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RESUMEN

Se examina el impacto del consumo de combustibles fosiles, el uso de energias renovables y el desarrollo
industrial en las emisiones de carbono en las economias emergentes de América Latina y el Caribe. Se
desarrolla un indice de desarrollo industrial usando indicadores industriales competitivos, y se utiliza un
método de los momentos generalizado de dos pasos como estimador robusto, el cual implica un panel de 16
economias de bajos y medianos ingresos para el periodo 1990-2015. Los resultados empiricos muestran una
relacion en forma de U invertida entre el crecimiento economico y las emisiones de carbono, y confirman
la existencia de una curva ambiental de Kuznets para la region. Los resultados indican que el crecimiento
industrial y el consumo de combustibles fosiles contribuyen de manera significativa a las emisiones de car-
bon en la region; asimismo, destacan que, con base en la competitividad en la manufactura y la transicion de
tecnologias simples a sofisticadas, el desarrollo industrial basado en tecnologia avanzada produce bienes de
manera competitiva con menores emisiones de carbono. Los hallazgos sugieren que este tipo de desarrollo
industrial avanzado es imprescindible para alcanzar un desarrollo econémico sostenible. De esta manera, el
avance tecnologico y el consumo de energias renovables tienen el potencial tanto de satisfacer la creciente
demanda de productos y energia, como de controlar las emisiones de carbono en los paises en desarrollo de
América Latina y el Caribe.

ABSTRACT

This study examines the impact of fossil fuels consumption, renewable energy use and industrial growth on
carbon emissions in the developing economies of Latin America and the Caribbean. An industrial growth
index is developed using competitive industrial indicators, and a two-step system generalized method of
moments robust estimator is employed, involving a panel of 16 middle- and lower-middle-income economies
for the period 1990 to 2015. The empirical results show an Inverted-U shaped relationship between economic
growth and carbon emissions and confirm the existence of the environmental Kuznets curve for the region.
The results indicate that industrial growth and consumption of fossil fuels are significantly contributing to
carbon emissions in the region. The results highlight that, based on competitiveness in manufacturing and the
transition from simple to sophisticated technologies, advance technology-based industrial growth increases
the potential to produce goods competitively with lower carbon emissions. The findings suggest that such
advanced industrial growth is unavoidable to attain sustainable economic growth. Thus, technological ad-
vancement and consumption of renewable energies have the potential to both meet the rising demand for goods
and energy and to control carbon emissions in the developing countries of Latin America and the Caribbean.
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1. Introduction

The consumption of energy is a standard for gauging
the pace of economic progress and industrial promo-
tion. Energy use also acts as a catalyst toward swift
economic growth in both developed and developing
countries. Generally speaking, the consumption of
non-renewable energy in developing economies
accelerates the pace of economic growth, but it also
massively contributes to toxic gas emissions and
increased environmental challenges (Hanif and Ga-
go-de-Santos, 2017; Hanif, 2017). For instance, in
2013, global emissions of CO, from non-renewable
energy sources (including the fossil fuels mixes)
reached approximately 36.2 Gt of CO; equivalent. Of
the total increase in carbon emissions, approximately
43% derived from coal mix, 33% from oil mix, and
24% from gas mix (Hanif, 2017). Clearly, carbon
emissions and environmental degradation are two key
emerging global challenges faced by both developed
and developing countries in the 21st century (Pab-
lo-Remero and de-Jests, 2016). Moreover, the higher
reliance on fossil fuels mixes to promote industrial
growth (and to increase value-added manufacturing)
in developing countries make them especially prone
to environmental issues (Wolde-Rufael, 2010). In
association with climate change, the position of re-
gions like Latin America and the Caribbean proves
highly asymmetrical and unbalanced; although this
region has played a minor role in current environ-
mental degradation, it is susceptible to environmental
impacts to a greater degree (Hanif, 2017; ECLAC,
2015). This research therefore focuses primarily on
the developing economies of Latin America and the
Caribbean.

As with other developing nations, the economies
of Latin America and the Caribbean are struggling to
promote economic growth and to improve their pro-
duction of goods; this drives rising energy consump-
tion and consequent harmful impacts, notably air
pollution and land degradation (Pao and Tsai, 2011;
Robalino-Lopez et al., 2014). In world development
rankings, industrialized countries rank in the group of
‘developed’ nations, moving ‘developing’ economies
to follow suit and promote industrialization and pro-
duction. However, the industrial sectors in developing
countries usually pursue highly polluting activities in
order to produce goods. On the one hand, they make
these efforts to produce more goods and to improve

value-added manufacturing; on the other, developing
countries tend to use readily available fossil fuels
mixes to keep the costs of production low. Greater
consumption of fossil fuels exerts greater pressures
on the environment and natural resources as through
deforestation, desertification, and the erosion of top-
soil (Orubu and Omotor, 2011).

To develop an impartial nexus of industrial growth
with carbon emissions, there is a need to construct
a robust variable for industrial growth in lieu of
proxies, which are usually biased. Specifically, the
indicators used to gauge industrial growth are root-
ed in subjectivity and usually calculated through a
small component. Therefore, they are ill-equipped
to measure the pace of industrial growth over time.
This study contributes to the existing literature by
providing an answer to this problem, by developing
an Industrial Development point Panel (IDPP) based
on the competitive industrial performance index.
Industrial competitiveness can be described as the
capacity of countries to increase their presence in
domestic and international markets while promoting
industrial sectors and activities with higher value
added and technological levels. As defined, the
competitive industrial performance index can be de-
veloped through competitive industrial performance
indicators such as per capita manufacturing exports,
per capita manufacturing value added, industrial
intensity, and export quality (for a graphical pre-
sentation see Figs. SM1-SM4 in the supplementary
material). Furthermore, energy variables bifurcated
on the basis of fossil fuels and renewables (i.e., wind,
hydropower, solar energy) are employed to measure
non-renewable and renewable energy consumption,
respectively.

In the relevant literature, traditional regression
approaches are used to determine the impact of in-
dustrial growth and energy consumption on carbon
emissions (Peng and Bao, 2006). Unfortunately, the
traditional approaches scarcely address the complex-
ity of relationships inherent in industrial growth and
energy consumption vis-a-vis carbon emissions. Fur-
thermore, such regression models do not identify well
the exogenous and endogenous regressors used to
develop such a nexus. Therefore, to offer both robust
results and an effective policy framework for coping
with growing environmental challenges, the present
research employs an econometric strategy to account
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for the simultaneity bias, omitted variable bias, and
estimation errors in the variables (Arellano and
Bond, 1998). To mitigate these issues and report the
most reliable results, a two-step system generalized
method of moment (GMM) with moving averages is
applied (Blundell and Bond, 1998). Also, as the data
series considered in this research are cross-country, a
robust version of a two-step system GMM is applied
to control for heterogeneity in the data series (Bond
etal., 2001).

The emphasis of this research is put on answering
the following questions in relation with developing
economies: (1) Does competitive industrial growth
contribute to carbon emissions?, and (2) how much
do fossil fuels mixes and renewable energies respec-
tively contribute to carbon emissions? We also seek
to mitigate endogeneity and heterogeneity in order
to control the robustness of results, and so we have
instrumented the variables and employed over-iden-
tification restrictions and various tests to check their
quality and validity. We find that the empirical results
reported in this paper are reliable, the quality of re-
sults having been further tested by applying various
diagnostic tests. The empirical results of this study
reveal the influence of industrial growth and energy
consumption on carbon emissions in Latin America
and the Caribbean with the help of the latest data of
Argentina, Bolivia, Brazil, Colombia, Costa Rica,
Guatemala, Honduras, Jamaica, Saint Lucia, Mexico,
Panama, Peru, Paraguay, El Salvador, Suriname, and
Venezuela for the period 1990-2015. The findings of
this study may prove beneficial as an essential refer-
ence for policymakers seeking to advance impartial
sustainable development by controlling the effects
of industrial growth and energy consumption on
carbon emissions.

The rest of the study is structured as follows.
Section two explains the data sources and describes
the variables and methodology. Empirical testing
is performed in section three. Interpretation and
discussion of results are given in section four, and
conclusions are drawn in section five.

2. Data and methodology

For empirical analysis, a panel data of 16 developing
countries from the period 1990-2015 is used, collect-
ed from the World Development Indicators (WDI) of
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the World Bank, annual reports of the International
Energy Agency (IEA), and a database of the United
Nations Statistical Division. Due to limitations on
data availability, we have eliminated certain devel-
oping countries of the region and selected only 16.
The study has employed carbon emissions, described
below, as a dependent variable; those that follow
carbon emissions are independent variables.

Carbon emissions (CEM) are calculated and estimat-
ed as annual per capita emissions in metric tons. A
similar measure is used by Kais and Sami (2016)
and Kasman and Duman (2015).

Competitive industrial growth (CIG) is an annual
country score assigned in the Industrial Devel-
opment Point Panel, based on the fiscal year
2010. The study’s hypothesis is that improvement
in CIG has a negative association with carbon
emissions.

Annual per capita fossil fuels consumption in metric
tons of oil equivalent (FFE) is used to examine
the impact of oil, coal, and gas consumption on
carbon emissions in the atmosphere following the
work of Hanif and Gago-de-Santos (2017). The
hypothesis is that the consumption of fossil fuels
has a positive impact on carbon emissions.

Renewable energy consumption (REC) is the per cap-
ita consumption of renewable energy calculated
by the consumption of power in kilowatts per
hour. It is similar to the measure used in the studies
of Hanif (2017, 2018a). This study’s hypothesis
is that the consumption of renewable energy has
a negative impact on carbon emissions.

Economic growth (GDP) is used to measure the rate
of growth in an economy. Annual per capita real
gross domestic product (GDP) is estimated based
on the fiscal year 2010 in US dollars. A similar
measure has been used in the studies of Kais and
Sami (2016), Hanif (2017), and Hanif and Ga-
go-de-Santos (2017). This study’s hypothesis is
that economic growth and carbon emissions have
a positive relationship within the context of the
sampled developing countries.

Square of economic growth (GDP?) is a log of the
square of the economic growth rate. The use of
GDP? is in line with the theory of the Environ-
mental Kuznets Curve (EKC). In order to avoid
possible multicollinearity in the estimated model,
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we transformed the square of the real per capita
gross domestic product by taking the log of the
series (Orubu and Omotor, 2011; Hanif, 2018;
Pablo-Romero and de Jesus, 2016). The study’s
hypothesis is that the square of per capita eco-
nomic growth has a negative impact on carbon
emissions.

Urbanization (URB) is used to estimate the pace of
urbanization (here taken as population accumula-
tion in urban areas above the level of 1 million).
A similar measure has been used in the studies of
Rafiq et al. (2016) and Hanif (2017). This study’s
hypothesis is that urbanization growth has a posi-
tive association with carbon emissions.

To develop an econometric model, the extended
form of the Environmental Kuznets Curve theory
is employed here. A similar model has been used in
prior studies such as Tamaziane et al. (2009), Fodha
and Zaghdoud (2010), Hanif (2017, 2018a), and
Hanif and Gago-de-Santos (2017). The generalized
functional form of the extended model can be written
as follows:

CEM, = f(GDP,, GDP*,, CIG,, 0,) (1

An econometric model based on the EKC is as
follows:

CEM, =d +a GDPI-, +
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where is the group of additional variables of interest
in the country i and time ¢; is the slope of # control
variables, and 1is an error term. The extended form
of the model can be written as:

CEM, = a, + a, GDP" + a, GDP?*, +
a; CIG, + a, FFE;, + as REC;, + a,URB;, + u;

A3)

3. Empirical results estimation

In the observed sample, the highest competitive
industrial growth observed was in Saint Lucia in the
fiscal years 1998-1999, 2003-2004, and 2013-2014.
Panama in 2008-2009 and Suriname in 2000-2001
ranked at the second position in the observed panel.
The lowest competitive industrial growth was ob-
served in Mexico in the fiscal year 2000-2001. The
highest growth in real per capita GDP was observed in
Venezuela in the fiscal year 2008-2009, and the low-
est level of per capita GDP was observed in Bolivia
in the fiscal year 1990-1991. The highest emissions
of CO, were observed in Venezuela in 2001-2002,
while the lowest emissions were observed in El Sal-
vador during the fiscal year 1990-1991. The summary
statistics of the dependent and independent variables
are given in Table L.

To investigate the incidence of multicollinearity,
the findings of the correlation matrix are presented in
Table II. These findings reveal that CEM are weakly as-
sociated with GDP, GDP?, CIG, FFE, REC, and URB.

(2)  Thus, the results of correlation matrix depict that the
2 4 . ta, 0, + T

@GDP'y + as ClGiy a, 0.+ proposed model does not suffer from multicollinearity.

Table I. Summary statistics.

Variables Observations Mean Standard Minimum Maximum

deviation

CEM 395 2.15 1.49 0.47 7.61

GDP 400 5315.92 3060.91 1068.31 14687.98

GDP? 400 28259005.4 9369170.03 1141286.26 215736756

CIG 400 76.42 30.98 19.01 137.00

FFE 392 61.71 24.36 09.26 90.65

REC 389 33.44 19.26 2.31 74.96

URB 400 29.97 9.39 11.66 48.14

CEM: carbon emissions; GDP: gross domestic product (economic growth); GDP?: square of economic
growth; CIG: competitive industrial growth; FFE: annual per capita fossil fuels consumption in
metric tons of oil equivalent; REC: renewable energy consumption; URB: urbanization.

Source: author’s calculation.
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Table II. Correlation matrix.
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Variables CEM GDP GDP? CIG FFE REC URB
CEM 1.00

GDP 024  1.00

GDP? -0.07 036  1.00

CIG 0.05 001 021 1.00

FFE 0.17 009 035 0.12 1.00

REC -0.19 0.06 008 0.16 -028 1.00
URB 020 029 019 0.14 031 041 1.00

CEM: carbon emissions; GDP: gross domestic product (economic growth);
GDP?: square of economic growth; CIG: competitive industrial growth;
FFE: annual per capita fossil fuels consumption in metric tons of oil
equivalent; REC: renewable energy consumption; URB: urbanization.

Source: author’s calculation.

In a next step, we examined stationarity in the
data series, which is mandatory for the calculation
of reliable results. The presence of unit root in a data
series produces unreliable and spurious regression
results. Therefore, to diagnose the presence of unit
root, and due to unbalanced panel data, we used the
highly recommended Fisher-type unit root test, whose
findings appear in Table III.

The findings of the unit root test show that the
developed null hypothesis is rejected, while the alter-
native hypothesis is accepted, which in turn verifies
that all the data series are stationary at level. Before
conducting the pragmatic and practical examination,
we verified the homoscedasticity and endogeneity
in the model. The findings of a Breusch-Pagan test

Table III. Results based on Fisher-type unit root tests.

(Breusch and Pagan, 1979) for homoscedasticity are
given as follows:
Chi2(6) = 434.82 ; p-value > Chi2 = 0.00 4)

The results of the Breusch-Pagan test reject the
null hypothesis of constant variance in Eq. (3). The
estimated lower p-value supports the acceptance of
the alternative hypothesis and rejection of the null
hypothesis (i.e., stable and consistent variance of
the parameters). Thus, the data series in our model
is suffering from heteroscedasticity.

To test the endogeneity of the model, a Durbin-
Wu-Hausman test for endogeneity was, with the
following results:

Ho: All panels contain unit roots

AR parameter: panel-specific
Panel means: included

Number of panels = 16
Average number of periods = 24.78

CEM GDP  GDP? CIG FFE REC URB
Inverse chi-squared P 9483  90.35  89.53 53.21 110.74 90.21 104.27
Inverse normal V4 -5.63 505 497 —6.21 —6.89 -5.01 594
Inverse logit t L* -7.48 —635 5.71 —7.08 -7.13 -6.17 891
Modified inversed chi-squared ~ Pm 18.65 1479  11.56 17.42 21.35 1498 2394

Ho: null hypothesis; AR: autorregresive; CEM: carbon emissions; GDP: gross domestic product (economic
growth); GDP?: square of economic growth; CIG: competitive industrial growth; FFE: annual per capita fossil fuels
consumption in metric tons of oil equivalent; REC: renewable energy consumption; URB: urbanization.

Source: author’s calculation.
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Durbin (score) Chi2(6) = 62.89 ; p-value=0.00  (5)

Wu-Hausman F (6,389) = 138.07 ; p —value = 0.00 (6)

Here, the lower p-value indicates the acceptance
of the alternative hypothesis and rejection of the
null hypothesis, which confirms endogeneity in the
variables. Therefore, to cope with endogeneity and
heteroscedasticity, the study pursued a robust version
of a two-step system-GMM estimator with moving
averages. It is worth mentioning that, to deal with en-
dogeneity in the variables, Arellano and Bond (1988)
recommend the difference-GMM using first-differ-
ence lagged variables as an instrument for the iden-
tical moment conditions. However, first-difference
lagged variables lead to severe deviation bias in the
case of limited samples, and thus prove to be weak in-
struments. For this reason, Blundell and Bond (1998)
recommend a most-flexible system-GMM in which
instruments are developed by using the differences
and level information. In addition, system-GMM
develops a double equation system by introducing
a level equation and a first difference equation. In-
troduction of the level equation into system-GMM
turns the lagged variables of the level equation into
instruments, thereby increasing the number of in-
struments. As a result, system-GMM provides more
information on the sample, as compared to differ-
ence-GMM. With a reasonable sample size (such as
for a smaller n group and larger ¢ period), the use of
two-step system GMM mitigates endogeneity in the
variables. Thus, our selected data perfectly meet the
criteria of two-step system-GMM, whose results are
given in Table IV.

Furthermore, the quality of the instruments devel-
oped in system-GMM has been tested by a Hansen
J-test and a difference-in-Hansen test. In two-step
system-GMM, we also assume that the initial con-
ditions remain informative and appropriate in the
presence of endogenous regressors. Overidentifying
restrictions used in the model have been examined
by the second-order serial correlation test of Arellano
and Bond (1988), and the results are reported at the
end of Table IV.

The impact of different components of compet-
itive industrial growth (industrial export quality,
industrial intensity, per capita manufacturing exports,

and per capita manufacturing value added) on carbon
emissions has also been captured, as given in Table V.

4. Results and discussion

In recent years, developing countries have exhibited
interest in industrial development to foster economic
growth, and the present study highlights the role
of steady industrial growth on carbon emissions in
developing countries of Latin America and the Ca-
ribbean. The Industrial Development Point Panel has
been used in the study to measure industrial growth,
and the empirical results, based on a flexible system
of the generalized method of moment, show that
industrial growth is significantly contributing to car-
bon emissions in the selected developing countries.
Moreover, the robustness of the results is examined
by introducing different control variables. The results
show that industrial growth shows a consistently
positive sign, which confirms the positive role of
industrial growth on carbon emissions. More pre-
cisely, the results given in fourth column of Table IV
show that one unit increase in economic growth can
stimulate carbon emissions of about 0.23 units, if all
other factors considered are constant. This result is
in line with earlier research, such as that of Ewing
et al. (2007), Sari et al. (2008), Ziramba (2009),
Chandran et al. (2010), Sheinbaum et al. (2011), and
Govindaraju and Tang (2013).

We also synthesize our results by regressing vari-
ous components of the industrial performance index,
including per capita manufacturing value added, per
capita manufacturing exports, industrial intensity,
and export quality on carbon emissions. To examine
the role of manufacturing on carbon emissions, we
control country heterogeneity due to differences in
population. The results show that the pace of industri-
alization (to improve per capita manufacturing value
added) is contributing positively to carbon emissions
at the national level. Moreover, at the international
level, to reflect competitiveness in manufacturing
and the transition from simple to sophisticated tech-
nologies, per capita manufacturing exports of final
produced goods is used to show the potential of an
economy to produce goods competitively by adopting
sophisticated technologies. The results reflect that a
rise in technological development (through the use
of modern technologies) reduces carbon emissions.
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Table I'V. Regression results.

Dependent variable: CEM

Variables Method: two-step GMM (robust)
GDP 0.754% 0.597% 0.358% 0.2312
(0.281)  (0.244)  (0.179) (0.116)
GDP? -0.435*  —0.427°  -0325>  -0.104°
(0.238)  (0.222)  (0.102) (0.048)
CIG 0.8932 0.625% 0.5532 0.308%
(0.281)  (0.298)  (0.124) (0.109)
FFE — 1.474° 1.198° 0.963°
(0.491)  (0.251) (0.308)
REC — — -0.167*  -0.151%
(0.083) (0.079)
URB — — — 1.293%
(0.487)
CEM ( 1.831° 1.642° 1.397° 1.099°
(0.281)  (0.462)  (0.365) (0.391)
Cons 2.741° 1.866° 2.749° 3.395°
(0.914)  (0.398)  (0.076) (0.092)
Observations 389 389 389 389
No. of Groups 16 16 16 16
No. of Instruments 14 14 12 11
Wald chi? (6) 93236 180191  3068.57  4328.28
Prob. > chi’ (0.000)  (0.000)  (0.000) (0.000)
Hansen J-test (0.201)  (0.134)  (0.198) (0.233)

Difference-in-Hansen (0.162) (0.113) (0.159) (0.207)
test, p-values

Arellano-Bond AR (2) 0.218 0.184 0.143 0.209

3504 level of significance; ®1% level of significance.

CEM: carbon emissions; GDP: gross domestic product (economic growth);
GDP?: square of economic growth; CIG: competitive industrial growth; FFE:
annual per capita fossil fuels consumption in metric tons of oil equivalent;
REC: renewable energy consumption; URB: urbanization; AR(2): second-
order autocorrelation test in first differences. Heteroscedastic consistent
standard errors are given in parentheses.

The impact of industrial intensity on carbon positive impact of industrial intensity growth on car-
emissions is also examined in order to capture the  bon emissions. More precisely, the results highlight
variation involved in local production capabilities be-  that the absence of advanced technologies in these
tween the developing economies. The findings showa  developing countries and the growth of medium-level
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Table V. Impact of competitive industrial performance on carbon emissions.

Dependent variable: CEM

Variables Two-step GMM (Robust)
Industrial export quality 0.523%
(0.3006)
Industrial intensity 0.639°
(0.3406)
Per capita manufacturing -0.032°¢
exports (0.014)
Per capita manufacturing 0.019°
value added (0.010)
Carbon emissions () 1.293°
(0.352)
Cons 1.081°¢
(0.747)
Observations 400
No. of groups 16
No. of instruments 13
F (4, 400) —
Probability > F
Wald chi2 (4) 42.99
Probability > chi’ (0.000)
Hansen J-test (0.192)
Difference-in-Hansen test, p-values (0.117)
Arellano-Bond AR (2) 0.1438

410% level of significance; 5% level of significance; °1% level of significance.
CEM: carbon emissions; GMM: generalized method of moment; AR (2): second-
order autocorrelation test in first differences. Heteroscedastic consistent standard

errors are given in parentheses.

technology industries is significantly contributing
to carbon emissions. The results demonstrate that
industries producing quality export goods usually
adopt advanced technologies and make a very low
contribution to carbon emissions. Therefore, there is a
need to develop a sophisticated industrial structure in
these developing countries which manifests flexibil-
ity, maturity, and the ability to absorb technological
advancements and to adopt environmentally friendly
manufacturing methods.

Furthermore, to examine the impact of export
quality on carbon emissions, the average of the
share of medium- and high-technology products in
manufactured exports and the share of manufacturing
exports in total exports have been considered. The
results show that export quality has a positive impact
on carbon emissions. Thus, it can be concluded that
industries which are not using advanced technolo-
gy but are involved in export activities may have
the ability to produce quality export goods (due to
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specialization toward certain goods) but may be
unable to control carbon emissions. The results also
highlight that industrial growth based on low- and
medium-level technologies in developing econo-
mies are contributing to carbon emissions. Thus,
the empirical results of the present study suggest the
use of competitive and advanced technology-based
industrial growth rather than obsolete-technology
industrial growth in order to reduce carbon emissions.

In developing countries, carbon emissions are an out-
come of many activities. Empirical results in Table [V
reveal that a unit increases in the consumption of fossil
fuels contributes to carbon emissions of about 0.96
units if all other factors are considered constant. Thus,
consumption of fossil fuels for manufacturing goods
raises carbon emissions in developing economies,
which endorses the findings of Chang and Carballo
(2011), Sheinbaum et al. (2011), and Zilio and Recalde
(2011). Particularly in developing economies, low- and
medium-level manufacturing industries have a higher
per unit cost when massively consuming fossil fuels
and generating abundant waste in the form of CO,.
Technologically underdeveloped countries face mul-
tiple problems in the form of lower production, higher
per unit costs, and massive greenhouse gas emissions
(Apergis and Payne, 2010; Chang, 2010; Zilio and
Recalde, 2011; Mudakkar et al., 2013; Zhang and
Yang, 2013; Kais and Sami, 2016; Pablo-Remero and
de Jests, 2016; Hanif, 2017). Furthermore, in fostering
economic growth, readily available fossil fuels are
attractive inputs for developing countries to increase
production of goods, but the harmful influence of such
non-renewable energy sources on the environment is
often overlooked (Halicioglu, 2011; Bekhet and Harun,
2012; Sadorsky, 2012; Hanif, 2017, 2018a). To the
contrary, the empirical results in Table IV indicate that
a unit increase in consumption of renewable energy
sources reduces carbon emissions about 0.15 units, if
all other factors considered constant. It can be conclud-
ed that continuous consumption of fossil fuels leads
to a shortage of such non-renewable resources in the
future, weakening the ability of developing countries
to meet rising industrial growth.

The findings further highlight that an increase in
economic growth contributes to carbon emissions,
and these results are in line with the findings of
Saboori et al. (2012), Hanif (2017), Salahuddin et
al. (2015), Pablo-Romero and de Jesus (2016), and
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Hanif and Gago-de-Santos (2017) . However, GDP?
has a statistically significant and inverse impact on
carbon emissions. The positive relationship between
economic growth and carbon emissions, along with
the negative impact of GDP? on carbon emissions,
supports the Environmental Kuznets Curve hypoth-
esis. The results reflect that, after reaching a certain
turning point, a unit increase in GDP? reduces car-
bon emissions about 0.14 units, if all other factors
considered constant. Previously, Zeb et al. (2014),
Saidi and Hammami (2015), Pablo-Romero and de
Jesus (2016), van-Ruijven et al. (2016), Wang et al.
(2016), Zhang and Gao (2016), and Hanif (2017,
2018b) have also determined an inverted U-shaped
relationship between carbon emissions and economic
growth. Moreover, the coefficient of lagged term
CEM(_) shows that, in the current period, carbon
emissions in the economies of Latin America and the
Caribbean are significantly associated and depend
on economic factors similar to those responsible for
carbon emissions in previous years..

These results also show that in developing econ-
omies within the study region, urbanization has a
positive impact on carbon emissions, endorsing
the findings of van-Ruijven et al. (2016). In recent
years, the rapid growth of cities in Latin America
has been enhancing the importance of urban areas
to overall economic growth and the population’s
well-being. Although rapid urban development has
had inarguably positive socio-economic effects, it
has meanwhile increased demand for manufacturing,
transportation, public utilities, and other services
(Hanif, 2017; Hanif et al. 2019a). Thus, the usual ur-
banization pattern in developing countries is putting
additional pressure on natural resources and feeding
higher energy demand, along with environmental
effects (Soytas and Sari, 2003; Wolde-Rufael, 2005;
Narayan and Smyth, 2005; Li et al., 2008; Chang,
2010; Wang et al., 2011; Hanif et al. 2019b). It is
worth mentioning that GDP? and REC have a neg-
ative impact on carbon emissions, with important
implications to the findings of the present study.

Industrial growth for the sake of greater eco-
nomic growth cannot be discarded; thus, the rise in
demand for energy will be inevitable in developing
economies. Moreover, improvements in economic
growth are necessary to increase the standards of
living of individuals, to cope with poverty, and to
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deal with other socio-economic challenges common
in developing countries (Saidi and Hammami, 2015;
Pablo-Romero and de Jesus, 2016; van-Ruijven et al.,
2016; Wang et al., 2016; Hanif, 2017). To overcome
growing carbon emissions in developing economies
stemming from industrial growth and higher con-
sumption of non-renewables, it is necessary to adopt
competitive and advanced technologies and transition
to the use of renewable energy sources.

5. Conclusion

The outcomes of this particular research project
show that industrial growth and consumption of
non-renewables (fossil fuels) are key factors con-
tributing to carbon emissions in the developing
economies of Latin America and the Caribbean,
establishing an inverted U-shaped relationship
between economic growth and carbon emissions
in the region. The results further reveal that per
capita manufacturing value added, industrial in-
tensity, and medium-level manufacturing industries
in these developing economies are contributing to
carbon emissions. However, growth in per capita
manufacturing exports of final goods, originating
in competitive manufacturing industries, reduces
carbon emissions. The study also highlights that in-
dustrial growth based on competitive manufacturing
industries is very much needed in order to control
carbon emissions and to improve economic growth,
but that the transition from low to higher technol-
ogies may not be sufficient to decouple economic
progress from carbon emissions.

Thus, there is a need to take action to restrain
carbon emissions, even when they are not strictly
linked to industrial growth. While developing econ-
omies have a significant reason to foster industrial
growth, they are also generally reluctant to accept a
proposal of environmentally friendly technologies,
because such acceptance could raise the cost of pro-
duction and impede economic growth. Also, carbon
control through the adoption of new environmen-
tally friendly technologies is asymmetrical across
countries, due to differences in structural changes.
For instance, if a country is already committed to
controlling carbon emissions and is following low
carbon emissions strategies, then any further action
to control emissions could prove more expensive,

and the country could prove unwilling to adopt
such a course.

Therefore, each step for controlling carbon emis-
sions in developing countries should be considered
according to the existing situation of structural
change. It can be concluded that in order to achieve
a clean policy design, simultaneous convergence
of industrial technology gaps and environmentally
friendly technology gaps between developed and
developing countries can better guarantee the meeting
of joint targets to control carbon emissions. Finally,
at the initial stage, the adoption of renewable energy
resources will require a significant amount of invest-
ment. To solve issues of expense and investment,
developing countries should introduce low-interest
loan schemes and provide a subsidizing infrastructure
together with the necessary equipment to produce
carbon-free energy. The principal advantage of
renewable energy in developing countries is that it
will increase the supply of energy while also helping
to foster environmentally friendly industrial growth.

Supplementary material

Auxiliary information to aid the interpretation of
this article is available at: https://www.revistascca.
unam.mx/atm/SupplementaryMaterial/52732-Ans-
er-SupMat.pdf
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