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Abstract. China's integration into the world economy, and maintaining its rapid economic growth, demand more energy with a prominent
concern of reducing carbon footprints. Keeping in view the shortcomings in previous studies, we investigate the relationship between
energy infrastructure and foreign direct investment in China in the framework of the ARDL and VECM approaches. We found that energy
positively affects FDI, while the reverse effect does not hold. FDI does not affect the energy sector. Policy implications can be drawn from
this study, such as technological diffusion from FDI to enhance energy efficiency and reduce carbon footprints.
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1. Introduction
Excessive energy demand accompanies China's rapid economic growth. China has been given the blessing and the
curse of being one of the largest energy consumers and was growing rapidly over the last few decades. Some of
the drawbacks of its excessive demand for energy include emissions and carbon footprint. To take into account
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the issues of greenhouse emissions and maintain sustainable growth, China is making conscious efforts to
increase the proportionality of clean energy in its energy mix.
Similarly, the massive inflow of foreign direct investment (FDI) in China is a marvelous phenomenon the world
sees during the last three decades. The opening up policy made China the fourth largest destination for foreign
investments with total FDI stock, USD 1769 billion in the year 2019 (UNCTAD 2019). This work explores the
relationship between energy and FDI in China. The relationship between FDI and energy infrastructure, though
necessary for policy concerns, is not studied. Previous literature mainly focused on the emission and growth
enhancing aspects of energy consumption but ignored the foreign investment perspective.
Several factors affect foreign direct investment. Foreign firms make destination those countries with large market
size (Bevan and Estrin 2004; Flores and Aguilera 2007; Bhaumik and Co 2011), better institutional quality
(Islam et al. 2020; Wei 2000; Chakrabarti 2001; Blonigen, Ellis, and Fausten 2005) (Wei 2000; Chakrabarti 2001;
Blonigen, Ellis, and Fausten 2005), natural resources (Deng 2004; Buckley et al. 2007; Kang and Jiang 2012),
technology (Tihanyi and Roath 2002; Buckley et al. 2007; Kang and Jiang 2012), taxes (Blonigen and Davies
2004; Dharmapala and Hines 2009; Bilgili, Tülüce, and Doǧan 2012; Azémar and Desbordes 2013), and trade
openness (Wheeler and Mody 1992; Doytch and Eren 2012; Nagano 2013). However, for the first time, we
explore the relationship between energy and FDI.
Foreign firms choose those countries as a destination where they find better energy infrastructure. Energy can
leapfrog the production stages and enhances the productivity and efficiency of firms through various channels.
For instance, ICT (information and communication technology) requires energy and creates information flow,
which indirectly reduces time, distance, and costs of firms. Similarly, transportation sector requires energy, which
indirectly reduces delivery times. Therefore, almost all the activities of firms are linked with energy. Therefore, it
is assumed here that foreign firms choose those countries as their investment destination where they find better
energy facilities.
The rapid development of China's economy demands a large amount of energy. In this regard, coal is the main
energy source that drives more than half of the Chinese economy. China plans to build more power plants around
the coalfields in its western regions. It wants to convert coal into electricity and then let the power grid carry it to
the east, with 70 percent of the country’s population and over 80 percent of its economy. Similarly, China imports
around sixty percent of the oil that it consumes. It was the world largest oil importer in 2014, but it has been doing
a lot to make sure its energy consumption across a range of fuels. That comes with significant benefits and some
significant drawbacks, one of which is trying to procure enough energy to keep its rapid economic growth going.
Coal is the primary position in China’s energy structure, and it is essential to use coal efficiently. The use of
traditional fossil fuels is causing enormous environmental damage. Therefore, China’s coal demand falls back due
to the fact that growing energy needs are increasingly met by renewables, natural gas, and electricity.
Previous studies focus on the impact of energy consumption on economic growth and other macroeconomic
variables. Moreover, the majority of the previous literature discusses the environmental effects of energy.
Similarly, more studies focused on cross-country analysis. We, for the first time, contribute the existing literature
by examining the relationship between FDI and energy infrastructure on a country level to have in-depth insight.
Moreover, previous studies are based on a single specification and a single equation. The earlier literature ignores
the institutional quality, which may affect the FDI and energy relationship in developing countries like China. We
contribute the literature by using the ARDL and VECM approaches in a multi-specification framework, which
means that we add additional variables in the baseline model. Similarly, we contribute to the earlier literature by
adding an important variable, i.e., institutional quality.
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The rest of the study is divided into the following sections. Section 2 describes the stylized facts of energy
infrastructure in China. Section 3 explains the theoretical framework. Section 4 shows the data and methodology.
Section 5 reports empirical results. In section 6, we show the concluding remarks of the study.
2. Energy production and consumption in China
In this section, we show how energy is a driving force for the rapid economic development of China. Similarly,
China faces challenges that must be overcome to keep the wheels of the country turning under pressure for the
ever-greater need for environmental protection. Since the market-oriented reforms in the 1980s, China favored
economic growth with an emphasis on having considerable investments in energy infrastructure
Coal is the dominant source of energy in China; therefore, the whole power system is always a pivoted around it.
The coal consumption has been increased from 1.05 to 3.97 billion tons from 1990 to 2015. The Gobi desert in the
northwest China is producing over 100000 tons of high-quality coal with less sulfur. During 2016, coal made
up 62% of China’s total energy use. Since 2011, China consumed more coal than the rest of the world combined,
where it provides three-quarters of the nation's energy needs. Therefore, many macroeconomic indicators rely on
the coal industry in China. In 2014, China contributed to air pollution by 71%, which is far more than the
European Union and the USA with 32% and 31% emissions, respectively.
Hydroelectric power has become China's leading source of renewable energy production. Having a generation
capacity of 22,500 MW, in the upper reaches of the Yangtze River, Three Gorges Dam is completed in 2012 at
the cost of over $37 billion. It is the world largest hydroelectric dam. Additionally, China has also
constructed three energy-producing hydroelectric dams. From 2000 to 2015, China increased its hydroelectric
energy-generation capacity by 408%. As a result of the Three Gorges Dam and other projects, China became
the world leader in hydropower in 2014.
However, abundant water resources are not found everywhere. The west of China is short of water but has plenty
of sunshine. The power of the sunlight and the number of hours the sun shines make it an ideal site for solar
photovoltaic (PV) energy. In the Gobi desert, more than 20 thousand mirrors bounce the light with high precision,
which makes China a leading player in solar photovoltaic during the last decade. This way of generating
electricity does not consume any fuel or discharged any emissions. China's currently installed solar power
capacity exceeds 70 million kilowatts accounting for one-fifth of the world solar generation capacity. More and
more ways to utilize solar energy may revolutionize China's supply of clean energy. China's rapid development
shows genuine determination to change its energy structure.
There are other emission-free energy sources to be tapped into. China is one of the nations that have taken the
lead in seeking renewable energy from the wind, where the giant turbines are a common feature of the landscape
in many locations. Offshore wind, on the eastern coast of China, is looking more and more like the future of wind
power. In 2012, the electricity generated by wind power accounted for just 2.1% of China’s total consumption.
China accounted for one-third of the global wind-energy capacity in 2015. With a 10.5% increase from the
previous year, in 2017, China’s wind power capacity reached to 16,367 megawatts (MW).
In China, the progress of science and technology drives energy. On a remote peninsula in eastern China, the most
advanced nuclear power unit in the world is being prepared to be put into operation. The nuclear reaction releases
enormous heat, which is used to turn water into high-pressure steam. It drives the generators to generate
electricity. The nuclear fuel’s energy density is 2.5 million times that of coal. China generated 38,419 (MW) of
energy with the help of 41 nuclear power reactors as of July 2018. In its 13th Five-Year Plan, the Chinese
government planned to construct 40 new nuclear plants by 2020. Nuclear plants run on nuclear fission and the
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energy released by splitting atomic particles. The energy released in this way is compelling, but it also creates
dangerous radioactive wastes. Though controversial, nuclear power is still in its various forms is the great hope
for an endless reliable and clean source of energy.
China has important and unconventional shale gas resources. China is moving into its own offshore to produce
more oil and gas. Historically, it has been challenging for China to develop deep-sea oil and natural gas
resources, which become possible by the approach known as the power compensator system. Natural gas emits
60% less CO2 as compared to coal when it is efficiently combusted. The natural gas consumption reached to 240.4
billion-meter cubic meters during 2017, which makes 6.4 % of China’s total energy consumption. The energy
consumption, by natural gas, is higher than the earlier decade. The Chinese government is committed to increase
energy sources from natural gas by 10% to its total energy demand by the end of 2020. With the advance of deepsea engineering technology, China has made a further step in acquiring resources from the oceans. The energy
stored in deep-sea is beyond imagination.
Fig. 1 shows the energy consumption by sector in 2016. Industry (manufacturing sector) consumes more energy,
which is 67%. The household and transportation sectors consume 21% of the total energy. While, in the same
year, the manufacturing sector FDI part is 32%, services constitute a 66% portion in total FDI, and the primary
sector (agriculture, fishing & mining) counted for only 2% (www.stats.gov.cn). Therefore, a question may arise
that what is the contribution of the energy sector in attracting FDI.

Figure 1. Energy consumption by sector in 2016 (%). Source: China Statistical Yearbook 2018 (authors’ calculations)

It can be seen in Table 1 that China has decreased the coal consumption from 76.2% in 1990 to 60.4% in 2017,
while its coal production decreased from 74.2% in 1990 to 69.6% in 2017. The clean energy consumption has
been increased from 5.1% to 13.8% during 1990 to 2017, and its production increased from 4.8% to 17.4% from
1990 to 2017. The figures highlighted the importance of renewables for China.

236

ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES
ISSN 2345-0282 (online) http://jssidoi.org/jesi/
2020 Volume 8 Number 1 (September)
http://doi.org/10.9770/jesi.2020.8.1(16)
Table 1. Consumption and production of energy and its composition (in percent)
Year

Consumption
Natural
Hydro-, Nuclear-, and
Crude Oil
Gas
Wind Power
16.6
2.1
5.1

Production

1990

76.2

74.2

Crude
Oil
19.0

1995

74.6

17.5

1.8

6.1

75.3

16.6

1.9

6.2

2000

69.2

22.2

2.2

6.4

73.2

17.2

2.7

6.9

2005

70.8

19.8

2.6

6.8

77.6

12.0

3.0

7.4

8.6

76.6
69.6

9.8
7.6

4.2
5.4

9.4
17.4

Coal

2010
68.0
19.0
4.4
2017
60.4
18.8
7
Source: China Statistical Yearbook (2018)

13.8

Coal

Natural
Gas
2.0

Hydro-, Nuclear-,
and Wind Power
4.8

3. Theoretical framework
Energy infrastructure, through the efficient ways of its utilization, plays an essential role in sustainable economic
growth and in attracting foreign firms through different channels (Haider, Adil, 2019; Khan et al. 2020). Previous
literature shows that energy efficiency is a crucial component of economic development (Akbar et al. 2020),
which is only possible if robust energy infrastructure is in place. Energy sector can positively induce the
productivity, efficiency, and effectiveness of firms operating across diverse sectors (Rehman et al. 2020).
Countries with frequent power shutdowns attract less FDI, because the power cuts interrupt the business and
production operations, and ultimately waste the precious time.
Activities and processes involved in agriculture, industry, and services are affected by energy consumption.
Foreign firms choose those countries as their destination where they find well-developed energy infrastructure.
The more energy consumption means improved productivity. Previous literature shows the pros and cons of using
energy as a factor of production. The adverse effects of energy consumption stem from a lack of proper
arrangement to control greenhouse gases and CO2 emissions.
Information and communication technology (ICT) can leapfrog the productivity of firms through the information
flow (Gholami, Lee, and Heshmati 2006), which is not possible without proper energy resources and
infrastructure in the host economies. The argument is justified that such facilities enable firms to reduce time and
distance costs. The presence of energy infrastructure, in host economies, can enhance the impact of spillovers
originate from MNEs (multinational enterprises). Similarly, energy infrastructure bridges diverse communities,
especially through ICT, connected with FDI's activities to contribute positively to economic development.
Similarly, transportation plays a vital role in trade and investments. Energy consumption affects the performance
of transportation. The efficient transportation system reduces cost and time. Foreign firms choose those countries
with proper transport infrastructure to reduce the additional costs for delayed deliveries, etc. Hence, indirectly
energy usage affects the FDI inflows into the host economies.
Energy infrastructure is like an amenity that helps in reducing the cost of production. Hence, it is believed to have
relatively more influence on vertical FDI though it also has an impact on horizontal FDI. The amenities are
composed of oil & gas pipelines, electric power distribution, and transmission, storage, etc., which are essential
for MNEs to achieve productivity targets and competitiveness. Therefore, infrastructure in the energy sector
helps to maximize profit and reduce the cost of doing business for multinational corporations. In the absence of
energy infrastructure, the MNEs may incur additional costs and results in reluctance in investments (Erenburg
1993).
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No proper arrangement for greenhouse gases and CO2 emissions can lead to deter foreign investors from entering
the host countries. So, the environmental factors also determine the location choice for FDI. Moreover, to reduce
the hazards from greenhouse gas emissions, the firms incur additional production costs. The improper safety
measures in using energy can affect workers' health and additional costs incur to cure the disease. Nowadays
scientific community is engaged in finding renewable and sustainable energy resources, which can reduce the
footprints of carbon resulting from the industrial production process. Therefore, countries are investing in
renewable energies to reduce their dependence on fossil fuels, etc. The measures can lead to higher energy
efficiency and lower energy intensity. These measure may enhance the FDI inflows. Therefore, countries with
higher energy efficiency attract more foreign firms.

4. Data and analytical framework
4.1 Data
The fundamental concern of our study is to show the energy and FDI relationship. The study is based on time
series annual data from 1988 to 2017. We rely on the data by Donaubauer et al. (2016). The authors used the
unobserved component model (UCM) to construct an index about energy infrastructure. Moreover, the authors
used electric power consumption and production (both variables are measured in per capita terms). To measure
the reliability and quality of the national electrical power supply, the authors used data on electric power
transmission and distribution losses (as a percentage of output). These data run from 1990 to 2010. Following
Cooray et al. (2017), we fill in the missing data points up until 2017, by interpolating the data. Control variables
are selected, keeping in view the broad review of the literature. FDI is affected by institutional quality (Shah,
Ahmad, and Ahmed 2016), trade openness (Iamsiraroj and Ulubaşoğlu 2015), and domestic investment.
The data about institutional quality is obtained from the International Country Risk Guide (ICRG) database. The
dataset contains several indices (bureaucratic quality, democratic accountability, the rule of law, investment
profile, corruption, and government stability) prepared from the multidimensional sub-datasets. (Buchanan, Le,
and Rishi 2012; Globerman and Shapiro 2002) argue that it is not possible to include all the individual aspects of
institutional quality in a single regression equation, because they are correlated with each other. Moreover, it is
not a good approach for policy concern to include a single aspect of institutional quality in a regression equation
and ignoring other aspects of it. Some dataset contains time-invariant indicators, so the indices are developed to
make it feasible. For the construction of index and to determine the weight to the indicators regarding various
dimensions of institutional quality, the technique of principal component analysis (PCA) is used.
Trade share percent of GDP is used as a proxy for trade openness. Gross fixed capital formation (% of GDP) is
used as a proxy for domestic investment. The data about trade openness and domestic investment is extracted
from World Bank (2018).
The descriptive statistics, given in Table 2, show the measure of central tendency and variability of the data. In
this regard, we report the mean, median, standard deviation, minimum, and maximum. The mean and median
values of primary FDI are close to each other, with the standard deviation is 0.17, which shows that the data is
more scattered. Stability implies that China attracted more FDI in the manufacturing and services sectors. This
implies that the macroeconomic environment affects FDI, which may arise due to open-door policies, energy
consumption, and production. However, the energy infrastructure shows more variability with the standard
deviation is 0.13. Moreover, all variables follow a normal distribution, according to the Jarque-Bera (JB) test of
normality.
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Table 2. Descriptive statistics
Variables
FDI (% share in GDP)

Notation
FDI

Mean
1.61

Median
1.65

Max.
1.86

Min.
1.14

SD
0.17

JQ
6.20

Prob.
0.05

Energy consumption

EC

0.93

0.90

1.13

0.73

0.13

2.66

0.26

Institutional quality

IQ

0.95

1.13

1.39

-0.29

0.45

4.45

0.11

Trade share in GDP (%)
TO
2.62
2.61
2.82
2.40
0.12
0.66
Domestic investment share in GDP
DI
2.58
2.60
2.67
2.41
0.07
2.46
(%)
Note. One is being added to actual values. SD and JQ represent standard deviation and Jarque-Bera statistics.

0.72
0.29

4.2 Analytical framework
In this study, we apply the autoregressive distributive (ARDL) technique of cointegration, developed by Pesaran
et al. (2001). There are several advantages to use the ARDL approach. First, the method is applicable irrespective
of the order of integration of variables, i.e., I(0), 1(1), 1(1,0). If the variables are I(2) or above, then the F-statistics
is not invalid (Ouattara 2006). Second, ARDL is applicable in case some of the regressors are endogenous
(Odhiambo 2009). Third, the method is effective even in the case of small samples (Ghatak and Siddiki 2001). In
the case of small samples, the method is better than Johansen and Juselius (Johansen 1991), Engle & Granger
(Engle and Granger 2015), and Phillips and Hansen (Phillips and Hansen 1990). Another advantage of using
ARDL is that it overcomes the problems resulting from series with unit-roots, and the unrestricted error correction
model (UECM) seems to take satisfactory lags that captures the data generating process in a general-to-specific
framework of specification (Kinkyo, Matsubayashi, and Hamori 2013). We aim to investigate the causal
relationship between sectoral FDI and infrastructure across different specifications.
Before the estimation of the empirical results, it is imperative to determine the order of integration. In this regard,
we use the Augmented Dicky Fuller (ADF) test. We also apply the Phillips- Perron (PP) test to get robust results.
Moreover, we also apply the Zivot-Andrews breakpoint unit root test to avoid misleading and biased results
(Muhammad Atif Khan et al. 2020). We follow Ayala and Triguero (2017) and apply Baum's modified
methodology for unit root testing against the alternative of trend stationarity with a shift in time trend, shift in
mean, and a shift in both slope and intercept.
The next step is to apply the ARDL bounding testing model of cointegration. The bound test F-statistics are
obtained that will show us whether cointegration exists or not. If the F-statistic value is higher than the upper
bound, then there is cointegration. Similarly, the values of the F-statistic below the lower bound value indicate no
cointegration. While the F-statistic value between the upper and lower bound indicate inconclusive region.
To investigate the relationship between infrastructure and foreign direct investment, we can formulate the
unrestricted error correction model (ECM) as the following:
p

p

p

i 1

i 1

i 1

FDI t   0 fdi   ifdi FDI t i   ifdi ECt i   ifdi IQt i  1 fdi FDI t 1  2 fdi ECt 1  3 fdi IQt 1
 1t       Equation(1)
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p

p

p

i 1

i 1

i 1

ECt   0 ec   iec ECt i   iec FDI t i   iec IQt i  1ec ECt 1  2 ec FDI t 1  3ec IQt 1
 2t       Equation(2)
p

p

p

p

i 1

i 1

i 1

i 1

FDI t   0 fdi   ifdi FDI t i   ifdi ECt i   ifdi IQt i    ifdi TOt i  1 fdi FDI t 1  2 fdi ECt 1
3 fdi IQt 1  4 fdiTOt 1  3t       Equation(3)
p

p

p

p

i 1

i 1

i 1

i 1

ECt   0 ec   iec ECt i   iec FDI t i   iec IQt i    iec TOt i  1ec ECt 1  2ec FDI t 1
3ec IQt 1  4 ecTOt 1  4t       Equation(4)
p

p

p

p

p

i 1

i 1

i 1

i 1

i 1

FDI t   0 fdi   ifdi FDI t i   ifdi ECt i   ifdi IQt i    ifdi TOt i   ifdi DIt i  1 fdi FDIt 1
2 fdi ECt 1  3 fdi IQt 1  4 fdiTOt 1  5 fdi DI t 1  5t       Equation(5)
p

p

p

p

p

i 1

i 1

i 1

i 1

i 1

ECt   0 ec   iec ECt i   iec FDI t i   iec IQt i    iec TOt i   iec DI t i
1ec ECt 1  2 ec FDI t 1  3ec IQt 1  4 ecTOt 1  5ec DI t 1  6t       Equation(6)
In Eq. (1), (3), and (5), the dependent variable is FDI. Similarly, the dependent variable in the Eq. (2), (4), and (6),
is represented by EC. Institutional quality, trade openness, and domestic investment are used as controlled
variables for various specifications. The subscript t is the time dimension. ARDL technique is applied to the
model for identifying the long-run and short-run dynamics.
Pesaran et al. (2001) provided upper and lower bound critical values. However, the values are applicable for large
samples. In the case of small samples, the decision based on the Pesaran et al. (2001) critical values can mislead
the estimation results (Herzer 2010). Therefore, we rely on the critical values provided by Narayan (2005), which
apply to small sample sizes ranging from 30 to 80 observations. If the computed F-statistic falls above the upper
value bound, the null is rejected, indicating cointegration. If the computed F-statistic falls below the lower bound,
the null hypothesis of no cointegration is accepted. In contrast, if the computed F-statistic falls within the bounds,
the inference would be inconclusive.
The establishment of a long-run relationship means that there must be at least unidirectional causality among the
underlying variables (Narayan and Smyth 2005). Moreover, the long-run relationship is only a necessary but not a
sufficient condition for the causal relationship among the variables (Morley 2006; Khan et al. 2019; Khan,
Chaudhary, and Latif 2020).
If the long-run relationship exists (which is a necessary condition for cointegration but not a sufficient condition),
then under the VECM environment, Granger causality test shows long-run and short-run causality for the two
variables. Under the VAR framework, the traditional Granger causality test can produce ambiguous results;
therefore, under the VECM framework, the following is its improved version.
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p

p

p

FDI t   0 fdi   ifdi FDI t i   ifdi ECt i   ifdi IQt i  Ω1 ECTt 1  7t       Equation(7)
i 1

i 1

p

i 1

p

p

ECt   0ec   iec ECt i   iec FDI t i   iec IQt i  Ω2 ECTt 1  8t       Equation(8)
i 1

i 1

i 1

p

p

p

p

i 1

i 1

i 1

i 1

FDI t   0 fdi   ifdi FDI t i   ifdi ECt i   ifdi IQt i    ifdi TOt i  Ω3 ECTt 1
 9t     Equation(9)
p

p

p

p

i 1

i 1

i 1

i 1

ECt   0 ec   iec ECt i   iec FDI t i   iec IQt i    iec TOt i  Ω4 ECTt 1
 10t       Equation(10)
p

p

p

p

p

i 1

i 1

i 1

i 1

i 1

FDI t   0 fdi   ifdi FDI t i   ifdi ECt i   ifdi IQt i    ifdi TOt i    ifdi DI t i  Ω5 ECTt 1
 11t       Equation(11)
p

p

p

p

p

i 1

i 1

i 1

i 1

i 1

ECt   0 ec   iec ECt i   iec FDI t i   iec IQt i    iec TOt i    iec DI t i  Ω6 ECTt 1
 12t       Equation(12)
To reach in long-run equilibrium for the variables EC and FDI; ECTs (error correction term) are the speed of
adjustment. The significant value of F-statistics determines the short-run causality. The causality is determined by
the F-statistics to test the joint significance of all the lagged first differences of independent variables (Ali and
Wang 2018; Zhang 2001; Lee 2010; Khan et al. 2019; Khan, Ilyas, and Hashmi 2018). Whereas the significant
value of t-statistics for ECTt–1 indicates the long-run causality.
5. Results
Table 3 shows the unit-root results for the underlying variables of the study. The results indicate that all the
variables are stationary at the level and 1st difference. Moreover, the response variable is integrated of order I(1),
which satisfied the precondition specified by Pesaran et al., (2001).
Table 3. Unit root and stationary test results.
ADF
Phillips- Perron
Variable
I(0)
I(1)
I(0)
I(1)

Zivot-Andrews

FDI

-3.003

-4.32**

-3.62**

-4.26**

-3.111

2014

-5.173***

1994

-4.106

2013

EC

-3.495*

-7.38***

-3.57*

-7.26***

-3.986

1995

-4.087

2000

-4.832*

1999

IQ

-1.853

-5.22***

-3.35*

-5.49***

-3.723

1995

-3.832

1999

-4.782*

2001

TO

-0.75

-3.58*

-0.974

-3.62**

-4.504

2013

-4.148

2011

-4.912*

2013

Zd

Break

Zt

Break

Zdt

Break

DI
-3.83**
-3.71**
-2.264
-3.52*
-4.497
2015
-4.717**
2014
-5.839***
2011
Note. * p<0.10, ** p<0.05, *** p<0.01. ADF and PP tests include intercept and trend. The ZA tests are the minimum Dicky–Fuller
statistics with one structural break in intercept (Zd), trend (Zt), and both intercept and trend (Zdt). Break indicates the year when
minimum DF statistic is obtained.

The significant F-statistics of the estimated ARDL bound test in Table 4 for FDI as a dependent variable reject the
null of no cointegration, which indicates a stable long-run relationship between FDI and EC. However, when we
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use EC as a dependent variable, then the values of F-statistic are below the lower bound; hence found no
cointegration.
Table 4. ARDL bounds test results.
Critical values
Specifications

Max lag

Fstatistics

1%
I(0)

5%
I(1)

I(0)

10%
I(1)

I(0)

I(1)

Panel A. EC to FDI
Model 1. FDI /(EC, IQ, DM)

(4,0,4,4)

9.804**

5.2

6.3

3.5

4.4

2.9

3.7

Model 2.FDI/(EC, IQ, DM ,TO)

(4,4,3,4,4)

42.20 ***

4.6

6.0

3.3

4.3

2.7

3.6

Model 3.FDI/( EC, IQ, DM, TO, DI)

(3,3,3,3,3,3)

6.00 ***

4.3

5.8

3.1

4.2

2.5

3.6

Panel B. FDI to EC
Model 1.EC/(FDI, IQ, DM)
(4,3,4,2)
2.509
5.2
6.3
3.5
4.4
2.9
3.7
Model 2. EC /(FDI, IQ, DM, TO)
(4,4,4,4,3)
2.69
4.6
6.0
3.3
4.3
2.7
3.6
Model 3. EC /( FDI, IQ, DM, TO,
(3,1,3,2,3,3) 1.67
4.3
5.8
3.1
4.2
2.5
3.6
DI)
Notes: The first letter outside the brackets denotes dependent variables. The symbol ***, **, and * indicate significance at
99%, 95% and 90% confidence level, respectively. The null hypothesis of no cointegration is tested with F-test, critical values
are taken from Narayan (2005) for case II: restricted intercept and no trend. Lag selection is based on the AIC. DM resspresents
a dummy variable used to control structural breaks.

Johansen multivariate cointegration test is conducted to check for robustness. Table 5 reports the results. We see
that there are three cointegrating vectors which validate the presence of a long-run relationship between the
variables, which indicate the ARDL results are robust and reliable.
Table 5.The Johansen cointegration analysis.
Hypothesis
Trace statistic

Max. Eigenvalue

R=0
R≤1
R≤2
R≤3
R≤4

63.324***
33.99***
20.188*
11.646
0.1176

129.27***
65.95***
31.952**
11.764
0.1176

Note. * p<0.10, ** p<0.05, *** p<0.01

After identifying the long-run relationship between EC and FDI, we estimate the long-run effects. Table 6 shows
the estimation results. Here we see that the coefficients of EC are significant and positive. The results imply that
energy infrastructure positively impacts foreign investment. Similarly, the coefficients of control variables are
according to our expectations and economic theories. The diagnostic results show that the inclusion of additional
variables improves the overall goodness of fit. The Lagrange Multiplier (LM) test shows that our models are not
suffering from the autocorrelation. Autoregressive conditional heteroskedasticity (ARCH) reveals that we have no
heteroskedasticity problem. Ramsey reset tests indicate that our models are correctly specified. Similarly, the
Jarque-Bera test shows that residuals of the models are normally distributed.
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Table 6. Results on Long-Run Effect.
Variables
EC
Institutional quality

Mode 1
0.319***
(0.03)
0.429*
(0.18)

Mode 2
0.534***
(0.04)
0.305
(0.17)
1.110
(0.31)

Trade openness

Mode 3
0.405*
(0.15)
1.095
(0.89)
2.718**
(0.59)
3.152
(1.65)

Domestic investment
0.990*
(0.53)

Dummy

-0.709***
(0.18)

0.018
(0.12)

Constant

4.646***
(0.87)

4.095
(0.84)

2.857
(4.44)

13.324***

17.33***

9.317**

Diagnostic results
F-statistics
LM test (chi-square)

2.189
1.426
2.032
(0.199)
(0.23)
(0.154)
1.437
0.603
2.563
ARCH test (chi-square)
(0.230)
(0.43)
(0.109)
Ramsey reset (F-stat.)
3.98
4.20
3.83
(0.143)
(0.10)
(0.355)
3.133
0 .182
2.79
Jarque-Bera (chi-square)
(0.208)
(0.913)
(0.25)
Note. * p<0.10, ** p<0.05, *** p<0.01. Standard errors are in parenthesis. The numbers in the parenthesis in the
diagnostic panel are the p-values. Models are stable.

Table 7 reports the short- and long-run causality, which indicates that there is a unidirectional causal relationship
between EC and FDI. The values of ECTs are significant and negative in the upper panel where we used FDI as a
dependent; however, in the lower panel, the values ECTs are insignificant. The short-run F-statistic is significant
in the model where FDI is dependent. For the rest of the models, the short-run F-statistics are insignificant.
Hence, except model 1, we are unable to see short-run causality.
Table 7. Granger causality results.
EC to FDI
Specifications

Short Run (F-Stat)

Long-run ECTt-1

Model 1. FDI /(EC, IQ, DM)

8.05***

-0.43**

Model 2.FDI/(EC, IQ, DM, TO)

21.56

-0.57***

Model 3.FDI/( EC, IQ, DM, TO, DI)
FDI to EC
Model 1.EC/(FDI, IQ, DM)

2.75

-0.69***

1.95

-0.13

Model 2. EC /(FDI, IQ, DM, TO)

1.69

-0.20

Model 3. EC /( FDI, IQ, DM, TO, DI)
Note. * p<0.10, ** p<0.05, *** p<0.01.

2.66

-0.39
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The summary results of the short-run and long-run causality between the EC and foreign direct investment are
shown in Table 8.
Table 8. Long-run and short-run causality.
Short-run causality
Specifications
Model 1.
Model 2.
Model 3.

Long-run causality
FDI & EC

Unidirectional
No causality
No causality

Unidirectional
Unidirectional
Unidirectional

Overall the results show that there exist unidirectional long-run causal relationships between energy and FDI. Our
study confirms the hypothesis that energy consumption and its infrastructure positively attract foreign investors;
the reverse impact does not hold. The presence of energy infrastructure boosts FDI inflow in China. However, we
find that FDI does not explain energy. The findings are similar to (Dong, Shao, and Zhang 2019). It means that
developing countries, like China, with low restrictions on greenhouse emissions, attract more FDI (Pollution
paradise” hypothesis). On the other, we see that there is no technological effect of FDI on reducing the energy
intensity in China. The possible explanations of the results are that substantial Chinese investments in the energy
sector and its consumption are growing enormously and become more influential. Market reforms and greater
transparency are making energy projects attractive in China. In this regard, the ‘I Squared Capital’ wastewater
treatment industry is a prominent figure in the energy sector of China.
Conclusions
China's integration into the world economy, and maintaining its rapid economic growth, demand more energy
with a prominent concern of reducing carbon footprints. Coal is the leading energy source that drives more than
half of the Chinese economy. Similarly, China imports around 60 percent of the oil that it consumes. It is the
world largest oil importer as about 2014, but it has been doing a lot to make sure that its energy consumption
across a range of fuels. To take into account the issues of greenhouse emissions and to maintain sustainable
growth, China is making conscious efforts to increase the proportionality of clean energy in its energy mix.
Similarly, the massive inflow of foreign direct investment (FDI) in China is a marvelous phenomenon the world
sees during the last three decades. The opening up policy made China the fourth largest destination for foreign
investments.
The relationship between FDI and energy infrastructure, though important for policy concerns, is not studied.
Previous literature mainly focused on the emission and growth aspects of energy consumption but ignored the
foreign investment perspective. Previous studies focus on the impact of energy consumption on economic growth
and other macroeconomic variables. Moreover, the majority of the previous literature discusses the environmental
effects of energy. Similarly, more studies focused on cross-country analysis. We, for the first time, contribute the
existing literature by examining the relationship between FDI and energy infrastructure on a country level to have
in-depth insight.
Moreover, the previous studies are based on a single specification and a single equation. The earlier literature
ignores the institutional quality, which may affect the FDI and energy relationship in developing countries like
China. We contribute the literature by using the ARDL and VECM approaches in a multi-specification
framework, which means that we add additional variables in the baseline model. Similarly, we contribute to the
earlier literature by adding an important variable, i.e., institutional quality.
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We find a long-run relationship between energy and growth. The causality analysis shows that there is a
unidirectional causal relationship running from energy to FDI. We find that energy contributes positively to FDI
inflows. The Johansen multivariate cointegration test validates the ARDL results. The inclusions of control
variables (FDI, institutional quality, domestic investment, and trade openness) increase the goodness of fit of the
models.
This study carries several policy recommendations. Efforts should be made to enhance alternative means of
energy like thermal and solar energy resources to achieve the desired economic outcomes. The current study can
be augmented by incorporating a broader set of energy variables into a single index, which will provide more
accurate and reliable results. Similarly, future research should be targeted at a provincial and sectoral level.
Disclosure statement
The authors reported no potential conflict of interest.
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