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Abstract: This study investigates the infl uence of biofuel energy consumption on Brazil’s economic 
growth during the period 1980–2012 by employing the Autoregressive Distributed Lag (ARDL) 
approach and the vector error correction model (VECM) Granger causality. The results revealed two 
structural breaks during the early 1980s due to the Latin American debt crisis as well as the early 
2000s due to the worries related to the increasing global spreads. Moreover, it was found that eco-
nomic growth, biofuel energy consumption, capital, urbanization, and globalization are co-integrated. 
Additionally, it was found that biofuel energy consumption, capital, urbanization, and globalization 
increase Brazil’s economic growth in the short run and in the long run. However, the two structural 
breaks have a signifi cant negative infl uence on economic growth. The vector error correction model 
Granger causality revealed a feedback causal relationship between all the variables (with the exception 
of capital). However, a unidirectional causality was concluded from capital to economic growth, biofuel 
energy consumption, urbanization, and globalization. From the results of this study, a number of policy 
implications were provided. © 2016 Society of Chemical Industry and John Wiley & Sons, Ltd

Keywords: biofuel energy consumption; Brazil economic growth; ARDL approach; VECM Granger 
causality

Introduction 

I
t is well known that Brazil is one of the major emerging 
economies in the world which witnessed a remarkable 
boost in its economic growth and development dur-

ing the last three decades. Brazil is the seventh biggest 
economy in the world based on the gross domestic prod-
uct (GDP) in 2014.1 Th is impressive economic growth 
and development is fueled by the consumption of energy. 
During the last three decades, Brazil’s primary energy 

consumption increased over 66%.2 Moreover, a sizable 
amount of Brazil’s primary energy consumption comes 
from imported fossil fuels which can threaten Brazil’s 
energy security. Th erefore, the Brazilian government 
undertook diff erent programs and policies to reduce the 
country’s dependency on fossil fuels by promoting renew-
able energy. Consequently, the country’s renewable energy 
consumption is increasing, especially the consumption 
of biofuel. Th e level of biofuel ethanol energy consump-
tion increased from only 63 900 barrels per day in 1980 to 
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sumption-GDP nexus relationship. A number of scholars 
such as Yildirim et al.,25 Bildirici,61 Ohler and Fetters,62 
Ozturk and Bilgili,63 Al-mulali,64 and Qiao et al.65 have 
investigated the biofuel energy consumption- GDP 
growth relationship in the United States, 10 developing 
and emerging countries, 20 OECD countries, sub-Sahara 
African countries, G7 countries, 16 major biofuel consum-
ing countries, and China, respectively. Th e outcome of 
these studies reached the conclusion that biofuel energy 
consumption has a long-run signifi cant eff ect on the 
investigated countries’ GDP growth.61–65 Moreover, bio-
fuel energy consumption has a positive infl uence on GDP 
growth in the long run.61–64 Th e causality between biofuel 
energy consumption and GDP growth has also been inves-
tigated by these scholars. Feedback causality was found 
between the two components by Ohler and Fetters62 and 
Al-mulali64 while a unidirectional causality was found 
from biofuel energy consumption to GDP growth by 
Yildirim et al.25 and Bildirici.61 Recently, Ozturk66 exam-
ined the interrelationship between biofuel consumption 
and production as well as several national-scale indica-
tors of socioeconomic and environmental sustainability 
by using the functional form of the Solow growth model. 
Panel data from 2000 to 2013 was used to examine 12 
distinct countries by employing the Panel Generalized 
Method of Moments (PGMM) technique. Th e results show 
that growth factors have a positive impact on biofuel con-
sumption while environmental indicators increase along 
with the increasing use of biofuels. 

From the empirical literature it is clear that most of 
the scholars reached inconsistent conclusions due to the 
diff erent methodologies and variables that they utilized in 
their studies. However, most of the studies were consistent 
in one important conclusion: energy consumption, 
whether it is from renewable or non-renewable sources, is 
still an important determinant of economic growth and 
development in the long run which contains important 
consequences for policy implications. However, in terms 
of the causality relationships, the outcomes of the previous 
studies were inconsistent with each other. Th e Granger 
causality outcome reveals that the conservation hypothesis 
is present in developed nations.10,25,28,32,36,46,47,49,54 
However, the growth hypothesis3,16,23,31 and the feedback 
hypothesis3,7,15,19,25,31,40,42,53,57 are more present in 
emerging countries. Th is outcome shows that for any 
country in the initial stage of economic development, 
energy consumption is an important source of economic 
growth. In the initial stage of economic development, 
the country’s economic growth will increase much faster 
than that of developed countries. Th erefore, this rapid 

359  000 barrels per day in 2012. Th us, exploring the infl u-
ence of biofuel ethanol energy consumption on Brazil’s 
economic growth is essential. 

Investigating the relationship between energy consump-
tion and economic growth has been well established by 
diff erent scholars who examined diff erent countries and 
regions. Most of the energy-GDP growth nexus literature 
utilized total energy consumption.3–38 Another group of 
scholars disaggregated energy consumption in two dif-
ferent types from fossil fuels energy sources9, 29,39–45 and 
renewable energy sources32, 39, 46, 55 Most of the studies 
found that there is a long-run relationship between energy 
consumption and GDP growth.4–7, 9, 10, 12–16, 18–21 , 23, 27,30, 33, 

34, 37–42, 44–46, 48, 50, 53, 56–58 

Th e causality between energy consumption and GDP 
growth is well examined in the literature. A group of stud-
ies found a bi-directional causality between the two com-
ponents,3,4,13,15,18,19,21,23, 25, 30–34,36, 38–40,42,44–47,49,50,53,54,57–59 
which is called feedback hypothesis. Th e feedback hypoth-
esis means that both energy consumption and economic 
growth are jointly determined and infl uence each other in 
the same time. In addition, a number of studies found a 
unidirectional causal relationship from energy consump-
tion to GDP growth3,4,5,12–14,16,17,20,23,25,27,29,31–33,36,37,47,49, 

51,54,56,58–60 and from GDP growth to energy consump-
tionm3,6,7,10,18,25,29,31,32,36,38,41,46,47,49,52 these relationships 
are called growth hypothesis and conservation hypothesis. 
Th e growth hypothesis explains that energy consump-
tion plays an important role on economic growth and any 
energy conservation policies will have an adverse eff ect on 
economic growth. On the other hand, the conservation 
hypothesis implies that any conservation policies will have 
no or only a small impact on economic growth.

However, few studies found no causality between the 
two variables10,17,21,25,31,33,36,49,54,59 this relationship is 
called neutrality hypothesis.* Th is hypothesis explains 
that energy consumption is not connected with economic 
growth and any energy conservation policies will have no 
eff ect on economic growth.

From the outcome of the energy consumption-GDP 
growth nexus literature (Table 1), it is clear that the signifi -
cance of energy consumption-GDP growth relationship 
is present in most of the investigated countries despite 
their diff erences in the level of income and economic 
development. 

Despite the substantial literature review, there are only 
a few studies that have examined the biofuel energy con-

*To fully understand these hypotheses, please refer to Ozturk I, A literature 

survey on energy–growth nexus. Energy Policy, 38:340–349 (2010).
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in the country; and ENE is ethanol consumption (fuel 
ethanol consumption in barrels per day, which has been 
selected as the only proxy for ethanol indicator because of 
data limitation). In order to generate the per capita vari-
ants of the variables, we divided GDP, ENE, and CAP by 
the total population. We also transformed the variables 
into their logarithmic form and the resulting baseline 
empirical equation is as follows: 

 ln Yt = a1 +a2 lnKt + a3 lnEt + a4 T + a5 D1 +a6 D2 +mt (2)

where Y is the real GDP per capita, K is the real gross 
fi xed capital formation per capita, and E is the ethanol 
consumption per capita. We also provided for two struc-
tural breaks in the model. T is the time trend and the two 
Dt represent the dummy variables, which capture two 
structural breaks. Th e structural breaks were selected 
based on the structural breaks in the unit root analysis 
of real GDP at level. Beyond energy consumption and 
capital stock, there are other variables that infl uence the 
aggregate output of an economy. Hence, we introduced 
few variables and, so the following equation is also 
investigated: 

 ln Yt =a1 +a2 lnKt + a3 lnEt + a4 lnZt 

 + a5 T +a6 D1 +a7 D2+mt (3)

where Z depicts the vector of control variables, which 
include U or urban population ratio; TG represents aggre-
gate globalization index; and EG depicts economic globali-
zation index. Th ese additional variables are sequentially 
introduced into the model because of the small sample 
size of our dataset. Th e role of the other variables (besides 
ethanol consumption, which has been explained) has been 
well-discussed in the literature. For instance, capital stock 
is a signifi cant factor in production function as capital 
stock improves the potential national output. Economic 
development is not feasible in the absence of industrial 
machinery, bridges, good roads, eff ective railways systems, 
and ports which are all physical capital. Although the rela-
tionship between capital and energy is debatable, Ebohon70 
argues that energy complements the role of capital in 
developing countries. Moreover, the inclusion of more 
variables such as capital incorporates more information 
that aff ects aggregate output than in the bivariate case, in 
which energy alone is considered as the sole factor. In the 
past, the previous literature included capital formation in 
energy-growth equation.69,71

Urbanization is a major characteristic of economic 
development, especially in developing countries, where 

increase in economic growth requires energy to engine 
it, as the more developed the country becomes,  the 
more the economic growth level will start to fall as well 
as the consumption of energy (as the country becomes 
more productive and more energy effi  cient) and its 
importance to engine economic growth. Th us, growth 
and the feedback hypothesis are more present in emerging 
countries while the conservation hypothesis is more 
present in developed countries.

Moreover, from the literature it is clear that there is a 
lack of empirical studies that have examined the biofuel 
energy consumption-GDP growth nexus relationship in 
Brazil. Brazil is the largest biofuel energy producer and 
consumer in the world aft er the United States in 2014.67 
Th erefore, the researchers of this study found it essential 
to examine the biofuel consumption- GDP growth 
relationship in Brazil.

From the foregoing papers, it is also observed that in 
addition to the conventional causality tests, the bound 
testing of Pesaran et al. (2001)73 has been used in the 
studies with limited data span. Th e use of a bound 
testing approach to estimate the long-run and short-run 
parameters is not surprising because the approach is not 
aff ected by a small sample size problem (unlike most of the 
other existing cointegration methods) in addition to the 
fact that it provides long- and short-run parameters of the 
model. Being a paper with a limited sample size (which has 
33 observations), we utilize the bound testing of Pesaran 
et  al.73 to investigate the relationship between the series. 

Model construction, data, and 
estimation strategy

Model construction  

In order to examine the relationship between energy use 
and output growth, we used the augmented neoclassi-
cal framework available in the works of Yuan et al.68 and 
Solarin and Ozturk.69 Th e approach suggests that national 
output is a function of energy consumption, capital stock, 
and labor force. In other words, there is a direct infl uence 
of energy consumption, capital stock, and labor force on 
economic performance. Th e aggregate production func-
tion is stated as follows: 

 GDPt = f(CAPt, LABt, ENEt) (1)

where GDP is the real GDP; CAP is the capital stock rep-
resented by the real gross fi xed capital formation,; LAB is 
labor force, which is represented by the total population 
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restrictions that consist of hidden import barriers, mean 
tariff  rates, taxes on international trade as a share of cur-
rent revenue, and an index of capital controls).

†

Unit root tests 

Time series literature provides several unit root tests 
including the Kwiatkowski et al.74 or KPSS test, which 
assumes a null of stationarity. There are several con-
cerns with this test including the fact that it does not 
provide for structural breaks. In response, many unit 
root tests have been devised to allow structural breaks.75 
Most of these unit root tests include exogenous and 
endogenous break unit root tests. Exogenous break unit 
root tests have been criticized because of their arbitrary 
approach of choosing the break date. Besides, the endog-
enous break unit root tests usually find and include the 
number of breaks that are pre-specified in the model 
tests. This feature may weaken the reliability of the 
tests because one or more unnecessary breaks are likely 
to be included in the unit root test.75 In other words, 
endogenous break unit root tests are less powerful than 
exogenous unit root tests when the break date is known 
previously.  Therefore, it is necessary to adopt a method 
that combines the merits of both exogenous and endog-
enous unit root tests. 

Th e Lee et al.75 test considers a two-step procedure 
to identify breaks and test for a unit root. Th e fi rst step 
examines the presence of structural breaks in the series, 
while the second step involves testing for a unit root. To 
identify and test the signifi cance of breaks, the test adopts 
a maximum F (maxF) test. Since the location and/or exist-
ence of breaks are known following the fi rst step, the exog-
enous test is adopted in the second step. Th is is important, 
because the exogenous tests have greater power than the 
endogenous tests. Th e Lee et al.75 test starts with the fol-
lowing data generating process (DGP), which is premised 
on component representation:

 yt =d ´ΔZt + et, et = b et +et (4) 

where Zt is the vector containing the exogenous series and 
b = 1 is the null of the unit root hypothesis. Because of its 
capacity to shift  in both level and trend, the generalized 
form of the model can be expressed as Zt = [1, t, D1t, DTt*]′. 
In order to provide for several breaks, more dummy vari-
ables can be incorporated into the regression as follows: 

 Zt = [1, t, D1t*, …, D*Rt, DT1t*, …, DT*Rt,]′ (5)

the pace of urbanization is most signifi cant. In developing 
countries, urbanization triggers several structural shift s 
throughout the economy and has important implications 
on energy consumption. Th e increase in economic activi-
ties, resulting from urbanization, causes the demand 
for energy (including electricity) consumption to rise.72 
Halicioglu35 argues that it is not only energy consump-
tion, but also urbanization that matters in the process of 
economic development. Few studies have included urbani-
zation as one of the potential determinants of economic 
growth in an energy consumption-economic growth 
equation.30,42,72 

Globalization increases the total factor productivity 
by enhancing trading activities of a nation. Th e transfer 
of sophisticated technology and foreign direct invest-
ment from advanced countries can boost the economic 
activity of developing economies. International trade in 
merchandise can enhance the standard of living of the 
citizenry. Trade is, in some ways, a type of technology. A 
nation that eliminates restrictions on international trade 
will usually enjoy technological change. Globalization 
promotes the division of labor and enhances the compara-
tive advantages of various nations. Globalization generates 
investment opportunities through foreign capital infl ows. 
It is reported that globalization infl uences energy demand 
and environmental quality by transferring the pollution-
inclined technology to nations where environmental 
regulations are feeble, especially in the underdeveloped 
economies.

Data collection

Th e data for real GDP (constant 2005 US$), real gross 
fi xed capital formation (constant 2005 US$), urban popu-
lation ratio, and total population of the country have 
been attained from the World Bank’s World Development 
Indicators. Th e data for ethanol consumption (fuel ethanol 
consumption in barrels per day) was collected from Energy 
Information Administration database. Data for both the 
aggregate globalization index and economic globalization 
were generated from Dreher.24 We used these globalization 
indicators to represent globalization instead of the trade 
openness, which is known to be somewhat distorted as it 
does not capture the size of barriers (tariff  or non-tariff ) 
to foreign trade. Th e globalization index is based on three 
diff erent components: economic, political, and social glo-
balization. Th e economic globalization index is based on 
two sub-indexes: (i) actual economic fl ows (trade, portfolio 
investment, and foreign direct investment) and (ii) restric-
tions to trade and capital (which include capita and trade †See in details http://globalization.kof.ethz.ch/
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where D1t* = 1 for t ≥ TB + 1, i = 1,…, R, and 0, otherwise, 
and D1t* = t – TBi for t ≥ TB + 1 and 0 otherwise. TBi rep-
resents the location of the breaks. Th e null restriction of 
b = 1 is levied based on the LM (score) procedure and 
the regression in diff erences is used in the fi rst stage as 
follows: 

 Δyt = d ′ΔZt + ut (6)

where d = [d1, d2, d ′3i, d ′4i]′, i = 1,…, R. Subsequently, the 
statistics of the unit root test can be obtained from the fol-
lowing regression: 

 
'

1t t t ty Z S eδ ϕ −Δ = Δ + +
~

 (7)

where ∼S shows the detrended series as follows: 

 ,t t tS y Zψ δ= − −
~ ~~

 (8)

where the coeffi  cientis ∼d  derived from Eqn (5) by employ-
ing the fi rst-diff erenced data and ∼St = yt –Z1

∼d . Th is pro-
cess removes the dependency of the nuisance parameters 
from the crash model. However, the dependency on 
nuisance parameters is not removed in the model with 
trend breaks. As shown by Lee et al.,75 the asymptotic 
distribution of the test statistic for the trend break model 
relies on the nuisance parameters, li* showing the frac-
tion of subsamples in each regime such that li* = TB1/T,  
li* = (TBi – TBi – 1)/T, i = 2,…, R and l*R+1 = (T – TBR )/T
. According to Lee et al. (2012),75 the dependency of the 
test statistic on the nuisance parameter can be removed by 
performing the following transformation:
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Th ereaft er, ∼St–1 in Eqn (7) is substituted withsuch ∼S*t–1 
that:
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where the t-staticstics for f = 0  is denoted by ∼t *LM. Due 
to this transformation, the unit root statistic, ∼t *LM does 
no longer rely on the nuisance parameter li in the model 
with a trend break. As the distribution is given as the 
sum of R+1 independent stochastic terms, the asymptotic 

distribution of ∼t *LM is a function of the number of trend 
shift s. Under the scenario of one shift  in the trend (R=1), 
the distribution of ∼t *LM is identical to the untransformed 
case (∼tLM) using the l = 1/2 regardless of the fi rst location 
of shift (s). Equally, in the case of dual shift s in the trend, 
(R=2), the distributions of ∼t *LM is identical to the untrans-
formed case (∼tLM) using the l1 = 1/3 and l1 = 2/3. Similar 
procedure is obtainable for the case of multiple shift s in 
the trend such that the distributions of the transformed 
test ∼t *LM and untransformed test ∼tLM  are identical for li = 
i/ (R + 1), i = 1…, R. Th erefore there is no need for simula-
tion of new critical at all possible break point combina-
tions. All that is required are the critical values that coin-
cide with the number of breaks. Th e augmented terms of 
Δ∼S t–j are incorporated into the estimations to make sure 
that no serial correlations exist in the errors. 

ARDL cointegration approach

Aft er investigating the unit root properties of the variables, we 
employed the bound testing procedure that was introduced 
by Pesaran et al.73 to investigate cointegration for long-run 
relationship between real GDP, capital formation, and biofuel 
consumption in the Brazilian economy. Th e Autoregressive 
Distributed Lag (ARDL) approach was chosen because it 
ensures consistent and effi  cient test statistics for short-spanned 
data. Th e unrestricted error correction model variant of the 
baseline regression in Eqn (2) is stated as follows:
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Th e null hypothesis of no-cointegration a5 = a6 = a7 = 
0 is tested against the alternative hypothesis of a5 ≠ a6 ≠ 
a7 ≠ 0‡. Aft er testing the long-run correlation in the series 
and fi nding the long-run coeffi  cients, we investigated the 
short-run coeffi  cients. Th us, the following short-run model 
of Eqn (2) was used:
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‡We also test for cointegration with the capital formation and ethanol con-

sumption expressed as dependent variables. However, we do not express 

the equations here in order to conserve space. 
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then capital formation and ethanol consumption Granger 
cause real GDP in the long term. Th e same analysis can be 
applied to the remaining equations.

Results and discussion

A descriptive presentation of the variables is presented 
in Table 2, which shows several statistics of all the vari-
ables in this study. With an average GDP per capita of 
US$4389.629 (or USD$8.387 in natural logarithm), Brazil 
has one of the largest GDP per capita among the emerg-
ing countries. With an average real gross capital forma-
tion per capita of US$849.7991 (or USD$6.745 in natural 
logarithm), Brazil has one of the largest real gross capital 
formation per capita among the developing countries. 
Th e Jarque-Bera statistics suggest that all the variables 
follow the normal distribution. Hence, the use of natural 
logarithm removed any possibility of non-normality in 
the variables. Th e pair-wise correlation estimates for the 
series in this study are also reported in Table 2. We used 
the Spearman’s rank correlation coeffi  cient, which could 
tell whether the correlation is positive or negative. Th e 
statistics show that there is positive and signifi cant cor-
relation between most of the variables. For example, GDP 
per capita has positive and signifi cant correlation with the 
other series. 

In order to conduct the cointegration test, we needed 
information on the integration properties of the series. 
For this purpose, we estimated unit roots of real GDP 
per capita, capital formation, ethanol consumption, 
urbanization, aggregate globalization index, and economic 
globalization index by using the Kwiatkowski et al.74 
tests. Th e results of the tests are presented in Table 3. Th e 
empirical outputs suggest that the null of stationarity 
can be rejected at 1% for all the series in the level forms. 
However, the null of stationarity cannot be rejected, when 
the variables are entered in their fi rst diff erence. 

Due to the concerns over the presence of structural 
breaks in the series, we applied the Lee et al.75 test to 
examine the unit root properties of the series. We found 
that the variables are not stationary at level. However, 
when the variables are entered in the fi rst diff erence, they 
are stationary at 5% signifi cance level or better. From the 
foregoing results, we can say that the series has a unique 
level of integration, i.e., I(1). Th e structural breaks show 
that 29% (or 7 breaks) of the total 24 breaks are located in 
the early 1980s. Th is period coincide with the occurrence 
of the Latin American debt crisis. Brazil, alongside most 
with its Latin American neighbors, borrowed heavily from 

a8 is the coeffi  cient depicting the speed of adjustment and 
it is the residuals generated from the regression in Eqn 
(2). For the ECT to be useable, it must have a negative 
and signifi cant negative coeffi  cient. Th e same procedure 
is also applied to the three equations involved in Eqn (3), 
in which the additional variables are introduced into the 
model. 

VECM Granger causality test

Th e presence of cointegration between the variables com-
pelled us to examine the causal association. It is indicated 
by Granger76 that the VECM is suitable to examine causal-
ity between the variables in the presence of cointegration, 
if all the variables have unique order of integration. Th e 
VECM Granger causality provides the causal association 
between the variables not only in the long run but also in 
the short run. Th e functional form of the baseline model is 
stated as follows: 
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Th e F-test of joint signifi cance of these lagged terms was 
utilized to examine the short-run Granger causality. For 
instance, causality runs from ethanol consumption to real 
GDP emission in the short term if the joint null hypothesis 
is rejected as a14 ≠ 0∀. Th e parameter associated with ECT 
signifi es the speed of adjustment to the long-run equilib-
rium. Th e t-test for the coeffi  cient of ECT provided the 
estimates of the long-run Granger causality. A signifi cant 
ECT coeffi  cient suggests that previous equilibrium errors 
play important roles in determining present values. If 
the coeffi  cient a18 is negative and signifi cant in Eqn (13), 



© 2016 Society of Chemical Industry and John Wiley & Sons, Ltd  |  Biofuels, Bioprod. Bioref. 10:753–775 (2016); DOI: 10.1002/bbb 767

Modeling and Analysis: An empirical investigation of Brazil U Al-Mulali, SA Solarin, I Ozturk

Table 2. Descriptive statistics and correlation analysis.

Variables ln Yt ln Kt ln Et ln Ut ln TGt ln EGt

Mean 8.387 6.745 –0.850 4.343 3.948 3.874

Median 8.363 6.714 –0.813 4.361 4.001 3.864

Maximum 8.664 7.142 –0.315 4.441 4.094 4.051

Minimum 8.188 6.508 –1.656 4.182 3.736 3.720

Std. Dev. 0.124 0.167 0.314 0.081 0.131 0.099

Jarque-Bera 3.326 (0.190) 4.257 (0.119) 2.426 (0.297) 2.928 (0.231) 4.018 (0.134) 1.873 (0.392)

ln Yt 1.000

ln Kt 0.654*** (0.000) 1.000

ln Et 0.387** (0.010) 0.249 (0.162) 1.000

ln Ut 0.938*** (0.000) 0.468*** (0.000) 0.304* (0.085) 1.000

ln TGt 0.862***(0.000) 0.396** (0.023) 0.172 (0.339) 0.947*** (0.000) 1.000

ln EGt 0.752*** (0.000) 0.252 (0.157) –0.032 (0.859) 0.837*** (0.000) 0.913*** (0.000) 1.000

All the variables are expressed in logarithmic form. The probability values are reported in the parenthesis.

international creditors in the 1960s and 1970s.  Th erefore, 
the funds that were meant to solve unemployment, 
poverty, and other social issues were used to pay the debt. 
Consequently, economic growth stagnated, real wage 
declined, unemployment rose to high levels, and infl ation 
accelerated.76 Another 29% (or 7 breaks) of the total 24 
breaks are located in the early 2000s. Brazil underwent 
severe stress tests in this period due to worries related to 
the increasing global spreads, especially on the corporate 
bonds in the USA. Th e economy registered unexpected 
decrease of capital fl ows, rising public debt profi le, and the 
currency lost half of its value.77

Having determined that the variables are integrated of 
order (1), we proceeded to the cointegration test, which 
is augmented with two dummies representing the struc-
tural breaks in the years 1983 and 2002. From Table 4, it is 
observed that there is a long-run link in Model 1, which 
includes real GDP, capital formation, and ethanol consump-
tion. Th e F-statistics (7.541) is above the upper bounds criti-
cal values (6.570) at 5% signifi cance level. By introducing 
urbanization into the regression in Model 2, we observed 
that the F-statistics (6.293) are above the upper bounds criti-
cal values (5.795) at 5% signifi cance level. Th e F-statistics 
(9.876 and 16.782) are above the upper bounds critical 
values (7.730) at 5% signifi cance level when aggregate 
globalization index and economic globalization index are 
introduced in Model 3 and Model 4, respectively. Th e fore-
going results illustrate that there is at least one cointegrating 
vector in each of the four models examined, when real GDP 
is entered as the dependent variable.

Aft er fi nding cointegration among the variables, we can 
report the long-run and short-run results in Table 5. In 

Model 1 of Table 5, we examined the long-run and short-
run impact of ethanol consumption and capital formation 
on economic performance. Th e results show that both 
capital formation and ethanol consumption are positively 
linked to economic performance. Keeping other factors 
constant, we noted that a 100% increase in ethanol con-
sumption leads to economic growth by 2.2% in the coun-
try. Moreover, 100% rise in capital formation will improve 
economic performance by 13.9% in Brazil. Th e positive 
impact of the ethanol consumption is consistent with the 
studies of Solarin and Shahbaz72 for Angola, Al-mulali53 
for 30 major nuclear consuming countries, Mohammadi 
and Parvaresh30 for 14 oil exporting countries,  Solarin 
and Shahbaz44 for Malaysia, and Solarin and Ozturk69 for 
seven Latin American countries. However, these results 
are contrary to the results of Ocal and Aslan52 for Turkey. 
Th e diff erence between the results of our paper and that of 
Ocal and Aslan52 can be attributed to the fact that the two 
studies have used diff erent samples, sources of energy and 
time periods. 

We observed that the structural breaks in 1983 and 2002 
have negative long-run impact on economic growth. 

Proceeding to the short-run results, it is observed that 
ethanol consumption does not signifi cantly aff ect eco-
nomic growth. Th ere is positive and signifi cant impact of 
capital formation on economic growth in the short run 
at 1% signifi cance level. Th e estimate of ECMt−1 is nega-
tive and signifi cant, which suggest that the yearly speed of 
adjustment towards long-run is 84.1% at 1% signifi cance 
level.

By introducing urbanization in Model 2, we observed 
that ethanol consumption, capital formation, and 



768 © 2016 Society of Chemical Industry and John Wiley & Sons, Ltd  |  Biofuels, Bioprod. Bioref. 10:753–775 (2016); DOI: 10.1002/bbb

U Al-Mulali, SA Solarin, I Ozturk Modeling and Analysis: An empirical investigation of Brazil

Ta
b

le
 3

. U
ni

t 
ro

o
t 

te
st

.
Va

ria
b

le
K

P
S

S
 t

es
t

LM
 t

es
t

T-
st

at
is

tic
s

T-
st

at
is

tic
s

TB
1

TB
2

D
U

1
D

T1
D

U
2

D
T2

ln
 Y

t
0.

28
3*

**
–2

.4
15

 [0
]

19
83

20
02

0.
01

0 
(0

.4
02

)
0.

06
8*

**
 (4

.4
34

)
–0

.0
35

 (–
1.

38
3)

0.
01

4*
**

 (3
.5

75
)

Δl
n 

Y
t

0.
05

0[
1]

–7
.6

89
**

* 
[0

]
19

84
19

91
0.

06
2*

* 
(2

.4
59

)
0.

02
1 

(1
.3

51
)

–0
.0

56
**

* 
(–

2.
29

7)
0.

07
3*

**
 (5

.4
10

)

ln
 K

t
0.

36
6*

**
[0

]
–3

.4
19

[0
]

19
84

20
02

0.
02

3 
(0

.3
47

)
0.

18
0*

**
 (4

.6
34

)
–0

.1
18

* 
(–

1.
78

2)
0.

02
3 

(0
.8

70
)

Δl
n 

K
t

0.
07

0[
0]

–5
.9

97
[0

]
19

85
19

89
0.

29
6*

**
 (3

.4
43

)
–0

.0
50

 (–
0.

93
2)

–0
.1

96
**

 (–
2.

57
1)

0.
27

2*
**

 (4
.8

41
)

ln
 E

t
0.

28
0[

0]
–3

.7
03

[1
]

19
84

20
05

0.
04

0 
(0

.3
91

)
–0

.2
95

**
* 

(–
4.

76
1)

–0
.1

82
 (–

1.
61

3)
0.

26
7*

**
 (4

.3
19

)

Δl
n 

E
t

0.
02

2[
0]

–4
.8

97
**

* 
[0

]
19

83
20

07
0.

36
3*

* 
(2

.5
67

)
–0

.4
37

**
* 

(–
4.

21
5)

0.
11

4 
(0

.8
05

)
0.

14
0*

 (1
.8

22
)

ln
 U

t
0.

80
0*

**
[0

]
–2

.0
70

[0
]

19
87

19
99

0.
00

1 
(1

.6
35

)
–0

.0
03

**
* 

(–
9.

96
4)

0.
00

5*
**

 (7
.7

47
)

–0
.0

06
**

* 
(–

23
.5

24
)

Δl
n 

U
t

0.
11

4[
1]

–2
0.

78
8*

**
 [0

]
19

82
20

00
0.

00
1 

(1
.2

49
)

–0
.0

14
**

* 
(–

28
.7

98
)

–0
.0

04
**

* 
(–

7.
79

3)
0.

00
1*

**
 (3

.1
31

)

ln
 T

G
t

0.
22

2*
**

[1
]

–3
.3

89
 [0

]
19

87
19

98
–0

.0
77

**
* 

(–
4.

18
7)

0.
04

1*
**

 (4
.6

65
)

0.
00

7 
(0

.3
86

)
–0

.0
39

**
* 

(–
4.

70
5)

Δl
n 

TG
t

0.
01

5[
0]

–9
.9

21
**

* 
[0

]
19

87
19

92
–0

.0
69

**
* 

(–
3.

95
7)

0.
05

0*
**

 (5
.0

10
)

0.
00

8 
(0

.4
92

)
–0

.0
78

**
* 

(–
7.

62
2)

ln
 E

G
t

0.
23

5*
**

[0
]

–2
.4

04
**

* 
[0

]
19

99
20

02
–0

.1
28

**
* 

(–
3.

35
7)

0.
09

8*
**

 (4
.1

49
)

–0
.0

53
 (–

1.
62

7)
–0

.1
05

**
* 

(–
4.

32
6)

Δl
n 

E
G

t
0.

00
8[

0]
–4

.5
70

**
* 

[0
]

20
00

20
03

0.
28

0*
**

 (7
.3

03
)

–0
.1

22
**

* 
(–

5.
15

8)
0.

07
5*

* 
(2

.2
59

)
0.

09
3*

**
 (3

.7
66

)

**
*,

 *
* 

an
d

 *
 d

en
ot

e 
si

gn
ifi 

ca
nc

e 
at

 t
he

 1
%

, 5
%

 a
nd

 1
0%

 le
ve

ls
, r

es
p

ec
tiv

el
y.

 T
B

 s
ta

nd
s 

fo
r 

th
e 

es
tim

at
ed

 b
re

ak
 p

oi
nt

s.
 T

he
 c

rit
ic

al
 v

al
ue

s 
fo

r 
th

e 
K

P
S

S
 t

es
t 

ar
e 

0.
21

6,
 0

.1
46

 a
nd

 0
.1

19
 a

t 
th

e 
1%

, 5
%

 a
nd

 1
0%

 le
ve

ls
, r

es
p

ec
tiv

el
y.

  T
he

 c
rit

ic
al

 v
al

ue
s 

fo
r 

th
e 

LM
 t

es
t 

ar
e 

-4
.6

89
, -

4.
18

3 
an

d
 -

3.
92

1 
at

 t
he

 1
%

, 5
%

 a
nd

 1
0%

 le
ve

ls
, r

es
p

ec
tiv

el
y.

 T
B

1 
an

d
 T

B
2 

st
an

d
 fo

r 
th

e 
st

ru
ct

ur
al

 b
re

ak
 d

at
es

. D
U

1 
an

d
 D

U
2 

st
an

d
 fo

r 
th

e 
d

um
m

y 
va

ria
b

le
s 

fo
r 

b
re

ak
s 

in
 in

te
rc

ep
t,

 w
hi

le
 D

T1
 a

nd
 D

T2
 s

ta
nd

 fo
r 

th
e 

d
um

m
y 

va
ria

b
le

s 

fo
r 

tr
en

d
 b

re
ak

s.
 C

rit
ic

al
 v

al
ue

s 
fo

r 
th

e 
ot

he
r 

co
ef

fi c
ie

nt
s 

ar
e 

b
as

ed
 o

n 
th

e 
st

an
d

ar
d

 t
-d

is
tr

ib
ut

io
n 

1.
65

, 1
.9

6,
 2

.5
8 

W
ith

 m
ax

im
um

 la
g 

se
t 

at
 4

, t
he

 o
p

tim
al

 la
gs

 a
re

 s
el

ec
te

d
 b

as
ed

 o
n 

A
ka

ik
e 

In
fo

rm
at

io
n 

C
rit

er
io

n.
 T

he
 o

p
tim

al
 la

g 
le

ng
th

 a
re

 r
ep

or
te

d
 in

 t
he

 

b
ra

ck
et

s,
 w

hi
le

 t
he

 t
-s

ta
tis

tic
s 

ar
e 

re
p

or
te

d
 in

 p
ar

en
th

es
is

.



© 2016 Society of Chemical Industry and John Wiley & Sons, Ltd  |  Biofuels, Bioprod. Bioref. 10:753–775 (2016); DOI: 10.1002/bbb 769

Modeling and Analysis: An empirical investigation of Brazil U Al-Mulali, SA Solarin, I Ozturk

performance with feedback from economic growth. Long-
run unidirectional causality exists from capital formation 
to ethanol consumption and economic performance. Th ere 
is no short-run causality between ethanol consumption 
and economic growth. Short-run unidirectional causal-
ity exists from capital formation and real GDP to ethanol 
consumption. 

In Model 2, we introduced urbanization into the causal 
relationship and observed that causal relationship between 
the baseline variables remained unchanged. Th ere is a 
long-run feedback relationship between urbanization 
and economic growth as well as between urbanization 
and capital formation. However, long-run unidirectional 
causality exists from capital formation to urbanization. 
Similar bidirectional relationship exists between urbani-
zation and ethanol consumption. Th ere is no causality 
between urbanization and the remaining variables in the 
short run. 

In Model 3 of the causal analysis, we introduced the 
aggregate globalization index into the causal analysis.  
In addition to fi nding similar results with the foregoing 
analysis, we noted that on one hand a bidirectional cau-
sality exists between total globalization index as well as 
economic growth, and on the other hand, there is a bidi-
rectional causality between total globalization index and 
ethanol consumption. A unidirectional causality is present 
from capital formation to total globalization index in both 
the short run and in the long run. 

In Model 4 of the analysis, the economic globalization 
is introduced into the analysis. Bidirectional causality 
is present between economic globalization index and 
economic growth in the long run. Th ere is a long-run 
bidirectional causality between economic globalization 
index and ethanol consumption. A unidirectional 
causality is present from capital formation to economic 
globalization index in the long run but there is no 
relationship in the short run. 

Th e bidirectional causality between ethanol consump-
tion and economic growth is consistent with the works 
of Apergis and Payne39 for 80 developed and developing 
countries, Shahbaz et al.40 for Pakistan, Mohammadi 
and Parvaresh30 for 14 oil exporting countries, and 
Kyophilavong et al.34 for Th ailand. Th ere are several jus-
tifi cations for the positive causality fl owing from ethanol 
consumption to economic growth. Th e results fulfi l the 
role of energy as one of the main determinants of output.  
Th e country continues to generate increasing level of bio-
fuel ethanol energy for economic activities. According 
to Energy Information Administration3, biofuel ethanol 
energy consumption increased by more than 200% in 

urbanization have a positive infl uence on economic 
growth in the country. Urbanization has a positive 
infl uence on economic growth in both the short run and 
the long run. We observed that the structural breaks 
in 1983 and 2002 have a negative long-run impact on 
economic growth, which is not surprising considering the 
facts that these periods were associated with economic 
crises. In the short run, ethanol consumption has an 
insignifi cant positive impact on economic growth, while it 
has a signifi cant positive impact on both capital formation 
and urbanization. Th e estimates of ECMt−1 are negative 
and signifi cant, which suggest that the yearly speed of 
adjustment toward the long run is 25.1% at 1% signifi cance 
level.

By introducing the total globalization index in Model 3, 
we observed that ethanol consumption, capital formation, 
and urbanization have a positive infl uence on economic 
growth in the country. Th e overall globalization index 
comprises economic, political, and social dimensions 
of globalization. However, in this study, we focused on 
the economic dimension of globalization. Th erefore, we 
replaced the overall globalization with economic globali-
zation in Model 4. Economic globalization has a posi-
tive impact on economic growth at 1% signifi cance level. 
Th e other results are similar to the previous output. Th e 
diagnostics tests indicate that all the models are free from 
serial correlation and heteroscedasticity. Functional form 
tests proposed by Ramsey78 and normality tests provide 
evidence for well specifi ed model and normally distributed 
error, respectively. With these results, logarithmic trans-
formation has erased normality problems in the estima-
tion. CUSUM and CUSUMSQ tests largely support stabil-
ity of the coeffi  cients of regression equations.

Table 6 deals with long-run and short-run causal rela-
tionship between the variables. We included two dum-
mies, which are based on the shift  found in the unit root 
test (the dependent variable of the concerned equation), 
to capture the structural breaks in each equation. For 
instance, in all the equations involving real GDP as the 
dependent variable, the incorporated dummies capture 
the breaks that exist in 1983 and 2002. Moreover, in all the 
equations involving ethanol as the dependent variable, the 
included dummies capture the breaks that exist in 1984 
and 2005. 

In Panel A of the Table, we dealt with the causal relation-
ship involving real GDP, capital formation, and ethanol 
consumption. Th ere is a long-run evidence of unidi-
rectional causality from capital formation to economic 
performance without feedback in the long run. Th ere is 
long-run causality from ethanol consumption to economic 
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Table 4. Bound testing approach to cointegration.

Model F-stat Lag c2
serial c2

ARCH c2
Normal c2

Ramsey

Model 1 ln Yt = f(ln Kt, ln Et) 7.541** (1,0,0) 0.854[1] 0.169[1] 0.625[2] 0.469[1]

Model 2 ln Yt = f(ln Kt, ln Et, ln Ut) 6.293** (1,1,0,0) 0.163[1] 0.743[1] 0.976[2] 0.248[1]

Model 3 ln Yt = f(ln Kt, ln Et, ln TGt) 9.876*** (1,1,1,1) 0.332[1] 0.109[1] 0.760[2] 0.223[1]

Model 4 ln Yt = f(ln Kt, ln Et, ln EGt) 16.782*** (1,0,1,1) 0.880[1] 0.728[1] 0.657[2] 0.154[1]

For the three-variable model, the critical values (for lower and upper bounds) are (7.643 9.063) (5.457 6.570) (4.517 5.480), at 1%, 5% and 
10%, respectively. For the four-variable models, the critical values (for lower and upper bounds) are (6.380 7.730) (4.568 5.795) (3.800 
4.888), at 1%, 5% and 10%, respectively. The breaks included in the model are dummies for 1983 and 2002. 

Table 5. Long-run and short-run coefficients.

Panel A: Long-run elasticities

Independent Variable Model 1 Model 2 Model 3 Model 4

ln Kt 0.271*** (5.438) 0.139*** (2.991) 0.236*** (5.720) 0.251** (2.172)

ln Et 0.022** (2.013) 0.054*** (2.702) 0.013*** (2.599) 0.038*** (2.608)

ln Ut – 4.678*** (5.041) – –

ln TGt – 0.402*** (3.285) –

ln EGt – – 0.446*** (3.074)

Constant 6.380*** (15.955) 26.697 (1.241) 8.129*** 4.696** (2.280)

Trend 0.030 (0.850) 0.144 (1.090) 0.017 (2.594) 0.093 (1.034)

Dummy 1983 –0.023*** (–2.645) –0.091*** (–2.900) –0.003** (–2.102) –0.091*** (–2.978)

Dummy 2002 –0.007*** (–2.683) –0.023*** (–2.609) 0.003 (1.053) –0.009 (0.006)

Panel B: Short-run elasticities

Independent Variable Model 1 Model 2 Model 3 Model 4

Δln Kt 0.228*** (4.621) 0.305*** (8.374) 0.328*** (8.712) 0.293*** (8.571)

Δln Et 0.018 (1.025) 0.013 (0.796) 0.016 (0.772) 0.010 (0.671)

Δln Ut – 6.699** (1.961) – –

Δln TGt – – –0.411** (2.152) –

Δln EGt – – –0.021 (–0.290)

Δ Constant 5.366*** (5.501) – 5.944*** (2.762) 1.194 (1.087)

Δ Trend 0.025 (0.883) 0.036 (1.703) 0.012 (0.646) 0.024 (1.322)

Δ Dummy 1983 –0.019 (–0.664) –0.023 (–1.158) –0.002 (–0.103) –0.023 (–1.266)

Δ Dummy 2002 –0.006** (2.367) –0.006 (–0.768) 0.002 (1.144) –0.002 (–1.243)

ECM (-1) –0.841*** (–6.413) –0.251* (–1.786) 0.731*** (–2.918) –0.254* (–1.839)

Adjusted R2 0.681 0.854 0.872 0.875

Diagnostic test

Test Model 1 Model 2 Model 3 Model 4

c2
SERIAL 0.682[1] 0.390[1] 0.404[2] 0.316[1]

c2
ARCH 0.455[1] 0.366[1] 0.632[1] 0.464[1]

c2
NORMAL 0.812[1] 0.642[1] 0.312[2] 0.364[1]

c2
RESET 0.879[1] 0.121[1] 0.105[1] 0.151[1]

CUSUM Stable Stable Stable Stable 

CUSUMSQ Stable Stable Stable Stable

The optimal lag length is determined by Akaike Information Criterion. The probability values are reported and the parenthesis contains the 
standard errors while the bracket contains the order of diagnostic tests.
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Table 6. Granger causality test.

Panel A:  Model 1

Dependent 
Variable

Direction of Causality

Short Run Long Run

Δ ln Yt–i Δ ln Kt–i Δ ln Et–i ECT

Δ ln Yt – 2.421 (0.120) 0.362 (0.548) –0.444** [1.999]

Δ ln Kt 1.618 (0.203) – 0.027 (0.871) –0.286 [–1.149]

ln Δ Et 9.192*** (0.002) 5.896** (0.015) – –0.760*** [–5.634]

Panel B: Model 2

Dependent 
Variable

Direction of Causality

Short Run Long Run

Δ ln Yt–i Δ ln Kt–i Δ ln Et–i Δ ln Ut–i ECTt–1

Δ ln Yt – 0.342 (0.558) 1.365 (0.243) 0.289 (0.591) –0.444** [–2.176]

Δ ln Kt 2.182 (0.140) – 0.001 (0.991) 0.001 (0.999) –0.223 [–1.125]

Δ ln Et 9.679*** (0.002) 6.799*** (0.009) – 0.218 (0.640) –0.560*** [–5.129]

Δ ln Ut 2.536 (0.111) 1.154 (0.283) 1.303 (0.254) – –0.248*** [–8.913]

Panel C: Model 3

Dependent 
Variable

Direction of Causality

Short Run Long Run

Δ ln Yt–i Δ ln Kt–i Δ ln Et–i Δ ln TGt–i ECTt–1

Δ ln Yt – 1.863 (0.172) 0.001 (0.985) 0.211 (0.646) –0.723** [–2.185]

Δ ln Kt 0.076 (0.783) – 1.106 (0.293) 0.111 (0.739) –0.059 [–1.444]

Δ ln Et 27.099*** (0.000) 15.820*** (0.000) – 6.922*** (0.009) –0.695*** [–6.756]

Δ ln TGt 0.002 (0.969) 4.652** (0.032) 0.325 (0.569) – –0.166*** [–6.154]

Panel D: Model 4

Dependent 
Variable

Direction of Causality

Short Run Long Run

Δ ln Yt–i Δ ln Kt–i Δ ln Et–i Δ ln EGt–i ECTt–1

Δ ln Yt – 2.129 (0.145) 1.348 (0.246) 0.014 (0.906) –0.587** [–1.961]

Δ ln Kt 2.453 (0.117) – 0.005 (0.942) 0.405 (0.525) –0.179 [–0.697]

Δ ln Et 11.782*** (0.001) 7.110*** (0.008) – 2.998* (0.083) –0.806*** [–6.081]

Δ ln EGt 0.687 (0.407) 0.171 (0.679) 0.008 (0.928) – –0.331*** [–5.976]

***, ** and * denote signifi cance at the 1%, 5% and 10% levels, respectively. The parentheses contain the probability values, while the 
brackets contains the t-statistics. 

1980–2012. In the same period, the real GDP increase by 
more than 30%. Fuel-ethanol facilitates a tangible and 
defensible transition towards sustainable energy develop-
ment, which is increasingly considered valuable by energy 
intensive businesses. Lastly, it provides a critical back up 
to grid electricity, which is signifi cantly compromised by 
climate-induced drought conditions. Apart from creating 

energy in Brazil, another important economic contribu-
tion of ethanol is in terms of tax revenues generated from 
the diff erent entities within the industries.

Fuel-ethanol in Brazil provides the chance assisting to 
reduce environmental degradation as well as generating 
new channels of income.  Th is activity is a signifi cant 
part of the fi nancial income for peasant families. Due to 
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to the increasing global spreads. Th e results revealed that 
economic growth, biofuel energy consumption, capital, 
urbanization, and economic globalization are co-inte-
grated. Moreover, biofuel energy consumption, capital, 
urbanization, total population, and globalization increase 
Brazil’s economic growth. However, the two structural 
breaks found to have a negative signifi cant impact on 
Brazil’s economic growth. Moreover, with the exclusion 
of capital, the VECM Granger causality results revealed 
a feedback causal relationship between all the variables 
while one way causality was found from capital to eco-
nomic growth, biofuel energy consumption, urbanization, 
and globalization indicators. 

From the outcome of this study, it is suggested that 
expansive energy policies should be pursued by the 
authorities as such actions will yield sustainable economic 
growth in Brazil. On the other hand, the implementation 
of polices to conserve the use of ethanol is expected to 
hinder the national production. Moreover, reductions in 
output will adversely aff ect the demand for ethanol use 
in return. Shocks to one of these variables are expected to 
pass to the other and the chain will persist via the feed-
back eff ect. Expansion of ethanol use is further expected 
to decrease the country’s dependence on oil imports. 
Brazil’s consumption of petroleum and other liquid fuels 
continues to surpass its production, which is leading to 
more imports of petroleum and other liquid fuels into 
the country2. Being a renewable energy, the expansion of 
biofuel usage will likely resolve some of the problems asso-
ciated with environmental degradation there should be 
an expansion of ethanol usage in the country. Fossil fuels 
(oil, coal and natural gas), which are known to generate 
most emissions currently dominate the energy mix as they 
contribute about 60% of the primary energy consumption 
in the country. Gift ed with large abundance of ethanol 
resources, including sugar cane, expanding the usage of 
ethanol will not be a diffi  cult task for the country. Brazil is 
the second-largest producer of ethanol in the world aft er 
the USA. Ethanol production is 492 844 barrels per day, 
aft er achieving a 4% growth in 2014.2 

However, increasing the availability of ethanol is not the 
only requirement for a sustainable economic development. 
Th e policies designed to encourage international trade, 
increase capital formation, and produce urban centers are 
needed to complement ethanol availability. Th ese policies 
may not only directly infl uence economic growth, but also 
instigate economic growth through developing the energy 
sector. For example, improved capital formation generates 
new investments, which are essential in expanding the 
current ethanol distribution network in the country.

the substitution of gasoline program (which entails the 
expansion of domestic available energy resources includ-
ing ethanol), that started in the late 1970s, the country has 
been able to save several billions of dollars from imports 
expenditures, foreign exchange, and interest on foreign 
debt.79 

Th e positive causality from capital to economic growth 
is not surprising because infrastructural facilities have 
been one of the main drivers of economic development 
in the country. Th e long-run positive causality from glo-
balization to economic growth can be explained on the 
basis of the contribution of globalization to the economy 
of Brazil. In the 1980s, foreign companies created sub-
sidiaries and enhanced bilateral arrangements with 
Brazil. Globalization, through more foreign investment, 
also reduced corruption in Brazil. Th e country has also 
included several concepts of globalization to improve its 
economic performance. For instance, Brazil turned to 
exports in the 1980s in order to boost its economy.  Brazil 
shift ed from the model of self-suffi  ciency and import 
substitution, which has caused slow or no growth by the 
1980s. In the process, Brazil became a member of the 
Mercosur and World Trade Organization, which allows 
free trade across all the member countries and several 
trade barriers are eliminated.  Th is has increased the size 
of markets for goods and services produced in Brazil and 
also helped the country to grow its economy. 

Th e long-run positive causality from urbanization to 
economic growth is not surprising given the fact that the 
urban centres in Brazil are important to the prosperity 
of the country. Brazil is a heavily urbanized nation with 
more than 80% of its populace resides in the urban centres 
and 90% of GDP is created in cities.80  Th is result may 
not be peculiar to Brazil, as global cities and towns are 
the centres of affl  uence since more than 80% of global 
economic activities are produced by urban citizens, who 
constitute just over 50% of the global population.81 

Conclusion and policy implications 

Th e main aim of this research is to examine the impact of 
biofuel energy consumption on the Brazilian economic 
growth during the period 1980–2012. To achieve this 
object, an augmented neoclassical model was constructed. 
Moreover, the Autoregressive Distributed Lag (ARDL) 
approach and the vector error correction model (VECM) 
Granger causality were implemented. Several structural 
breaks were found in the early 1980s and early 2000s due 
to the Latin American debt crisis and the worries related 
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