles. However, given the logistical problems, the usage was restricted
to large urban centers. In 1994, the implementation of a subsidy of
25% in Sao Paulo and 75% in Rio de Janeiro over the vehicle property
tax for vehicles used in urban transportation services allowed for
the creation of the first demand pool of CNG in Brazil. The CNG mar-
ket rapidly increased in other regions of the country. In 2009,
according to the Brazilian National Institute of Oil and Gas, there
were 1.35 million vehicles powered by CNG.4 Its low price relative
to those of gasoline or ethanol, (Fig. 1) together with environmental
concerns increased the CNG share in the fuel market in the last
years (Roppa, 2005) (see also Fig. 5 in Appendix A).
3 To subsidize ethanol and CNG, the tax named Contribution of Economic Domain has
not been charged on these two fuels.

4 Since the Brazilian automobile industry does not produce vehicles with CNG en-
gines, a conversion process is necessary. As part of this process, a second tank is intro-
duced in the vehicle. Because the original fuel tank is maintained, consumers may
pump with a second fuel; gasoline or ethanol, depending on the original engine.
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Fig. 2. Market share of gasoline, ethanol and CNG in Brazil (Jul/2001–Dec/2010).
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CNG increased the diversification in the fuel market5 for light ve-
hicles. Fig. 2 shows the dynamics of this market after 2000. As can
be seen, gasoline still remains as the main fuel, but the market
share declined from 84.4% in 2001 to 65.2% in the end of 2010. In
the same period, the consumption of ethanol increased from 13.2%
to 31.2% and CNG from 2.5% to 3.5%. This might imply that consumers
are close to desired demand levels in the gasoline market and distant
in the other markets.

However, it should be noted that the recent increase in the demand
for ethanol in Brazil results froma revolution in the automobile industry
known asflex-fuel engines.6 This technology allows a vehicle to operate
on gasoline, ethanol or CNG. Itwas developed in theUnited States in the
1980s and has been used in Brazil since the 1990s. In the end of 2003, it
was introduced in the market through the bi-fuel vehicles, operating on
ethanol or gasoline. In 2005, tri-fuel vehicles, which could operate on
gasoline, ethanol, or CNG, were introduced in a very small scale in the
market. In fact, the introduction of bi-fuel implied a radical structural
change in the fuel market, which led gasoline producers and suppliers
to adapt to a more competitive environment.

A first consequence of the new technology is that vehicle produc-
tion has shifted away from ethanol or gasoline engines towards
bi-fuel engines. As shown in Fig. 3, in 2005 the sales of vehicles with
ethanol plus flex-fuel engines overcame those of gasoline engines.
In 2010, the sales of light vehicles amounted to 3.57 million. From
this amount, flex-fuel vehicles represented 81.2% (2.9 million, see in
Fig. 4), diesel 10.6% and gasoline 8.2%. On the other hand, vehicles
with engines running solely on ethanol stopped being produced.

The changing trend in the production of vehicles and in the fleet
composition increased the possibilities of choice by consumers. The
obvious consequence, according to consumer economic theory is the
greater sensitivity to fuel price. For this reason the estimation of de-
mand equations for gasoline, ethanol and CNG will be carried, mainly
due to its usefulness for international comparisons.
3. Econometric specification

Regarding Brazil, I have found thirteen main and unpublished pub-
lished studies on fuel demand, summarized in Table 1. The general
results show that fuel demand in Brazil is inelastic and the fuels are im-
perfect substitutes. In addition, flex-fuel vehicles have influenced the
estimated price elasticities of demand for fuel in the country.
5 With the substitution of ethanol and CNG for gasoline and the high share of hydro
power in Brazilian electricity production (83.2%), 47.5% of Brazilian electricity con-
sumption comes from renewables. This share reduces energy dependence and vulner-
ability to high oil prices.

6 This technology is embedded in the Poli-fuel engines trend of the world automobile
industry.
Those previous studies present some shortcomings which the pres-
ent study is designed to overcome. Most of these studies consider nei-
ther the substitution among the three fuels nor the use of econometric
tools other than time series. Due to heterogeneity of the Brazilian econ-
omy the estimations from aggregated time series at the country level
might affect the results. For those reasons, the parameters in Table 1
might be biased or not reflective of actual consumer behavior. Aside
from this, after 2003, a radical change occurred in the market due to
the introduction of the flex-fuel technology, whose impacts might be
explained by a short-run analysis. The specification of demand equa-
tions using panel data might improve the results. For this reason, the
present study intends to overcome these shortcomings through the
estimation of price and income elasticities of fuel demand in Brazil
using a quarterly panel dataset containing data on income, price and
consumption of gasoline, ethanol and CNG. The use of panel data will
allow controlling the unobserved heterogeneity regarding different
patterns of fuel consumption among Brazilian states. Besides new pa-
rameters that can be compared to those of Brazil, we plan to provide
considerable improvement to the international literature.

The first study on energy demand using panel data was developed
by Balestra and Nerlove (1996). The authors estimated the demand
for natural gas in the United States. Baltagi and Griffin (1983) esti-
mated the demand for gasoline using panel data for OECD countries.
Since that time, panel data models have been used increasingly in de-
mand studies. Their theoretical principles can be found in Baltagi
(2001), Hsiao (1985, 1986) and Wooldridge (2004).

In the present study, I assume that the demand is technologically
dependent on the vehicles' engine. I will first consider that the market
has no flex-fuel engines due to a large previous stock of non-flexible
engines. The basic assumption is that consumers have some difficulty
in changing to another fuel in the short-run and in the long-run.
Therefore, previous consumption patterns determine those of the
present. This modeling allows the estimation of the speed to which
consumers adjust and whether this adjustment or other parameters
change when a more flexible technology is introduced. To control
the introduction of this new technology time dummies might be used.

The basic model is the partial adjustment model (Pesaran and
Smith, 1995). Assuming a certain quantity of a good (yit), its real
price (pgt), the real price of a substitute good (pst), the real per capita
income (Iit) and the quantity of the same good in the previous last
time yit−1, it is possible to obtain the formulation known for the
lagged endogenous model:

yit ¼ f pgt ; pst ; Iit ; yit−1

� �
: ð1Þ

This model is easy to estimate, to interpret and does not over-
demand data requirements, see Dahl and Sterner (1991). The lagged
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dependent variable is a shortcut for inertia of economic behavior,
deduced from assumptions about partial adjustments or adaptive
expectations. There are two main theoretical interpretations about
this assumption in the model. The first is that, for psychological, tech-
nological or institutional reasons, consumers do not change their
habits immediately after changes in prices or income, because this
may result in some level of disutility. I consider a delay in consumer
reaction because consumption is not only a function of current in-
come and price structures, but also of the past ones. Although this
kind of specification seems to be from ad hoc models,7 the adequacy
to theoretical foundations of consumer theory is the main stimulus to
use it (see Liu, 2004).

Considering assumptions of partial adjustment andan autoregressive
distributed lag (ADL) model in the form

yit ¼ α þ∑p
i¼1γiyk;t−i þ∑q

j¼1βk;jxk;t−j þ ut : ð2Þ

In Eq. (2), γi with i=1,….,p are the coefficients of (autoregressive)
lagged values of the dependent variable yit, xk,t− j with j=0,1,….,q are
the k-element column vectors of the current and distributed lagged
values of explanatory variables, and βk,j is a column vector with k co-
efficients, while α is the constant term and ut is the white noise error.
The restrictions on lag length p and q, which refer to the distribution
of coefficients γi and βk,j, determine different ADL(p,q) models. In the
present work the model that will be used is ADL(1,0).

Assume the equation

y�t ¼ α0 þ α1Pgt þ α2Pst þ α3It þ εt εteIID 0;σ2
� �

ð3Þ

where yt⁎ is the unobserved desired level of demand in the period t,
Pgt, Pst and It and is the same as Eq. (1) and the αn, n=0,….,3 are
the parameters of the model. The relationship between yt⁎ and the
actual demand yt is characterized by partial adjustment in consumer
behavior. This adjustment is given by

yt−yt−1 ¼ θ y�t−yt−1
� �

: ð4Þ

This specification states that changes in consumption during one
period of time (yt−yt−1) are a share of the difference between the
desired demand in the current period and the actual demand in the
previous period. The coefficient θ reflects the speed of adjustment to-
wards the desired demand level and ranges in [0,1]. In other words,
the larger the θ is, the faster the adjustment. For instance, if θ=1,
the actual demand immediately approaches the desired level. To
7 For a discussion about different dynamic models of energy demand and the rela-
tionship among them, see Watkins (1991). And for an example which explicitly con-
siders dynamic optimization over time, see Pindyck and Rotemberg (1982).
incorporate the speed of adjustment into the estimation process the
yt⁎ from Eq. (4) might be inserted into Eq. (3). The rearrangement
considering the specification for panel data model provides

yit ¼ β0 þ γyi t−1ð Þ þ β1Pg itð Þ þ β2Ps itð Þ þ β3I itð Þ þ u itð Þ: ð5Þ

In Eq. (5), i=1,….,N is the panel unit, t=1,….,T is still the time pe-
riod. The new parameters are: βj=θαj, j=0,….,3 and γ=(1−θ) and.
The endogenous error term now is uit=θεit. The short-run price par-
tial effects (or other interim periods until the long-run) are obtained
by ∂yt+k/∂pt=γkβj, k=0,….,P. Likewise, a long-run price effect may
be expressed as ∑k=1

P γkβ1=β1/(1−γ). At last, the linearization of
the variables in the equation allows the elasticity in the short-run
and long-run related to the relevant variable to be obtained. In this
modeling, the presence of the lagged dependent variable improves
the statistics and fit of models, mainly when there is no variable
representing variation in vehicle stock.

In the panel specification in Eq. (5), it is assumed that there are
unobserved time variant or invariant8 region-specific fixed effects μi,
mainly because of free market rules with no price control. Factors like
the presence of oil refineries, natural gas production/infrastructure or
ethanol production in different regions are examples of fixed effect ele-
ments whichmight influence price through transportation costs. In the
same way, different regional incomes per capita levels might influence
the choice of the fuel and the sensitivity of the parameters. In addition,
unobserved random effects may also affect the fuel demand and must
be considered.

To include the factors above in the model, take μi being a fixed pa-
rameter of a random variable and the error component expressed as

u itð Þ ¼ μ i þ η itð Þ;being μ ieIID 0;σ2
μ

� �
and η itð ÞeIID 0;σ2

η

� �
: ð6Þ

The term ηit now represents the reminder error term. The new sta-
tistic assumptions are:

E Pg itð Þ; μ i

� �
≠0; E Ps itð Þ; μ i

� �
≠0; E I itð Þ; μ i

� �
≠0: ð7Þ

The terms in Eq. (7) express the correlation between the unobserved
time invariant region-specific effect and all the explanatory variables of
the model. Finally, since y(it) is a function of μi and y(it−1) also is a func-
tion of μi, an endogeneity problem must be considered in the estima-
tion, even if ηit is not serially correlated (see Nickell, 1981).

Considering the presence of the lagged dependent variable, since
yit is a function of μi, it follows that yit−1 is also a function of μi. For
8 The argument to be time invariant accounts mainly because of short-run period
considered.
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this reason, yit−1 in the right hand side of Eq. (5) is correlated with
the error term. As a consequence, OLS estimation may be biased and
inconsistent. The estimation using SUR would not account for μi. The
fixed effect estimator would eliminate μi, but does not account for
endogeneity problems. Therefore, I use the GMM estimator from
Arellano and Bond (1991) (see Baltagi, 2001 and Wooldridge, 2004).

The first step to solve the endogeneity problem aforementioned
was given by Anderson and Hsiao (1981, 1982), who suggested
first differencing Eq. (5) to remove the μi and then using Δyit−2=
(yit−2−yt−3) or yt−2 as an instrument for Δyit−1=(yit−1−yt−2).
The instruments will not be correlated with Δηit=(ηit−ηit−1),
since ηit are not serially correlated themselves. According to Baltagi
(2001), the application of the instrumental variable (IV) estimation
method using these instruments leads to consistent but not neces-
sarily efficient estimates of the parameters in the model.

In addition, Arellano and Bond (1991) proposed a generalized
method of moments (GMM) procedure, based on the Anderson and
Hsiao procedure to find instruments, but considered to be more effi-
cient. Also known as dynamic panel data estimator, instead of using
pooled IV with instruments Δyit−2 or yt−2, Arellano and Bond pro-
posed using the entire set of instruments, which require the GMM es-
timation. The basis of GMM is the specification of a set of population
moment conditions and, for this reason, the entire set of instruments
might be used. Thus, by utilizing the orthogonality conditions that
exist between lagged values of yit and the disturbances η, the method
can generate consistent estimates when the number of panel data
units N and/or the time T goes to infinity (Baltagi, 2001). At the
same time, it also eliminates the unobserved fixed effect and resolves
some possible endogeneity problem that might arise in the price vari-
ables of the demand equation. The validity of instrumental variables
can be tested using the Sargan test of over identifying restrictions, de-
veloped by Sargan (1958). The hypothesis being tested is that the
instrumental variables are uncorrelated to some set of residuals, and
therefore they are acceptable instruments. On the other hand, the
Arellano and Bond test might be used to test for the existence of
zero autocorrelation in first-differenced errors.

4. Data requirements, unit root and panel cointegration

After the estimation of equations, this section presents the partic-
ularities of the data and the results for the unit root and cointegration
tests.

The three demand equations to be estimated are:

lnG itð Þ ¼ β0 þ γ lnG it−1ð Þ þ β1 lnPG itð Þ þ β2 lnPE itð Þ þ β3 lnPCNG itð Þ
þ β4 lnGDP itð Þ þ u itð Þ ð8Þ
lnE itð Þ ¼ β0 þ γ lnE it−1ð Þ þ β1 lnPG itð Þ þ β2 lnPE itð Þ þ β3 lnPCNG itð Þ
þ β4 lnGDP itð Þ þ u itð Þ ð9Þ

lnCNG itð Þ ¼ β0 þ γ lnCNG it−1ð Þ þ β1 lnPG itð Þ þ β2 lnPE itð Þ
þ β3 lnPCNG itð Þ þ β4 lnGDP itð Þ þ u itð Þ: ð10Þ

The three dependent variables will be the per capita consumption
of gasoline (G), ethanol (E) and CNG. The other explanatory variables
are: real prices of gasoline (PG), ethanol (PE) and CNG (PCNG) and per
capita gross domestic product (GDP).

A quarterly panel dataset from 27 Brazilian state economies for the
period ranging from Jul/2001 to Dec/2010was built. Thiswas the period
in which ANP surveyed data about fuel prices and consumption. The
whole dataset is composed of 1026 observations. After eliminating
regions and periods with no data about CNG, the sample was reduced
to 634 observations. The price index and population datawere obtained
from the Brazilian Institute of Geography and Statistics (IBGE) (2011).
Since there is no quarterly data of GDP (income) by state, a proxy vari-
able had to be used. The variable used was the Tax on Trade of Products
and Services (ICMS) obtained from the Brazilian National Treasury
(2011). To avoid the endogeneity problem the fuel tax was excluded
from ICMS. This tax is charged on the final commercialization of all
products and services in Brazil and is directly passed on to the final con-
sumer in all Brazilian states when the consumer buys products and ser-
vices. For this reason, this tax is a proxy that captures the direct increase
or decrease of income in each state of Brazil, considering that the in-
crease or decrease in consumption is a direct effect of the samevariation
in income.

Regarding the use of stock of vehicles and the prime interest rate
as explanatory variables, some comments need to be addressed.
There is no quarterly public data about the stock of vehicles by state
and fuel in Brazil. This problem becomes more complex because of
the large recent amount of flex-fuel vehicles that affect the gasoline
or ethanol demand and the large amount of vehicles converted to
CNG that might also be pumped with ethanol or gasoline. For this rea-
son, the lagged dependent variable continues to be the best strategy
to minimize possible problems. On the other hand, the prime interest
rate could also be used as an explanatory variable to indicate the level
of economic activities. However, this is a macroeconomic variable,
with no variation among the panel units and with lagged effects on
economic activity. Since panel data is available and the Brazilian
fuel market is considerably competitive, quarterly variables of fuel
prices and income are sufficient to explain fuel consumption. In case
possible endogeneity biases arise, the GMM method minimizes
them. This method also solves the problems of possible endogeneity
of fuel prices such as the link between gasoline prices and oil prices,



Table 2
Westerlund cointegration tests for the gasoline demand variables.

Statistic Value Z-value P-value

Gt −1.255 2.304 0.989
Ga −0.958 5.701 1.000
Pt −10.419 −2.728 0.003
Pa −3.964 0.252 0.600

Table 3
Westerlund cointegration tests for the ethanol demand variables.

Statistic Value Z-value P-value

Gt −0.969 3.757 1.000
Ga −0.600 5.999 1.000
Pt −2.992 2.938 0.998
Pa −0.794 2.860 0.998

9 Pesaran and Smith (1995) pointed out the bias of the adjustment coefficient when
adjustment coefficient is close to 1. In the present study, the wide ranges of this coef-
ficient among the estimated equations lead to the conclusion that the bias did not exist.
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and the link between ethanol prices and sugar prices which also are
both unavailable for the panel units used in this paper.

Because of the considerable extension of the time period in the panel,
with T=38, unit root and cointegration tests need to be performed. I ap-
plied the unit root tests of Breitung (2000), Breitung and Das (2005),
Harris and Tzavalis (1999), Im et al. (2003) (Im–Pesaran–Shin test),
Levin et al. (2002) (Levin–Lin–Chu test), Choi (2001) — (Fisher-type)
and Hadri (2000) (Lagrange Multiplier (LM) test). The last two tests
have, respectively the null hypothesis that all the panels have a unit
root and are (trend) stationary. It should be noted that, while for CNG
consumption and price, which are unbalanced panels, the Im–Pesaran–
Shin and the Fisher-type tests allow for unbalanced panels. In addition
the Westerlund (2007) error-correction‐based cointegration tests for
panel data were applied. Because of the large amount of unit root tests
for each variable, only the cointegration testswere reported in the paper.

For the consumption and price variables, the null hypothesis of a
unit root for the entire panel was rejected in all the tests considering
the presence of a trend in the series. However, the Hadri LM test
showed that for some individual panels there was evidence of unit
root. The same result was verified for the income proxy variable. In
this context, because of the dynamic panel data GMM method is ap-
plied on the variables in differences, possible problems are mini-
mized. Because the four cointegration tests of Westerlund require a
balanced panel, this text was carried out for the ethanol and gasoline
demand excluding the CNG price variable, which is an unbalanced
panel. Tables 2 and 3 present the results for the tests considering a
maximum of 3 lags.

As shown in Tables 2 and 3, according to the Westerlund (2007)
statistic tables, results do not reject the hypothesis that the series
are not cointegrated. Different lag structures were tested and the
results remained robust. There is no stable long-term equilibrium
among the variables and the equations could not be estimated in
level, but in difference, what reinforces the use of the dynamic
panel data GMM estimation, that takes the differences of the vari-
ables. On the other hand, long-run relationships cannot be estimated.

5. Estimation, results and comparisons

In order to evaluate the sensitivity of consumers to recent changes in
the Brazilian fuel market, in the first step, the adjustment coefficients,
short-run price, cross-price and income elasticities were obtained
through the estimation of demand in Eqs. (8) to (10) in logarithm for
each competing fuel, using the Stata package. In addition, long-run elas-
ticities were calculated. In the second step, dummy variables were in-
troduced to evaluate the effects of flex-fuel engines in the market, as
well as if the consumers obey thresholds of prices given by technical re-
strictions of engines.

Tables 4, 5 and 6 present the one-step GMM estimations for the
elasticities ε(.), the cross-price elasticities ε(.,.), coefficient of the lagged
dependent variable γ, and the adjustment coefficients θ(.) of the three
demand equations. For each equation, eleven estimations were car-
ried out. After estimation 1 of each equation, the additive and multi-
plicative time dummy variables dflexwere included. From estimations
2 to 6, additive and multiplicative time dummy variables, equal to 1
for all quarters after December 2003, were introduced to evaluate
the impact of the introduction of flex-fuel vehicles on the elasticities.
From estimations 7 to 11, the additive andmultiplicative dummy vari-
ables dthr, which equal 1 when ethanol prices cross the threshold of
70% of gasoline prices and 0 otherwise, were introduced to evaluate
the rationality of the consumers regarding technical limitations of
flex-fuel engines.

For all three equations, the Sargan test led to the rejection of the hy-
pothesis of over-identification restriction for the estimation. This makes
the dependent variables the valid instrumental variables to estimate the
model. In addition, also for the three equations, the Arellano–Bond test
led to a non-rejection of the hypothesis of no serial autocorrelation in
residuals. After these estimations, the short-run elasticities which were
also estimated using the Translog function were compared. These esti-
mations are presented in Table 8 of Appendix B.
5.1. Gasoline

Results for the gasolinedemand equation are supported by economic
theory. The short-run price-elasticity of −0.399 had the expected sign
and is close to Burnquist and Bacchi's (2002) estimation of −0.319
and−0.488 of Schünemann (2007) in Table 1. This value also is consid-
erably close to Dahl and Sterner's (1991) estimate. The cross-price elas-
ticity of ethanol of 0.099 also had the expected sign andwas not close to
other estimations for Brazil such as those of Roppa (2005). However, the
cross-price elasticity regarding CNG of 0.009 had the expected sign but
was not so statistically significant; there is no estimate in the literature
to make a comparison. Although a proxy was used to GDP per capita,
the income elasticity of 0.176 was close to Alves and Bueno's (2003)
estimate. The general result for gasoline demand shows that gasoline
and ethanol are imperfect substitutes in Brazil. These two fuels are
strongly competing in the fuel market. The adjustment coefficient of
0.336 is far from 1 and indicates that in the short-run the demand for
gasoline is not close to desired demand levels.9 Regarding the estima-
tions using the Translog function in Table 8, the price and cross-price
elasticities were considerably higher and also distant from the present
dynamic model.

For estimations (2) to (6) in Table 4, the additive and multipli-
cative time dummy variable dflex was introduced. Results in estima-
tion (2) show that the introduction of the additive dummy led to
a small moving up of the gasoline demand curve, from −0.170 to
−0.049=(−0.0220)+(−0.0270) at the intercept. From estimation
(3) to estimation (6), despite the non significance of the cross-price
elasticity of ethanol and CNG in Eq. (4), the results of the introduction
of multiplicative dflex dummy are similar to Schünemann's (2007)
results and show that there was no relevant change in price elastici-
ties of gasoline demand after December 2003. Price elasticity de-
creased from −0.399 to −0.393=(−0.353)+(−0.040), the cross
price elasticity with respect to CNG increased from 0.009 to 0.041=
(−0.063)+(0.104) and income elasticity from 0.176 to 0.205=
(0.198)+(0.006). This result is possibly affected by the fact that gaso-
line consumers belong to the highest income categories in Brazil and
also because only 10 of the 38 quarters of the database used in the esti-
mations represented the period previous to the introduction offlex-fuel



Table 4
One-step GMM–Arellano–Bond short-run estimation of gasoline demand for Brazil.

Parameters (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

Constant −0.170*
(0.087)

−0.022*
(0.102)

−0.082*
(0.096)

−0.240*
(0.089)

−0.099*
(0.089)

−0.066*
(0.0974)

−0.217*
(0.089)

−0.185*
(0.088)

−0.168*
(0.086)

−0.119*
(0.088)

−0.198*
(0.088)

εg −0.399*
(0.070)

−0.378*
(0.070)

−0.353*
(0.073)

−0.428*
(0.070)

−0.373*
(0.070)

−0.379*
(0.0706)

−0.318*
(0.078)

−0.368*
(0.075)

−0.416*
(0.072)

−0.427*
(0.071)

−0.335*
(0.078)

εg.e 0.099*
(0.040)

0.096*
(0.039)

0.097*
(0.040)

−0.029ns

(0.056)
0.098*
(0.039)

0.0953*
(0.039)

0.019*
(0.052)

0.059ns

(0.052)
0.134*
(0.054)

0.144*
(0.042)

0.036ns

(0.051)
εg.cng 0.009ns

(0.019)
0.021ns

(0.019)
0.018ns

(0.019)
0.006ns

(0.019)
−0.063*
(0.029)

0.0192ns

(0.0191)
0.009ns

(0.019)
0.010ns

(0.019)
0.008ns

(0.019)
−0.069*
(0.032)

0.009ns

(0.019)
εI 0.176*

(0.027)
0.210*
(0.030)

0.201*
(0.029)

0.158*
(0.027)

0.200*
(0.028)

0.1983*
(0.028)

0.180*
(0.027)

0.178*
(0.027)

0.174*
(0.027)

0.193*
(0.027)

0.181*
(0.027)

Γ 0.664*
(0.028)

0.671*
(0.028)

0.668*
(0.028)

0.655*
(0.028)

0.666*
(0.028)

0.6714*
(0.028)

0.656*
(0.029)

0.661*
(0.028)

0.663*
(0.028)

0.659*
(0.028)

0.659*
(0.028)

Θ=(1−γ) 0.336 0.329 0.332 0.345 0.334 0.329 0.344 0.339 0.337 0.341 0.341
Dflex −0.027*

(0.010)
Dflexpgsll −0.040*

(0.019)
Dflexpalcl 0.173*

(0.054)
Dflexpcng 0.104*

(0.033)
Dflexincome 0.0063*

(0.0028)
Dthr 0.023*

(0.010)
Dthrpgsls 0.024ns

(0.020)
Dthrpalc −0.046ns

(0.048)
Dthrpcng 0.114*

(0.037)
Dthrincome −0.005*

(0.003)
Observations 592 592 592 592 592 592 592 592 592 592 592
Wald-prob>χ2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Note 1: The values in brackets refer to standard error.
Note 2: The symbols “*”, “**” and “***” refer to significance level at 1%, 5% and 10% respectively and “ns” refers to a non-significant parameter.
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engines. For this reason, a longer panel data, regarding time units,
starting considerably distant from December 2003, would be necessary
to capture the entire effect.

Regarding estimations (7) to (11), the additive and multiplicative
dummy variable dthr was introduced. Results in estimation (7) show
that the introduction of an additive dummy led to a small down-
ward shift in the gasoline demand equation, going from −0.170 to
−0.194=(−0.217)+(0.023) at the intercept. Finally, results in esti-
mations (8) to (11), regarding the introduction of the multiplicative
dummy dthr, also show that there was no relevant change in elastic-
ities of the demand for gasoline when ethanol prices reached the
threshold of 70% of gasoline prices.

5.2. Ethanol

Table 5 presents results of the ethanol demand equation. They were
fully supported by economic theory, although this is not so common for
the energy economics literature. The negative, high and greater than 1
price-elasticity of −1.252 is close to Azevedo's (2007) estimate and
shows that consumers of ethanol in Brazil are price-elastic in the
short-run. This result is not so common for energy goods, which usually
are price-inelastic. This reflects a combination of factors such as the con-
sumers coming from smaller income groups and being attracted by
cheaper fuel and the introduction of flex-fuel engines in the market.
The high cross-price elasticity regarding gasoline of 1.182 also is close
to Azevedo's (2007) estimate and can be due to strong competition be-
tween ethanol and gasoline. It also suggests that gasoline prices are
more important for ethanol demand than for the demand for gasoline.
The cross-price elasticity regarding CNG of 0.098 implies that there is
little competition between ethanol and CNG. The income elasticity of
0.551 is considerably greater than that of gasoline demand and very
close to Azevedo's (2007) estimate. At last, the adjustment coefficient
of 0.148 suggests that ethanol consumers are distant from the desired
demand level, i.e., it is possible for the ethanol market to increase
even more rapidly in Brazil. The results of the Translog estimation, in
Table 8, show that although the price and cross-price elasticity with re-
spect to ethanol are very close, they are not significant, and the
cross-price with respect to CNG and income elasticity are distant from
the dynamic model.

The results of the additive time dummy variable dflex in estima-
tion (2) show that the introduction of an additive dummy led to a
small downward shift of the ethanol demand equation from 0.701
to 0.429=(0.359)+(0.069), at the intercept. From estimation (3)
to estimation (6) results for the multiplicative dummy only show
minor decreases in the price elasticity from −1.252 to −1.234=
(−1.311)+(0.077), in the cross-price elasticity with respect to gaso-
line from 1.182 to 1.162=(1.02)+(0.14), in the cross-price elasticity
with respect to CNG from 0.098 to 0.038=(0.229)+(−0.190), and
in the income elasticity from 0.551 to 0.464=(0.483)+(−0.019). I
hoped there would be an increase in elasticities, but once again this
may possibly be a result of the fact that only 10 quarters in the data-
base represent the period prior to the introduction of flex-fuel en-
gines. The high price elasticities already are an effect of flex-fuel
engines.

The additive dummy variable dthr in estimation (7) shows that
after prices of ethanol reach 70% of those of gasoline, there is a small
upward shift of the ethanol demand equation from 0.701 to 0.770=
(0.854)+(−0.084) at the intercept. Results in estimations (8) to
(11), regarding the introduction of the multiplicative dummy dthr,
show a considerable increase in price elasticity from −1.252 to



Table 5
One-step GMM–Arellano–Bond short-run estimation of ethanol demand for Brazil.

Ethanol (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

Constant 0.701*
(0.176)

0.359*
(0.206)

0.676*
(0.182)

0.423*
(0.195)

0.573*
(0.183)

0.432*
(0.196)

0.854*
(0.180)

0.720*
(0.174)

0.780*
(0.178)

0.567*
(0.176)

0.797*
(0.178)

εe −1.252*
(0.088)

−1.250*
(0.088)

−1.311*
(0.128)

−1.251*
(0.088)

−1.256*
(0.088)

−1.245*
(0.088)

−0.960*
(0.115)

−0.929*
(0.119)

−1.010*
(0.116)

−1.391*
(0.092)

−1.016*
(0.115)

εe.gsl 1.182*
(0.162)

1.125*
(0.162)

1.174*
(0.162)

1.025*
(0.168)

1.145*
(0.162)

1.1197*
(0.162)

0.852*
(0.182)

1.033*
(0.164)

0.978*
(0.173)

1.211*
(0.160)

0.917*
(0.181)

εe.cng 0.098*
(0.043)

0.070***
(0.044)

0.097*
(0.043)

0.070*
(0.044)

0.229*
(0.067)

0.0712***
(0.044)

0.106*
(0.043)

0.089*
(0.043)

0.101*
(0.043)

0.374*
(0.073)

0.104*
(0.043)

εI 0.551*
(0.068)

0.464*
(0.074)

0.542*
(0.070)

0.464*
(0.073)

0.503*
(0.071)

0.482*
(0.072)

0.558*
(0.068)

0.534*
(0.068)

0.548*
(0.068)

0.529*
(0.068)

0.547*
(0.068)

Γ 0.852*
(0.019)

0.846*
(0.019)

0.852*
(0.019)

0.849*
(0.019)

0.854*
(0.019)

0.846*
(0.019)

0.843*
(0.019)

0.852*
(0.019)

0.848*
(0.019)

0.836*
(0.019)

0.846*
(0.019)

Θ=(1−γ) 0.148 0.154 0.148 0.151 0.146 0.153 0.157 0.148 0.152 0.164 0.154
Dflex 0.069*

(0.022)
Dflexpalc 0.077ns

(0.124)
Dflexpgsll 0.137*

(0.042)
Dflexcng −0.190*

(0.074)
Dflexincome −0.0192*

(0.006)
Dthr −0.084*

(0.022)
Dthrpalc −0.425*

(0.107)
Dthrpgsls −0.141*

(0.044)
Dthrpcng −0.390*

(0.083)
Dthrincome 0.020*

(0.006)
Observations 592 592 592 592 592 592 592 592 592 592 592
Wald-prob>χ2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Note 1: The values in brackets refer to standard error.
Note 2: The symbols “*”, “**” and “***” refer to significance level at 1%, 5% and 10% respectively and “ns” refers to a non-significant parameter.
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−1.354=(−0.929)+(−0.425), a decrease in cross-price with re-
spect to gasoline from 1.182=(0.978)+(−0.141) and a small in-
crease in income elasticity from 0.551 to 0.568=(0.547)+(0.020),
which are expected results. However, there was an unexpected result
of the declining and reversion of the cross-price elasticity with respect
to CNG. This might be evidence that when ethanol prices are consider-
ably high the consumption of this fuel is relegated to owners of used
cars whose engines run solely on ethanol but were also converted to
use CNG, and for this reason an increase in CNG prices leads to a de-
crease in its demand and in ethanol demand.
5.3. CNG

Results for the CNG demand equation are presented in Table 6. They
are supported by economic theory. Comparing to Iootty et al. (2004) in
Table 1, the estimated price elasticity of −0.178 is less than half of the
value of −0.420, the cross-price with respect to gasoline of 0.371 is
more than three times greater than the value of 0.100 and the income
elasticity of 0.139 is more than three times smaller than the value of
0.510. The cross-pricewith respect to ethanol is not significant. It is pos-
sible to observe that, despite these comparisons, the elasticities for this
equation are considerably small. In Brazil, CNG consumers usually be-
long to lower income groups and/or are owners of older used vehicles
whose engines were converted from gasoline or ethanol to also run
on CNG. And since CNG prices are maintained artificially low to stimu-
late the market, consumers are not so sensible to price and income. In
addition, since CNG might be considered an inferior fuel in Brazil, this
suggests that it should not be estimated by using the SURmodel, for ex-
ample. The adjustment coefficient of 0.172 is distant to one and means
that the CNG consumption in Brazil is distant from the desired
demand level. Finally, the results of the Translog estimation are very
low, following the same pattern as the dynamic model, but only the in-
come elasticity is significant.

The introduction of the additive time dummy variable dflex in
estimation (2) led to a downward shift of the demand equation
from −1.017 to −1.454=(−1.526)+(0.073) at the intercept. As
shown in estimations (3) to (6), the estimation of the introduction
of the multiplicative dummy dflex resulted in no statistically signifi-
cant value. The same occurred with the additive dummy dthr in
Eq. (7) and with the multiplicative dummy dthr for price elasticity,
cross-price with respect to gasoline and income elasticity in the esti-
mations (8) to (11) respectively. The only relevant change was veri-
fied in the cross-price elasticity with respect to ethanol, which
declined from 0.096 to 0.034=(0.299)+(−0.265).
5.4. Long-run elasticities

Although the panel cointegration tests showed that there is no
stable long-term equilibrium among the variables, the long-run elas-
ticities were estimated in order to meet a reviewer. Table 7 shows the
long-run elasticities based on the short-run interim partial effects, as
described in Section 3. Standard errors presented in brackets were
generated through the delta method (Oehlert, 1992).

As shown in the analysis above, the price elasticity of gasoline
demand of −1.186 is close to Silva et al.'s (2009) estimate and implies
that its consumers are elastic to price in the long-run. The other elastic-
ities are lower thanone, but showvalues distant from those of past stud-
ies. For ethanol demand, price elasticities of −8.465, the cross-price
with respect to gasoline of 7.991 and the income elasticity of 3.722 are
considerably high and define highly elastic consumers regarding these



Table 6
One-step GMM–Arellano–Bond short-run estimation of CNG demand for Brazil.

CNG (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

Constant −1.017*
(0.184)

−1.526*
(0.255)

−1.119*
(0.205)

−1.475*
(0.235)

−1.161*
(0.193)

−1.426*
(0.235)

−0.972*
(0.187)

−1.070*
(0.193)

−0.979*
(0.185)

−0.994*
(0.184)

−0.981*
(0.186)

εcng −0.178*
(0.045)

−0.194*
(0.044)

−0.107ns

(0.078)
−0.192*
(0.044)

−0.178*
(0.044)

−0.193*
(0.044)

−0.178*
(0.044)

−0.121***
(0.077)

−0.179*
(0.044)

−0.186*
(0.045)

−0.178*
(0.044)

εcng.g 0.371*
(0.162)

0.356*
(0.160)

0.354*
(0.162)

0.238ns

(0.166)
0.343*
(0.162)

0.348*
(0.161)

0.256ns

(0.183)
0.387*
(0.163)

0.260***
(0.175)

0.272***
(0.167)

0.248*
(0.182)ns

εcng.e 0.096ns

(0.095)
0.106ns

(0.094)
0.101ns

(0.094)
0.106ns

(0.094)
−0.133ns

(0.135)
0.1094ns

(0.094)
0.205***
(0.124)

0.0696ns

(0.099)
0.2327**
(0.124)

0.298*
(0.128)

0.212***
(0.123)

εI 0.139*
(0.064)

0.061ns

(0.068)
0.128*
(0.064)

0.064ns

(0.067)
0.113***
(0.064)

0.0813ns

(0.066)
0.135*
(0.064)

0.132*
(0.064)

0.133*
(0.064)

0.124*
(0.064)

0.131*
(0.064)

Γ 0.828*
(0.016)

0.802*
(0.019)

0.818*
(0.019)

0.799*
(0.019)

0.819*
(0.017)

0.804*
(0.018)

0.827*
(0.016)

0.824*
(0.017)

0.828*
(0.016)

0.830*
(0.016)

0.827*
(0.016)

Θ=(1−γ) 0.172 0.198 0.182 0.201 0.181 0.195 0.172 0.176 0.172 0.169 0.172
Dflex 0.073*

(0.025)
Dflexpcng −0.098ns

(0.088)
Dflexpgsll 0.151*

(0.049)
Dflexpalc 0.315*

(0.132)
Dflexincome −0.020*

(0.007)
Dthr −0.031*

(0.023)
Dthrpcng −0.08ns

(0.087)
Dthrpgsls −0.079***

(0.046)
Dthrpalc −0.265*

(0.113)
Dthrincome 0.0098*

(0.007)
Observations 588 588 588 588 588 588 588 588 588 588 588
Wald-prob>χ2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Note 1: The values in brackets refer to standard error.
Note 2: The symbols “*”, “**” and “***” refer to significance level at 1%, 5% and 10% respectively and “ns” refers to a non-significant parameter.
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two fuels and also income. This happened because of the combination of
a large magnitude of parameters “β” and “γ”. Although the flex-fuel
technology makes the consumers more sensitive to price and that con-
sumers belong to lower income groups, long-run elasticities regarding
the demand for ethanol should be interpreted with caution until the
development of new and specific research about the demand for ethanol
in Brazil. Finally, for the CNG, the price elasticity of−1.034 (the same as
the value found by Iootty et al., 2004), and cross-price elasticity with
respect to gasoline of 2.159 show that consumers are price elastic
regarding these two fuels in the long-run. This result, along with the
low income elasticity of 0.809, defines the behavior of consumers
belonging to lower income groups, such as the consumers of ethanol.

6. Final remarks

This paper proposed an evaluation of the short-run and long-run
sensitivity of fuel consumers to price and income prior to the recent
Table 7
Long-run elasticities for fuel demand in Brazil.

Gasoline Ethanol CNG

εg −1.186*
(0.241)

εe −8.465*
(1.634)

εcng −1.034*
(0.346)

εg.e 0.293*
(0.141)

εe.gsl 7.991*
(1.752)

εcng.g 2.159*
(0.916)

εg.cng 0.028*
(0.089)

εe.cng 0.664*
(0.349)

εcng.e 0.560ns

(0.481)
εI 0.523*

(0.033)
εI 3.722*

(0.554)
εI 0.809*

(0.112)

Note: The symbols “*”, “**” and “***” refer to significance level at 1%, 5% and 10%
respectively and “ns” refers to a non-significant parameter.
changes in the Brazilian fuel market. The main features of this market
were described. The previous strategy of producing ethanol to substi-
tute fossil fuel, new market rules, the introduction of CNG and the
flex-fuel technology have increased consumer choices and stimulated
competition among fuels. The question that has emerged was: how
sensitive are the consumers in this new environment? The economet-
ric specification of a dynamic panel data model allowed estimating
short and long-run price and income elasticities, as well as adjust-
ment coefficients regarding the desired demand level. Additive and
multiplicative dummies also allowed evaluating the introduction of
flex-fuel and the rationality of consumers to the threshold of close-
ness of ethanol and gasoline prices.

The results for the short-run were supported by economic theory.
Although the parameters are different, the gasoline demand equation
can be compared to estimations of the literature. For the ethanol de-
mand, the greater-than-one price elasticity and cross-pricewith respect
to gasoline are also comparable to results in the literature and reflect a
highly competitive fuelmarket due to the combination of the fuel diver-
sification with the flex-fuel technology. The higher price elasticity for
ethanol compared to gasoline and CNG, implied that ethanol consumers
have more options in the occasion of price increases, whereas gasoline
and CNG consumers are more vulnerable to price increases. The cross-
price elasticities for the fuels determined different degrees of imperfect
substitution among the three fuels, with variations depending on the
estimated demand curve. Moreover, income elasticities ranked the de-
mand for ethanol as the most income induced, followed by gasoline
and CNG. Another important remark is that the adjustment coefficient
demonstrates that the consumers are distant from the desired demand
levels for all three fuels, which defines amarket with a high potential of
growth or diversification.
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Differently from other countries, the dynamics of the Brazilian fuel
market is centered on ethanol instead of gasoline, while CNGhas amar-
ginal contribution for this dynamics. Although CNG competes with gas-
oline, there are signs of segmentation in the market and that it faces its
own market conditions. As a consequence, CNG should be modeled in-
dependently in future studies. The ethanol demand curve wasmore re-
sponsive to prices and more distant from the desire demand level.
Ethanol has strengthened its position as an independent fuel and a sub-
stitute for gasoline, mainly because of the growth of the fleet based on
flex-fuel technology. For this reason, ethanol is considered to be one
of the most important fuel regarding energy policy issues. However,
this also suggests the necessity to maintain high levels of ethanol
supply even when the national production is low, by importing this
fuel, for example. Furthermore, ethanol consumers are becoming
more responsive to price and the rationality test performed also in-
dicates that the consumers consider technical restrictions of the
flex-fuel engines when ethanol prices reach 70% of gasoline prices.
This is a very positive aspect for the competitiveness of the fuel
sector in Brazil.

Future studies could be carried out to study the specific demand
for ethanol and compare different dynamic models using the stock
of flex-fuel engines vehicles by states in Brazil. Future studies also
need to be carried out to evaluate the adjustment of the flexible func-
tional forms to quarterly data regarding the fuel demand in Brazil.
Finally, the estimation using panel data models needs to be consid-
ered to evaluate different patterns of consumer behavior by region
or states in Brazil as a starting point to evaluate the impacts of energy
policies in the regional fuel market.
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Fig. 5. Consumption of gasoline, ethanol and CNG in Brazil (in barrels).
Source: ANP — Brazilian National Agency of Oil.
Appendix B
Table 8
Short-run estimation of price. Cross-price and income elasticities using a Translog
model.

Gasoline Ethanol CNG

εg −0.782*
(0.006)

εe −1.526ns

(2.197)
εcng −0.021ns

(2.430)
εg.e 1.555*

(0.002)
εe.g 1.181ns

(3.491)
εcng.g 0.324ns

(7.487)
εg.cng −0.012*

(0.002)
εe.cng 0.456**

(0.269)
εcng.e 0.165ns

(2.357)
εI 0.282*

(0.000)
εI 0.536*

(0.027)
εI 0.109**

(0.068)

Note 1: The values in brackets refer to standard error and were generated using the
delta method.
Note 2: The symbols “*”, “**” and “***” refer to significance level at 1%, 5% and 10%
respectively and “ns” refers to a non-significant parameter.
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