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ABSTRACT: This research considers the relationship between energy consumption and foreign direct
investment (FDI) for the period 1990-2011. As econometric strategy, we use unit root test and panel
data. The empirical results illustrate that the income per capita and political globalization present a
positive impact on energy consumption. The selected components of globalization (cultural, social and
political) show that these variables promote Portuguese foreign direct investment. The econometric
models also considered two control variables, trade openness and exchange rate. These proxies are
positively correlated with FDI. The variables of income per capita and the squared income per capita
validate the environmental Kuznets curve assumptions.
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1. Introduction

This article analyzes the link between energy consumption and foreign direct investment
(FDI). The relationship between FDI and political, cultural and social globalization is also analyzed.
Recently Cruz and Taylor (2013) formulated a theoretical model to explain the energy economics. The
authors demonstrate the importance of energy and the economic growth. They consider the arguments
of spatial economics with monopolistic competition.

The energy consumption model was analyzed, by Elliot et al. (2013), Sbia et al. (2014), and
Zaman et al. (2012). The literature shows that there are two positions on the topic of energy
consumption and FDI. Thus, there are empirical studies (Sbia et al. 2014; Lee, 2013) that found a
negative impact of FDI on the consumption for energy, which concludes that the FDI is not explained
by excessive energy practice. However, most econometric models found a positive correlation
between FDI and energy consumption, which is explained by excessive use of energy (Omri and
Kahouli, 2014; Zaman et al., 2012).

According to the data provided by Prodata and INE (Portuguese National Institute of
Statistics), the per capita consumption of energy has increased since 1995 in the Portuguese economy.
In 1995, the industry used a power consumption amounting to 1334.7 per capita Kilowatt hour (kWh),
amounted to 1674,2 kWh in 2011. The agricultural sector also increased considerably. In 1995, the
energy consumption amounted 43,6 kWh per capita reaching 92,9 kWh in 2011.

This paper aims to contribute to the existing literature. This study evaluates the impact of FDI
on energy consumption, and the effect of cultural, social and political globalization on Portuguese
foreign direct investment. We also consider in this research the environmental Kuznets curve
arguments. The study is structured as follows. The next section presents a literature review. The third
section presents the explanatory variables and the econometric specification models. The empirical
results and their discussion are present in section four. The conclusion and policy recommendations
are described in section 5.
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2. Literature Review

The theoretical arguments of energy consumption and its association with the FDI, and the
determinants of foreign direct investment are presented in this section. There is another category of
ecological economics studies called the environmental Kuznets curve (EKC). This research also
considers the last issue. Shahbaz et al. (2014), Tan et al. (2014), Leitdo and Shahbaz (2013), Shahbaz
and Leitdo (2013), which are some examples. The empirical studies of EKC usually consider as
econometric methodology time series or panel data. The issue of the EKC curve in the open economy
was considered by Shahbaz et al. (2014). The authors use time series methodology to analyze Tunisia.
This empirical work covers the period 1971-2010. They concluded that growth, the openness trade,
carbon dioxide emissions and energy consumption are co-integrated (Shahbaz et al. 2014:355).

The empirical study of Leitdo and Shahbaz (2013) analyzed the topic of carbon dioxide
emissions, urbanization and globalization. The authors applied a dynamic panel data (GMM-system)
for the period 1990-2010. Leitdo and Shahbaz (2013:24) consider a sample for 18 countries. The
econometric results demonstrate that CO, decreased in the long run. The variable income per capita
and squared income per capita corroborate with EKC hypothesis, i.e., linear income per capita
presents a positive sign, and squared income per capita presents a negative impact on CO, (Leitdo and
Shahbaz 2013:28). The explanatory variables of globalization and energy consumption have a positive
impact on CO,. However, urban population is negatively correlated with CO,. Portuguese carbon
dioxide emissions and economic growth were evaluated by Shahbaz and Leitdo (2013) using time
series (OLS estimator, and ARMA model) for the period 1970-2009. This study demonstrates that
economic growth is positively correlated with carbon dioxide emissions. Shahbaz and Leitdo (2013)
also show that international trade and energy consumption have a positive impact on CO,. Ozturk
(2010) shows that there is a vast literature about the issue of energy consumption and economic
growth. The relationship between energy consumption and FDI has been evaluated in the literature by
several empirical studies (Sbia et al., 2014; Omri Kahouli, 2014; Zaman et al., 2012).

Nayan et al. (2013) use a panel data to evaluate the relationship between energy consumption
and growth. They consider two equations: one for energy consumption and the other for economic
growth. The econometric results demonstrate that energy consumption and economic growth is
positive between them. The impact of foreign direct investment, the energy and the carbon dioxide
emissions on growth were considered by Lee (2013). This study considers a panel data for the period
1971-2009. Lee formulated three models, the first equation considers the economic growth as
dependent variable; the second equation uses the carbon dioxide emissions as dependent variable, and
the third model studies the determinants of clean energy. The fixed effects regression shows that FDI,
carbon dioxide emissions and energy have a positive effect on growth.

Sbia et al. (2014) consider the relationship between FDI and energy consumption in UAE for
the period 1975-2011. This study uses multivariate time series (ARDL, VEC model, and Granger
causality). The authors found a negative association between FDI and energy consumption.
Concluding that the FDI contributes to the reduction of energy used. The openness trade also presents
a negative association with energy consumption. The energy and FDI applied to the Chinese case was
analyzed by Elliot et al. (2013). The authors consider a panel data (Random effects) for the period
2005-2008. They formulated an econometric model based on EKC literature (Elliot et al. 2013: 486-
487).The results of this study demonstrate that income per capita and squared income per capita are
according to EKC assumptions. Elliot et al. (2013) also found a negative sign between FDI and energy
consumption. Using a dynamic panel data (GMM system estimator) for the period 1990-2011, Omri
and Kahouli (2014) found a positive impact of FDI, economic growth on energy consumption. The
authors consider a sample for 69 countries (high- income countries, middle-income and low-income,
Omri and Kahouli 2014: 917). Zaman et al. (2012) found a positive correlation between FDI and
energy.

The energy consumption, economic growth and CO, were investigated by Dritsaki and
Dritsaki (2014). The authors consider the relationship between energy consumption, economic growth
and CO, for Greece, Spain, and Portugal using the panel data (OLS, FMOLS, and DOLS) for the
period 1960-2009.The econometric results demonstrate that CO, and economic growth have a positive
impact on energy consumption. Withey (2014) reflects about the association between energy use,
income and carbon dioxide emission. The author applied Toda Yamamoto methodology for the
Canadian case. Granger causality test indicates that income and energy use are bidirectional causality.

139



International Journal of Energy Economics and Policy, Vol. 5, No. 1, 2015, pp.138-147

The empirical study of Farhani and Rejeb (2012) applied for the MENA region for the period 1973-
2008 demonstrates that economic growth is positively correlated with energy consumption for Egypt,
Israel, Oman, Tunisia and Turkey (Farhani and Rejeb 2012:78). For the variable CO,, the econometric
models using FMOLS show that 15 MENA countries present a positive impact on energy consumption
with the exception Egypt, Oman and Sudan. Hanna et al. (2014:137) exhibit that resources are an
important factor to explain the attraction of FDI. This qualitative study concluded that the intensity of
natural resource and local environment are essential to explain FDI.

Ozturk and Bilgili (2015) consider the relationship between economic growth and biomass
consumption for Sub-Sahara African countries. The authors use as econometric strategy a dynamic
OLS regression and panel unit root tests. The empirical study demonstrates that biomass consumption;
openness trade and population are correlated with economic growth.

Usually the empirical studies of foreign direct investment (FDI) consider the location factors
and the macroeconomic environment (e.g. wages, inflation, human capital, market size, openness
trade, exchange rate, and geographical distance) to explain the determinants of FDI. These are
explained by the classical theories of location and internalization (Hymer, 1960; Kindleberger, 1969;
Caves, 1971) models. The paradigm OLI (Ownership, Localization, and Internalization) synthesizes
the pioneering theories of FDI (Dunning, 1992).

There are many studies that use a gravity model for explains the determinants of FDI.
Cavallari and Addona (2013) utilize a gravity model to explain the determinants of FDI. The authors
selected 24 OECD countries for the period 1985-2007. As econometric strategy, the authors used the
fixed effects and the Heckman model (Cavallari and Addona, 2013:2607). The econometric results
demonstrate that the exchange rate has a positive effect on FDI. When Cavallari and Addona (2013)
consider the Heckman model, it is possible to observe that the common language, border, population
and GDP per capita have a positive impact on FDI. The relationship between taxes, agglomeration
and FDI, was evaluated by Hansson and Olofsdotter (2013).They studied the European Union
countries for the period 1986-2006.Using a Heckman estimator, the study found evidence that taxes
and agglomerations encourage FDI inflows.The empirical study of Leitdo (2012) used overall index of
globalization to evaluate the impact of this proxy on FDI.

Recently, Allen (2008:9-12) demonstrated that the human ecology economics permits to
explain the economic growth, international trade and FDI. In fact, the determinants of FDI involve
understanding the belief, social environment rules and human population of host country. In this
context, we can refer that cultural proximity and the economic diplomacy stimulate the international
investments. Leitdo (2011), Severiano (2011), Julio et al. (2013) are some example of recent studies of
Portuguese FDI. The localization and institutional determinants of FDI were investigated by Leitdo
(2011). The author considers the inward FDI for the period 1995-2008. The variables of taxes, labor
costs, inflation and corruption are negatively correlated with inward FDI. This study demonstrates that
the globalization and the economic dimension encourage foreign investors. In this context, Severiano
(2011) considers the determinants of Portuguese FDI applied to nine sectors for the period 1980-2009
using OLS estimator. The variables of openness trade and exchange rate present a positive impact on
FDI. Julio et al. (2013) consider the localizations and institutional determinants to evaluate Portuguese
FDI. This study demonstrates that geographical distance; the openness trade is the main factors of
FDI. -However, the political risk and economic policy are also necessary to explain FDI.

The determinants of FDI in transition countries were analyzed by Derado (2013) with special
emphasis on Croatian economy for the period 1996-2004. The author considers OLS estimator and the
arguments of the gravity model. Their results show that the market size, openness trade, border and
European integration present a positive impact on FDI. The geographical distance is negatively
correlated with FDI. The results are according to the literature. The determinants of Iran FDI were
studied by Mohammadvandnahidi et al. (2012). The authors consider a time series analysis (ARDL,
and a VAR model) for the period 1975-2007. The unit root test was also considered. The results
demonstrate that openness trade, exchange rate, and the infrastructures present a positive sign on FDI.

3. Data and Econometric Models

This section presents the variables utilized in this paper. To evaluate the relationship between
energy consumption and the determinants of FDI, we decided to formulate four equations. In the first
and second equation, we explain the consumption for energy. The dependent variable is energy
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consumption for the period 1990-2011. The data was selected in the World Bank web site. The third
equation considers the relationship between carbon dioxide emissions and energy consumption. The
last model evaluates the determinants of FDI. The dependent variable is Portuguese inflows FDI for
the period 1990-2011. The data was selected in OECD dataset (FDI flows by partner country).The
explanatory variables are collected by KOF index Globalization from Swiss Federal Institute of
Technology Zurich (Dreher 2006; Dreher and Gaston 2008), and the independent variables of
exchange rate are from World Bank (World Development Indicators). All variables used in the
regressions are in natural logarithms. Considering the empirical research (Sbia et al. 2014; Dritsaki
and Dritsaki 2014; Withey 2014; Farhani and Rejeb 2012; Elliot et al. 2013; Mohammadvandnahidi et
al. 2012), we formulate four models:

Model [1]: E, =a, +o,Y +a,Y > +a,CO, + o, FDI + u, €))
Where E, — Energy consumption; Y- income per capita; Y- Squared income per capita; CO, - Carbon

dioxide emissions; FDI- Portuguese inward foreign direct investment. The expected signs are:

o, >0, <0;a;>0;a, >0;a, <0

Model [2]: E, = a, +a,Y + a,FDI + a,CO, + a,0T + a;PolG + u, ()
Where E, — Energy consumption; Y- income per capita; FDI- Portuguese inward foreign direct

investment; CO, - Carbon dioxide emissions; OT- Openness trade; PolG —Political globalization.
The expected signs are:

o, >0, >0;a, <0;a; >0;a, >0;0, >0
Model [3]: CO, =a,+a,Y +a,Y’ +o,E, +a,FDI + u, 3)

Where CO; - Carbon dioxide emissions; Y- income per capita; Y*- Squared income per capita;
E; — Energy consumption; FDI- Portuguese inward foreign direct investment.

o, >0, <0;a,>0a, >0;a,<0

Model [4]: FDI = a, + o,CultG + a,SocG + o, PolG + o,OT + asExcRate + u, (4)

Where FDI- Portuguese inward foreign direct investment; CultG; SocG, and PolG are Cultural, Social
and Political globalization (see Dreher 2006, and Dreher et al. 2008); OT- Openness trade;
ExcRate - Real exchange rate. The expected signs for the foreign direct investment equation are:

o, >0, >0;a, >0;a, >0;a, >0;a, <0

Table 1 presents the partners used in this research.

Table 1. Portuguese Partners used in this study

Australia Austria Belgium
Brazil Canada China
Cyprus Czech Republic Denmark
Finland France Germany
Greece Hungary India

Ireland Italy Japan
Luxembourg Malta Netherlands
Poland Romania Russia
Singapore Spain Sweden
Switzerland United Kingdom United States

4. Results and Discussion

Table 2 presents the correlations between the variables. The variable of FDI is correlated with
income per capita, and squared income per capita. There is a positive association between cultural
globalization (CultG) and FDI. The exchange rate (ExcRate) presents a positive correlated with FDI,
openness trade (OT), and political globalization (PolG). However, the variable exchange rate presents
a negative correlation with energy consumption (£;) and carbon dioxide emissions (CO,).
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Table 2. Correlations between variables

Variables | E, Y Y’ CO, | FDI | or CultG | SocG | PolG | ExcRate
E, 1.00

Y 0.62 | 1.00

Y’ 0.61 | 0.99 | 1.00

CO, 096 | 042 | 041 | 1.00

FDI 0.25 | 0.08 | 0.07 | 0.26 | 1.00

oT 0.86 | 0.66 | 0.66 | 0.79 [0.19| 1.00

CultG 0.63 | 0.84 | 0.83 | 0.50 |0.09] 0.56 | 1.00

SocG 072 [ 095 | 095 | 055 [0.11] 0.69 | 093 | 1.00

PolG 0.70 | 059 | 059 | 0.67 [0.14| 0.60 | 0.76 | 0.70 | 1.00
ExcRate | -0.02 | 020 | 0.20 | -0.09 [ 0.04| 0.00 | 0.15 | 0.17 [ 0.02 | 1.00

Table 3 exhibits the results of unit root test (ADF- Chi-square) based on Phillips— Perron test.
The variable energy consumption (£;), carbon dioxide emissions (CO;), foreign direct investment
(FDI), cultural globalization (CultG), political globalization (Pol/G), and exchange rate (ExcRate) are
stationary.

Table 3. Panel unit root based on Phillips — Perron test

Variables Statistic P-value
E, 424 856%** 0.00
CO; 76.125% 0.07
FDI 126.82%** 0.00
CultG 165.63%** 0.00
SocG 281.87*** 0.00
PolG 813.65%** 0.00
ExcRate 98.02*** 0.00

Note: Newey-West lags; (1) lag is included in CO,.
P -value at 1% (**%*), and 10% (*) statistically significant.

The model [1] for energy consumption is presented in table 4. The econometric results are
according to EKC assumptions (Elliot et al. 2013; Leitdo and Shahbaz 2013; Shahbaz et al. 2014). The
results with fixed effects and GMM-system demonstrate that income per capita and squared income
per capita (Y°) present a positive and (negative) impact on energy consumption. As in Elliot et al.
(2013:490), squared income per capita (¥°) presents an inverted U. The variables foreign direct
investment (FDI) and carbon dioxide emissions (CO;) are positively correlated with energy
consumption. These results are according to previous studies (Dritsaki and Dritsaki 2014; Zaman et al.
2012). The GMM —system estimator illustrates that there is no problem of serial correlation (Ar,, test
proposed by Arellano and Bond, 1991). The instruments used are corrected in this regression (Sargan
test).

Table 5 displays the econometric results for energy consumption equation (model 2) using
fixed effects and GMM-system estimator. The explanatory variables used are income per capita (Y),
foreign direct investment (FDI), openness trade (OT), carbon dioxide emissions (CO,), and political
globalization (PolG). The fixed effects regression shows that all explanatory variables are statistically
significant at 1% level. The model presents higher quality of adjustment (Adj. R*=0.97).
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Table 4. Energy Consumption and FDI with FE and GMM-SYS: Model [1]

Variables FE (fixed effects) GMM-System
E. 0.44 %%
Y 3.58%** 3.24%%*
Y -4, 19%** -0.31 %%
CO; 0.71%%* 0.40%**
FDI 0.05*** 0.04***
C -4 82 * -5.27%*
Observations 448 407
Ad. R’ 0.72

Ar (2) 0.62
Sargan 1.00

Note: P-value at 1% (***) statistically significant. The estimative are corrected with White test. The

coefficients are presented in logarithmic form.

Table 5. Energy Consumption and FDI with FE and GMM-SYS: Model [2]

Variables FE (fixed effects) GMM-System
Et—l _012***
Y 0.08*** 0.05%**
FDI 9.3 7*** 0.142%**
orT 0.05%** 8.35%*x*
CO; 0.85%** 1.12%**
PolG 6.50%** 0.08%**
C 0.01 12.89%**
Observations 448 384
Ad. R’ 0.97

Ar (2) 0.34
Sargan 1.00

Note: P-value at 1% (***) statistically significant. The estimative are corrected with White test. The
coefficients are presented in logarithmic form.

The variable of income per capita has a positive impact on energy consumption. Sbia et al.
(2014) found a positive correlation between economic growth (Y) and energy consumption.
Portuguese foreign direct investment (FDJ) is positively correlated with energy consumption. This
result is according to the empirical studies of Omri and Kahouli (2014), Zaman et al. (2012). Carbon
dioxide emissions (CO,) present a positive effect on energy consumption. The recent empirical studies
of Dritsaki and Dritsaki (2014), Farhani and Rejeb (2012) found a positive sign for CO,. The climate
changes are explained by the use of energy. In this equation, we considered political globalization
(PolG) as a control variable. According to the result, we can conclude that Po/G encourages the
energy consumption. With GMM-system estimator, we observe that the results are according to the
expect signs. However, in the long run the lagged variable of energy consumption presents a negative
sign, and the variable is statistically significant at 1% level. This result demonstrates that in the long
run the energy consumption decrease. The result is in line with the development work by the
movements and environmentalists parties. There is no problem of serial correlation (Ar,, test proposed
by Arellano and Bond, 1991). The instruments used are corrected in this regression (Sargan test).

Table 6 presents the estimative of carbon dioxide emissions and foreign direct investment
using fixed effects (FE) and GMM-System estimator. Considering the environmental Kuznets curve
assumptions, we can observe with GMM- system estimator that the lagged variable of carbon dioxide
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emissions presents a negative sign, and the variable is statistically significant at 1% level. This result is
in the line of Leitdo and Shahbaz (2013), showing that in the long run CO; emissions decreased. The
variables income per capita(Y) and squared income per capita (¥°) are statistically significant at 1%
level. The previous studies of Leitdo and Shahbaz (2013), Shahbaz and Leitdo (2013), Shahbaz et al.
(2014) also found a positive sign and negative sign for income per capita and squared income per
capita. The energy of consumption (£,) presents a positive impact on carbon dioxide emissions. The
variable is statistically significant at 1% level.

Table 6. Carbon Dioxide Emissions and FDI with FE and GMM-SYS: Model [3]

Variables FE (fixed effects) GMM-System
COs. -0, 15%%**
Y 1.47** 1.92%**
Y’ -0.18%* -0.22%%*
E, 0.93%** 1.15%**
FDI -0.02%** -0.04%**
C -5.33%%* 1.23
Observations 448 407
Ad. R’ 0.87

Ar (2) 0.50
Sargan 1.00

Note: P-value at 1% (***); and 5% (**) statistically significant. The estimative are corrected with White test.
The coefficients are presented in logarithmic form.

Following the empirical literature (Sbia et al. 2014; Elliot et al. 2013) we introduce in the
regression the variable of foreign direct investment (#D/). Our results are in the line of Sbia et al.
(2014), Elliot et al. (2013). There is a negative effect between FDI and carbon dioxide emissions. The
distribution of foreign direct investment can be observed in figure 1.

Figure 1. Plot of FDI (Foreign Direct Investment)

Foreign Direct Investment

2 3
Distance below median

Source: Author calculation using Stata.

Table 7 presents the estimative of Portuguese FDI using fixed effects (FE) and GMM-System
estimator. Following, Faustino and Leitdo (2007) we decide to apply a dynamic panel data (GMM-
System). The dynamic panel data solves the serial correlation and the endogeneity. The results with
FE demonstrate that all independent variables are statistically significant. The variables of
globalization (social and political components) show that these encourage the FDI.

The social and political globalization has a positive effect on foreign direct investment,
demonstrating that economic diplomacy and communications are determinants of FDI. However,
cultural globalization is negatively correlated with FDI. Indeed, the sign obtained is contradictory that
we expected. This sign could be explained by different type of development between countries
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selected in the regression. The openness trade and real exchange rate show that there is a positive
effect of these variables and FDI. The study of Mohammadvandnahidi et al. (2012) also found the
same results. The estimates with GMM-system demonstrate that there is no problem of serial
correlation (Ar,, test proposed by Arellano and Bond, 1991). The instruments used are corrected
(Sargan test). In the long run analyzed by lagged FDI, we can observe that variable presents a positive
impact on Portuguese economy. This result is in line with the empirical work of Leitdo (2012).When
we compare the coefficients obtained with FE and GMM-SYS, we can conclude that the trend of
political globalization is different. With GMM-SYS the coefficient of political globalization (PolG)
presents a negative effect on Portuguese FDI.

Table 7. Portuguese FDI with FE and GMM-SYS: Model [4]

Variables FE (fixed effects) GMM-System
FDI,, 0.32%%**
CultG -1.58%* -14.56%**
SocG 7.35%%* 47.21%**
PolG 6.73%%* -10.40%**
orT 0.02%%** 0.28***
ExcRate 2.46* -4.41

C -26.78*** -32.01*
Observations 395 315
Ad. R’ 0.23

Ar (2) 0.42
Sargan 1.00

Note: P-value at 1% (***); 5% (**), and 10% (*) statistically significant. The estimative are corrected with
White test. The coefficients are presented in logarithmic form.

5. Conclusions and Recommendations

This paper measured the relationship between energy consumption and foreign direct
investment. This research also investigated the impact of human ecology (cultural, social, and political
globalization) on FDI for the period 1990-2011.The literature review demonstrates that energy
consumption and foreign direct investment are complementary. The association between energy and
FDI usually utilize the assumptions of EKC. In the first equation, we consider these hypotheses; the
income per capita is positively correlated with energy consumption. The squared income per capita
presents a negative impact on energy consumption (Elliot et al. 2013). Our results are in line with
empirical studies (Dritsaki and Dritsaki 2014, Withey, 2014). In the long run, the energy consumption
decreased, we observed this effect with GMM-System estimator for the model [2]. In fact, the
decreases of climate changes depend on the behavior of society. The international conferences and
summits on sustainability are fundamental for sustainable development. In this context, Cassella
(2008:230-264) demonstrates that it will be necessary the change in behavior. The chapter presented
by the author describes several scenarios for explaining the period 2005-2060.

A positive impact between FDI and the energy consumption was established. We can conclude
that energy consumption is necessary to attract foreign direct investment. The studies of Omri and
Kahouli (2014), Zaman et al. (2012) also found a positive association between these variables. To
analyze the determinants of FDI we introduced as explanatory variables the openness trade, and the
exchange rate. Using a panel data (fixed effects and GMM-System) the results show that the political
and social globalization encourage FDI. Indeed, the participation of Portuguese economy in political
agreements is an important determinant of inflows of FDI. The study also concludes that the openness
trade is essential to attract foreign investors. This research allows inference in terms of economic and
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energy policy for the Portuguese economy. The economic diplomacy is a key factor in attracting
foreign direct investment. It is interesting to observe that the consumption of energy promotes
economic growth. However, in the long term we observe that the energy consumption is not directly
correlated with economic growth, this condition validates the hypothesis of the EKC model. This
result demonstrates that the Portuguese economy has followed the path of developed countries. This
analysis presents some limitations. In future work, we need to consider in this regression other
Portuguese speaking countries. In fact, Angola and Mozambique are significant investors in Portugal.
The study needs to consider some arguments of the gravity model such as country borders, common
language, and Euro Zone countries for the determinants of FDI.
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