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FOREIGN DIRECT INVESTMENT, RENEWABLE ENERGY AND
ECONOMIC GROWTH: AN EMPIRICAL ANALYSIS FROM SOUTH
AFRICA

Ahmed Oluwatobi Adekunle
Department of Accounting Science
Kwara State University, Malete!
Walter Sisulu University, South Africa?

Abstract

This paper explores the connection amid renewable energy, FDI and economic growth in South
Africa using the vector error correction model (VECM) and exogeneity granger causality test. The
data employed in this study covered 1990-2020, all obtainable from World development indicator
(WDI) and International Energy Agency (IEA). The results revealed that a significant causal
connection from economic growth to renewable energy is observed over the long-run while
renewable energy does not granger cause economic growth, a uni-directional causality exist amid
the economic growth and renewable energy. The study recommends that the government should
offer some sort of help to make sure organizations or companies are adequately influenced to depend
largely on renewable energy which will facilitate ecological friendly system in the country.

Keywords: FDI, Renewable energy, Growth, South Africa, VECM

1. Introduction

Climate change has become one of the most urgent issues facing the planet,
particularly in recent decades. Human-caused carbon-emissions from energy
creation and usage are the primary factor causing climate change, mostly CO>
emissions are attributable to the usage of non-renewable elements such as coal and
fossil fuels facedrise in usage in recent time. Since 1755, 399.8 billion tonnes of
COzreleased to the environment as a result of usage of cement production and usage
of fossil fuels in production activities (IEA, 2016). According to Can et al. (2019),
significant level of this COzhas emerged in the meantime, 1980s.However, one of
the most certain means of attaining the global climate targets is through the use of
renewable energy. Renewable energy (REnN), as opposed to non-renewable fuels,
improves the environment, the economy, and energy security (IEA, 2016).Energy
resources must be consumed in order for nations to experience economic growth
(Y). Research on climate change should therefore take into account the connection
amid CO., energy consumption (including total energy, non-renewable energy
(NREN) and REnN, and economic growth (EcGr).
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Many study subjects in the empirical work on energy finance make use of
econometric techniques such as cointegration, causation, and unit root. According
to the Environmental Kuznets Curve (EKC) theory, ecologicaldilapidation rises
along with economic advancement until it crosses a certain edge, at which point it
falls (Adekunle et al., 2023; Bekun et al., 2023).The second is the Pollution Halo
Hypotheses (PHH), which looks at how CO2 and foreign direct investment are
related. According to the PHH, wealthy nations with strong environmental policies
gravitate towards those with lax environmental laws (Zeraibiet al., 2019; AINemer
et al., 2023). On the other hand, the PHH contends that FDI results in a cleaner
environment since advanced technology and superior management are transferred
to the host country (Ahmed et al., 2019; Djellouli et al., 2023; Pao et al., 2013).

2. Empirical Review

Several advanced econometric methods employed in several studies in the energy
finance to examine the connection among NREnRERN, urbanization, EcGr and FDI.
Yet, there are stock-still no conclusive findings in this area from researchers.
Researchers that are looking to solve these difficulties opt to multi-data analysis
rather than single country analysis because issues related to level of data
frequencies may occur in the analysis especially in time series. Additionally,
according to Shahbaz et al. (2020), the ARDL methodology is the most often
utilised technique for assessing the EKC hypothesis. The ARDL technique put forth
by Pesaran et al. (1999) has several drawbacks, though. For instance, the limit test
presupposes that there is no feedback amid the exogenous and endogenous
variables. As a result, the ARDL test encounters the endogeneity problem (Tuna et
al., 2019).

Basically, an increase in environmental consciousness brought on by international
agreements like the Kyoto Protocol or Paris Agreement has led to an increase in the
number of scholars conducting studies on climate change issues. In a world where
climate regulations are becoming more common, researchers continue to look into
the causes of environmental degradation. Three categories are used by Grossman
and Krueger to categories the variations in contamination levels. Environmental
pollution increases during the initial stage of development (i.e., as GDP grows) as
a result of increased production and resource use. Scale effects become apparent as
a result (Appiah-Otoo et al., 2023; Akadiriet al., 2019). Second, the composition
effect is particularly noticeable in the shift from industrial sectors that require more
intensive energy resources to environmentally friendly sectors, particularly in those
nations that have made the knowledge economy transition (Shahbaz et al., 2019).
Finally, thanks to technical advancements, manufacturers progress towards a clean
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production method. As a result, technology prevents the environment from
degrading (Sunet al, 2022).

The literature supports the EKC theory (Bilgili et al., 2016; Pata, 2018; Destek et
al., 2019), although other empirical works (Pata, 2018; Belloumi, 2009; Zhang et
al., 2023; Sharif et al., 2019) have reached the opposite conclusion, contending that
the indication does not backing this supposition. The choice of the nations, the time
frame, the differences between the model variables, the selection of the quadratic
or cubic EKC model, the demographics of the studied country, and the use of
econometric techniques are some of the factors that contribute to this ambiguity in
the literature. Ocal et al. (2013) and Sarkodie (2018) have noticed that when the
EKC is evaluated for the same country, various results are accessed even in study.
In this case, Ozturk et al. (2015) suggest that researchers should use novel
econometric methodologies and alternate viewpoints in order to obtain more
accurate and consistent results.

Because countries with loose environmental laws are appealing to those with
sterneco friendly guidelines, climate dereliction in the host country may intensify
and demonstrate the scale effect (Sarkodie et al., 2018). Moreso, ecological
advances and innovative technologies transfer can stimulate ecology friendly
system in the host nation. As a result, the scale effect proves the Pollution Halo
Hypothesis (PHH), while the composition and technology effects also support the
PHH (Xu et al., 2020; Maji et al., 2019). On the question of whether FDI inflows
can hasten ruin of the environment in the host country, there is no consensus. The
pollution halo hypothesis, which holds that FDI influx will lower ecological
pollution through high technical transfer to the host country, is correct, according
to various research (Fan et al., 2020; Maji et al., 2019; Rafindadi et al., 2017; Baz
et al., 2021). Essentially, many studies (Yildirim et al., 2012; Yilcan et al., 2019;
Usama et al., 2020; Dogan et al., 2020; Pata, 2021; Shahbaz et al., 2019)
corroborate the soundness of the PHH.

Essentially, this current study revisits the claims of PHH for South Africa economy
using VECM, Cointegration analysis and causality method. The study aims to find
whether the PHH holds for South Africa given the current energy situation of the
country viz-a-viz foreign direct investment.

3. Methodology
Theoretically, magnitude, composition, and method effects are how FDIs affect
REC and EG. According to the scale effect, foreign direct investments (FDIs)
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impede the development of renewable energy by encouraging the transmission of
dirty energy technologies for industrial uses, typically during the early stages of
economic expansion, which are frequently typified by a rampant use of dirty energy
(Suki et al., 2020). However, because of the severe environmental burdens
associated with the use of dirty energy, manufacturing processes are starting to shift
in the direction of more ecologically maintainable practices through reallocation of
resources. According to the method effect, FDI speeds up REC through accelerating
economic growth, typically through the transference of sustainable advanced
machineries, expertise and free market accessibility, researchers like
(Qamruzzaman et al., 2022; Tiwari et al., 2022) providing empirical support for the
method effect, whereas (Khan et al., 2022) for 69 Belt and Road nations have
provided empirical support for the scale effect.

Essentially, following the theoretical relationship established above, this study
formulates the empirical model as

GDP = f(FDI, REN, IMP, EXP) 1)

Where GDP = gross domestic product

REN = renewable energy consumption

FDI = Foreign Direct Investment

IMP = Import

EXP = Export

The econometric specification of the model is specified below:

GrDP = REWE + FDIv + EXPT + IMPT
©)

GIDP = Bo + PIREWE + B2FDIv + BsEXPT + B4IMPT
(4)

GrDP = Bo + BiIREWE + B2FDIv + B3EXPT + B4IMPT + %
()

GIDP = Bo + BIREWE + B2FDIv + B3EXPT + BaIMPT+ &
(6)

GrDP is the endogenous variable while REWE, FDIv, EXPT and IMPT are the
exogenous variables. Equation (6) is modelled to show the connection amid GDP
and other specified variables in South Africa (SA). fo— B4 are the parameters to be
estimated in the model.Essentially, this study will employ VECM and granger
causality test to validate the current connection amid FDIv, REWE and GrDP for
South Africa economy. The data employed are secondary data source from WDI
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4. Findings and Discussions

Unit Root Test

Table 1 presents the unit root test in order to ascertain the order of integration of
the variables. As shown by both ADF and DF-GLS test. The Table confirmed that
the variables are 1(0) and I(1) order.

Table 1: Unit Root Testing

ADF DF-GLS
Null (Hy): Non-stationary Null (Hy): Non-stationary
ADE, ERS,

Z.t Ty 1% 5% Prob. T; 1% 5% Prob.

REN -1.62 -3.67  -297 045 -135 -265 -1.95 0.18

2 GDP -1.59 -3.57 -297 047 -1.37 -265 -195 0.18
2 v 151 367 -296 051 |109 -265 -1.95 0.28
g |[Exp -3.06 -3.67 -296 0.04 283 -264 -1.95 0.00
= | FDI 273 368 -297 008 |-183 -265 -1.95 0.8
é AREN -2.67 -3.67 -296 0.04 -221 -265 -1.95 0.03
S | acpP -3.44 -3.67 -297 0.01 -352 -265 -1.95 0.00
s | amp -3.36 -3.67  -297 0.02 -457 -260 -1.95 0.00
5 AEXP -6.31 -3.69 -2.97 0.00 -897 -265 -1.95 0.00
= | aFDI -5.09 -3.69 -2.98 0.00 -7.03 -265 -1.95 0.00
REN -0.89 -430 -357 094 -153 -377 -319 013

GDP -3.44 -3.68 -2.97 0.01 -352 -265 -1.95 0.00

g IMP -0.34 -429 -357 098 -145 -377 -319 0.16
~ | EXP -5.24 -429 -357 0.00 -543 -377 -319 0.00
qu FDI -3.43 -430 -3.56 0.06 -354 -377 -319 0.00
'; AREN -2.75 -430 -357 0.04 -264 -377 -319 0.01
S | acpp -3.43 -431 -357 0.05 -359 -377 -319 0.00
E% AIMP -3.61 -3.77  -357 0.05 -3.77  -377 -3.19 0.00
& | AEXP -6.19 -432 -358 0.00 -6.42 -377 -3.19 0.00
= | aFDI -6.05 -434 -3.59 0.00 -7.31  -3.77 -3.19 0.00

Source: Author’s Compilation, 2023

The Table 1 above represents the unit root test which shows that all the variables
were not stationary at level. Essentially, the study ensure stationarity of the
variables used at 1(0) and 1(1) which necessitate the use of Vector Error Correction
Model (VECM).
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Selection of Lags

The optimum lag selection is established in Table 2 below, in order to avoid
spurious regression analysis as this can lead to misguided validations. Since, the
OpLS is established at 1 following the Schwarz information criterion. The
estimation of Johansson cointegration test and thereafter the VECM procedure is
established.

1 713.9068 NA 5.86e+16*  52.77906*  53.96852*  53.14269*
2 6970882 21.62385  1.22e+17 53.36345 55.74238 54.09071
3 678.4363 17.31962  3.03e+17 53.81688 57.38529 54.90778

Source: Author’s Compilation, 2023

Johansen Cointegration Test (JCT)

JCT was used in the study to determine the long-term relationships between the
variables. It will be employed in this study since Johansen's (1999) method provides
the greatest likelihood for finite-order vector auto-regressions (VARS) and is
simple to compute for such systems. The outcome is displayed in Table 3 below.

Table 3: Test of Unrestricted Cointegration (Trace).

Hypothesized Trace 0.05
No. of CE(s) Eigenvalue Statistic Critical Value Prob.**
None * 0.763558 89.50430 69.81889 0.0006
At most 1 0.521311 47.68484 47.85613 0.0519
At most 2 0.362173 26.32041 29.79707 0.1194
At most 3 0.274975 13.27947 15.49471 0.1049
At most 4 * 0.127474 3.954533 3.841466 0.0467

Trace test indicates 2 cointegrating egn(s) at the 0.05 level
Source: Author’s Compilation, 2023
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Table 4: Unrestricted Cointegration Rank Test (Maximum Eigenvalue)

Hypothesized Max-Eigen 0.05
No. of CE(s) Eigenvalue Statistic Critical Value Prob.**
None * 0.763558 41.81947 33.87687 0.0046
At most 1 0.521311 21.36442 27.58434 0.2548
At most 2 0.362173 13.04094 21.13162 0.4485
At most 3 0.274975 9.324938 14.26460 0.2601
At most 4 * 0.127474 3.954533 3.841466 0.0467

Eigenvalue test indicates 2 cointegrating eqn(s) at the 0.05 level
Source: Author’s Compilation, 2023

There exista long run stable cointegration relations among the variables, as shown
in Table 4 above, in both the trace and maximum eigenvalue tests. VEC modelling
can be carried out in further detail based on the assumption that cointegration
linkages exist.

Vector Error Correction Model (VECM)

It should be emphasized that the error correction mechanism (ECM) aims to link
the cointegrating equations' short-run dynamics to their long-run static dispositions.
The Vector Error Correction Method (VECM) was used to capture the short run
variation, and the outcome is shown in Table 5 below. This model is estimated in
the study so that causality and diagnostic tests can be performed.

Table 5: VECM Output

Cointég_rating CointEql
GDPC(-1) 1.000000
REN(-1) -1.77E+10
(8.9E+09)
[-1.99567]
FDI01(-1) 6.14E+10
(1.2E+10)
[ 5.08572]
LOGEXP(-1) | -2.87E+11
(3.8E+10)
[-7.59992]
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LOGIMP(-1) | -1.20E+11
(6.9E+10)
[-1.74535]
C 8.73E+12
CorErrerC‘iiron: D(GDPC) | D(REN) | D(FDIOL) | D(LOGEXP) | D(LOGIMP)
CointEql | -0.015202 | 417E-13 | -5.94E-12 | 6.64E-12 | -8.89E-13
(0.02521) | (26E-12) | (43E-12) | (L7E-12) | (4.9E-13)
[-0.60661] | [0.15820] | [-1.37592] | [3.81632] | [-1.81009]
D(GDPC(-1)) | 0.353444 | -199E-11 | 1.22E-10 | 7.47E-12 | -9.69E-12
(0.51566) | (5.4E-11) | (8.8E-11) | (3.6E-11) | (L.OE-11)
[0.68542] | [-0.36854] | [1.37993] | [0.20980] | [-0.96400]
D(GDPC(-2)) | -0.112474 | 539E-11 | -9.95E-11 | -6.19E-12 | -3.49E-12
(0.47356) | (5.0E-11) | (8.1E-11) | (33E-11) | (9.2E-12)
[-0.23751] | [ 1.08682] | [-1.22738] | [-0.18929] | [-0.37826]
D(REN(-1)) | -6.08E+09 | 0483612 | -0.372945 | 0328021 | -0.169683
(2.6E+09) | (0.27625) | (0.45156) | (0.18225) | (0.05143)
[-2.30283] | [ 1.75063] | [0.82589] | [1.79983] | [-3.29954]
D(REN(-2)) | -L25E+08 | 0.269139 | 0.394295 | 0489052 | -0.077642
(3.4E+09) | (0.35838) | (0.58582) | (0.23644) | (0.06672)
[-0.03643] | [0.75098] | [0.67306] | [2.06843] | [-1.16376]
D(FDIOL(-1)) | -L96E+08 | -0.043264 | -0.21145 | -0.205907 | 0.026499
(L2E+09) | (0.12839) | (0.20987) | (0.08470) | (0.02390)
[-0.15940] | [-0.33697] | [-1.00755] | [-2.43096] | [1.10873]
D(FDIOL(-2)) | -7.19E+08 | -0.068376 | -0.043313 | -0.115323 | -0.013134
(LOE+09) | (0.10553) | (0.17251) | (0.06962) | (0.01965)
[-0.71271] | [-0.64791] | [-0.25108] | [-1.65637] | [-0.66851]
D(LOS)EXP(‘ 2286409 | 0.065392 | -1.210733 | 0523011 | -0.165316
(5.1E+09) | (0.53808) | (0.87956) | (0.35499) | (0.10017)
[-0.44304] | [0.12153] | [-1.37652] | [147331] | [-1.65038]
D(LOS)EXP(' _1.81E+09 | 0.067441 | -0.421609 | 0253318 | -0.071923
(3.3E+09) | (0.34929) | (0.57096) | (0.23044) | (0.06502)
[-0.54152] | [0.19308] | [-0.73843] | [1.09929] | [-1.10611]
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D(LOS)'MP(' 1.51E409 | 0.089798 | -0.735266 | 2.797161 0.118234
(1.7E+10) | (1.79912) | (2.94087) | (1.18693) (0.33492)
[0.08780] | [ 0.04991] | [-0.25002] | [ 2.35664] [ 0.35302]

D(LOS)'MP(' 2.23E+09 | 0.155535 | 1.333078 | 0572628 | -0.292815
(15E+10) | (1.56052) | (2.55086) | (1.02952) (0.29050)
[-0.14983] | [0.09967] | [0.52260] | [0.55621] [-1.00796]

C 2.55E+09 | -0.289186 | 0.171907 | 0.092179 0.072272

(2.8E+09) | (0.28861) | (0.47176) | (0.19040) (0.05373)
[0.92376] | [-1.00200] | [ 0.36439] | [0.48412] [ 1.34518]

R-squared 0445210 | 0.395595 | 0.551586 | 0.678931 0.542715

Adj. R- 0.063792 | -0.019933 | 0.243301 | 0.458195 0.228332

squared

rse‘;irgssq' 7.42E+20 | 8.134425 | 21.73497 | 3.540449 0.281896

SE. 6.81E+09 | 0.713023 | 1.165519 | 0.470402 0.132735

equation

F-statistic 1.167250 | 0.952030 | 1.789207 | 3.075768 1.726285

Log -665.8673 | -22.42489 | -36.18433 | -10.77897 24.64763

likelihood

Akaike AIC | 4841909 | 2.458920 | 3.441738 | 1.627069 -0.903402

Schwarz SC | 48.99004 | 3.029865 | 4.012683 | 2.198014 -0.332457

Mean 5.62E+09 | -0.307143 | 0.244462 | 0.043126 0.044421

dependent

S.D.

dependent 7.04E+09 | 0.706021 | 1.339855 | 0.639069 0.151102

Determinant

resid 3.30E+16

covariance

(dof adj.)

Determinant

resid 2.01E+15

covariance

Log

likelihood SRR

Akaike

information 54.06870

criterion

Source: Author’s Compilation, 2023
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Table 6: Stability test for VECM

Lags LM-Stat Prob
1 13.92668 0.963
2 30.51903 0.2054

Probs from chi-square with 25 df.
Source: Author’s Compilation, 2023

Granger Causality Test

The results of the cointegration test shows a stable link over time between the two
variables such as FDI, renewable energy and economic growth, but more research
IS required to determine whether there is a causal connection. When the regression
of EcGr is based on previous values of EcGr and past values of FDI are added, the
independence power of the regression can be considerably increased if variable
EcGr is useful in predicting EcGr. If so, FDI is the Granger cause of FDI; otherwise,
it is the non-Granger cause. P value is below the 5% level of significance, indicating
that the null hypothesisthat Granger causality existsmust be accepted.

Table 7: Granger Causality Output

Null Hypotheses (HO) Chi-Square | Probability | Remarks
GDPC does not Granger 5.31 0.07 Uni-directional
Cause REN Causality (UDC)
REN does not Granger 1.19 0.55

Cause GDPC

GDPC does not Granger 0.55 0.70 no-directional Causality
Cause FDI (UDC)

FDI does not Granger 2.40 0.30

Cause GDPC

GDPC does not Granger 0.30 0.80 No Causality
Cause EXP

EXP does not Granger 0.05 0.97

Cause GDPC

GDPC does not Granger 0.02 0.89 No Causality
Cause IMP

EXP does not Granger 1.69 0.42

Cause GDPC

Source: Author’s Compilation, 2023

In summary, as the results shown in Table 7 above, there is no bidirectional granger
causality among any of the variables. However, there is Unidirectional Causality

176



between GDPC and REN which is supported by previous studies such as Adekunle
et al., 2023a, Adekunle et al., 2023b and Kilicarslan, 2019.

5. Conclusion and Recommendations

The connection amid FDI, Ren and EcGr for the South African economy from 1990
to 2020 was examined in this paper. The study determined that GDP granger causes
REN in the South African economy, but REN does not granger cause GDP. The
sightings of this study establish the GDP growth potential of the REC-EG nexus.
Therefore, policies that encourage South Africa's GDP growth ought to be given
top priority. Thorough general and local policy had better develop for the
implementation and expansion of REn. The regional governments' lawmaking
bodies should implement the required action to create a strong framework for
environmental sustainability that overcomes the current obstacles to sustainability
adoption. Incentives and a supportive environment for thriving domestic
manufacturing of RE technologies and the parts they require could be included in
policies, but this is not the only option. To facilitate the best adoption and use of
RE, policymakers must put various strategic measures into place. For instance,
education can increase knowledge about RE's existence, application, and
importance. Education laws that mandate the inclusion of energy courses,
particularly RE, in academic curricula should be established by policymakers. This
would enable both the current generation and succeeding ones to implement and
accommodate the usage of REn. Additionally, the cost of RE deters firms,
especially big enterprises, from implementing and utilising it. Large upfront
expenses are associated with the majority of corporate and private RE programmes,
which discourages people from taking part. The government must offer some sort
of help to make sure organisations or companies are adequately influenced to
depend largely on Ren which will facilitate ecological friendly system in the
country.

The study is constrained by the following factors. The results of this study cannot
be used to reflect the economies of other nations in the sub-region because it
exclusively focused on South Africa. As a result, later studies may include more
sub-regions to increase the study's reach. Additionally, this study ignored sub-
measures of RE like solar and wind energy and utilised REC as the only measure
of RE. Therefore, the sub-components of RE should be used in additional
investigations in the future. Additionally, this analysis focused on total FDI. In light
of this, future investigations may employ the portion of FDI to RE for additional
research. Lastly, although this study focused on the aggregate dataset, there are
regional variances in economic growth, export, foreign direct investment, and
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import. So that effective multi-country policies may be created, imminentwork can
conduct studies that are panel in nature.
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