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Abstract

This study examines the impact of renewable energy consumption and electricity tariff on the economy of Nigeria. The study
considers the casual relationship and vector decomposition between various renewable energy sources (solar, hydro and biomass),
electricity price and Gross domestic product (GDP) using an unrestricted vector error correction model (VECM). In addition, other
robust econometric techniques were applied to the time series of GDP, electricity price and energy consumption from renewable
energy sources from 1980 to 2021. The findings indicated a 1% increase in biomass consumption causes increase in GDP by 0.14%
in the long-run. Mixed result in the short-run with the difference in the log value of the current lag of solar and bio electricity
consumption having positive impact on GDP. The coefficient of the Error Correction Model (ECM) was negative (-0.49) and
statistically significant indicating that short-run change from the long-run equilibrium is corrected by 49% annually. Unidirectional
causality from GDP to solar electricity consumption. Solar, hydro, biomass and electricity price explain 1.4%, 0.4% 2.2% & 12%
respectively of fluctuations in GDP in the long-run. The study results demonstrates that regulations need to be put in place to control
the adverse effect of consuming biomass on the environment which could cause mixed impact on gross domestic product in the
short run whereas, policies to foster development of solar projects could impact positively on GDP and alleviate the electricity
supply deficiency in Nigeria.
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1. Introduction

Energy is an important resource for sustainable develop-
ment. Energy consumption of a nation reflects its growth.
With civilization continuously growing and the standard of
living improving, the demand for power has increased greatly.
As mentioned in [1], there is constant depletion in energy and
any disturbance in the supply of non- renewable energy will in
turn affect non-renewable-dependent activities and nations,

and as such, there are serious risks associated with the price of
energy. The International Energy Agency [2] reports that
current trends in energy supply are still economically, envi-
ronmentally, and socially unsustainable. Therefore, a lot of
countries are challenged with energy security and there is a
new demand for renewable energy. Nigeria is blessed with
numerous natural resources both renewable and
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non-renewable. Despite the immense natural resources be-
stowed in Nigeria in the form of natural gas, oil, and coal, the
government is still unable to give a long-term solution to the
power sector problem which is plagued by inefficiencies and
insufficient transmission infrastructure.

The economic performance of a nation can be measured
using Gross Domestic Production (GPD). Using the ex-
penditure approach, GDP can be said to be the sum of all
consumption expenditure, investment expenditure, govern-
ment expenditure and net export, with importations impacting
negatively on the GDP. GDP is a crucial metric for assessing
the overall economic health and growth of a nation. It helps
policymakers, economists, and investors understand the size
of the economy, track changes in economic activity, and
formulate policies for sustainable development.

Nigeria loses about 13 bn/year USD on imported
self-generating plants for electricity [3], and even much more
if the fuels imported to run these self-generating plants are
accounted for due to the state of the Nigerian refineries. This
is not only to the dismay of the economy, but also to the
people as these generators cause pollution and health prob-
lems to the residents. Recently, there has been a bill to stop
importation of these generators, but to what end will this be as
the Nigerian power sector is under-performing as the year
goes by even with the current restructuring, the issues con-
cerning transmission and distribution losses continue.

Shahid et al [4] in their research “Impact of Electricity
Consumption on Economic Growth: An Application of Vector
Error Correction Model and Artificial Neural Networks” used
the dataset of the annual interval, starting from 1961 to 2015.
Utilizes the Johansen Cointegration (JC) approach to find a
long-run relationship along with a Vector Error Correction
Model (VECM) methodology to identify equilibrium nexus
between electricity consumption and economic growth in
Pakistan. The JC approach finds the long-run relationship
between economic growth, electrical consumption, electrical
generation, and electricity shortage. VECM methodology
reveals the short-run as well as a long-run nexus among the
variables.

Jacob and Viviana [5] estimated the elasticity of the
long-run relationship between energy consumption and GDP
for 10 countries in Latin America from 1971 to 2007. The
authors employed panel cointegration test to determine if such
a long-run relationship exists, and Westerlund's (2006) [6]
cointegration test for panel data is used to estimate the slopes
of the long-run relationship variables. The result shows that
cointegration between the two variables and a bidirectional
relationship is found to exist between GDP and energy con-
sumption in both directions and that there is a positive sig-
nificant relationship between GDP and energy consumption.

Nigeria is the 11th largest producer of oil in the world with
a production of 1.8 million barrels per day. 85% of govern-
ment revenue is gotten from oil revenue which also accounts
for 1/5 of GDP and 90% of export incomes. However, the
impact on the country’s power sector has been little or noth-

ing.

About 55% of the total Nigerian population do not have
access to electricity and those who have access are challenged
with power supply irregularities caused by systematic issues
such as the supply of gas, power generation, transmission, and
distribution. Therefore, extra support must be available to
complement these mishaps. With the current developments in
renewable technology, renewable energy sources can be har-
nessed to complement Nigeria’s electricity sector.

2. Literature Review

The impact of renewable energy consumption on GDP is a
complex and multifaceted topic. While it can contribute to
economic growth through various channels, the extent of its
impact depends on factors such as the scale of adoption, in-
vestment, and the overall energy landscape. The widespread
adoption of renewable energy can stimulate economic growth
by creating jobs in manufacturing, installation, and mainte-
nance of solar infrastructure [7]. Solar power can lead to
reduced energy costs for businesses, freeing up resources that
can be redirected to other productive sectors, thus contrib-
uting to GDP growth [8]. Reliable and affordable solar power
can enhance the productivity of industries and businesses,
making them more competitive in the global market [9]. The
reduction of environmental and health costs associated with
traditional energy sources through the adoption of solar power
can indirectly contribute to GDP by improving overall public
health and reducing healthcare expenditures [10]. Solar power
projects often require substantial investment, contributing to
infrastructure development. Increased investment in the re-
newable energy sector can have positive spillover effects on
the overall economy [11].

Asafu-Adjaye [12] explored the intricate relationship be-
tween energy consumption, energy prices, and economic
growth in Asian developing countries. The study employs a
time series analysis to investigate the long-term dynamics of
these variables. By doing so, it contributes valuable insights
into how changes in energy consumption and prices impact
the economic development of Asian nations. The findings
from this study are crucial for policymakers and researchers
aiming to understand the complex interplay between energy
factors and economic growth in the context of developing
economies.

Lee and Chang [13] revisited the relationship between en-
ergy consumption and GDP, utilizing a panel analysis that
includes both developed and developing countries. The study
contributes to the ongoing discussion on the energy-GDP
nexus by considering a diverse set of countries. The panel
analysis allows for a nuanced understanding of how different
economic contexts may influence the relationship between
energy consumption and economic growth. Policymakers and
researchers can benefit from the insights provided in this
study to formulate energy policies that align with the specific
needs and conditions of both developed and developing na-
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tions.

Wolde-Rufael [14] focused on the relationship between
electricity consumption and economic growth in 17 African
countries, using a time series analysis. The study provides a
nuanced understanding of how electricity usage influences the
economic development of these nations. By considering the
unique context of African countries, the research sheds light
on the potential contributions of electricity to economic
growth in a region that faces diverse challenges. The findings
are valuable for policymakers and stakeholders interested in
enhancing energy infrastructure and stimulating economic
progress in African nations. Apergis and Payne [15] examined
the relationship between renewable energy consumption and
economic growth in a panel of OECD countries. By em-
ploying panel data analysis, the study provides a comprehen-
sive perspective on how the adoption of renewable energy
sources may impact the economic development of industri-
alized nations. The findings are relevant for policymakers
aiming to balance economic growth with sustainable energy
practices, offering insights into the potential of renewable
energy to drive economic progress in advanced economies.

Nwosa and Akinbobola [16] used pairwise causal rela-
tionship method of causality to investigate aggregate energy
consumption and sectoral real output in Nigeria for the period
between 1980 and 2010. The study adopted unit root test,
Engel and Granger cointegration approach, and there was no
cointegration found among the variables, and the estimates
were analyzed using bivariate Vector auto Regressive (VAR)
Granger causality approach. The analysis found a bidirec-
tional causality between aggregate energy consumption and
agricultural output and unidirectional causality ran from real
service output to aggregate energy consumption. Chitedze et
al [17] examined the extent at which electricity consumption
(EC) has contributed to real sector performance, to identify
energy-dependent sectors of the economy for appropriate
sector-specific policy interventions and to avoid energy con-
servation policies that may retard the growth of the real sector
and economic growth in general. The authors used time series
data, covering the period between 1981 and 2015. Various
time series econometric analyses such as unit root test for
stationarity and vector autoregressive and vector error cor-
rection models were used to establish the long-run and
short-run cointegration relationship among the variables. The
findings were that energy consumption displays insignificant
impact on manufacturing sector output, as well as agriculture
and service outputs. The empirical result from causality test
suggests a unidirectional causality running from agriculture to
energy consumption, as well as service sector to energy
consumption, whereas bidirectional causality runs between
energy consumption and manufacturing sector.

Apergis and Payne [18] used panel data analysis to inves-
tigate the relationship between renewable energy consump-
tion and economic growth in Central America. Panel cointe-
gration and causality tests may have been employed to assess
the long-run dynamics. By focusing on renewable energy

consumption, the study contributes to the sustainability dis-
course. The panel data approach considers the heterogeneity
of Central American countries, enhancing the applicability of
the findings to the region. Challenges could include data
availability and the need to consider specific regional char-
acteristics that influence the renewable energy—growth nexus.
Narayan and Popp [19] studied the nexus between energy
consumption and real GDP of Africa, and G6 countries. The
result confirm that real GDP and energy consumption are
panel non-stationary in level form and panel cointegrated.
Only 5 out of the 25 countries showed evidence of a long-run
panel causality relationship. Two of these countries (Cote
d'lvoire and Mozambique) had negative estimates, implying
an increase in energy consumption will reduce GDP while in
three of the countries (Uganda, Zambia, and Zimbabwe) the
estimate is positive, implying that an increase in energy
consumption will boost real GDP. On the other hand, in 14 out
of the 25 countries (including Nigeria), real GDP Granger
causes energy consumption, suggesting that an increase in
real GDP will reduce energy consumption.

Marinas, Dinu, Socol and Socol [20] tested the correlation
between economic growth and renewable energy consump-
tion for ten European Union (EU) member states from Central
and Eastern Europe (CEE) in the period 1990 to 2014, using
Autoregressive and Distributed Lag (ARDL) modeling pro-
cedure, a technique that captures causal relationships both on
a short run and on a long run. They found that in the short run,
the Gross Domestic Product (GDP) and Renewable Energy
Consumption (REC) dynamics are independent in Romania
and Bulgaria, while in Hungary, Lithuania, and Slovenia an
increasing renewable energy consumption improves the
economic growth. The hypothesis of bi-directional causality
between renewable energy consumption and economic
growth is validated in the long run for both the whole group of
analyzed countries as well as in the case of seven CEE states
which were studied individually.

Maji, Chindo, and Rahim [21] study was on Renewable
energy consumption and economic growth nexus: A fresh
evidence from West Africa. They estimated the impact of
renewable energy on economic growth in West African
countries using panel dynamic ordinary least squares (DOLS)
by employing a sample of 15 West African countries covering
the 1995 to 2014 period. Their results indicated that renewa-
ble energy consumption slows down economic growth in
these countries. This, they attributed to the nature and source
of renewable energy used in West Africa, which is majorly
wood biomass. The wood biomasses used in West Africa are
usually unclean and highly polluting when burnt. On the other
hand, the use of clean energy sources like solar, wind and
hydropower which does not have a side effect on human
health and the environment is less in West Africa. As such,
renewable energy use can slow down economic growth by
lowering productivity when unclean and inefficient sources
are used.

Jebli and Youssef [22] did their study on Economic growth,
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combustible renewables and waste consumption, and CO,
emissions in North Africa. They used panel cointegration
techniques and Granger causality tests to examine the dy-
namic causal link between per capita real gross domestic
product (GDP), combustible renewables and waste (CRW)
consumption, and CO, emissions for a panel of five North
African countries during the period 1971 to 2008. The result
shows that increase in combustible renewables, waste con-
sumption and emissions lead to economic growth. Their
Granger causality test results suggest short- and long-run
unidirectional causalities running from CO, emissions and
CRW consumption to real GDP and a short-run unidirectional
causality running from CRW to CO, emissions. Amri [23]
examined the relationship between economic growth and
energy consumption under two categories- renewable and
non-renewable energy consumption. The findings from the
ARDL model supported a long run relationship between
economic growth and non-renewable energy consumption but
no co-integration was found between renewable energy con-
sumption and economic growth. The results posited bidirec-
tional causality between non-renewable energy consumption
and economic growth both in the short run and long run.
Furthermore, the results revealed a unidirectional causality
flowing from renewable energy consumption to economic
growth in the long-run.

Abdalla et al [24] highlighted solar energy applications and
their role in sustainable development and considers renewable
energy’s overall employment potential. It provides insights
and analysis on solar energy sustainability, including envi-
ronmental and economic development.

The assessment conducted on the nexus between energy
consumption and economic development revealed that the
economic growth-electricity consumption nexus remains
inconclusive as mixed results were found among the various

studies. This variation in the results may be attributed to dif-
ference in estimation techniques, model specification, data
characteristics and development level of the country. Majority
of the studies within the Nigeria environment has been on
impact of electricity consumption alone on economy without
inclusion of electricity price. Previous studies did not also
disintegrate renewable consumption into various sources
(solar, hydro and biomass). This disintegration would help
specify the direction of investment or policy.

This research examines the influence of renewable energy
consumption on economic development. It specifically anal-
yses the influence of energy consumption from solar, hydro,
biomass, and electricity price on the economic development
of Nigeria.

3. Methodology

This research employs an ex-post facto research design to
study the impact of renewable energy consumption on the
economy of Nigeria between 1980 to 2021. Empirical
econometric approach is adopted in analyzing data on the
research variables. Data collection procedure is non- proba-
bilistic. Based on the perceived causal relationship between
the identified variables of the research problem of interest, a
multiple regression model is specified to forge a link between
the sets of variables.

The model of interest is as presented in equation 1.

GDP= f(Solar, Hydro, Biomass, Electricity Price, €) (1)

To simplify the estimate process, equation 1 is converted
into a log-log form as follows:

log(GDP,) = a; + Bso 108(SOLAR:) + Buyprolog(HYDRO,) + BgioLog(BIO.) + BpricgLog(EPRICE,) + &, (2)

Where:
GDP; = Gross domestic product at lag t
a = Coefficent of the intercept
SOLAR; = Solar energy consumption at lag t
BsoL = Coefficent of solar energy consumption
HYDRO, = Hydro electricity consumption at lag t
Bhypro = Coefficent of hydro electricity consumption
BIO; = Bioenergy consumption at lag t
Brio = Coefficent of bio energy consumption
EPRICE; = Electricity price at lag t
Berice = Coefficent of electricity price
g = error term
In order to verify that the data meet the fundamental re-

quirements of ordinary Least Squares estimation, the sto-
chastic characteristics of the series were examined. This re-
search utilized the Augmented Dickey-Fuller (ADF) approach,
which is one of many techniques available for testing the
order of integration. A combination of stationary (1(0)) and
non-stationary (I(1)) variables led to the selection of the
ARDL model as the optimal econometric method for this
study. With an appropriate number of samples, the Auto Re-
gressive Distributed Lag (ARDL) method may build both
short- and long-term connexions at the same time. It evaluates
cross-variable cointegration utilising the OLS method. The
variables under consideration have the following ARDL
equation:

Alo g(GDP,) =

a; + X1, 8,Alog(GDP,_)) + Zf::l Bsornlog(SOL;_,) + 2312:1 Buypronlog(HYDRO,_,) + 2?{7’:1 Beionlog(BI10,_y) +

Y2 Bericenlog(EPRICE, ) + &, (3)
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Alo g(GDP,) = agq + by1log(GDP;_;) + by1log(SOL._,,) + b3;log(HYDRO,_,,)) + b, log(BIO,_,) + bs1log(EP;_,,) +
Y51 810log(GDP,_)) + Y11 BsorarnAlog (SOL—p) + Y121 BuypronAlog(HYDRO, ) + X2, BrionAlog(BIO,_,) +
Y1 BericenAlog(EPRICE, ) + &, (4)

The lag length of the ARDL model was determined by uti-
lizing the Schwartz Information Criterion (SIC) because it has
the lowest magnitude compared to Akaike info criterion (AIC)
and Hannan-Quinn criterion and utilizing a lag length of two
(2) for both the regressors and the regress. The long run and
short run dynamics were estimated using the Bounds Test and
the Error correction equation respectively (equation 4). The
Granger causality test and the vector error correction model
(VECM) were used to investigate the impact on electricity
consumption from renewable energy sources (solar, hydro
and biomass) from the shocks to the Nigerian Economy.

4. Result

Following the standard procedures for variables with time
series properties, we consider the individual and group statis-

tical features of the series starting with the descriptive statis-
tics. The mean statistic shows that average electricity con-
sumption is relatively higher for hydroelectricity sources
compared to other renewable electricity sources. More so, the
statistical summary for GDP shows that yearly average GDP
for Nigeria is 201 Billion US dollars within the period of
analysis. The statistical analysis of the data series shows the
mean, standard deviation, skewness, kurtosis, and
Jarque-Bera. We use the linear form of the datasets to compare
the moments of the distribution of the data series. The raw
form of the time series of gross domestic product (GDP), and
electricity consumed from biomass sources are positively
skewed and platykurtic. Electricity consumed from solar
sources and electricity prices are positively skewed and lep-
tokurtic while electricity consumed from hydroelectricity
sources is negatively skewed and platykurtic.

Table 1. Data Descriptive Analysis.

Gross Domestic Electricity Con-

Electricity Con-

ElGEATE T CEMAL e Electricity Price

Product GDP sumption from So- sumption from Hy- tion from Biomass

[BUSD] lar [billion kWh] dro [billion kwh [billion kwh #/kwhl
Mean 201.3 0.0 55 0.0 114
Std. Dev. 174.6 0.0 1.8 0.0 145
Maximum 574.2 0.0 8.4 0.0 45.6
Minimum 27.8 0.0 1.9 0.0 0.8
Skewness 0.7 1.6 -0.3 0.2 14
Kurtosis 1.9 4.0 2.3 15 3.4
Jarque-Bera  5.4* 18.9*** 14 4.5 13.0***
Observations 42 42 42 42 42

Positive Skewness
and Leptokurtic

Positive Skewness
and Platykurtic

To visually inspect any possible co-movement between
GDP, and electricity consumption from renewable electricity
sources and electricity price, we plot the GDP, against each of
the selected electricity consumption indexes and electricity
prices (Figure 1). The evidence of possible interaction be-
tween GDP and electricity consumption seems obvious alt-
hough it appears to be more pronounced for the

Negative Skewness
and Platykurtic

Positive Skewness
and Leptokurtic

Positive Skewness and
Platykurtic

non-renewable energy sources and hydroelectricity. As con-
ventional for time series with large T, we subject the relevant
variables to unit root test. We find that the various electricity
consumption indexes are integrated of order zero [I(1)]. The
unit root test results affirm the appropriateness of our choice
of ARDL model as the preferred estimation framework in the
context of this study.
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Figure 1. Plot of GDP with electricity price, solar, hydro and biomass electricity consumption.

none, constant and constant plus trend specification respec-
4.1. Unit Root Test tively. We observe from the level of significance, the rejection
of the null hypothesis for the stationary model for the varia-
Table 2 shows the report of stationarity analysis carried out bles after taking the first difference.
on the level 1(0) and the first difference I(1) state representing

Table 2. Augmented Dickey Fuller (ADF) Unit Root Analysis.

Level First Difference
Variable None None 1(n)
Constant Constant & Trend Constant Constant & Trend
LGDP -0.3201 -2.8348 0.3400 -4.9999*** -5.1828*** -4.9876*** 1(2)
LSOL_EC -0.2753 -1.8676 -1.2461 -6.3847*** -6.4662*** -6.2224*** 1(2)
LHYDRO EC -1.5899 -2.1237 0.7274 -7.7392*** -7.7555%** -7.4603*** 1(2)
LBIO_EC -0.9855 -1.9971 -1.4158 -6.3377*** -6.2545%** -6.2444%** 1(2)
LEPRICE 0.3056 -2.3985 2.4474 -5.7772%** -5.7907%** -4.8848*** 1(2)

**x %% % |ndicates the significant levels at 1%, 5%, and 10% respectively.

All variables were observed to be stationary at 1(1) with 1% .
level of significance at constant, constant & trend and none 4.2. Lor_19 Run ’_A‘naIyS'S and Bound
specification indicating the presence of unit root, hence fur- Cointegration Test
ther test has to be performed to check for cointegration for

- After affirming the presents of unit root, the next step is to
each equation

test for co-integration to determine presence on short run or
long run equilibrium. Table 3 reports co-integration results of
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among variables using equation 4 for an Unrestricted constant
and no trend specification model.

The result from the Bounds test shows that there is
co-integration among the investigated variable, renewable
electricity consumption sources, electricity price and the GDP
of Nigeria as the F-statistics is greater than 1(0) and I(1)
bounds at 5% and 10% significance level. The exhibition of a
long-run relationship among variables suggests that there are
shocks even in the short-run which may affect movement in
the individual series which converges with time in the
long-run. Therefore, a long run and short run model should be
specified.

The Error coefficient in the levels equation in Table 3
presents the long run form of the impact of renewable elec-
tricity consumption sources, electricity price and the GDP of
Nigeria. The results of the error coefficient show that bio
electricity consumption has a positive effect on the economic
growth of Nigeria. This is because bio electricity consumption
is statistically significant in 1%, 5% and 10% level of signif-
icance, we can say that 1% increase in bio electricity con-
sumption in Nigeria will cause increase in development by
approximately 0.14%. This result is in accordance with [5]
and [25].

Table 3. Long Run and Bounds Co-integration Test: Impact of Renewable Energy Consumption and Electricity Price on Gross Domestic

Product (GDP).

Levels Equation

Case 3: Unrestricted Constant and No Trend

Variable Coefficient Std. Error t-Statistic Prob.
LSOLAR 0.014089 0.025978 0.542326 0.593
LHYDRO -0.49154 0.462016 -1.063902 0.2989
LBIO 0.14097 0.019452 7.247055 0
LEPRICE 0.157449 0.226904 0.693904 0.495
EC = LGDP - (0.0141*LSOLAR - 0.4915*LHYDRO + 0.1410*LBIO + 0.1574*LEPRICE)
F-Bounds Test Null Hypothesis: No levels relationship
Test Statistic Value Signif. 1(0) I(1)
F-statistic 4.228297 10% 2.45 3.52
k 4 5.00% 2.86 401
3% 3.25 4.49
1% 3.74 5.06

Actual Sample Size 38

4.3. Short Run Analysis

Table 4 present the short run OLS regression after esti-
mating the error correction model from the long run residuals.
These estimated values show that there is negative and sig-
nificant impact of the difference in the log value of the first,
second and third lag of bio electricity consumption and dif-
ference in the log value of the second lag of hydro electricity
consumption on the GDP, while the difference in the log value
of the current lag of solar and bio electricity consumption

Finite Sample: n=40

have positive impact on GDP at 10% and 1% significant
levels respectively.

The coefficient of the Error Correction Term (-0.49) is
negative with an absolute coefficient less than 1 and is also
statistically significant at 1%, 5% and 10%. This implies that
the effect of a surprise change in GDP is not temporary.
Moreover, this result shows that the short-run change from the
long-run equilibrium is corrected by 49% each year. This
speed of adjustment is relatively slow. Therefore, it requires
effective policy attention to drive gross domestic production
(GDP) to long-run equilibrium.
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Table 4. Short Run Analysis: Impact of Renewable Energy Consumption Renewable Energy Consumption and Electricity Price on Gross

Domestic Product (GDP).

ECM Regression

Variable Coefficient

C 3.491499***
D(LSOLAR) 0.02439*
D(LHYDRO) -0.152859
D(LHYDRO(-1)) -0.034636
D(LHYDRO(-2)) -0.529463%**
D(LBIO) 0.023914**
D(LBIO(-1)) -0.051848%**
D(LBIO(-2)) -0.032723*
D(LBIO(-3)) -0.029437%*
D(LEPRICE) -0.03766
D(LEPRICE(-1)) 0.187812
CointEq(-1)* -0.491158***
R-squared 0.678572
Adjusted R-squared 0.542583

S. E. of regression 0.122644
Sum squared resid 0.391081

Log likelihood 33.03245
F-statistic 4.989912
Prob(F-statistic) 0.000367

Judging by the Durbin Watson (DW) value which is mostly
2, shows that there is no evidence of serial correlation. Result
of diagnostics test is presented in Table 5.

The diagnostics test in Table 5 shows that the model Output
from the Ramsey reset test reports the test regression, the
F-statistic for testing the hypothesis that the coefficients on the
powers of fitted values from the regression are jointly zero, that
is, the model is correctly specified. The null cannot be rejected
since the p-value is more than 10%. Similarly, the model is also
homoscedastic and has no serial correlation as the F-statistics of
the ARCH [2] and Breusch-Godfrey LM is not significant
therefore the null hypothesis cannot be rejected. Normality test
from the Jarque -Beara test shows the data are not normally
distributed. The CUSUM test for stability is meant to determine
the appropriateness and the stability of the model. Put differently,
the CUSUM test is used to show whether the model is stable and
is suitable for making long run decision. Figure 2 shows that the
plot of CUSUM for the model under consideration is within the
five per cent critical bound. This by implication suggests that the
parameters of the model do not suffer from any structural insta-

Case 3: Unrestricted Constant and No Trend

Std. Error t-Statistic
0.694627 5.026435
0.011995 2.03336

0.162281 -0.941935
0.159178 -0.217592
0.150256 -3.523747
0.011014 2.171276
0.015172 -3.417374
0.015872 -2.061677
0.01364 -2.158108
0.113367 -0.332196
0.110005 1.707303
0.09826 -4.998539
Mean dependent var 0.039815
S. D. dependent var 0.181339
Akaike info criterion -1.106971
Schwarz criterion -0.589839
Hannan-Quinn criter. -0.922979
Durbin-Wiatson stat 1.999192

bility over the period of study. That is, all the coefficients in the
error correction model are stable. The CUSUM of Squares trend
as show in Figure 2 also suggest the models is stable within
the 5% critical bound. Model forecast performance (Figure 3)
shows good trend with historic data set for GDP.

Table 5. Diagnostic Test: Impact of Renewable Energy Consumption
Renewable Energy Consumption and Electricity Price on Gross
Domestic Product (GDP).

Test Test Type F-Stat
Linearity Ramsey RESET 1.575383
Heteroskedasticity ARCH [2] 0.389045
Serial Correlation Breusch-Godfrey 0.043428
Normality Jarque-Bera 31.3043***

*Hx k% * Indicates the significant levels at 1%, 5%, and 10% re-
spectively.
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Figure 2. CUSUM Test and CUSUM of Squares Test for GDP.
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Actual: LGDP

Forecast sample: 1980 2021
Adjusted sample: 1984 2021
Included observations: 38

Root Mean Squared Error  0.112564

Mean Absolute Error 0.080280

Mean Abs. Percent Error 1.817885

Theil Inequality Coefficient  0.011261

Bias Proportion 0.000070

Variance Proportion 0.007236
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Theil U2 Coefficient 0.669082
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4.4. Granger Causality Analysis

The study employs the granger causality test to examine

whether the past values of a variable help i
changes in the unrestricted VAR model

displays the results of the Granger causality results. The re-

Table 6. Granger Causality Analysis: Impact
Gross Domestic Product (GDP).

Null Hypothesis (H0):

LSOLAR does not Granger Cause LGDP
LGDP does not Granger Cause LSOLAR
LHYDRO does not Granger Cause LGDP

Figure 3. Model forecast performance for GDP.

sults (Table 6) when GDP is the dependent variable shows
that GDP causes solar electricity consumption and bio elec-
tricity consumption causes GDP at 5% and 10% significance
level. The long-run results suggested a unidirectional causal-
ity flowing from GDP to solar electricity consumption and
and from bio electricity consumption to economic growth
measured by GDP.

n predicting current
or VECM. Table 6

of Renewable Energy Consumption Renewable Energy Consumption and Electricity Price on

F-Stat Prob. Decision Causality
0.01993 0.8885 Accept

5.95432 0.0195 Reject Unidirectional
2.65005 0.1118 Accept
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Null Hypothesis (H0): F-Stat

LGDP does not Granger Cause LHYDRO 0.00058
LBIO does not Granger Cause LGDP 7.24029
LGDP does not Granger Cause LBIO 0.00566
LEPRICE does not Granger Cause LGDP 1.84911
LGDP does not Granger Cause LEPRICE 0.27673
LHYDRO does not Granger Cause LSOLAR 0.37703
LSOLAR does not Granger Cause LHYDRO 1.01554
LBIO does not Granger Cause LSOLAR 3.46137
LSOLAR does not Granger Cause LBIO 0.00315
LEPRICE does not Granger Cause LSOLAR 7.67155
LSOLAR does not Granger Cause LEPRICE 0.21753
LBIO does not Granger Cause LHYDRO 0.61789
LHYDRO does not Granger Cause LBIO 2.03855
LEPRICE does not Granger Cause LHYDRO 1.06728
LHYDRO does not Granger Cause LEPRICE 2.26312
LEPRICE does not Granger Cause LBIO 0.5059

LBIO does not Granger Cause LEPRICE 3.98185

4.5. Variance Decomposition

Variance decomposition explains the proportion of the
forecast error variance that impacts its own shocks and the
other variables in the unrestricted Vector Error Correction
Model (VECM). Figure 4 presents the graph representations
of variance decomposition renewable electricity consumption
sources, electricity prices and the GDP of Nigeria.

From the variance decomposition in the short-run (year 3),
solar, hydro, biomass, electricity prices and GDP, accounts
for 1%, 1%, 1%, 9% and 88% respectively for fluctuation in
GDP (own shock). In the long-run (year 10), shocks to solar,
hydro, biomass, electricity price and GDP, accounts for 1.4%,
0.4%, 2.2%, 12% and 83% respectively for fluctuation in
GDP (own shock). However, in the short-run (year 3), solar,
hydro, biomass, electricity prices and GDP, accounts for
93.3%, 1.3%, 0.24%, 2.4% and 2.7% respectively for fluctu-
ation in solar electricity consumption (own shock).

In the long-run (year 10), shocks to solar, hydro, biomass,
electricity price and GDP, accounts for 91%, 1.5%, 0.4%, 3.1%
and 4% respectively for fluctuation in solar electricity con-
sumption (own shock). Whereas, in the short-run (year 3),
solar, hydro, biomass, electricity prices and GDP, accounts
for 0.6%, 46.6%, 18%, 1.2% and 33.6% respectively for

Prob. Decision Causality
0.981 Accept

0.0105 Reject Unidirectional
0.9404 Accept

0.1819 Accept

0.6019 Accept

0.5429 Accept

0.32 Accept

0.0706 Reject Unidirectional
0.9556 Accept

0.0086 Reject Unidirectional
0.6436 Accept

0.4367 Accept

0.1615 Accept

0.3081 Accept

0.1408 Accept

0.4813 Accept

0.0532 Reject Unidirectional

fluctuation in hydro electricity consumption (own shock).

In the long-run (year 10), shocks to solar, hydro, biomass,
electricity price and GDP, accounts for 0.53%, 33%, 24%,
0.42% and 42% respectively for fluctuation in hydro elec-
tricity consumption (own shock). While in the short-run (year
3), solar, hydro, biomass, electricity prices and GDP, accounts
for 0.5%, 10%, 79.1%, 1.3% and 9.1% respectively for fluc-
tuation in biomass consumption (own shock).

In the long-run (year 10), shocks to solar, hydro, biomass,
electricity price and GDP, accounts for 0.8%, 11%, 75%, 1.6%
and 11.7% respectively for fluctuation in biomass consump-
tion (own shock). whereas, in the short-run (year 3), solar,
hydro, biomass, electricity prices and GDP, accounts for 5%,
3%, 3%, 82% and 8% respectively for fluctuation in electric-
ity price (own shock). In the long-run (year 10), shocks to
solar, hydro, biomass, electricity price and GDP, accounts for
6%, 3%, 2%, 82% and 8% respectively for fluctuation in
electricity price (own shock).

These results from variance decomposition shows that
electricity price, solar, biomass electricity consumption and
GDP are strongly endogenous to itself. while hydro electricity
consumption exhibits weak endogenous influence itself as
GDP and biomass consumption exhibits strongly endogenous
influence on hydro electricity consumption.
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Varance Decomposition using Cholesky (d.f. adjusted) Factors

Variance Decomposition of LGDOP
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Figure 4. Variance Decomposition of GDP, Electricity Consumption from renewable sources and electricity price.

5. Discussion

The impact of electricity consumption on the economy of
Nigeria was evaluated. The main determinants of Nigeria’s
economy within the study period were Gross Domestic
Product (GDP) as a function of electricity price and renewable
energy sources such as solar electricity consumption, hydro
power electricity consumption and biomass consumption. The
unit root test performed using the Augmented Dickey Fuller
(ADF) test on the level I1(0) and the first difference I(1) state
indicated the observe from the level of significance, the re-
jection of the null hypothesis for the stationary model for all
the variables after taking the first difference. The Bounds
Cointegration test also shows that there is co integration be-

tween the various variables therefore long run and short run
model relationship between the dependent variables (Gross
Domesticc Product GDP) and the independent variables
(electricity price and renewable energy sources such as solar
electricity consumption, hydro power electricity consumption
and biomass consumption) were estimated. The unit root and
cointegration tests were consistent with findings of other
research works [4, 5, 18, 23, 25, 26].

The long run analysis for impact on GDP showed that bi-
omass consumption displays significant and positive impact
on the economic growth of Nigeria measured by the GDP. The
impact on GDP in the short run was mostly insignificant like
the report by Chitedze et al [17], with only solar electricity
consumption having a significant and positive impact to cause
a 0.02% increase in GDP for a 1% increase is solar electricity
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consumption. The coefficient of the Error Correction Term
(ECT) in the short run is negative with an absolute coefficient
less than land is also statistically significant at 1%, 5% and
10%. The implication is that the effect of a surprise change in
GDP is not temporary. Moreover, this result shows that the
short-run change from the long-run equilibrium is corrected
by approximately 49% each year. The diagnostic test from the
probability values of the F-statistics shows that the model is
linear, homoskedastic and has no serial correlation. The sta-
bility diagnostics using CUSUM and CUSUMSQ indicates
that the models are suitable for forecasting.

Granger causality test results suggest long-run unidirec-
tional causality from biomass consumption to GDP. This
one-way causality indicates biomass consumption is a driver
for Nigeria’s economic development, however this may cause
inefficiencies due to economics of scale and environment
considerations. A unidirectional causality also flows from
GDP to solar electricity consumption. The underdevelopment
of solar electricity markets as well as demand for foreign
goods and capital to purchase solar electricity products may
have driven these results.

Table 7. Summary of Long and Short Run Impact compared to an
Ideal Growing Economy.

Long Run Impact  Short Run Impact

Variable

GDP GDP
Growing Economy  Increase Increase
LSOL_EC Not significant** Increase**
LHYDRO_EC Not significant Decrease
LBIO_EC Increase™ Mixed*
LEPRICE Not significant Not significant

* Unidirectional causality from independent variable to dependent
variable
** Unidirectional causality from dependent variable to independent
variable

Short-run (3 years) Variance Decomposition of shocks to GDP in Nigeria
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Figure 5. Short run and Long run Variance Decomposition of GDP, Electricity Consumption from Renewable sources and Electricity price.

Variance decomposition analysis (Figure 5) indicates that
GDP is strongly endogenous and for the Nigerian economy,
shocks to GDP cannot be explained by renewable energy
consumption or by electricity prices.

6. Conclusions

The objective of the study was to Position Nigeria for
economic growth through energy transition using a case study
of renewable energy consumption. By so doing econometric
models were used. The data analyzed in this study was ob-
tained from the World Bank and the US Energy Information
Administration (EIA). The econometric model study explains
the effects of electricity prices and electricity consumption
from renewable energy sources the economy of Nigeria
through the investigation of electricity consumption from
renewable energy sources, and macroeconomic relationship

using an unrestricted vector error correction model (VECM)
during the period (1980 - 2021).

A growing economy above all others is characterized with
an increasing gross domestic product (GDP). The study
findngs indicate that increase in solar electricity consumption
tends to increase GDP while Hydro electricity consumption
impacts GDP is negatively. This is possible due to the un-
certainties in the Nigerian electricity market. Increase in bi-
omass consumption tends to increase GDP on the long run
with mixed impact on the short run. This is because of the
local use of fuel wood as substitutes to gas and petrol whose
prices are volatile could reduce inflation by cutting demand
and government expenses on importation of petrol in country.
According to Maji, Chindo, & Rahim [21], renewable energy
use can slow down economic growth by lowering productivity
when unclean, inefficient sources and process are used this
observation is also supported by the study of Ebube & Akan
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[3]. Therefore, regulations need to be put in place to control
the adverse effect on the environment which could cause
mixed impact on gross domestic product in the short run.

Abbreviations

ARDL Auto Regressive Distributed Lag
GDP Gross Domestic Product

CRW Combustible Renewable Waste
ADF Augmented Dickey Fuller
VECM Vector Error Correction Model

EIA Energy Information Administration

LSOL_EC Log of Solar Electricity Consumption
LHYDRO_EC Log of Hydro Electricity Consumption
LBIO_EC Log of Biomass Consumption
LEPRICE Log of Electricity Proce

DOLS Dynamic Ordinary Least Squares

OoLS Ordinary Least Squares
ECM Error Correction Moded
VAR Vector Auto Regressive
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