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Abstract: This study examined the nexus between economic growth, energy consumption, and the
environment with the moderating role of agricultural value addition and forest in Africa based on
data sourced from 1980 to 2019. We employed both the time domain and frequency domain panel
Granger causality estimation techniques to compare results across the different horizons. Extant
literature suggests the inability of time domain estimation techniques to account for causality at
different frequencies. The study also accounts for the nexus among our variables both at the single-
country and multi-country levels. The results at the single-country level are at best mixed. The results
of the panel Granger causality at the frequencies domain suggest that a bi-directional relationship
exists between energy consumption and economic growth, and that energy consumption Granger
causes carbon emissions in Africa. The results align with the feedback hypothesis on the one hand but
contradict the conservation hypothesis on the other hand. The study has some policy implications.
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1. Introduction

In attaining sustainable development, energy, economics, and the environment play
significant roles [1-5]. For instance, energy is crucial to the human economic and social
development of any nation. It is estimated that global energy consumption will increase
by about 56% from its current state in 2010 by the year 2040, as global aggregate demand
is expected to double, given the expected increase in population [6-12]. However, the
projected increase in total energy consumption is expected to be accompanied by an increase
in carbon dioxide (CO,) emissions, which is a core factor in total greenhouse emission
(GHG). The energy sector is responsible for about 61.4% of the total global GHG [13-16].
Ref. [7] noted that the contributions of agriculture sector to the GHG are estimated to be
between 14-30%, though evidence abounds to show that the agricultural sector possesses
the ability to reduce GHG by 80-88%. It is opined that forests possess the capacity to
accumulate atmospheric carbon after converting CO; into carbon and oxygen, and that
about 430 tons of carbon per hectare is absorbed in the wet forest, hence, halting the effects
of carbon emissions [17-22].

In the same vein, environmental degradation plays a crucial role in the continuous
occurrence of natural disasters with unprecedented impacts on the economy. Disasters
related to oil spillage, water pollution, solid waste management, deforestation, soil erosion,
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wellbeing of a nation and increases climate change. Environmental degradation worsens
with the exploitation of fossil fuels [23-27]. In order to mitigate this without losing a
significant part of the energy output, economies over the years have opted for renewable
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literature shows that the increase in economic growth and agricultural outputs have a
positive impact on renewable energy [31,32]. Furthermore, given a global temperature
increase of between 2-2.4 °C, renewable energy can help reduce carbon emissions by 50% by
the year 2050. Besides its positive impact on the environment, renewable energy can reduce
overdependency on foreign energy, given the fact that it is sourced domestically [33,34].

The United Nations Sustainable Development Goals (SDGs) emphasized the need to
eradicate hunger (SDG 2), achieve clean energy utilization (SDG 7), achieve sustainable
economic growth (SDG 8), adopt sustainable production and consumption (SDG 12),
mitigate climate change through a sustainable clean environment (SDG 13), and adopt
a global partnership model to achieve these goals (SDG 17). The nexus between these
laudable metrics for sustainable development is key to exploring the linear and circular
economic growth in any economy;, be it regional or single country (Sarkodie 2020). Sub-
Saharan Africa needs more energy than most continents of the world, given its ever-
increasing, teaming population and quest for sustainable growth [35]. Even though the
continent is endowed with an abundance of non-renewable energy like petroleum and other
fossil fuels, the negative impacts of fossil fuel on the environment, such as the increase in
GHG and other pollutants, calls for concerns. Although the contribution of Africa to global
warming at present may be negligible compared with other continents, it is obvious that the
continent will be disproportionately affected by its impact if nothing is done. To mitigate
the impact of GHG on the continent, the African Development Bank (AfDB) adopted a
ten-year green growth strategy (2013-2022) with an emphasis on developing the renewable
energy potential capable of promoting resource efficiency and sustainable development.

Several theoretical models exist that explain the links between energy, the economy
and the environment. For instance, Environmental Kuznets Curve (EKC) models suggest
that at the initial stage of development, a direct positive relationship exists between eco-
nomic growth proxy by real gross domestic product (RGDP) and environmental pollution,
but the relationship becomes indirect after a threshold level of income is achieved. The
pollution haven model suggests that in developing economies characterized by weak pollu-
tion protection laws, trade and investment liberalization laws often induce environmental
degradation as pollution-intensive firms will find it easier to produce in such economies
than in developed economies with stringent environmental protection policies. The causal-
ity model employs unit roots, cointegration and causality measures to examine the nexus
between energy consumption and economic growth. This model offers four possibilities,
firstly (i) the growth-led hypothesis, which suggests the existence of unidirectional causality
from economic growth to energy consumption. This suggests that conservation policies
will have no impact on economic growth. This is common in energy-sufficient economies.
Secondly, (ii) the energy-led hypothesis, which suggests that energy consumption stimu-
lates growth, therefore, energy conservation policies will impact negatively on economic
growth, thus, energy expansion policies are required. This is common in economies that are
energy-dependent like most developing economies. Third is (iii) the feedback model, which
suggests the existence of a bi-directional causality between energy consumption and eco-
nomic growth. The model suggest that both constructs are jointly determined and affected
simultaneously. Lastly is (iv) the neutrality model, stating that no causality exists between
energy consumption and economic growth. It also suggests that environmentally-friendly
policies can be achieved without obstructing economic growth.

Extant literature has attempted to examine the link between the environment, energy,
and the economy with mixed results. For instance, Refs. [36-38] were of the view that causal-
ity runs from economic growth to energy consumption while Refs. [39-43] opined that
causality is from energy consumption to economic growth. Furthermore, Refs. [41,42,44,45]
noted that causality runs from economic growth to CO, emissions. The bulk of these studies
focused on developed economies with little attention on African economies. Africa is faced
with plurality of issues, key among them being the need to stimulate growth, ensure a
sustainable environment and reduce energy poverty. The World Bank global monitoring
report (2008) highlights the need for the continent to be on a sustainable development path
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that embraces clean energy, a sustainable environment, and accelerated growth, noting
the continuous increase in CO, emission and fall in per capita water resources. Given
the low state of renewable energy development and the potential environmental hazards
emanating from existing conventional fossil fuel amidst the desire to stimulate growth,
it is imperative to examine the nature of the relationship between energy consumption
(renewable and non-renewable), economic growth, and CO, emissions with the moderat-
ing impact of agriculture and agro-allied resources in Africa. Our study presents a short,
intermediate, and long run analysis for 34 African economies. Unlike existing studies that
employed time domain estimates like the traditional Granger causality estimates, VAR and
other time domain estimates [16,30,46—49], the current study employed both the single and
multi-country frequency domain Granger casualty estimates based on datasets sourced
from 1980-2019. Even though frequency domain techniques offer better estimation models,
because they allow for examination of the direction and level (strength) of the nexus at
heterogeneous scales for frequency [2,3,9,50-52], they are yet to be explored especially in
studies in Africa.

Our choice of Africa was induced by the fact that Africa is endowed with an abundance
of potential energy resources (both renewable and non-renewable). It is estimated that
in Africa, the potential energy generation capacity is up to 1.2 terawatts, excluding solar,
and more than 10 terawatts including solar, with a high potential of achieving more than a
25% increase in clean energy by 2040 [8,53,54]. The continent is the world’s youngest and
fastest urbanizing continent, but it is the least energy-supplied, with annual consumption
being 518 kwh in sub-Saharan Africa, equivalent to what a single member country of the
OECD will use. Economic indices show that recently, African economies largely outper-
formed the global average (IMF, WB 2019) with the continent’s overall GDP increasing
3.8% against the global average of 3.4%. Data availability large influences the choice of
sample economies.

Against this background, this research attempts to know whether various energy
policies in the continent offer the ability to end Africa’s energy poverty, stimulate growth,
and promote environmental sustainability. We intend to answer the following questions:
(i) What drives the African economic, energy and environmental nexus—an environmental
Kuznets curve, causality, or the pollution haven model? (ii) What is the nature of the causal-
ity between energy consumption (renewable and non-renewable) and economic growth,
carbon emissions, and agricultural output in Africa? (iii) If causality is established, to what
extent will the increase in energy consumption support economic growth, agricultural
output, and reduce carbon emissions in Africa economies? Answering our questions will
provide insights into at least five SDGs: SDG 2—zero hunger; SDG 7—achieve clean energy
utilization; SDG 8—achieve sustainable economic growth; SDG 12—adopt sustainable
production and consumption; and SDG 13—mitigate climate change through a sustainable
clean environment.

This study will make essentially four contributions to the literature. First, in terms
of methodology, we will provide a frequency-based panel Granger causality analysis that
offers short, intermediate and long run casual estimates of the nexus between economic
growth energy and the environment with a focus on African economies. Our method
provides individual estimates for each of the economies studied, unlike the conventional
methods that offer lump-sum causality estimates. Second, the study will calibrate the
moderating impact of agriculture and agro-allied resources to the discourse on energy,
economics and the environment in Africa. Africa is largely agrarian and to the best of the
author’s knowledge, no literature of the African extraction has considered the moderating
role of agriculture in absorbing carbon emissions in the economic-energy-environmental
nexus. Thirdly, in term of coverage and scope, our study will cover more African economies
than most of the existing studies and use more recent data when compared with others.
Fourthly, our study will also calibrate both the energy conservation and expansion policies
into the energy, environment, and economic growth discourse. Our finding offers some
policy implications for policy makers at both the national and regional levels, as well as for
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international organizations and researchers on the link between energy, economic and the
environment. The rest of the study is as follows: Section 2 presents the literature review;
Section 3 offers the data and methodology; Section 4 deals with the presentation of results,
while Section 5 concludes the study and offers some policy implications.

2. Literature Review

A critical assessment of extent literature clearly suggests that frequency domain
estimates are yet to be sufficiently employed in examining the nature of the relationship
between energy, economics and the environment with the moderating role of agriculture,
especially based on evidence from Africa, despite its attractiveness and potential strength
in providing measures in shaping the African policy space. Africa economies are in dire
need of energy, with the need to advance economic growth at the front of the policy
framework amidst the global quest to reduce CO;. It is pertinent, especially when faced
with few publications on the subject matter, to examine the moderating role of agriculture
in mitigating CO, emissions, stimulating economic growth and ending energy poverty.
Such effort would not only offer a valuable platform to examine the nature of cointegration
and the direction of causation, among the variables (energy, economics, environment and
agriculture), it will equally initiate and stimulate further research and model specifications.

Table 1 presents the result of extent literature on the nexus between energy, economic
growth, agriculture, and carbon emissions for a number of economies across the globe. The
results as presented can be categorized into four main streams—methodological, results
(findings), hypothesis or policy trust and variables employed. In methodological strands, a
number of studies employed cointegration and/or Granger causality methods to investigate
the link between energy, economic growth, and the environment [6,16,19,20,22,23,28,49,55-63]
with mixed results. For instance, while [19] noted that a bi-directional relationship exists
between non-renewable energy and climate change and that climate change Granger causes
renewable energy for 16 African countries, ref. [16] observed that causation is from RGDP
to renewable energy in the long run for China, with a negative impact on renewable
energy in the short run. Similarly, ref. [13] documented the existence of a bi-directional
relationship between renewable energy and non-renewable energy for India and South
Africa, suggesting validity of the feedback hypothesis. The study further noted that
causality runs from non-renewable energy to economic growth for Brazil and USA, an
indication that the growth hypothesis is valid in these economies but noted no causal
relationship exists between non-renewable energy and economic growth for Russia, India
and South Africa, implying the validity of the neutrality hypothesis. For South Africa,
ref. [6] noted that growth hypothesis is valid as the direction of causation is from energy
use to RGDP. Ref. [19] offers multifaceted results, for instance, the authors documented
that bi-directional relationships exist between fossil fuel and RGDP, between fossil fuel
and CO,, and between CO, and RGDP for the oil-exporting economies. These results
support the feedback hypothesis from oil prices to each of RGDP and CO; for the oil-
consuming economies, suggesting the validity of the growth hypothesis. Ref. [57] results
are at variance with those of [22-24,28,29,58] who noted causality is from RGDP to CO,,
and that no causality exist between energy consumption and economic growth, thereby
supporting the validity of the neutrality hypothesis in the studied economies.



Energies 2023, 16, 1239

5 of 27

Table 1. Summary of Literature review.

S/n Authors Period of Study Variable Methods Countries Results — <
Renewable energy, Group-ARDL-PMG, Non-Renewable <+ Climate change
1 [55] 1980-2014 non-renewable, economic ARDL-MG, Granger 16 African countries Climate change — Renewable ener
g g gy
growth, climate change causality Feedback hypothesis holds.
Economic growth; CO, Panel econometric methods
2 [64] 1980-2019 emission, inflation, of statistical analysis, 6 west African countries Positive relationship exists between the variables
population Granger causality
3 [13] 1990-2013 GHG, fossil energy and A recursive system of three 41 sub-Saharan African Fossil energy — GHG,
economic growth equations economies Economic growth does not Granger cause CO, emissions
RGDF, non-renewable 32 sub-Sahara African Non — rer?«gvzlglgzngroz — CO
4. [65] 1996-2014 energy, CO,, policy One-step-system GMM . . Snergy 2
uncertainl countries Policy uncertainty — CO,
y Renewable energy reduce — CO,
Panel unit root, panel 46 sub-Sahara African
5 [15] 2000-2015 RGDP, solid cooking fuels cointegration panel Granger countries A negative causal relationship exists from solid cooking fuel to RGDP
causality
Renewable energy, Granger causality China, Western China RGDP — RE (long run), fm.ancml. developmept negatively impacts RE in
6. [16] 1997-2017 economic growth and . the long run. RGDP negatively impacts RE in the short run; financial
- . ARDL-PMG Eastern China e . .
financial development development positively impacts RE in of S/R
.. . CO, has unconditional negative effects on human devt. RGDP;
7 [17] 1990-2015 RGDP, NRE, RE, CO, System GMM 31 transitional economies RGDP — RE, RE — CO,N — RE — CO,
Natural resources, energy Negative relationship exists between natural resources and RGDP;
. consumption, gross capital Structural equation . RE and NRE — RGDP
8 [66] 1990-2018 formation, financial modeling techniques Pakistan Fin. openness — RGDP.
openness, RGDP Gross capital formation <+ RGDP
9 [67] 1971-2014 Fossil oil RGDP N-ARDL, asymmetric panel 19 African countries Mixed results
causality test
Electricity consumption, System GMM, advanced ..
10 [14] 19712017 RGDP, agricultural output, dynamic panel threshold 17 African economies Electricity — RGDP
- . Growth hypothesis
govt. effectiveness trade regression model
RE reduces CO; (Nigeria)
Petroleum, natural gas, Oil producing Africa RE — RGDP (Gabon)
1 (18] 1980-2015 CO,, RGDP N-ARDL economies RE does not Granger cause CO, (Angola and Egypt). Growth and
Neutrality hypotheses hold
12 [68] 1995-2014 Renewable energy labor, P-DOLS, F MOLS 15-Western Africa countries RE slows down growth

capital, RGDP
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Table 1. Cont.

S/n Authors Period of Study Variable Methods Countries Results — <«
RE <+ NRE (India and SA) Feedback hypothesis hold
g Unit root tests, panel RE does not granger cause NRE (Brazil)
13 1561 1996-2015 RE, NRE, R&D, RGDP Granger causality BRICS NRE — GDP (Brazil and SA) Growth hypothesis
NRE-R&D (Russia, India, SA) Neutrality hypothesis hold
14 [6] 1960-2016 Capital, labor, CO;, RGDR ARDL, Granger causality South Africa Energy use — RGDP growth hypothesis holds
energy consumption test
Fossil «+» RGDP
o . PMG panel ARDL, Fossil +» CO,
15 [19] 1990-2015 Oil price, CO, RGDR fossil bootstrap panel 22 African countries CO, — RGDP for non-oil exporter
energy consumption
cointegration c0oRGDP < oil exporter
Oil prices — RGDP, CO, and oil consumption for all
. . Energy consumption — RGDP
16 [25] 2001-2017 Energy COESGUS}DP tion COy, System GMM 68 deﬁgﬁf' emri:;%mg and Energy consumption — CO,
countries CO,; — RGDP in all countries except in MENA
eGl;ﬁ:/V;lhe ;(t)lee(;fcl;g iot;ll Ecological footprint — RGDP
17 [571] 1973-2014 1 . p RCI})DP ARDL Toda-Yamamoto South Africa Kg oil equivalent — eco. footprint
CNeTgy usage, B Kg oil equivalent — RGDP
ecological foot print
CO,-equivalent, RGDP, . ..
18 [69] 1990-2012 energy usage, international . Environmental 1 Ang'ola,‘ Ethiop llla’ If(gnya, RE reduces CO,-equivalent
trade input-output mode Nigeria, south Africa
Mixed results
Enerev consumption CO RGDP — CO; short run for Benin, DRC, Ghana, Nigeria, and Senegal
19 [28] 1971-2010 egc};nomic Ir) owth 2 ARDL, Granger causality 12 sub-Sahara Africa RGDP <« CO,, Long run for Congo, Gabon
8 Energy consumption — CO; in of long run for Benin, DRC, Nigeria,
Senegal, South Africa, and Togo
Energy consumption, oil . .
20 [58] 1973-2017 prices, trade openness, ARDL, ECM African OPEC Countries No causality betwgen energy consumption and RGDP.
urbanization and RGDP Energy consumption does not Granger cause RGDP
21 [29] 1990-2017 RDGP, energy consumption, Neural network analysis 25 African economies RGDP — CO;,
renewable energy Y
22 [6] 1990-2014 Energy lntﬁgs]’:l)tl}; RE, CO,, ARDL, Toda Yamamoto Romania RE — RDGP, Energy intensity <> RGDP
2 [20] 1975-2017 €Oz, RGDE, carbon income, - s ppy; 1o44-Yamamoto India Energy use = GDP

trade openness, energy use

Energy use — CO;
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Table 1. Cont.

S/n Authors Period of Study Variable Methods Countries Results — <«
RE, COj,, financial devt., Global panel of 192
24 [59] 1980-2018 trade openness, FDI, A panel quantile regression coﬂn tries Fin. devt — RE, inverse relationship exists between RE and CO,
urbanization
A Dbattery of panel Long run relationship exists among CO,, trade, RGDP,
25 [21] 1990-2017 en(\:/gcz)’ntrf edr{etla lfilr?f;l;]fén co-integration G7 countries RE and environmental innovation. Environmental degradation
methodologies does not cause RGDP, RE reduces CO,
. NRE — CO; (S/R)
2 [70] 1980-2014 €0y, RODE, RE, FMOLS and GMM 28 sub-Sahara African NRE, RE — CO, (L/R)
urbanization, NRE Countries
RGDP — CO;,
CO,, RGDP, RE, o
27 [22] 1978-2016 urbanization and ARDL Malaysia RGDP, Urbanization — CO,
‘ RE and agriculture significantly CO,
Agriculture
LR relationship exists among the variables; NE does not lead to CO,
CO,, RGDP, RE, nuclear Panel cointegration and 30 developed and emerging reduction
28 [23] 1990-2014 . . . .
energy real coal prices Granger causality test economies RE — CO; reduction
RE — RGDP
Energy usage, CO», Elect — CO,
29 [24] 2012-2014 electricity consumption, mu?tliq?evc[z;nigi(r?t,es " Sri Lanka Fossil — CO,,
fossil fuel, biomass p p RGDP does not — CO,
RE, fin. devt and economic ARDL-PMG Granger . Economic growth — RE
30 [16] 1997-2017 growth causality test China Negative relationship exists between fin. devt and RE
EC <« RE feedback
31 [30] 1995-2014 RE, CO,, RGDP GS2SLS EU ECC < CO,
RE does not — CO»,
., Local liner dummy variable 40 OECD and non-OECD . . "
32 [46] 1990-2015 RE, NRE, RGDP estimation (LLDVE) countries Both NRE and RE impact economic growth positively
Bidirectional causality exists between fin. devt, economic growth,
RGDP. fin. inclusion. RE. NRE mented mean group, 15 highest emitting renewable energy utilization and ecological footprint; unidirectional
33 [31] 1990-2017 _ o ! mitrescu —Hurlin . causality runs from non-renewable energy and trade openness to
trade openness . countries . . e . . .
non-causality test ecological footprint, unidirectional relationship runs from economic
growth to RE and trade openness. Feedback hypothesis holds
RE, RGDP, CO,, NRE, DOLS, FMOLS and 38 renewable energy LR relationship exist between RE and RGDP; RE, NRE, capital and labor
34 [32] 1990-2018 . Heterogeneous . ¢ .
Capital and labor . consuming countries impacts on RGDP
non-causality model
35 (71] 2005-2016 NRE intensity, urbanization, Panel threshold regression OECD countries Positive and non-linear relationships exist between renewable energy and

per capital income

economic growth
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Table 1. Cont.

S/n Authors Period of Study Variable Methods Countries Results — <«
GDP, GDPPC, Total
renewable energy, share of
renewable energy to total The impact of RE on economic growth is at best unused, i.e., positive for
36 [72] 1990-2010 energy consumption, gross Panel quantile regression OECD economies lower, and low-middle-quantities, and negative for middle, high middle
fixed capital formation, and higher quantities
number of employed
people in of economy; R&D
37 [73] 1991-2015 GDP and RE Spatial Dublin model 26 European economies Spatial dependences impact on the nexus between RE and GDP
15 maior RE consumin EC < RE for both S/R and LR supporting the feedback hypothesis; CO,
38 [33] 19902014 CO,, RE, EC FMOLS and VECM ) . & does not cause RE in the LR, CO; «» RE in the SR, EC <+ CO, both in
nations
the LR and SR
. Cointegration, Granger S S . . .
39 [60] 1990-2014 RE, polh.ltmp, EC, causality, impulse response Selected 106 countries Both bidirectional and unldlrectl‘onal relationship exists among the
urbanization . variables
function
. . Argentina, Brazil, Mexico, Negative relationship exists between RE and CO,
40 [34] 1991-2014 R.GDP’ C.Oz’ technological Pedroni .and We:.sterlund Colombia, Chile and RGDP, technological innovation, and trade positively and significantly
innovation, trade and RE panel cointegration tests . .
Guatemala impact on RE production
. . ARDL, Johansen . L. .
Non-oil exports, tourism, . L . . Non-oil export and tourism impact growth positively, long run
4 o 1980-2017 RE and RGDP comntegration .and Grggory Saudi Arabia cointegration exist between RE tourism, capital and RGDP
-Hensen cointegration
RGDP — CO,
both in LR and SR for Australia; VECM results shows that RGDP,
42 [61] 1960-2015 fr%a Esgilzntracdoe’ AR%;:ZEE tMtgstas neer Australia and Canada trade and RE — CO,
’ 2 y in d LR and SR for Australia; for Canada, Trade — CO,
for both LR and SR; RGDP, urbanization — COj; in of LR
Pedroni unit root tests, e . . .
3 [48] 1990-2014 RE, NRE, RGDP FMOLS, P-DOLS, 5 South Asia countries Positive impact of RE, NRE and fixed capital formation on growth
. . RGDP — RE
Dumitrescue-Hurlin (2012)
Feedback hypothesis is valid
) . Energy, efficiency, RE, Fixed-effect panel quantity RGDP < EE
44 [74] 1990-2014 RGDP regression analysis BRICS RGDP « RE
EE — RE
Hatemi —J cointegration,
~ Energy production, energy structural breaks, FMOLS, . EP, EC — GDP, GDP — Gas consumption (supporting conservation
4 73] 1981-2016 consumption, GDP CCR VECM, Granger China hypothesis)
causality test
46 [49] 1971-2014 Ecological footprint, GDP, N-ARDL; asymmetric Pakistan Environmental quality — EC neutrality hypothesis is valid among

EC, GFCF

causality techniques

environmental quality, economic growth and capital
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Table 1. Cont.

S/n Authors Period of Study Variable Methods Countries Results =«
RE consumption leads to reduction in CO,; RE has positive impact on
47 [76] 2002-2011 CO,, RE, NRE, RGDP GMM and PMG 42 RGDP; NRE has negative effect on RGDP in LR, substitute relationship
exists between NRE and RE
NRE, GDP, human capital . 1 1
index, globalization, Threshold regression 27 developed OECD Economic development does not reduce non-renewable energy
48 [77] 1980-2015 e ¢ - consumption; Human capital development reduces NRE. LR relationship
urbanization, added value FEMOLS countries . R . X
R exist among globalization, urbanization, services and RE
of services
ECOIF’ g1§a1 footprint, per Comtegratmn bests, . The association between per capital income and ecological footprint is
capital income, RE, life cross-sectional augmented 8 developing South and - L - .
49 [62] 1990-2015 . . Lo ¢ . N-shaped, RE reduces ecological footprint, increase in population leads to
expectancy, population autoregressive distributed South-East Asian economies increase in pollution emissions
density lag P ’
EC, financial development, . . . . . N
urbanization, per capital A battery of static and EC and fin devt, deteriorates the environment; urbanization impacts on
50 [54] 1992-2016 ! . . dynamic econometric 44 African economies the environment asymmetrically; per capital GDP has an asymmetric
GDP, gross domestic capital -
. models effect on the environment.
formation
Total energy consumption Negative relationship exists among HCI, eco-innovation, energy price,
RE, NRE, HCI, FD; Westerlund and Edgerton R&D and TEC, NREC. Positive relationship exists between financial
51 [63] 1995-2017 eco-innovation, energy panel cointegration and G7 countries development, and each of TEC and NREC.
intensity, GDP, gross fixed augmented mean group HCI, eco-innovation, energy price, R&D enhances REC.
capital formation R&D Financial development reduces REC
Enerev efficiency RE, CO Panel quantity regression EE reduces carbon emissions across all quantities. RE reduces CO, with
52 [8] 19902014 8y y R A q Y €8 66 developing economies substantial effect at 10th quartile.
NE (PQR) .
GDP increases CO,
53 78] 19802016 CO», RE, HCJ, globalization, ARDL China RE does n'ot 1mpact on CO,, HCI redu(?es envn"onmental degraf:latlon;
trade openness globalization, trade openness, and income impact on pollution
. . . Economic complexity and fossil fuel energy consumption significantly
54 [63] 1965Q1-2017Q4 EC, ecologlc.al footprm.t ’ QARDL quagtlle Granger USA enhance ecological footprint; causality exist among economic complexity,
NRE economic complexity causality test . . .
energy consumption and ecological footprint
. Bootstrap panel causality . . Neutrality hypothesis holds for all the economies except Poland
% 361 1990-2016 RE, RGDP test 17 Emerging economies (no causality from either of the variables) RE — RGDP for Poland
RE. financial development. CO P-ARDL Financial development — RE
56 [79] 1998-2018 ’ Innovation RG]}_?)P " = 2Dumitrescu-Hurlin Panel ASEAN + 3 group CO; and economic freedom has negative impact on RE positive
causality test relationship exist between innovation, RGDP and RE
57 [80] 1965Q1-2017Q4 RE, NRE,f RGDP ecological QARDL Granger causality Turkey RE decreases ecologlc.al footprint in of LR; NRE and RGDP positively
ootprint impact ecological footprint
58 81] 1991-2012 RE, RGDP, institutions, CO, System-GMM EMOLS 85 developed and RE positively impacts RGDP RE negatively impacts CO,

developing countries

institution positively impacts RGDP; institution negatively affect CO,
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Table 1. Cont.

S/n Authors Period of Study Variable Methods Countries Results — <«

NRE has positive impact on CO,.
59 [82] 1990-2015 RE’ NE’ €Oz RGDT, CIPS, FMOLS’ bpotstrap 74 countries RE has negative impact on CO».

financial development cointegration . . .
Financial development has negative impact on CO,
60 [83] 1980-2014 TE, RE, NRE, RGDP NARDL G7 countries Asymmetric relationship exists between TE and RGDP
CO;, is not directly influenced by modernization. Calibrating RE to
61 [22] 1978-2016 C.O 2’.RGDP’ .RE’ ARDL
urbanization, agriculture

Malavsia agricultural sec tor will help in achieving sustainable agriculture and
y mitigate CO, emissions; CO, significantly decrease due to RGDP
and urbanization

Note: ARDL, NARDL, GMM, FMOLS, DOLS, VECM, ARDL-PMG are autoregressive distributed lag, nonlinear autoregressive distributed lag, general moment method, vector error
correction model, error correction model, fully modified ordinary least square, dynamic ordinary least square, autoregressive distributed lag model based on pooled mean group
estimation, respectively.
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The second strand of literature employs nonlinear models like quantile regression, sys-
tem frequency domain estimate PMG, threshold regression, bootstrap estimates, NARDC,
and recursive to examine the nature of relationship between energy, economic growth
and CO, emissions with mixed results. For instance, [8,13,18,36,49,63,71,72,77,79,80,83]
employed different versions of nonlinear models to examine the nexus between energy,
economic growth, and CO, emissions with different results. Ref. [13] noted that fossil
energy causes GHG, and that economic growth does not cause CO, emissions for 41 sub-
Sahara African economies. Ref. [18] results from N-ARAL observed mixed findings; for
example, the study noted that renewable energy reduces CO, emission for Nigeria, but no
causality was documented between renewable energy and CO, for Angola and Egypt. The
study further noted that renewable energy causes economic growth for Gabon, suggesting
the validity growth hypothesis. Ref. [84] employed panel threshold for some selected
OECD economies and reported the existence of positive and non-linear relationships be-
tween renewable energy and economic growth, an indication that the growth hypothesis
holds. Ref. [49] employed the N-ARAL model and noted that environmental quality causes
economic growth and that the neutrality hypothesis is valid, based on the results from envi-
ronmental quality and capital stock. In a related development, [8] employed panel quantile
regression to examine the nature of the relationship between energy, economic growth, and
CO;, for some selected 66 developing economies and noted that renewable energy reduces
CO, with substantial effect at the 10th quantile, and that GDP increases CO;. Ref. [63]
results, based on quantity ARDL, suggest the validity of the feedback hypothesis among
economic complexity, energy consumption and the ecological footprint. For emerging
economies [36] employed a bootstrap panel causality test and noted that the neutrality
hypothesis is valid for all the economies except Poland, whose results suggest that causality
is from renewable energy to economic growth. The single country (Turkey) estimates
from [80] analysis shows that renewable energy reduces the ecological footprint in the long
run; surprisingly, the results documented that non-renewable energy and economic growth
positively impact on the ecological footprint.

3. Materials and Methods

This study examined the nature of the relationship between CO, emissions, energy
consumption, agriculture and economic growth for some selected [34] Africa economies.
Though Africa is made up of 54 independent countries, the selection of countries is largely
influenced by data availability. The collected data cover the period 1980-2019. This period
and the countries covered allow for examination of convergence issues inherent in the
literature with adequate geographical covering of the African continent. The variables
employed are annual data of GDP per capita (constants are 2010 and USD); CO, emissions
per capita (metric tons); EC representing energy consumption; agriculture proxy by agri-
cultural value added (AVA) per capita contribution of agriculture to GDP; and forest area
(forest area as percentage of total land mass). The variables are expressed in natural forms
such that InCOy, Invy, InEC, InAVA; InFoR represent carbon emissions, economic growth,
energy consumption, agricultural value chain and forest area, respectively. The data for
the study are sourced as follows: CO, and RGDP from World Development Indicators
(various issues), agriculture value addition and forest areas from Food and Agricultural
Organization (various issues), and energy consumption data were from the OECD.

Methodology

As stated earlier, the study employed a frequency domain analysis to examine the
relationship among energy, economic growth, and carbon emissions with the moderating
impact of agriculture. Our preference of frequency domain estimates over time domain
techniques is largely influenced by the weakness noticed in time domain estimates. For
instance, time domain estimates cannot examine causality at different frequencies as they
can only calculate a single test statistic over time [85-87]. Further, if the nexus among the
variables is connected to more than one frequency, the ability of time dimension estimate to



Energies 2023, 16, 1239

12 of 27

explore the information from the original data set becomes ineffective [88,89]. To overcome
this, Geweke (1982) developed the Wald test procedure that employed linear constraints
on coefficient parameters to test Granger causality in a certain frequency range. This
procedure was extended by [90,91] as single country frequency domain causality test [85].
The [91] single country frequency domain causality test was further extended to a multi-
country model by [92]. This extended frequency domain (panel Granger causality test)
allows us to determine if the predictive power is concentrated at quick or slow fluctuating
components. The current study aims at examine the nexus between the variables using
both single-country and multi-country causality tests by following [85,93-95]. The tests are
thus presented.

Single-Country Causality Test:

We begin our single country causality test by following [2] Gorus and Aydin 2019
specification of the [90] single test procedure stated as follows:

—_yvP
X = Zj:ﬂﬂjx,,ﬁile O12,Yp—jtenr @

Here, 617 and 615, are the coefficients of the polynomials, £1; represents the error term, p
represent the lag length, the constraint is on the first VAR, we express the constraints on the
null hypothesis of “no Granger causality from Y; to X; at the frequency w” as stated below:

012.jcos(jw) =0,

p
=1

]

Zle 012,jsin(jw) = 0. )

To test these constraints, we employed the incremental R? measurement test, calculated

as follows:
R} = R* — R} ®)

Here, R? and R? are derived from the unrestricted and restricted models, respectively.
(**) The null hypothesis is rejected if this condition is observed:

2
R} > Foor_2p, 1-) T—2p (1 - Rz) 4)
Multi-Country Causality Test:
Following [92], the study employed the seemingly unrelated regression (SVR) model
stated as follows:

Xip = Zf:l.Bi,in,tfj + Zf:l%,jyi,tfj +&iti=1,2,3, .., N. &)

Here, X;; and Y;; are the variables of country i at time ¢, p is the lag length, N represent
the number of countries and ¢; ; represents the error term at time ¢ of country i. The null
hypothesis constraints are expressed as follows:

p
'y,-,]-cos(jw) =0,i=1,2,3, ..., N
=1

J
zf:lryi,]-sin(jw) =0,1,23,..., N. (6)
We tested these constraints using the incremented R? measured test, expressed as follows:

R} = R* - R} @)
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Here, R? represent the unrestricted and R? represents the restricted McElroy R? value
expressed as follows:

2 2N ’
RT > Fon, N(T—2P), 1) m (1 —R ) (8)

We rejected the null hypothesis of no Granger causality from Y; to X; at the frequency
‘w’ in the studied countries if Equation (8) was observed.

4. Results

The descriptive statistics and normality results of the variables employed in this study
are presented in Table 2. The results suggested that the value of the Jarque-Bera statistics
was greater than 5% for the variables, suggesting validity of normality in each of the
variables studied.

Table 2. Descriptive statistics of the variables.

Variables Descriptive Analysis Normality Analysis (Natural Log-Form)
Mean Max. Min. SD Skewness Kurtosis Jarque-Bera Probability
Iny 175.98 298.77 142.67 39.09 —0.78 2.44 497 0.07
InEC 63.18 28.07 32.62 32.12 —0.48 2.14 4.22 0.06
InAVA 158.78 197.09 102.11 28.09 —0.55 3.09 498 0.08
InCO;, 1.97 241 1.66 0.31 0.17 1.55 3.21 0.22
InFOR 2.99 4.01 1.98 0.55 0.05 1.61 2.76 0.22

Source: Authors’ computations 2022.

The results of both the cross-section dependency (CD) tests and the panel unit root tests
are presented in Table 3. We began our analysis by investigating the cross-section depen-
dency (CD) of the series, followed by conducting a check on the stationary properties of the
series using the panel unit root test. The result in Table 3 suggest that cross-sectional depen-
dency exists among the variables. This implies that shocks in any of the economies study
can affect any of the rest. Having established cross-sectional dependency, we employed
the cross-sectional augmented Dickey-Fuller test developed by [96], which is effective in
detecting stationary properties of panel data as used in the current study [85,94,95]. The
results suggests that Iny and InAVA are stationary at the first different I(1), and that InEC,
InCO,, and InFOR are stationary at their level value 1(0).

Table 3. Cross-section dependence and panel unit root tests for the series.

Variables CDgp CDim CD CIPS Statistics
Invy 457.899 *** 76.558 *** 3.234 *** —0.988
InEC 417.219 *** 51.521 *** 3.004 *** —0.918
InAVA 398.881 *** 47.908 *** 9.176 *** —2.955 **
InCO, 366.098 *** 56.897 *** 8.077 *** —2.344 **
InFOR 564.092 *** 41.179 *** 12.098 *** —3.756 **
ANlny - - - —3.665 ***

Note: *** and ** suggest the rejection of the null hypothesis at 1% and 5% significance level, respectively. CIPS
Statistics provides the simple average of the individual CADF statistics (CADEF,).

5. Discussion
Frequency Domain Results

As earlier stated, the study intends to examine the nature of relationship among energy,
economic growth, carbon emissions, forests, and agricultural added value at three (3) clear
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frequencies: short, intermediate and long run denoted as 2.5, 1.5 and 0.5, respectively.
Results in the long run (0.5) implies that a permanent causality exists while the results in
the short run (2.5) suggest temporary causality exists. In Tables 4-10, we present the results
of the frequency domain causality based on single-country estimates. Table 4 presents the
results of the link between economic growth and CO, emission for each of the 34 African
economies. The results as presented suggest that a unidirectional (at the three spectra)
causality runs from economic growth to CO, emission for Algeria, Angola, Benin, Burkina
Faso, Ghana, Kenya, Morocco, Nigeria, Senegal, South Africa, and Zambia. The findings
are in line with [13,29,61], but contradict [17,18,67] The results further reveals that a one-
way causality both at the intermediate and long run is noted to exist from emission to
economic growth for Congo, Madagascar, Mali, Rwanda and Zimbabwe. The results from
the rest of the economies studied suggest that no link can be established between CO,
and economic growth. This finding supports the validity of the neutralization hypothesis
in these economies; thus, emission curbing policies can be applied in these economies.
The results from Algeria, Angola, Benin, Burkina Faso, Ghana, Kenya, Morocco, Nigeria,
Senegal, South Africa, and Zambia suggest that environmental protection laws could be
harmful to the economy.

In Table 5, we present the results of the link between energy consumption and eco-
nomic growth for the selected African economies. The results suggest that a bi-directional
relationship exist between the two for the economies of Algeria, Ghana, Kenya, Morocco,
and Nigeria (at the three periods), South Africa (at intermediate and long run), Egypt (at
the short run and intermediate), and at least one for each of Cameroon, Guinea, and Mada-
gascar. These results support the validity of the feedback hypothesis in these economies.
The results further reveal that an un-directional causality runs from economic growth to
energy consumption for the economies of Mozambique, Namibia, Tanzania and Uganda in
the short run, this suggests that the conservation hypothesis is rational in these economies.
The growth hypothesis is validated based on the existence of causality from economic
growth to energy consumption for the economies of Algeria, Ghana, Kenya, Morocco and
Nigeria. The results are in line with the findings of [30,33,74].

Table 6 presents the results of the nexus between energy consumption and CO,
emissions in the studied economies. The results reveal that energy consumption Granger
causes carbon emissions in Nigeria, Algeria, Egypt, Tunisia and Ghana, suggesting that the
pollution haven hypothesis is valid for these economies at short, intermediate and long
runs. The results support the findings of [65] but disagree with [55].

The results of the causality between economic growth and agricultural value addition,
as presented in Table 7, suggest that bi-directional causality is noted for almost all the
studied economies at the short, intermediate, and long runs. The result is not surprising
because agriculture constitutes the bulk of African GDP.

Table 8 shows that for most the studied economies, a unidirectional relationship runs
from forestry to economic growth; this suggests that wood sourced from the forest support
economic growth in the studied economies.

In Table 9, we present the results of the relationship between energy consumption and
agricultural value addition across the three spectra of our analysis. The results reveal that
there is a unidirectional causality from energy consumption to agricultural value addition
in Egypt, Ghana, Tunisia and Uganda, whereas a bi-directional causality is documented for
the economies of Nigeria, South Africa, Angola. This suggests that the feedback hypothesis
is validated based on the relationship between energy consumption and agriculture in these
economies. The results of the relationship between forestry and energy consumption are
almost the same with those of agriculture and energy consumption, except that a one-way
causality is noted to exist between forestry and energy consumption, suggesting the validity
of the conservative hypothesis in these economies.

Table 10 we present the results of causality between CO, emission and agricultural
value addition for the selected Africa economies. Our results reveal that no causality exists
between these variables for the economies studies.
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Table 4. Granger causality tests in the frequency domain estimates (Invy, InCO; ).

Panel A
Countries Hy: Iny—+InCO, Hy: InCOy-+Iny
w=0.5 w=15 w=25 cv. =10% w=0.5 w=15 w=25 c.v. =10%

Algeria 0.013 *** 0.055 *** 0.128 *** 0.111 0.023 0.027 0.034 0.111
Angola 0.017 *# 0.005 *++ 0.005 *** 0.009 0.034 0.036 0.044 0.113
Burkina Faso 0.096 *** 0006 *** 0.001 *** 0.009 0.023 0.027 0.054 0.112
Benin 0.073 *** 0.054 *** 0.022 *** 0.072 0.026 0.028 0.034 0.114
Cameron 0.091 0.071 0.004 0.014 0.019 0.016 0.045 0.116
(Br;:;;%z?ue) 0.009 0.002 0.005 0.012 0.029 0.019 0.034 0.112
Congo (DRC) 0.047 *# 0.008 **+ 0.006 0.009 0.03 * 0.021 ** 0.045 0.111
Egypt 0.004 *+ 0.044 %+ 0.007 *** 0.008 0.023 0.028 0.054 0.112
Ethiopia 0.021 0.046 0.017 0.065 0.033 0.038 0.048 0.118
Gabon 0.009 0.032 0.014 0.008 0.035 0.037 0.039 0.112
Ghana 0.019 *** 0.044 *** 0.011 *** 0.011 0.045 0.054 0.037 0.114
Guinea 0.009 0.008 0.012 0.116 0.037 0.031 0.038 0.132
Kenya 0.022 *** 0.045 *+ 0.011 *** 0.113 0.039 0.032 0.045 0.161
Lesotho 0.031 0.032 0.012 0.114 0.029 0.024 0.055 0.115
Madagascar 0.011 *** 0.017 *** 0.014 0.111 0.018*  0.021* 0.034 0.113
Malawi 0.032 0.019 0.001 0.102 0.024 0.027 0.049 0.112
Mali 0.022 *** 0.039 *** 0.009 0.019 0.032 0.036 0.054 0.122
Mauritius 0.005 0.033 0.004 0.112 0.036 0.037 0.032 0.141
Morocco 0.007 *** 0.032 *** 0.007 *** 0.133 0.029 0.031 0.035 0.112
Mozambique 0.046 0.037 0.006 0.121 0.017 0.021 0.041 0.116
Namibia 0.033 0.081 0.009 0.114 0.029 0.037 0.039 0.114
Nigeria 0.044 *# 0.033 ** 0.014 ** 0.111 0.025 0.028 0.057 0.123
Rwanda 0.006 *** 0.023 *** 0.012 0.112 0.044 %  0.034 ** 0.045 0.114
Sa‘;ﬂ‘ﬁ;g“d 0.045 0.012 0.009 0.115 0.031 0.028 0.055 0.152
Senegal 0.044 *+ 0.008 **+ 0.006 *** 0.117 0.022 0.026 0.055 0.143
Sierra Leone 0.032 0.091 0.008 0.111 0.019 0.021 0.053 0.122
South Africa 0.031 0.023 0.005 0.112 0.022 * 0.026 * 0.058 * 0.144
Tanzania 0.029 0.033 0.006 0.111 0.027 0.029 0.059 0.115
Togo 0.031 0.034 0.009 0.122 0.032 0.035 0.077 0.122
Tunisia 0.033 0.023 0.008 0.111 0.028 0.031 0.056 0.127
Uganda 0.045 0.031 0.006 0.121 0.029 0.031 0.055 0.157
Zambia 0.033 0.022 0.009 0.111 0.019 0.022 0.054 0.138
Zimbabwe 0.046 0.036 0.045 0.123 0.021 0.023* 0.067* 0.136

*x *x % represent 1%, 5%, 10% significant levels, respectively.
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Table 5. Granger causality tests in the frequency domain estimates Invy, InEC.

Hy: Iny-»InEC

Hy: InEC-»Iny

Countries
w=0.5 w=1.5 w=2.5 c.v. =10% w=0.5 w=1.5 w=2.5 c.v. =10%

Algeria 0.023 *+* 0.031 *** 0.022 ** 0.012 0.031*%*  0.029**  0.027 ** 0.111
Angola 0.001 0.004 0.003 0.002 0.041 %  0.037**  0.034 ** 0.112
Burkina Faso 0.007 0.012 0.011 0.005 0.029 0.044 0.027 0.099
Benin 0.012 0.014 0.019 0.006 0.031 0.039 0.027 0.122
Cameron 0.018 0.019 * 0.012 0.009 0.014 0.037 * 0.034 0.117
(Br;j;zr;%/?lle) 0.021 0.016 0.014 0.021 0.016 0.039 0.029 0.112
Congo (DRC) 0.064 0.044 0.032 0.017 0.018 0.068 0.029 0.110
Egypt 0.017 0.022 *+* 0.026 *** 0.005 0.031 0.039**  0.033 *** 0.117
Ethiopia 0.024 0.022 0.033 0.006 0.042 0.054  0.039* 0.102
Gabon 0.021 ** 0.019 ** 0.017 ** 0.011 0.033 0.056 0.027 0.115
Ghana 0.031 *+* 0.021 *** 0.019 *** 0.013 0.067*%  0.011**  0.034 *** 0.111
Guinea 0.026 0.024 * 0.021 0.004 0.028 0.032 * 0.045 0.115
Kenya 0.021 ** 0.019 ** 0.017 ** 0.021 0.028**  0.034**  0.054 ** 0.119
Lesotho 0.016 0.019 0.022 0.024 0.021 0.044 0.048 0.167
Madagascar 0.017 0.021 * 0.025 0.031 0.027 0.045*  0.039 *** 0.109
Malawi 0.014 0.017 0.022 0.024 0.029 0.056 0.037 0.114
Mali 0.022 0.025 0.029 0.001 0.41 0.059 0.038 0.112
Mauritius 0.019 0.015 0.011 0.005 0.039 0.041 0.045 0.109
Morocco 0.021 ** 0.022 *+* 0.023 *+ 0.017 0.033*%*  0.039**  0.055** 0.112
Mozambique 0.022 0.021 0.029 0.013 0.028 0.034 ** 0.034 0.119
Namibia 0.031 0.023 0.034 0.014 0.032 0.041 ** 0.049 0.166
Nigeria 0.027 0.028 *** 0.029 ** 0.011 0.031**  0.044**  0.054 ** 0.112
Rwanda 0.003 0.031 0.022 0.009 0.027 0.033 0.032 0.114
Sa‘;,fi‘;zli;:“d 0.009 0.010 0.013 0.002 0.025 0.029 0.035 0.141
Senegal 0.023 *+* 0.025 *+* 0.027 *** 0.003 0.029 0.049 0.041 0.117
Sierra Leone 0.031 0.041 0.034 0.008 0.023 0.044 0.039 0.118
South Africa  0.052 *** 0.024 ** 0.027 0.003 0.028 0.046** 0,057 *** 0.114
Tanzania 0.023 0.022 0.027 0.011 0.031 0.041 ** 0.045 0.119
Togo 0.054 0.042 0.034 0.014 0.038 0.038 0.055 0.109
Tunisia 0.037 *** 0.031 ** 0.029 ** 0.011 0.037 0.039 0.045 0.115
Uganda 0.044 0.032 0.029 0.023 0.033#%  0.031**  0.054 *** 0.167
Zambia 0.022 0.031 0.033 0.015 0.028 0.033 0.048 0.117
Zimbabwe 0.023 0.034 0.039 0.014 0.024 0.032 0.039 0.115

w4 % represent 1%, 5%, 10% significant levels, respectively.
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Table 6. Granger causality tests in the frequency domain estimates InEC, [nCO,.

Ho: InEC—HInCOZ

HQZ InCOz—HInEC

Countries
w=0.5 w=1.5 w=25 c.v. =10% w=0.5 w=1.5 w=25 c.v. =10%

Algeria 0.023 *+ 0.027 ** 0.031 *** 0.091 0.029 % 0.028**  0.034 *** 0.032
Angola 0.034 0.036 0.041 0.007 0.023*%  0.031*%*  0.044 *** 0.014
Burkina Faso 0.023 0.027 0.029 0.012 0.028 0.010 0.054 0.006
Benin 0.026 0.028 0.031 0.014 0.031 0.025 0.034 0.044
Cameron 0.019 ** 0.016 ** 0.014 ** 0.017 0.038**  0.041*%  0.045*** 0.009
(Brgfzr;%?ue) 0.029 0.019 0.016 0.019 0.037 0.024 0.034 0.018
Congo (DRC) 0.037 0.021 0.018 0.081 0.033 0.022 0.045 0.092
Egypt 0.023 *# 0.028 *** 0.031 *** 0.089 0.028 0.042 0.054 0.078
Ethiopia 0.033 0.038 0.042 0.091 0.024 0.031 0.048 0.099
Gabon 0.035 0.037 0.033 0.071 0.029 0.032 0.039 0.077
Ghana 0.045 *# 0.054 %+ 0.067 *** 0.009 0.023 0.031 0.037 0.101
Guinea 0.037 0.031 0.028 0.008 0.028 0.034 0.038 0.111
Kenya 0.039 0.032 0.028 0.045 0.029 0.028 0.045 0.098
Lesotho 0.029 0.024 0.021 0.076 0.018 0.031 0.055 0.102
Madagascar 0.018 0.021 0.027 0.089 0.024 0.010 0.034 0.111
Malawi 0.024 0.027 0.029 0.090 0.032 0.025 0.049 0.133
Mali 0.032 0.036 041 0.039 0.036 0.041 0.054 0.122
Mauritius 0.036 0.037 0.039 0.051 0.029 0.024 0.032 0.121
Morocco 0.029 0.031 0.033 0.044 0.017 0.022 0.035 0.090
Mozambique 0.017 0.021 0.028 0.062 0.029 0.042 0.041 0.112
Namibia 0.029 0.037 0.032 0.082 0.025 0.031 0.039 0.122
Nigeria 0.025 *** 0.028 *** 0.031 *** 0.095 0.044 0.032 0.057 0.124
Rwanda 0.044 0.034 0.027 0.083 0.031 0.031 0.045 0.154
Sa‘;,fi‘;zli;:“d 0.031 0.028 0.025 0.076 0.029 0.034 0.055 0.101
Senegal 0.022 0.026 0.029 0.049 0.018 0.028 0.055 0.111
Sierra Leone 0.019 0.021 0.023 0.078 0.024 0.031 0.053 0.121
South Africa 0.022 0.026 0.028 0.065 0.024 0.010 0.058 0.132
Tanzania 0.027 0.029 0.031 0.007 0.032 0.025 0.059 0.122
Togo 0.032 0.035 0.038 0.009 0.036 0.041 0.077 0.176
Tunisia 0.028 *** 0.031 *** 0.037 *** 0.065 0.029 ** 0.024*  0.056 ** 0.109
Uganda 0.029 0.031 0.033 0.098 0.017 ** 0.022*  0.055** 0.101
Zambia 0.019 0.022 0.028 0.097 0.029 0.042 0.054 0.102
Zimbabwe 0.021 0.023 0.024 0.008 0.025 0.031 0.067 0.111

w3 #% represent 1%, 5% significant levels, respectively.
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Table 7. Granger causality tests in the frequency domain estimates Invy, InAVA.
Hy: Iny+»InAVA Hy: InAVA— Invy
Countries
w=0.5 w=15 w=2.5 cv. =10% w=0.5 w=15 w=2.5 cv. =10%
Algeria 0.029 *** 0.031 *** 0.034 *** 0.023 0.014 *** 0.045 *** 0.035 *** 0.019
Angola 0.038 *** 0.042 *** 0.045 *** 0.009 0.015 *** 0.015 *** 0.045 *** 0.098
Burkina Faso 0.034 ** 0.044 ** 0.047 * 0.008 0.093 * 0008 ** 0.053 ** 0.116
Benin 0.022 ** 0.026 * 0.029 *** 0.012 0.072 ** 0.053 ** 0.034 * 0.122
Cameron 0.023 * 0.027 ** 0.029 * 0.019 0.093 * 0.072 ** 0.047 ** 0.138
(Br;j;zr;%/?lle) 0.021 ** 0.026 ** 0.029 ** 0.076 0.007*  0.009 * 0.034 ** 0.129
Congo (DRC) 0.022 ** 0.025 ** 0.028 * 0.027 0.043 * 0.005 ** 0.045 * 0.147
Egypt 0.019 ** 0.023 ** 0.029 ** 0.098 0.007 ** 0.042 ** 0.053 ** 0.126
Ethiopia 0.018 * 0.022 ** 0.027 ** 0.056 0.027 *** 0.041 ** 0.047 ** 0.091
Gabon 0.016 ** 0.019 ** 0.022 ** 0.039 0.005 ** 0.033 ** 0.041 ** 0.125
Ghana 0.022 * 0.025 ** 0.029 *** 0.044 0.015 ** 0.042 ** 0.037 * 0.087
Guinea 0.018 ** 0.021 ** 0.027 * 0.087 0.005 * 0.006 ** 0.034 *** 0.099
Kenya 0.007 *** 0.012 ** 0.019 *** 0.069 0.027 * 0.046 *** 0.053 ** 0.102
Lesotho 0.018 ** 0.011 ** 0.019 ** 0.081 0.038 ** 0.036 ** 0.059 ** 0.009
Madagascar 0.019 ** 0.022 ** 0.026 ** 0.072 0.016 * 0.016 * 0.039 * 0.122
Malawi 0.022 * 0.023 ** 0.026 ** 0.098 0.036 * 0.016 * 0.047 ** 0.134
Mali 0.027 * 0.029 * 0.031 * 0.099 0.026 * 0.036 ** 0.054 * 0.177
Mauritius 0.032 * 0.028 * 0.024 * 0.062 0.009 ** 0.038 * 0.045 ** 0.187
Morocco 0.009 * 0.014 * 0.019 ** 0.073 0.009 * 0.037 ** 0.065 ** 0.138
Mozambique 0.007 ** 0.009 * 0.011 ** 0.079 0.047 * 0.034 ** 0.044 *** 0.166
Namibia 0.009 *** 0.012 ** 0.019 *** 0.092 0.037 ** 0.083 ** 0.098 * 0.147
Nigeria 0.011 *** 0.014 * 0.019 ** 0.095 0.047 *** 0.034 ** 0.059 ** 0.123
Rwanda 0.021 ** 0.025 ** 0.028 * 0.093 0.009 * 0.024 ** 0.043 ** 0.122
Sao Tome and 0.012* 0.018 * 0.022 ** 0.091 0.047*  0.015*  0.058*** 0.111
Principe

Senegal 0.024 ** 0.027 * 0.032 *** 0.084 0.049 ** 0.005** 0.058 * 0.145
Sierra Leone 0.022 ** 0.026 *** 0.029 * 0.079 0.039 ** 0.094 * 0.054 ** 0.118
South Africa 0.011* 0.016 * 0.019 ** 0.099 0.039 ** 0.025 ** 0.056 ** 0.128
Tanzania 0.022 ** 0.026 * 0.028 ** 0.078 0.041 ** 0.035 ** 0.055 * 0.101
Togo 0.021 ** 0.025 ** 0.029 * 0.055 0.033 ** 0.035 * 0.074 * 0.109
Tunisia 0.009 ** 0.011 * 0.016 ** 0.089 0.034 * 0.025 ** 0.053 ** 0.154
Uganda 0.019 * 0.023 ** 0.029 ** 0.037 0.047 * 0.035 ** 0.055 * 0.111
Zambia 0.021 * 0.026 * 0.031 * 0.088 0.037 * 0.025 ** 0.055 * 0.122
Zimbabwe 0.007 * 0.011 ** 0.019 * 0.089 0.043 ** 0.035 ** 0.064 ** 0.143

w4 % represent 1%, 5%, 10% significant levels, respectively.
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Table 8. Granger causality tests in the frequency domain estimates Invy, InFOR.

Hy: Iny—+InFOR

Hy: InFOR-+Invy

Countries
w=0.5 w=1.5 w=25 c.v. =10% w=0.5 w=1.5 w=25 c.v. =10%

Algeria 0.009 0.011 * 0.019 0.091 0.005 0.033 0.044 0.093
Angola 0.004 0.012 * 0.019 0.009 0.009 0.005 0.048 0.098
Burkina Faso 0.011 * 0.015 0.019 0.017 0007 0.023 0.056 0.099
Benin 0.003 0.009 0.011 0.019 0.005 0.024 0.037 0.092
Cameron 0.005 *** 0.009 *** 0.012 *** 0.089 0.001 0.029 0.048 0.091
(Brgfzr;%?ue) 0.002 *** 0.006 *** 0.009 *** 0.079 0.002 0.036 0.037 0.078
Congo (DRC)  0.003 *** 0.007 *** 0.022 *** 0.097 0.008 0.034 0.049 0.103
Egypt 0.006 0.009 * 0.011 0.087 0.004 0.032 0.057 0.099
Ethiopia 0.011 0.017 * 0.021 0.057 0.006 0.032 0.056 0.094
Gabon 0.008 0.012 * 0.022 0.023 0.002 0.039 0.044 0.109
Ghana 0.007 0.014 * 0.021 0.028 0.004 0.041 0.039 0.111
Guinea 0.003 0.008 * 0.011 0.055 0.008 0.034 0.040 0.104
Kenya 0.008 *** 0.013 *** 0.019 *** 0.089 0.005%  0.039* 0.047 * 0.101
Lesotho 0.009 0.022 ** 0.029 0.082 0.002 0.039 0.058 0.099
Madagascar 0.014 0.023 * 0.029 0.044 0.007 0.031 0.038 0.102
Malawi 0.021 0.022 ** 0.028 0.043 0.009 0.037 0.056 0.101
Mali 0.008 0.044 * 0.054 0.049 0.009 0.045 0.057 0.078
Mauritius 0.014 0.021 * 0.034 0.076 0.003 0.045 0.055 0.099
Morocco 0.022 0.025 * 0.029 0.077 0.002 0.042 0.053 0.089
Mozambique 0.028 0.031 * 0.045 * 0.073 0.007 0.031 0.045 0.098
Namibia 0.027 0.031 * 0.048 * 0.071 0.001 0.043 0.048 0.067
Nigeria 0.021 *** 0.027 *** 0.037 *** 0.082 0.003 0.048 0.057 0.089
Rwanda 0.011 0.033 0.054 0.091 0.003 0.041 0.045 0.098
Sa‘;,fi‘;zli;:“d 0.023 * 0.043 0.055 0.027 0.002 0.020 0.054 0.044
Senegal 0.011 *** 0.033 *** 0.058 0.031 0.008 0.035 0.053 0.056
Sierra Leone 0.012 0.027 0.039 0.036 0.001 0.051 0.054 0.019
South Africa 0.009 *** 0.014 *** 0.051 *** 0.042 0.003 0.034 0.052 0.110
Tanzania 0.019 0.026 0.031 0.043 0.003 0.032 0.053 0.101
Togo 0.008 0.015 0.029 0.055 0.004 0.052 0.071 0.089
Tunisia 0.007 0.017 0.032 0.069 0.003 0.041 0.052 0.091
Uganda 0.009 *** 0.032 *** 0.054 *** 0.072 0.001 0.042 0.052 0.088
Zambia 0.011 0.028 0.038 0.058 0.002 0.041 0.052 0.078
Zimbabwe 0.013 0.029 0.054 0.098 0.006 0.044 0.062 0.098

w4 % represent 1%, 5%, 10% significant levels, respectively.
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Table 9. Granger causality tests in the frequency domain estimates InEC, InAVA.

Hy: InEC-»InAVA

Hy: InAVA-+InEC

Countries
w=0.5 w=1.5 w=25 c.v. =10% w=0.5 w=1.5 w=25 c.v. =10%
Algeria 0.009 0.014 0.029 0.121 0.024 0.029 0.033 0.101
Angola 0.011 *** 0.026 *** 0.037 *** 0.019 0.024 0.032 0.042 0.103
Burkina Faso 0.008 0.039 0.044 0.019 0.024 0.012 0.052 0.102
Benin 0.029 0.044 0.039 0.082 0.034 0.023 0.032 0.104
Cameron 0.011 0.029 0.037 0.024 0.034 0.043 0.041 0.106
(Brgfzr;%?ue) 0.028 0.031 0.039 0.032 0.034 0.022 0.031 0.102
Congo (DRC) 0.027 0.058 0.068 0.019 0.035 0.023 0.041 0.101
Egypt 0.013 *** 0.025 *** 0.039 *** 0.018 0.025 0.043 0.052 0.102
Ethiopia 0.029 0.033 0.054 0.095 0.025 0.032 0.044 0.108
Gabon 0.011 0.023 0.056 0.008 0.024 0.033 0.035 0.102
Ghana 0.013 *** 0.028 *** 0.011 *** 0.101 0.025 0.033 0.034 0.104
Guinea 0.016 0.022 0.032 0.016 0.025 0.035 0.034 0.102
Kenya 0.012 0.024 0.034 0.013 0.024 0.024 0.043 0.101
Lesotho 0.014 0.026 0.044 0.104 0.019 0.035 0.053 0.105
Madagascar 0.011 0.033 0.045 0.101 0.023 0.014 0.033 0.103
Malawi 0.009 0.045 0.056 0.101 0.033 0.024 0.042 0.102
Mali 0.006 0.054 0.059 0.009 0.032 0.045 0.051 0.102
Mauritius 0.008 0.023 0.041 0.102 0.021 0.025 0.037 0.101
Morocco 0.007 0.033 0.039 0.103 0.019 0.024 0.034 0.102
Mozambique 0.004 0.021 0.034 0.101 0.022 0.044 0.043 0.106
Namibia 0.006 0.025 0.041 0.104 0.023 0.034 0.033 0.104
Nigeria 0.009 *** 0.029 *** 0.044 *** 0.101 0.041*%  0.033**  0.054** 0.103
Rwanda 0.012 0.028 0.033 0.102 0.034 0.036 0.043 0.104
Sao0 Tome and 0.009 0.026 0.029 0.105 0.019 0.033 0.052 0.112
Principe

Senegal 0.007 0.028 0.049 0.107 0.019 0.023 0.057 0.103
Sierra Leone 0.006 0.039 0.044 0.101 0.021 0.034 0.056 0.102
South Africa 0.005 *** 0.028 *** 0.046 *** 0.114 0.022*%  0.014**  0.054 *** 0.104
Tanzania 0.017 0.021 0.041 0.113 0.033 0.023 0.053 0.195
Togo 0.022 0.029 0.038 0.124 0.031 0.043 0.073 0.102
Tunisia 0.017 *** 0.022 *** 0.039 *** 0.112 0.021 0.023 0.053 0.107
Uganda 0.018 *** 0.023 *** 0.031 *** 0.123 0.019 0.024 0.053 0.107
Zambia 0.012 0.028 0.033 0.112 0.019 0.041 0.052 0.108
Zimbabwe 0.014 0.029 0.032 0.124 0.021 0.032 0.062 0.119

%%

represent 10% significant level.
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Table 10. Granger causality tests in the frequency domain estimates InCO,, InAVA.

Panel G
Countries Ho: InCO,—+, InAVA Ho: InAVA-+InCO,
w=0.5 w=15 w=25 c.v. =10% w=0.5 w=15 w=25 c.v. =10%

Algeria 0.006 0.023 0.034 0.019 0.013 0.032 0.049 0.114
Angola 0.005 0.033 0.044 0.027 0.017 0.052 0.059 0.115
Burkina Faso 0.002 0.032 0.054 0.025 0.096 0.043 0.069 0.118
Benin 0.009 0.029 0.034 0.025 0.073 0.056 0.061 0.117
Cameron 0.011 0.023 0.045 0.023 0.091 0.058 0.062 0.111
(Br;:;;%z?ue) 0.012 0.029 0.034 0.021 0.009 0.055 0.069 0.124
Congo (DRC) 0.021 0.032 0.045 0.089 0.047 0.055 0.062 0.101
Egypt 0.024 0.044 0.054 0.099 0.004 0.058 0.061 0.102
Ethiopia 0.022 0.033 0.048 0.094 0.021 0.074 0.051 0.108
Gabon 0.012 0.022 0.039 0.072 0.009 0.054 0.052 0.123
Ghana 0.009 0.029 0.037 0.011 0.019 0.054 0.051 0.124
Guinea 0.019 0.029 0.038 0.011 0.009 0.054 0.061 0.102
Kenya 0.015 0.028 0.045 0.056 0.022 0.066 0.069 0.101
Lesotho 0.013 0.039 0.055 0.076 0.031 0.037 0.049 0.112
Madagascar 0.021 0.029 0.034 0.019 0.011 0.052 0.059 0.117
Malawi 0.025 0.023 0.049 0.091 0.032 0.044 0.058 0.115
Mali 0.005 0.032 0.054 0.071 0.022 0.055 0.064 0.102
Mauritius 0.014 0.024 0.032 0.080 0.005 0.051 0.054 0.101
Morocco 0.011 0.028 0.035 0.049 0.007 0.051 0.069 0.102
Mozambique 0.012 0.013 0.041 0.069 0.046 0.051 0.052 0.119
Namibia 0.018 0.029 0.039 0.089 0.033 0.051 0.058 0.119
Nigeria 0.022 0.041 0.057 0.099 0.044 0.071 0.072 0.129
Rwanda 0.021 0.032 0.045 0.089 0.006 0.051 0.064 0.117
Sa‘;ﬂ‘ﬁ;g“d 0.012 0.039 0.055 0.072 0.045 0.056 0.065 0.155
Senegal 0.022 0.033 0.055 0.091 0.044 0.056 0.058 0.141
Sierra Leone 0.014 0.023 0.053 0.071 0.032 0.067 0.069 0.128
South Africa 0.022 0.034 0.058 0.069 0.031 0.034 0.071 0.148
Tanzania 0.008 0.023 0.059 0.009 0.029 0.055 0.071 0.112
Togo 0.006 0.032 0.077 0.011 0.031 0.044 0.059 0.121
Tunisia 0.008 0.029 0.056 0.066 0.033 0.055 0.062 0.121
Uganda 0.009 0.022 0.055 0.093 0.045 0.053 0.064 0.150
Zambia 0.019 0.021 0.054 0.091 0.033 0.056 0.068 0.132
Zimbabwe 0.021 0.029 0.067 0.009 0.046 0.056 0.064 0.131

The results of the panel Granger causality in the frequency domain for all the examined

African economies suggest the existence of bi-directional relationships across the three
spectra between economic growth and energy consumption. The results further reveal that
a one-way Granger causality runs from energy consumption to CO, emission in the studied
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economies. A further examination of the results also suggests that there is a causal nexus
between carbon emissions and economic growth for the entire spectra studied, and that
no evidence suggests that causality runs from economic growth to carbon emissions. In
term of theoretical underpinning, one can deduce that the feedback hypothesis is valid for
the relationship between energy consumption and economic growth in the studied African
economies. This suggests that African economies could grow their economies by increasing
energy consumption, and that energy consumption could also be enhanced by growing
the economy, suggesting that demand for energy consumption is a booster of economic
growth. For the nexus between energy consumption and CO, emission, the results suggest
the validity of the pollution haven hypothesis, as energy consumption has a bi-directional
relationship with growth driving carbon emissions in African economies, thus, Africa
economies, while pursuing growth, should start looking at clean energy consumption.
Though the results of the study suggest that no causality runs from economic growth
to carbon emissions, ruling out the possibility of the pollution haven hypothesis, the
existence of causality from energy consumption to carbon emissions points to the existence
or potential of the pollution haven hypothesis, which could be from an indirect perspective.
On the meditating role of agricultural value addition and forests, the results noted that
the impact of both forests and agricultural value addition is only significant on economic
growth across all the spectra, and on energy consumption in the short run. No causality is
established between either of forests and agricultural value addition, and CO, emission for
the studied economies.

For comparison, we conducted time domain estimates for the entire region by employ-
ing the Dumitrescu-Hurlin panel causality estimate. From the results, it could be deduced
that a bi-directional relationship exists between economic growth and energy consumption,
and that a one-way causality runs from energy consumption to carbon emissions. The
results suggest the feedback hypothesis is valid on the nexus between energy and economic
growth in Africa. The results of the one-way nexus, however, suggest that the conservation
hypothesis is not valid in Africa. Unlike the frequency domain estimate, the moderating
variables failed exhibit any form of causality in the time domain model.

The study has made some significant contribution to knowledge by being among the
first set of studies that has examined the nexus among energy, environment and economic
growth in Africa within the context of frequency domain estimate, and that calibrated the
moderating roles of forest and agricultural value addition to this nexus.

6. Conclusions

The essence of this study was to examined the causal relationships between energy
consumption, economic growth and CO; emission with the moderating roles of forestry
and agricultural value addition in Africa, by employing both time domain and frequency
domain estimates to analyzed data sourced from 1980 to 2019. The study provides both
single-country and multi-country estimates of this nexus. The results of the single country
estimate are at best mixed across the various frequencies. The study recommends that
policymakers in the studied economies should take into consideration these empirical
findings when designing policy tools to achieving the correct mix of energy that will
stimulate economic growth without causing havoc to the environment.

The results of the panel Granger causality estimates in the frequency domain suggest
that a bi-directional relationship exists between energy consumption and economic growth
in Africa economies. This implies that to achieve economic growth, the energy sector should
be enhanced, and that enhanced energy space will further drive or stimulate growth. The
results further suggest the existence of a one-way causality from energy consumption to
carbon emissions, ruling out the validity of the conservation hypothesis in these economies.
This could be a result of heavy dependency/consumption of non-renewable energy in the
region. It is therefore recommended that policymakers in this region should start looking
at movement toward clean energy consumption. Our results are in line with the findings
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of Aydin (2019 for OECD economies, Gorus and Aydin 2018 for MENA economies, but
contradicts [33,97].

The study is not an all-inclusive one, as there are limitations, which could be areas to
be considered by other studies. For instance, alternative estimation techniques could be
employed, other variables like ecological footprints, macroeconomic variables like foreign
direct investment, and socio-political variables, among others. Other studies could examine
the cost-benefit analysis of different energy options as they relate to the environment,
economic growth, among others. Future research can employ multi-criteria analyses useful
for quantifying the nexus between the different components.

The global economy is moving towards adopting renewable energy with the intension
of mitigating climate change and reducing CO, emissions; hence, the economies of Africa
should make concerted efforts to develop their renewable energy potential to support
economic growth. This is in line with the UN resolution of the 2015 Paris Agreement that
by the 21st Conference of Parties (COP21) of the United Nations Framework Convention
on Climate Change (UNFCCC), countries should focus on investing in sustainable energy
and de-emphasizing the consumption of fossil fuel, among others. African economies
are encouraged to formulate and implement policies that will encourage consumption
of renewable energy technologies such as laws protecting the production and usage of
domestic solar panels, wind turbine production, granting tax incentives to renewable
energy investments, stimulate green bonds and investment, among others.

Funding: This research received no external funding.

Data Availability Statement: The data for the study are sourced as follows: CO, and RGDP from
World Development Indicators (various issues), agriculture value addition and forest areas from
Food and Agricultural Organization (various issues), and energy consumption data was from OECD.

Acknowledgments: We acknowledge the support of Bowen University Management for proving the
APC for this article.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Wesseh, PK,; Lin, B.; Owusu, M. Delving into Liberia’ s energy economy: Technical change, inter-factor and inter-fuel substitution.
Renew. Sustain. Energy Rev. 2013, 24, 122-130. [CrossRef]

2. Aydin, C; Esen, O. Does the level of energy intensity matter in the effect of energy consumption on the growth of transition
economies? Evidence from dynamic panel threshold analysis. Energy Econ. 2018, 69, 185-195. [CrossRef]

3. Kumar, A; Ranjan, B.; Adebola, S. Analysing the spillovers between crude oil prices, stock prices and metal prices: The importance
of frequency domain in USA. Energy 2021, 220, 119732. [CrossRef]

4. AlKhars, M.; Miah, F,; Qudrat-Ullah, H.; Kayal, A. A systematic review of the relationship between energy consumption and
economic growth in GCC countries. Sustainability 2020, 12, 3845. [CrossRef]

5. Nestico, A.; Maselli, G. Declining discount rate estimate in the long-term economic evaluation of environmental projects. J.
Environ. Account. Manag. 2020, 8, 93-110. [CrossRef]

6. Emir, F; Bekun, E.V. Energy intensity, carbon emissions, renewable energy, and economic growth nexus: New insights from
Romania. Energy Environ. 2019, 30, 427-443. [CrossRef]

7. Tariq, M.; Khan, I; Ali, Q.; Ashfaq, M. The nexus between greenhouse gas emission, electricity production, renewable energy and
agriculture in Pakistan. Renew. Energy 2018, 118, 437-451. [CrossRef]

8.  Akram, R.; Chen, E; Khalid, F; Ye, Z.; Tariq, M. Heterogeneous effects of energy ef fi ciency and renewable energy on carbon
emissions: Evidence from developing countries. J. Clean. Prod. 2020, 247, 119122. [CrossRef]

9.  Sarkodie, S.A. Science of the Total Environment Causal effect of environmental factors, economic indicators and domestic material
consumption using frequency domain causality test. Sci. Total Environ. 2020, 736, 139602. [CrossRef]

10. Inegbedion, H.; Sunday, E.; Asaleye, A.; Lawal, A.; Adebanji, A. Managing Diversity for Organizational Efficiency. SAGE Open
2020, 10, 2158244019900173. [CrossRef]

11.  Adedoyin Isola, L.; Frank, A.; Kehinde Leke, B. Can Nigeria Achieve Millennium Development Goals? . Soc. Sci. Res. 2015,
1,72-78.

12.  Okere, W.; Eluyela, D.F,; Lawal, A.L,; Oyebisi, I.; Eseyin, O.; Popoola, O.; Awe, T.E. Foreign expatriates on board and financial
performance: A study of listed deposit money banks in Nigeria. |. Soc. Sci. Res. 2019, 5, 418-423. [CrossRef]

13. Lawson, L.A. GHG emissions and fossil energy use as consequences of efforts of improving human well-being in Africa. J.

Environ. Manag. 2020, 273, 111136. [CrossRef]


http://doi.org/10.1016/j.rser.2013.03.061
http://doi.org/10.1016/j.eneco.2017.11.010
http://doi.org/10.1016/j.energy.2020.119732
http://doi.org/10.3390/su12093845
http://doi.org/10.5890/JEAM.2020.03.007
http://doi.org/10.1177/0958305X18793108
http://doi.org/10.1016/j.renene.2017.11.043
http://doi.org/10.1016/j.jclepro.2019.119122
http://doi.org/10.1016/j.scitotenv.2020.139602
http://doi.org/10.1177/2158244019900173
http://doi.org/10.32861/jssr.52.418.423
http://doi.org/10.1016/j.jenvman.2020.111136

Energies 2023, 16, 1239 24 of 27

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Isola, A.; Ozturk, I.; Olanipekun, I.O.; John, A. Examining the linkages between electricity consumption and economic growth in
African economies. Energy 2020, 208, 118363. [CrossRef]

Garba, I; Bellingham, R. Energy poverty: Estimating the impact of solid cooking fuels on GDP per capita in developing
countries—Case of sub-Saharan Africa. Energy 2021, 221, 119770. [CrossRef]

Wang, J.; Zhang, S.; Zhang, Q. The relationship of renewable energy consumption to financial development and economic growth
in China. Renew. Energy 2021, 170, 897-904. [CrossRef]

Omri, A.; Belaid, F. Does renewable energy modulate the negative effect of environmental issues on the socio-economic welfare?
J. Environ. Manag. 2021, 278, 111483.

Adewuyi, A.O.; Awodumi, O.B. Biomass energy consumption, economic growth and carbon emissions: Fresh evidence from
West Africa using a simultaneous equation model United States of America. Energy 2017, 119, 453-471. [CrossRef]

Mensah, L.A; Sun, M.; Gao, C.; Omari-Sasu, A.Y.; Zhu, D.; Ampimah, B.C.; Quarcoo, A. Analysis on the nexus of economic
growth, fossil fuel energy consumption, CO, emissions and oil price in Africa based on a PMG panel ARDL approach. J. Clean.
Prod. 2019, 228, 161-174. [CrossRef]

Udemba, E.N.; Gling6r, H.; Bekun, EV,; Kirikkaleli, D. Economic performance of India amidst high CO, emissions. Sustain. Prod.
Consum. 2020, 27, 52—60. [CrossRef]

Khan, Z.; Malik, M.Y,; Latif, K,; Jiao, Z. Heterogeneous effect of eco-innovation and human capital on renewable & non-renewable
energy consumption: Disaggregate analysis for G-7 countries. Energy 2020, 209, 118405. [CrossRef]

Hilfa, N.; Mohamad, A.; Fakhzan, N.; Khalid, N.; Helmi, M. Resources, Conservation & Recycling Effects of agriculture, renewable
energy, and economic growth on carbon dioxide emissions: Evidence of the environmental Kuznets curve. Resour. Conserv. Recycl.
2020, 160, 104879. [CrossRef]

Jin, T.; Kim, J. What is better for mitigating carbon emissions—Renewable energy or nuclear energy? A panel data analysis.
Renew. Sustain. Energy Rev. 2018, 91, 464—471. [CrossRef]

Vidanagama, J.; Lokupitiya, E. Author’s Accepted Manuscript Emissions Associated with Tea and to Appear in: Environmental
Development. Environ. Dev. 2018. [CrossRef]

Muhammad, B. Energy consumption, CO, emissions and economic growth in developed, emerging and Middle East and North
Africa countries. Energy 2019, 179, 232-245. [CrossRef]

Hamit-Haggar, M. Greenhouse gas emissions, energy consumption and economic growth: A panel cointegration analysis from
Canadian industrial sector perspective. Energy Econ. 2012, 34, 358-364. [CrossRef]

Lawal, A.I; Nwanji, T.I.; Adama, J.I.; Otekunrin, A.O. Examining the Nigerian stock market efficiency: Empirical evidence from
wavelet unit root test approach. J. Appl. Econ. Sci. 2017, in press.

Jacques, L.; Keho, Y. Energy consumption, economic growth and carbon emissions: Cointegration and causality evidence from
selected African countries. Energy 2016, 114, 492-497. [CrossRef]

Bamisile, O.; Obiora, S.; Huang, Q.; Yimen, N. ScienceDirect Impact of economic development on CO, emission in Africa; the role
of BEVs and hydrogen production in renewable energy integration. Int. J. Hydrogen Energy 2022, 46, 2755-2773. [CrossRef]
Radmehr, R.; Rastegari, S.; Shayanmehr, S. Renewable Energy Consumption, CO; Emissions, and Economic Growth Nexus: A
Simultaneity Spatial Modeling Analysis of EU Countries. Struct. Chang. Econ. Dyn. 2021, 57, 13-27. [CrossRef]

Usman, M.; Sohail, M.; Makhdum, A.; Kousar, R. Does financial inclusion, renewable and non-renewable energy utilization
accelerate ecological footprints and economic growth? Fresh evidence from 15 highest emitting countries. Sustain. Cities Soc.
2021, 65, 102590. [CrossRef]

Shahbaz, M.; Raghutla, C.; Reddy, K,; Jiao, Z.; Vinh, X. The effect of renewable energy consumption on economic growth:
Evidence from the renewable energy country attractive index. Energy 2020, 207, 118162. [CrossRef]

Saidi, K.; Omri, A. The impact of renewable energy on carbon emissions and economic growth in 15 major renewable energy-
consuming countries. Environ. Res. 2020, 186, 109567. [CrossRef]

Vural, G. Analyzing the impacts of economic growth, pollution, technological innovation and trade on renewable energy
production in selected Latin American countries. Renew. Energy 2021, 171, 210-216. [CrossRef]

Wesseh, PK,, Jr.; Lin, B. Can African countries efficiently build their economies on renewable energy? Renew. Sustain. Energy Rev.
2016, 54, 161-173. [CrossRef]

Ozcan, B.; Ozturk, I. Renewable energy consumption-economic growth nexus in emerging countries: A bootstrap panel causality
test. Renew. Sustain. Energy Rev. 2019, 104, 30-37. [CrossRef]

Balsalobre-lorente, D.; Shahbaz, M.; Roubaud, D.; Farhani, S. How economic growth, renewable electricity and natural resources
contribute to CO, emissions? Energy Policy 2018, 113, 356-367. [CrossRef]

Salahuddin, M.; Alam, K.; Ozturk, I.; Sohag, K. The effects of electricity consumption, economic growth, financial development
and foreign direct investment on CO, emissions in Kuwait. Renew. Sustain. Energy Rev. 2018, 81, 2002-2010. [CrossRef]

Foon, C.; Wah, B.; Ozturk, I. Energy consumption and economic growth in Vietham. Renew. Sustain. Energy Rev. 2016, 54,
1506-1514. [CrossRef]

Azam, M.; Qayyum, A. Testing the Environmental Kuznets Curve hypothesis: A comparative empirical study for low, lower
middle, upper middle and high income countries. Renew. Sustain. Energy Rev. 2016, 63, 556-567. [CrossRef]

Apergis, N.; Payne, J.E. Energy consumption and economic growth in Central America: Evidence from a panel cointegration and
error correction model. Energy Econ. 2009, 31, 211-216. [CrossRef]


http://doi.org/10.1016/j.energy.2020.118363
http://doi.org/10.1016/j.energy.2021.119770
http://doi.org/10.1016/j.renene.2021.02.038
http://doi.org/10.1016/j.energy.2016.12.059
http://doi.org/10.1016/j.jclepro.2019.04.281
http://doi.org/10.1016/j.spc.2020.10.024
http://doi.org/10.1016/j.energy.2020.118405
http://doi.org/10.1016/j.resconrec.2020.104879
http://doi.org/10.1016/j.rser.2018.04.022
http://doi.org/10.1016/j.envdev.2018.03.006
http://doi.org/10.1016/j.energy.2019.03.126
http://doi.org/10.1016/j.eneco.2011.06.005
http://doi.org/10.1016/j.energy.2016.08.010
http://doi.org/10.1016/j.ijhydene.2020.10.134
http://doi.org/10.1016/j.strueco.2021.01.006
http://doi.org/10.1016/j.scs.2020.102590
http://doi.org/10.1016/j.energy.2020.118162
http://doi.org/10.1016/j.envres.2020.109567
http://doi.org/10.1016/j.renene.2021.02.072
http://doi.org/10.1016/j.rser.2015.09.082
http://doi.org/10.1016/j.rser.2019.01.020
http://doi.org/10.1016/j.enpol.2017.10.050
http://doi.org/10.1016/j.rser.2017.06.009
http://doi.org/10.1016/j.rser.2015.10.083
http://doi.org/10.1016/j.rser.2016.05.052
http://doi.org/10.1016/j.eneco.2008.09.002

Energies 2023, 16, 1239 25 of 27

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Cowan, W.N,; Chang, T.; Inglesi-Lotz, R.; Gupta, R. The nexus of electricity consumption, economic growth and CO, emissions in
the BRICS countries. Energy Policy 2014, 66, 359-368. [CrossRef]

Shahbaz, M.; Sarwar, S.; Chen, W.; Nasir, M. Dynamics of electricity consumption, oil price and economic growth: Global
perspective. Energy Policy 2017, 108, 256-270. [CrossRef]

Al-Mulali, U.; Normee, C.; Che, B. The impact of energy consumption and CO, emission on the economic growth and financial
development in the Sub Saharan African countries. Energy 2012, 39, 180-186. [CrossRef]

Sohrabi, C.; Alsafi, Z.; O’'Neill, N.; Khan, M.; Kerwan, A.; Al-Jabir, A.; Iosifidis, C.; Agha, R. World Health Organization declares
global emergency: A review of the 2019 novel coronavirus (COVID-19). Int. ]. Surg. 2020, 76, 71-76. [CrossRef] [PubMed]
Ivanovski, K.; Hailemariam, A.; Smyth, R. The effect of renewable and non-renewable energy consumption on economic growth:
Non-parametric evidence. J. Clean. Prod. 2021, 286, 124956. [CrossRef]

Waheed, R.; Sarwar, S.; Dignah, A. The role of non-oil exports, tourism and renewable energy to achieve sustainable economic
growth: What we learn from the experience of Saudi Arabia. Struct. Chang. Econ. Dyn. 2020, 55, 49-58. [CrossRef]

Ma, M.; Velayutham, E. Renewable and non-renewable energy consumption-economic growth nexus: New evidence from South
Asia. Renew. Energy 2022, 147, 399-408.

Baz, K; Xu, D.; Ali, H.; Alj, I; Khan, L; Khan, M.M.; Cheng, J. Science of the Total Environment Asymmetric impact of energy
consumption and economic growth on ecological footprint: Using asymmetric and nonlinear approach. Sci. Total Environ. 2020,
718, 137364. [CrossRef]

Sun, Q.; Gao, X.; An, H,; Guo, S,; Liu, X.; Wang, Z. International Review of Financial Analysis Which time-frequency domain
dominates spillover in the Chinese energy stock market? Int. Rev. Financ. Anal. 2021, 73, 101641. [CrossRef]

Ahn, S.; Neary, V.S. Wave energy resource characterization employing joint distributions in frequency-direction-time domain.
Appl. Energy 2021, 285, 116407. [CrossRef]

Bozoklu, S.; Yilanci, V. Energy consumption and economic growth for selected OECD countries: Further evidence from the
Granger causality test in the frequency domain. Energy Policy 2013, 63, 877-881. [CrossRef]

Omoju, O.E.; Li, J.; Zhang, J.; Rauf, A.; Sosoo, V.E. Implications of shocks in energy consumption for energy policy in sub-Saharan
Africa. Energy Environ. 2019, 31, 1077-1097. [CrossRef]

Prince, S.; Adeleye, N. Environmental preservation amidst carbon emissions, energy consumption, and urbanization in selected
african countries: Implication for sustainability. J. Clean. Prod. 2021, 285, 125409. [CrossRef]

Brini, R. Renewable and non-renewable electricity consumption, economic growth and climate change: Evidence from a panel of
selected African countries. Energy 2021, 223, 120064. [CrossRef]

Ndlovu, V.; Inglesi-Lotz, R. The causal relationship between energy and economic growth through research and development
(R&D): The case of BRICS and lessons for South Africa. Energy 2020, 199, 117428. [CrossRef]

Akadiri SSaint Bekun, F.V,; Sarkodie, S.A. Contemporaneous interaction between energy consumption, economic growth and
environmental sustainability in South Africa: What drives what? Sci. Total Environ. 2019, 686, 468-475. [CrossRef]

Moutinho, V.; Madaleno, M.; Elheddad, M. Determinants of the Environmental Kuznets Curve considering economic activity
sector diversification in the OPEC countries. J. Clean. Prod. 2020, 271, 122642. [CrossRef]

Khan, H,; Khan, L; Tien, T. The heterogeneity of renewable energy consumption, carbon emission and financial development in
the globe: A panel quantile regression approach. Energy Rep. 2020, 6, 859-867. [CrossRef]

Stefan, D.; Catalina, C.; Cristian, S.; Vasile, J. Understanding the multidimensional linkages among renewable energy, pollution,
economic growth and urbanization in contemporary economies: Quantitative assessments across different income countries’
groups. Renew. Sustain. Energy Rev. 2021, 142, 110818. [CrossRef]

Ma, M.; Benjamin, X.V. The nexus between renewable energy, economic growth, trade, urbanisation and environmental quality:
A comparative study for Australia and Canada. Renew. Energy 2020, 155, 617-627.

Sharma, R.; Sinha, A.; Kautish, P. Does renewable energy consumption reduce ecological footprint? Evidence from eight
developing countries of Asia. J. Clean. Prod. 2021, 285, 124867. [CrossRef]

Shahzad, U.; Fareed, Z.; Shahzad, F,; Shahzad, K. Investigating the nexus between economic complexity, energy consumption and
ecological footprint for the United States: New insights from quantile methods. J. Clean. Prod. 2021, 279, 123806. [CrossRef]
Osadume, R.; University, E.O. Impact of economic growth on carbon emissions in selected West African countries, 1980-2019. J.
Money Bus. 2021, 1, 8-23. [CrossRef]

Fatai, F.; Ozturk, L; Oluwatoyin, M.; Agboola, P.O.; Victor, F. The implications of renewable and non-renewable energy generating
in Sub-Saharan Africa: The role of economic policy uncertainties. Energy Policy 2021, 150, 112115. [CrossRef]

Yasmeen, H.; Tan, Q.; Zameer, H.; Vinh, X.; Shahbaz, M. Discovering the relationship between natural resources, energy
consumption, gross capital formation with economic growth: Can lower financial openness change the curse into blessing. Resour.
Policy 2021, 71, 102013. [CrossRef]

Kouton, J. The asymmetric linkage between energy use and economic growth in selected African countries: Evidence from a
nonlinear panel autoregressive distributed lag model. Energy Econ. 2019, 83, 475-490. [CrossRef]

Maji, LK.; Adamu, S. The impact of renewable energy consumption on sectoral environmental quality in Nigeria. Clean. Environ.
Syst. 2021, 2, 100009. [CrossRef]

Gerard, T.; Hamilton, A.; Kelly, S. Low carbon energy scenarios for sub-Saharan Africa: An input-output analysis on the e ff ects
of universal energy access and economic growth. Energy Policy 2017, 105, 303-319. [CrossRef]


http://doi.org/10.1016/j.enpol.2013.10.081
http://doi.org/10.1016/j.enpol.2017.06.006
http://doi.org/10.1016/j.energy.2012.01.032
http://doi.org/10.1016/j.ijsu.2020.02.034
http://www.ncbi.nlm.nih.gov/pubmed/32112977
http://doi.org/10.1016/j.jclepro.2020.124956
http://doi.org/10.1016/j.strueco.2020.06.005
http://doi.org/10.1016/j.scitotenv.2020.137364
http://doi.org/10.1016/j.irfa.2020.101641
http://doi.org/10.1016/j.apenergy.2020.116407
http://doi.org/10.1016/j.enpol.2013.09.037
http://doi.org/10.1177/0958305X19882401
http://doi.org/10.1016/j.jclepro.2020.125409
http://doi.org/10.1016/j.energy.2021.120064
http://doi.org/10.1016/j.energy.2020.117428
http://doi.org/10.1016/j.scitotenv.2019.05.421
http://doi.org/10.1016/j.jclepro.2020.122642
http://doi.org/10.1016/j.egyr.2020.04.002
http://doi.org/10.1016/j.rser.2021.110818
http://doi.org/10.1016/j.jclepro.2020.124867
http://doi.org/10.1016/j.jclepro.2020.123806
http://doi.org/10.1108/JMB-03-2021-0002
http://doi.org/10.1016/j.enpol.2020.112115
http://doi.org/10.1016/j.resourpol.2021.102013
http://doi.org/10.1016/j.eneco.2019.08.006
http://doi.org/10.1016/j.cesys.2021.100009
http://doi.org/10.1016/j.enpol.2017.02.012

Energies 2023, 16, 1239 26 of 27

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.
91.

92.

93.

94.

95.

Adams, S.; Nsiah, C. Science of the Total Environment Reducing carbon dioxide emissions; Does renewable energy matter? Sci.
Total Environ. 2019, 693, 133288. [CrossRef]

Wang, Q.; Wang, L. Renewable energy consumption and economic growth in OECD countries: A nonlinear panel data analysis.
Energy 2020, 207, 118200. [CrossRef]

Dogan, E.; Altinoz, B.; Madaleno, M.; Taskin, D. The impact of renewable energy consumption to economic growth: A replication
and extension of Inglesi-Lotz (2016). Energy Econ. 2020, 90, 104866. [CrossRef]

Chica-Olmo, J.; Sari-Hassoun, S.; Moya-Fernandez, P. Spatial relationship between economic growth and renewable energy
consumption in 26 European countries. Energy Econ. 2020, 92, 104962. [CrossRef]

Akram, R.; Chen, F; Khalid, F.; Huang, G.; Irfan, M. Heterogeneous effects of energy efficiency and renewable energy on economic
growth of BRICS countries: A fixed effect panel quantile regression analysis. Energy 2021, 215, 119019. [CrossRef]

Vellingiri, B.; Jayaramayya, K.; Iyer, M.; Narayanasamy, A.; Govindasamy, V.; Giridharan, B.; Ganesan, S.; Venugopal, A.;
Venkatesan, D.; Ganesan, H.; et al. Science of the Total Environment COVID-19: A promising cure for the global panic. Sci. Total
Environ. 2020, 725,138277. [CrossRef] [PubMed]

Ito, K. CO; emissions, renewable and non-renewable energy consumption, and economic growth: Evidence from panel data for
developing countries. Int. Econ. 2017, 151, 1-6. [CrossRef]

Alvarado, R.; Deng, Q.; Tillaguango, B.; Ahmad, M.; Bravo, D. Do economic development and human capital decrease non-
renewable energy consumption? Evidence for OECD countries. Energy 2021, 215, 119147. [CrossRef]

Korkut, U.; Emre, A. Investigating the EKC hypothesis with renewable energy consumption, human capital, globalization
and trade openness for China: Evidence from augmented ARDL approach with a structural break. Energy 2021, 216, 119220.
[CrossRef]

Assi, AE; Isiksal, A.Z.; Tursoy, T. Renewable energy consumption, financial development, environmental pollution, and
innovations in the ASEAN b 3 group: Evidence from (P-ARDL) model. Renew. Energy 2021, 165, 689-700. [CrossRef]

Sharif, A.; Baris-Tuzemen, O.; Uzuner, G.; Ozturk, I.; Sinha, A. Revisiting the role of renewable and non-renewable energy
consumption on Turkey’ s ecological footprint: Evidence from Quantile ARDL approach. Sustain. Cities Soc. 2020, 57, 102138.
[CrossRef]

Bhattacharya, M.; Awaworyi, S.; Reddy, S. The dynamic impact of renewable energy and institutions on economic output and
CO; emissions across regions. Renew. Energy 2017, 111, 157-167. [CrossRef]

Sharif, A.; Ali, S.; Ozturk, I.; Afshan, S. The dynamic relationship of renewable and nonrenewable energy consumption with
carbon emission: A global study with the application of heterogeneous panel estimations. Renew. Energy 2019, 133, 685-691.
[CrossRef]

Tansel, C.; Topcu, M. Total, renewable and non-renewable energy consumption and economic growth: Revisiting the issue with
an asymmetric point of view. Energy 2018, 152, 64-74. [CrossRef]

Zhang, L.; Li, Z.; Jia, X,; Tan, R.R.; Wang, F. Targeting carbon emissions mitigation in the transport sector—A case study in
Urumgqi, China. J. Clean. Prod. 2020, 259, 120811. [CrossRef]

Aydin, M.; Korkut, U. Are shocks to disaggregated renewable energy consumption permanent or temporary for the USA? Wavelet
based unit root test with smooth structural shifts. Energy 2020, 207, 118245. [CrossRef]

Lawal, A.L; Oseni, E.; Lawal-adedoyin, B.B.; Dicktonye, A.O.; Ogunwole, E.B. Examining rational bubbles in global natural gas
prices: Evidence from frequency domain estimates. Energy Strategy Rev. 2022, 44, 100979. [CrossRef]

Lawal, A.L; Salisu, A.A.; Asaleye, A.J.; Oseni, E.; Lawal-Adedoyin, B.B.; Dahunsi, S.0.; Omoju, E.O.; DickTonye, A.O.; Ogunwole,
E.B.; Babajide, A.A. Economic Growth, Exchange Rate and Remittance Nexus: Evidence from Africa. J. Risk Financ. Manag. 2022,
15, 235. [CrossRef]

Mensi, W.; Tiwari, A K.; Al-Yahyaee, K.H. An analysis of the weak form efficiency, multifractality and long memory of global,
regional and European stock markets. Q. Rev. Econ. Financ. 2018, 72, 168-177. [CrossRef]

Saberi, A.; Athienitis, A K. A frequency domain transfer function methodology for thermal characterization and design for energy
flexibility of zones with radiant systems. Renew. Energy 2021, 163, 1033-1045. [CrossRef]

Breitung, J. Rank Tests for Nonlinear Cointegration. J. Bus. Econ. Stat. 2001, 19, 331-340. [CrossRef]

Bodart, V.; Candelon, B.; Carpantier, J. Real exchanges rates, commodity prices and structural factors in developing countries. J.
Int. Money 2015, 51, 264-284. [CrossRef]

Croux, C.; Reusens, P. Do stock prices contain predictive power for the future economic activity? A Granger causality analysis in
the frequency domain. J. Macroecon. 2013, 35, 93-103. [CrossRef]

Gorus, M.S.; Aydin, M. The relationship between energy consumption, economic growth, and CO, emission in MENA countries:
Causality analysis in the frequency domain. Energy 2019, 168, 815-822. [CrossRef]

Aydin, M. Natural gas consumption and economic growth nexus for top 10 natural Gas-Consuming countries: A granger
causality analysis in the frequency domain. Energy 2018, 165, 179-186. [CrossRef]

Aydin, M. Renewable and non-renewable electricity consumption e economic growth nexus: Evidence from OECD countries.
Renew. Energy 2019, 136, 599-606. [CrossRef]


http://doi.org/10.1016/j.scitotenv.2019.07.094
http://doi.org/10.1016/j.energy.2020.118200
http://doi.org/10.1016/j.eneco.2020.104866
http://doi.org/10.1016/j.eneco.2020.104962
http://doi.org/10.1016/j.energy.2020.119019
http://doi.org/10.1016/j.scitotenv.2020.138277
http://www.ncbi.nlm.nih.gov/pubmed/32278175
http://doi.org/10.1016/j.inteco.2017.02.001
http://doi.org/10.1016/j.energy.2020.119147
http://doi.org/10.1016/j.energy.2020.119220
http://doi.org/10.1016/j.renene.2020.11.052
http://doi.org/10.1016/j.scs.2020.102138
http://doi.org/10.1016/j.renene.2017.03.102
http://doi.org/10.1016/j.renene.2018.10.052
http://doi.org/10.1016/j.energy.2018.03.128
http://doi.org/10.1016/j.jclepro.2020.120811
http://doi.org/10.1016/j.energy.2020.118245
http://doi.org/10.1016/j.esr.2022.100979
http://doi.org/10.3390/jrfm15060235
http://doi.org/10.1016/j.qref.2018.12.001
http://doi.org/10.1016/j.renene.2020.06.131
http://doi.org/10.1198/073500101681019981
http://doi.org/10.1016/j.jimonfin.2014.11.021
http://doi.org/10.1016/j.jmacro.2012.10.001
http://doi.org/10.1016/j.energy.2018.11.139
http://doi.org/10.1016/j.energy.2018.09.149
http://doi.org/10.1016/j.renene.2019.01.008

Energies 2023, 16, 1239 27 of 27

96. Pesaran, M.H.; Yamagata, T. Testing slope homogeneity in large panels. J. Econ. 2008, 142, 50-93. [CrossRef]
97.  Adewuyi, A.O.; Awodumi, O.B.; Abodunde, T.T. Analysing the gold-stock nexus using VARMA-BEKK-AGARCH and Quantile
regression models: New evidence from South Africa and Nigeria. Resour. Policy 2019, 61, 348-362. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1016/j.jeconom.2007.05.010
http://doi.org/10.1016/j.resourpol.2019.02.015

	Introduction 
	Literature Review 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

