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Abstract 

This study investigates powering Ghana’s future: unraveling the dynamics of electricity generation and the path to 
sustainable energy by estimating endogenous parameters and employing an unrestricted Vector Autoregression 
(VAR) model. The model examines the linear lead–lag relationships between variables in the Ghanaian electric-
ity sector and power consumption, using data from 2002 to 2021. The results reveal structural long-and-short-run 
headwinds for the unrestricted models and indicate that the growth rate of the Gross Domestic Product (GDP) 
and electricity from fossil fuels are directly correlated. Granger causality analysis highlights a feedback relationship 
between GDP growth rate and electricity from fossil fuel sources. The impulse response function reveals that the GDP 
growth rate is sensitive to exogenous shocks with lasting effects. Variance decomposition results show that renew-
able energy without hydropower explains a minimal variance due to shocks, while total global greenhouse emissions 
account for a significant proportion of the variance due to headwinds. Electricity from fossil fuel sources explains a 
substantial part of the variance due to headwinds, suggesting Ghana’s overreliance on conventional energy sources. 
The study forecasts that installed renewable energy capacity will experience considerable growth by 2036, account-
ing for most of the energy mix. To promote a sustainable energy future, the study recommends implementing fiscal 
instruments that incentivize renewable energy consumption, gradually diversifying the energy mix towards natural 
gas as a medium-term transition fuel for grid electricity generation and shifting entirely to renewables in the long 
time. This research contributes valuable insights into the dynamics of electricity generation in Ghana and provides 
policy recommendations for sustainable energy development.
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Introduction
Ghana’s electricity generation dynamics disproportion-
ately lean toward traditional sources of energy generation. 
Conventional sources comprise approximately 68.8% of 
the generation mix, followed by hydropower at 29.1% 
and the rest of renewable energy sources (RES) at 2.1%, 

respectively, Energy Commission of Ghana [1]. The coun-
try’s overreliance on fossil fuels makes its energy inse-
cure, threatening economic growth and development. 
Although the country’s import bill has been reduced, 
the government continues to import gas from the West 
African Gas Pipeline (WGP) to generate electricity [2, 3]. 
Given this, our study seeks to provide an empirical analy-
sis of the electricity generation dynamics of the Ghanaian 
power sector with the generation and supply aspects in 
mind. As things stand, Ghana spends more than a third 
of its GDP on importing energy to power its economy, 
which is not sustainable. Hydropower dominated Ghana’s 
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electricity generation until 2015, when thermal sources 
overshadowed most of the generation mix. This comes 
after the power sector deregulation, which saw the for-
mation of independent power producers (IPPs) along-
side government-owned power plants in the country. 
Although the government still controls utility fees, the 
country has implemented reforms in the power sector 
that encourage participation from the private sector. This 
is called the ‘unbundling’ of the energy sector.

The country’s energy consumption is mainly consumed 
by the industrial and residential sectors, with a per capita 
consumption of 540 kWh. According to [1], the country’s 
electrification rate was approximately 87% in 2020. In 
2019, the total energy supply was 12.52 billion kilowatt-
hours (bn kWh). Ghana aims to achieve total electrifica-
tion capacity by 2030 and installs a 10% deployment of 
RES. In 2019, the final electricity consumption was 15.5 
TWh, and the cumulative carbon dioxide emissions were 
18.5 megatons (mt). Furthermore, Ghana’s total reliable 
capacity is 4738.6 MW, an increase of 13% in installations 
in 2017–2018 [1]. On the other hand, the installed gener-
ation capacity connected to the grid was 4990 megawatts 
(MW) in 2019; 4580 MW are active and running. When 
integrated supply and solar are added, the total capacity 
goes up to 4990 megawatts (MW) [4].

In 2020, electricity generation increased to 20,170 giga-
watts (GW) [1]. This is due to the increase in demand 
from about 30.1 million people, with the yearly power 
demand rising by 10%. The country’s gross domes-
tic product (GDP) is approximately 61.6 billion dollars 
[1]. The country’s GDP can grow even faster if there is 
enough energy to turbocharge growth. An alternative 
source of reliable energy is renewable energy sources 
(RES). However, RES continues to form an insignificant 
part of the generation energy mix. Meanwhile, Ghana is 
a signatory to the Paris Agreement that seeks to ensure 
access to cleaner energy sources by 2030 and meet its 
nationally determined contributions(NDCs) [5, 6].

Consequently, concerning the full electrification 
program, the government added to the already exist-
ing Nationally Determined Contributions (NDCs) to 
improve and grow access to efficient cooking stoves by 
2030 by supplying about two million of those stoves [7]. 
In addition to bridging the access gap, the country seeks 
to decrease the electrification rates between urban and 
rural centers by 87% and 60% by taking steps to reduce 
the costs of power connection to the national grid 
because of the low-income levels of the populace and due 
to places, that are not economically viable to generate or 
extend power to [7]. Given this, multilateral development 
institutions, such as the World Bank, are working assidu-
ously to scale up mini-grid solutions to close the access 
gap via financial backing [4, 7].

Similarly, there were deficits in power supply in the late 
2000s, so the government entered into a contract with 
IPPs to supply power to meet the supply deficit, which 
led to excess supply costing the state much money on a 
‘take it or pay it” basis [8, 9]. This surplus capacity led the 
government to enter into a 43-power agreement to avoid 
$680 million in annual debt. All this was compounded 
by high management inefficiencies and operational costs 
that exacerbated the dire financial situation of the power 
sector [4]. The energy sector debt will be $12.5 billion by 
2030 [4, 11]. To help deal with the deficit in the industry, 
the government set up the Energy Sector Levy Act Com-
mission (ESLAC), a special purpose vehicle (SPV), as a 
limited liability company to tackle the debt issue [10]. The 
Public Utilities Regulatory Commission (PURC) reviews 
tariffs, and the average user tariffs are 13–15 cents per 
kWh [4]. Despite these adjustments, the tariff rates in 
Ghana are among the highest in Africa [11], making the 
sector unable to raise enough funds to pay for its operat-
ing expenses.

Concerning the empirical analysis, the study deploys 
an unrestricted VAR model that innovates the study 
by breaking down these parameters to examine their 
observed outcomes [12, 13]. The VAR approaches the 
endogenous parameters to their unrestricted functions in 
a granular way. This article takes a different approach to 
analysis using an unrestricted VAR model to estimate the 
linear lead–lag dynamic relationship among GDP growth 
rate, electricity from renewable sources excluding hydro-
electric power, Ghana’s total greenhouse gas emissions, 
the pump price per liter for gasoline, electricity from fos-
sil fuel sources. The reason for using this VAR model is 
that it allows one to identify shocks and determine their 
impact on the electricity sector over long and short peri-
ods. The contributions of this paper are that it uses unre-
stricted VAR model to empirically understand shocks 
and the behavior of these variables, especially energy 
crises, on the energy generation dynamics and trends, 
as well as forecasting these variables to determine their 
tendencies, which makes this paper unique. This offers 
practical importance for policy formulation and imple-
mentation to change the electricity generation situation 
in Ghana, which is skewed toward thermal sources. Some 
of these options include macroeconomic and fiscal poli-
cies that will incentivize private participation and engen-
der consumption, such as tax rebates and simplifying the 
licensing process beyond regulatory incentives.

Research objectives
The objectives of this study on the Unraveling the 
Dynamics of Electricity Generation and the Path to Sus-
tainable Energy are as follows:
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1.	 Examine Ghana’s electricity generation sector com-
position and trends.

2.	 Identify the impact of shocks on the electricity sector 
using an unrestricted VAR model.

3.	 Assess the effectiveness of current energy policies 
and reforms.

4.	 Develop evidence-based policy recommendations for 
a sustainable electricity generation sector.

Contribution to literature
By employing an unrestricted Vector Autoregression 
(VAR) model, the study offers a unique perspective on 
the linear lead–lag dynamic relationships among cru-
cial variables such as GDP growth rate, electricity from 
renewable sources excluding hydroelectric power, total 
greenhouse gas emissions, pump price per liter for gaso-
line, and electricity from fossil fuel sources. This detailed 
analysis helps identify shocks and their impact on the 
electricity sector over long and short periods.

Also, the study’s innovative approach allows for a bet-
ter understanding of how energy crises and other shocks 
impact Ghana’s energy generation dynamics and trends. 
This insight can be valuable for policymakers and stake-
holders when considering potential responses to con-
cerns or anticipating future challenges.

Third, by analyzing the electricity generation situation 
in Ghana and its dependence on thermal sources, the 
study offers practical insights for policy formulation and 
implementation. This includes suggestions for macro-
economic and fiscal policies that incentivize private par-
ticipation and promote consumption, such as tax rebates 
and simplifying the licensing process beyond regulatory 
incentives.

Fourth, the study highlights the efforts of multilateral 
development institutions, such as the World Bank, to 
close the electricity access gap in Ghana through finan-
cial backing and support for mini-grid solutions. This 
aspect emphasizes the importance of international coop-
eration in addressing energy access disparities.

Finally, by examining the government’s initiatives to 
tackle the energy sector’s financial challenges, such as the 
Energy Sector Levy Act Commission (ESLAC) and tariff 
adjustments, the study offers a comprehensive overview 
of the policy landscape in Ghana’s electricity generation 
sector. It also raises awareness about the high tariff rates 
in the country and the need for further reforms to ensure 
the sector’s sustainability.

Literature review
Countries worldwide are switching their generation mix 
to newer and cost-competitive energy sources due to 
environmental concerns, thus the grid modernization. 
Ghana is not left out of this global drive to modernize 

the national grid. Ghana’s electricity generation sector 
has attracted considerable attention from scholars. The 
industry is overly dominated by fossil fuels, making the 
sector reel with debts and associated problems. This sec-
tor reviews the literature on the dynamics of the genera-
tion of the power sector. Here, we review the literature on 
the country’s electricity generation and supply aspects.

Recent research has highlighted the significant impli-
cations of access to energy for global development and 
health outcomes. Bekun et  al. [14] examined the appli-
cability of the environmental Kuznets curve (EKC) for 
emerging industrialized economies (E7), considering 
institutional quality and renewables. The study validates 
the EKC phenomenon, emphasizing economic expan-
sion over environmental quality, and suggests that poli-
cymakers prioritize environmental quality and clean 
energy transition. Adedoyin et  al. [15] investigated the 
environmental impact of economic complexities in the 
EU, taking into account Brexit and other crisis events. 
They reveal that tourism, real GDP per capita, and 
energy use increase carbon emissions in some regions. 
Brexit and the Greece bailout crisis have varying effects 
on emissions, but the EKC hypothesis holds in both sce-
narios, implying policy directions for post-Brexit EU-UK 
relations.

According to Caglar et al. [16], trade openness and eco-
nomic complexity improve environmental quality, while 
economic growth, natural resources, and public–pri-
vate partnerships degrade it. Policymakers are advised 
to improve environmental quality in BRICS economies. 
Bekun et  al. [17] also, confirm the presence of the EKC 
phenomenon and tourism-induced emissions and sug-
gest a shift to sustainable tourism development and 
adoption of polluters pay principles.

Bekun et  al. [18] examines the effects of renewable 
energy, non-renewable energy, economic growth, and 
investment in the energy sector on CO2 emissions in 
India. The study finds that renewable energy reduces 
CO2 emissions, while non-renewable energy and real 
GDP growth increase them, implying the need for pol-
icy direction toward environmental sustainability in the 
Indian economy.

Acheampong et  al. [19] investigates the relationship 
between energy access and income inequality. They 
find that access to electricity reduces global income 
inequality, while access to modern and clean energy 
increases it. Rural and urban electrification can reduce 
global income inequality, with urban electrification hav-
ing a greater impact. The study suggests that access to 
energy can moderate the impact of economic growth 
and education to improve global income inequality, 
with employment, economic growth, education, gender 
empowerment, industrialization, and health as potential 
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channels through which energy access influences income 
inequality.

Acheampong et al. [20] examines the impact of access 
to electricity and clean energy on human develop-
ment. They find that access to both electricity and clean 
energy can improve human development, with eco-
nomic growth, trade openness, foreign direct investment, 
urbanization, access to credit, and remittance enhanc-
ing human development. Employment, industrialization, 
economic growth, ICT, and gender empowerment are 
critical channels through which energy accessibility influ-
ences human development. However, access to electricity 
and clean energy worsens human development in South 
Asia, highlighting the importance of context-specific pol-
icy solutions.

Shobande [21] examines the link between electricity 
use and health in Africa. They find that short- and long-
run causalities exist between electricity consumption and 
health across the panels of seven African countries, with 
unidirectional causal flow from electricity consumption 
to mortality. The study recommends the electrification of 
Africa as a way of averting major public health problems. 
Related research [22] examines the permanent and tran-
sitory effects of electricity and solid fuel use on health in 
Africa. They find that access to electricity reduces health 
risks associated with burning solid fuels in Africa.

Furthermore, Shobande [22] find that the levelized cost 
of Solar Energy (LCOE) of diesel thermal plants is as high 
as Gh < 351.44 kWh and Solar thermal plants to Ghana. 
Alemzero et  al. and Khah et  al. [23, 24] estimated that 
wind energy costs had fallen by 30% in Africa between 
2010 and 2019. [25] find renewable energy to promote 
economic growth in Ghana and attract foreign direct 
investment. Energy efficiency is an essential aspect of 
power generation in Ghana, as Never et al. [26] believed 
it is vital for the environmental security of Ghana. Also, 
Adjei-Mantey and Adusah-Poku [27] stated that socio-
economic factors in the form of poverty and reduced 
education levels act as obstacles to the acceptance of light 
bulbs in Ghana.

In recent years, after the deregulation of the electric-
ity sector in Ghana, the power sector has seen a signifi-
cant transformation, with IPPs playing an essential role 
in power generation [28]. Ghana generates enough elec-
tricity to power its economy. However, it comes mainly 
from fossil fuel sources [29]. Although Ghana now has 
adequate energy and generates enough electricity, house-
hold electricity for cooking is very low, with about 20% 
access to modern cooking solutions [30]. Ghana spends 
about 27% of its GDP on imported fuels to power its 
development, regardless of the abundance of local RES. 
A study by [31] finds that the social cost of owning an 
internal combustion engine vehicle is greater than 164% 

and that the generation of RES in the energy mix below 
20% harms the environment. This calls for scaling up the 
deployment of electric vehicles (EVs) and the infrastruc-
ture development necessary to enable sector uptake. The 
study agrees that electric vehicles will drastically reduce 
emission levels in the country, up to 33%, with a single 
diesel engine replaced [32].

Furthermore, RES, seen as the panacea to the current 
energy crisis, sought to determine the degradation of 
solar photovoltaic (PV) under varied climate conditions 
in Ghana [33]. This will ensure that the country adopts 
the most suitable and environmentally benign ones. 
With the private sector as the right partner to ensure the 
deployment of RES, such as solar, empirical work sup-
ported this assertion. They asked the Government of 
Ghana to improve its newly designed policy to attract 
private sector participation and extensively implemented 
it [34]. They opined that solar energy could bring about 
off-grid access through PPPs models.

Consequently, as Ghana’s emissions levels increased, 
Jacobson et  al. [35] utilized the Stochastic regression to 
determine the de facto political, economic, and social 
internalization of Ghana’s pollution levels and produced 
dichotomous results that explained that a negative and 
positive variation in carbon dioxide emissions, in the 
long run. In contrast, a negative variation and position 
variation in political internationalization reduced carbon 
dioxide emissions. Atanga et al. [36] estimated that about 
85% of the aggregate land mass in Ghana is appropriate 
for solar energy deployment. This potential can meet the 
energy needs of the country sustainably and over. How-
ever, the government has not explored this solar potential 
to the fullest. In justifying the cost-competitive nature 
of solar energy for Ghana, Yankey et  al.[37] estimated 
the levelized cost of solar energy (LCOE) and arrived at 
the cost of $0.04/k -$0.15/kWh for utility-scale solar and 
$0.73/kWh to $2.89/kWh for concentrated solar photo-
voltaic. Results reported [38] suggested that installing 
photovoltaics in Ghana can generate electricity at lower 
costs and limit greenhouse gas emissions. A recent anal-
ysis by [31] revealed that the Densu river has the tech-
nical potential for nine hydroelectric dams to generate 
approximately 55.7 GWh of yearly electricity. Similarly, 
Ceballos-Escalera et  al. [39] using the theory of social 
practice, vulnerability, and urban resilience relying on 
primary data to determine daily energy practice among 
households and business units in some parts of Accra, 
discovered that the poor turning to the use of charcoal 
and the rich resorting to the use of diesel [40] empha-
sized the importance of seasonality to electricity market 
trade within the West African Power Pool (WAPP). They 
used a global hydrological model to multi-region capacity 
expansion and planning model and discovered that the 
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seasonal transition variation reduced the hydroelectric 
electricity supply by 40%. Additionally, Afful-Dadzie et al. 
[41] hypothesized that Ghana faces challenges in electric-
ity generation in the form of costs from renewable energy 
and that the levels of demand deficit are as high as 18.5%, 
in line with the scenario of a 10% renewable energy target 
by 2030. This is a case study analysis regarding Ghana. 
Kukah et  al. [42] proposed using a ranking-type Delphi 
survey to establish a complete list of critical success fac-
tors for private–public partnership projects (PPP) of 
power projects. They discovered that of the 37 critical 
success factors (CSFs), nine are very important, while five 
are ranked highest, such as shared authority, debt guar-
antee to the private sector to enable them to raise funding 
from international markets, appropriate risk allocation, 
and risk sharing. The importance of energy-efficient use 
has been explored by [43] in their study in which they 
used fully modified least squares(FMOLS) and Canonical 
cointegration methods between 1984 and 2014 to evalu-
ate the relevance of technological progress and sectoral 
development, which have impacted electricity consump-
tion in Ghana, and discovered that technology showed an 
inverse relationship with energy consumption. Whereas 
sectoral growth in the services and industry sector 
directly correlates with energy consumption, depicting 
energy inefficiency.

In summary, the scholars concluded that Ghana faces 
an unsustainable energy consumption trajectory, that the 
trend is costly for electricity generation, and that renewa-
bles are the country’s best bet to deploy, yet renewables 
are the least deployed. Therefore, sector restructuring is 
vital to ensure sustainable economic growth.

Methodology
Model estimation
The study employs Vector autoregression (VAR), a statis-
tical model used in econometrics to capture the interde-
pendence among time series variables. It is widely used 
in macroeconomics and finance to model the dynamic 
interactions among economic variables such as output, 
inflation, interest rates, and stock prices. One of the sig-
nificant benefits of using VAR models is that they can 
capture the dynamic relationship between variables, 
which is vital for understanding how changes in one vari-
able affect the others. VAR models can also help predict 
future values of the variables in the model, which is cru-
cial for decision-making purposes.

Moreover, VAR models can also be used to analyze the 
transmission of shocks across different economic sec-
tors and assess policy interventions’ effectiveness. VAR 
models have proven to be a valuable tool in identifying 

the channels through which monetary policy affects the 
economy and can also be used to evaluate the effective-
ness of fiscal policies. The Vector autoregression regres-
sion (VAR) is a multivariate stochastic process of vector 
generalization of scalar autoregression. It talks about 
cointegration that implies casualty among variables. 
Sometimes it is cumbersome to determine which varia-
bles to use as the dependent variable when estimating the 
relationship among variables. More so, economic princi-
ples sometimes cannot decide which variables to use as 
the explained parameter and the exploratory variables. 
Given this background, the VAR is the appropriate model 
since all variables are considered endogenous. Similarly, 
the VAR model was mooted by Sims [34, 44] for the first 
time and was made famous by [45]. The study is evalu-
ated using statistical software packages such as Stata and 
EViews.

These equations are presented in a matrix as follows.

The above equation cannot be regressed directly 
because the stochastic term is linked to the ǫ1t,ǫ2tǫ3t, ǫ4t 
is associated with ǫ5t . Since the regressors in the struc-
tural form are linked to the stochastic term, there is likely 
an endogeneity.

The matching diminished form is given in an expanded 
form below.

(1)
X1t = β0 + β11X2t + Q11X1t−1 + Q12X2t−1 + ǫ1t

(2)
X2t = β0 + β22X1t + Q21X2t−1 + Q22X2t−1 + ǫ2t

(3)
X3t = β0 + β23X2t + Q23X3t−1 + Q24X3t−1 + ǫ3t

(4)
X4t = β0 + β34X3t + Q44X4t−1 + Q34X4t−1 + ǫ4t

(5)
X5t = β0 + β45X4t + Q55X5t−1 + Q45X5t−1 + ǫ5t
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(7)
X1t = ω01 + ω11X2t + ω11X1t−1 + ω12X2t−1 + e1t

(8)
X2t = ω02 + ω12X2t + ω21X1t−1 + ω22X2t−1 + e2t

(9)
X3t = ω03 + ω23X3t + ω23X2t−1 + ω22X2t−1 + e2t
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Order selection
Since the study estimates the multivariate of the VAR 
model with orders of 1 to P, it is proper to estimate it. It 
is interesting to observe the residual of the models. Thus, 
a more realistic approach is given below. A relevant cri-
terion for the selection of model order for the different 
variable’s extension for the Akaike and Schwarz informa-
tion criteria is given below.

Hence, |̂
∑

P depicts the causal factor of the residual 
covariance of the VARp model, and T  portrays the num-
ber of effective observations. This model works best even 
if the explained vector contains unit roots[41].

Data
The study relies on data from the World Bank Devel-
opment Indicators (WDI) between 2002 and 2021 to 
estimate the dynamics linear lead–lag relationship of 
the variables regarding the electricity generation mix 
of Ghana. The study uses an unrestricted VAR model 
to determine how these endogenous parameters work 
to impact the energy mix. The growth rate of the gross 
domestic product (GDPGRWT) is one of the endogenous 

(10)
X4t = ω0 + ω34X4t + ω44X4t−1 + ω44X2t−1 + e4t
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parameters. This will allow the study to understand 
how GDP impacts the country’s electricity generation. 
Undoubtedly, no country progresses socioeconomically 
without access to adequate energy.

Similarly, another endogenous parameter is electric-
ity generation from fossil fuel sources (EFOSST). Ghana 
generates more than 70% of its electricity from con-
ventional energy sources. Electricity from renewable 
energy sources without hydropower (ELRESXHDY) is 
equally evaluated to determine the contribution of RES 
sources to electricity generation in the country. In addi-
tion, we have the total greenhouse gas emissions (TGHE) 
in Ghana. This is also assessed to determine the coun-
try’s pollution levels (PPGPLIT). Ultimately, PPGPLIT 
explains the price per liter at the pump of gasoline. 
Ghana consumes much gasoline in the transport, agricul-
ture, and manufacturing sectors. Hence, the imperative 
to examine the importance of this variable. Before the 
analysis, the variables were assumed to be stationary as 
it is not a necessary precondition to the examination pro-
cess (Table 1).

The percentage of total electricity production from 
oil, gas, and coal sources is a critical variable that dem-
onstrates a nation’s reliance on fossil fuels for electricity 
generation. Prior research emphasizes the environmental 
and economic implications of depending on non-renew-
able energy sources for electricity production, such as 
heightened emissions and vulnerability to global mar-
ket price fluctuations [48] fit, therefore, important con-
sider this in this research. Another vital variable is the 
percentage of total electricity production from renew-
able sources, excluding hydroelectric power. This meas-
ure reflects the contributions of alternative renewable 
energy sources, like solar and wind power, to the overall 

Table 1  Variable definition. Source: WDI/https://​data.​world​bank.​org/​count​ry/​GH [47]

Variable Definition Source [46] Measurement

Electricity production from oil, gas, and coal 
sources (% of total)

Sources of electricity refer to the inputs used to 
generate electricity. Oil refers to crude oil and 
petroleum products. Gas refers to natural gas but 
excludes natural gas liquids

World Development Indicators Percentages

Production of electricity from renewable sources, 
excluding hydroelectric (% of total)

Composed of CO2 totals that exclude short-cycle 
biomass burning (such as agricultural waste 
burning and savanna burning) but include other 
biomass burning

World Development Indicators Percentages

Pump price for gasoline (US$ per liter) Fuel prices refer to the pump prices of the most 
widely sold gasoline. Prices have been converted 
from local currency to US dollars

World Development Indicators US$ per liter)

GDP growth (annual %) The annual percentage growth rate of GDP at 
market prices based on constant local currency

World Development Indicators Percentages

Total greenhouse gas emissions (% change from 
1990)

Total greenhouse gas emissions are composed of 
total CO2 excluding short-cycle biomass burning 
(such as agricultural waste burning and savanna 
burning) but including other biomass burning

World Development Indicators Percentages

https://data.worldbank.org/country/GH
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electricity generation. Evaluating progress towards a 
more sustainable energy mix and the potential to reduce 
greenhouse gas emissions is crucial for achieving long-
term environmental goals [49].

The pump price for gasoline (measured in US$ per liter) 
is an essential variable representing the consumer-level 
gasoline cost. This metric is relevant to our study since 
it affects energy consumption patterns and can influ-
ence economic growth and emission levels [50]. Higher 
fuel prices may encourage the adoption of more energy-
efficient technologies and transportation methods [51]. 
Also, The annual GDP growth rate serves as a measure 
of a country’s economic growth. Including GDP growth 
is critical since it is frequently correlated with increased 
energy consumption and emissions. Understanding this 
relationship is essential for developing effective policies 
that promote sustainable development [52–54].

Lastly, the percentage change in total greenhouse gas 
emissions since 1990 is a crucial variable for evaluating 
the success of current policies and initiatives designed 

to mitigate climate change. Assessing progress toward 
national and international emissions reduction targets 
is vital to ensure long-term environmental sustainability 
[52].

Results and discussion
Table  2 is the descriptive statistics of the unrestricted 
VAR model that analyses the dynamics of in-electric-
ity generation of the Ghana power sector. As the table 
shows, electricity from fossil fuel sources derives the 
highest mean value. This is so because Ghana gener-
ates almost 70% of its electricity from thermal sources. 
The GDP growth rate is the next variable with the high-
est mean, showing that Ghana experienced a significant 
GDP rate in the mid-2000s; the mean was higher. It was 
seen as the fastest-growing economy in the African conti-
nent. Furthermore, electricity from renewable resources, 
excluding hydropower, has the lowest mean value, as 
Ghana does not generate much from RES. Ghana’s total 
greenhouse gas has been on a growing trajectory since 
2010, when the country began to explore and develop 
hydrocarbons.

Furthermore, in Table  3, the correlation matrix 
explains the relationship with the variables. The correla-
tion between RES electricity, excluding hydropower, is 
significantly related to electricity from fossil sources. This 
direct correlation implies that there is a need to generate 
electricity from other renewable sources to replace fossil 
fuel sources that are very expensive and pollute the envi-
ronment. Another interesting correlation exists between 
electricity from renewable sources, excluding hydro-
power, and total greenhouse gas emissions. The corre-
lation is adverse. This means that as RES consumption 
increases, emissions decrease. Hence, RES abates green-
house gas pollution.

Similarly, Table 4 shows the results of the VAR model. 
In the model where the total greenhouse gas (TGHE) 
is the explained parameter, its second lag is signifi-
cant with a direct correlation. The significance implies 
an expansion in emissions levels in the country as the 
economy grows [55]. The levels of greenhouse gas 
emissions increased in the 2010s when the nation dis-
covered oil. Similarly, electricity from fossil fuel sources 

Table 2  Descriptive statistics. Source: Authors’ estimates

EFOSST_ ELRESXHDY GDPGRWT​ TGHE_ PPGPLIT

Mean 5.743783 0.004014 5.704741 139.4096 0.312500

Median 0.000000 0.000000 5.750002 177.9197 0.000000

Maxi-
mum

38.84779 0.030857 14.04712 320.6482 1.060000

Mini-
mum

0.000000 0.000000 0.000000 0.000000 0.000000

Std. Dev 10.62125 0.009880 3.246496 133.4096 0.423256

Skew-
ness

1.914978 2.027200 0.437260 − 0.05264 0.714309

Kurtosis 5.930881 5.234799 3.652748 1.135933 1.683751

Jarque–
Bera

19.38219 17.86040 0.992389 2.904857 3.144551

Prob-
ability

0.000062 0.000132 0.608843 0.234001 0.207572

Sum 114.8757 0.080273 114.0948 2788.192 6.250000

Sum Sq. 
Dev

2143.408 0.001855 200.2550 338,164.2 3.403775

Obser-
vations

20 20 20 20 20

Table 3  Correlation matrix

EFOSST_ ELRESXHDY GDPGRWT​ TGHE_ PPGPLIT

EFOSST_ 1 0.680652906 0.145820915 − 0.13120634 0.039199212

ELRESXHDY 0.680652906 1 − 0.236258719 − 0.446830915 0.095941759

GDPGRWT​ 0.145820915 − 0.23625872 1 0.494582915 0.124347108

TGHE_ − 0.13120634 − 0.44683091 0.494582915 1 0.206886986

PPGPLIT 0.039199212 0.095941759 0.124347108 0.206886986 1
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(EFOSST) as the dependent variable is significant for 
the price of gasoline per liter. The magnitude of the 
correlation is direct, as well. This explains the grow-
ing demand for gasoline in downstream transport in 
the country and for agriculture and other industrial 
purposes. In this model, the total lag in greenhouse 
gas emissions is significant for electricity from fossil 
fuel sources. In addition, electricity from renewable 
sources, excluding hydropower, is a substantial vari-
able of electricity from fossil energy sources. The direc-
tion is negative. The magnitude represents the inverse 
relationship among the variables. As one increases, 
the other reduces. This calls for the transition to RES 
electricity generation, which is cheaper and sustainable 
[3, 23, 56, 57]. Furthermore, electricity from fossil fuel 
sources as an independent variable is significant for the 
gross domestic economy. This implies that electricity 
consumption impacts economic growth [58].

However, the negative coefficient suggests the decou-
pling of energy consumption from GDP growth. This is 
mind-boggling because Ghana has not decoupled its 
GDP growth rate from its economic development. Per-
haps it depicts the future trajectory the economy should 
take. Furthermore, in the model with electricity from 

renewable sources as the explained parameter, the price 
per liter at the gasoline pump is meaningful in the first 
and second lags. This confirms that the electricity from 
RES impacts the price Ghanaians pay at the pump for 
gasoline. However, the negative relationship implies that 
as one source increases, the other source reduces. This 
is correct because RES acts as substitutes, not comple-
ments, in the energy transition drive. Therefore, if Ghana 
wants to achieve its 10% RES capacity by 2030 and its 
NDCs, RES will have to be scaled up in the shortest pos-
sible time. This fact is supported by [59, 60] 2022, on 
the evolving energy landscape of China. The country is 
behind in achieving 10% RES on its energy mix by 2030. 
In addition, the price per liter at the pump is significant.

Additionally, total levels of greenhouse gas emissions 
are significant in the first and second lags of the model, 
where RES, excluding power, is the dependent variable. 
This corroborates the scientific facts that RES abates pol-
lution [61]. This was further supported by the correlation 
where they are negative. As one variable increases, the 
variable decreases.

Ghana must increase renewable electricity generation 
if it wants to reduce its emissions levels. Ghana bears 
the brunt of climate change and its worse consequences 

Table 4  VAR results. Source: Author’s calculations

ppgplit The efosst Gdpgrwt Elresxhdy

L.ppgplit − 0.295 L.ppgplit − 18.5 L.ppgplit 37.42*** L.ppgplit − 3.035 L.ppgplit 0.0239***

(− 1.19) (− 0.30) − 12.88 (− 1.92) − 7.72

L2.ppgplit 0.526 L2.ppgplit − 2.635 L2.ppgplit 35.11*** L2.ppgplit − 1.386 L2.ppgplit 0.0184***

− 1.81 (− 0.04) − 10.34 (− 0.75) − 5.06

L.tghe − 0.000271 L.tghe 0.186 L.tghe − 0.0579*** L.tghe 0.00265 L.tghe − 0.0000221*

(− 0.31) − 0.86 (− 5.74) − 0.48 (− 2.05)

L2.tghe − 0.000152 L2.tghe 0.761*** L2.tghe − 0.0553*** L2.tghe 0.00561 L2.tghe − 0.0000441***

(− 0.17) − 3.41 (− 5.35) − 1 (− 3.98)

L.efosst − 0.00341 L.efosst 1.441 L.efosst 0.392*** L.efosst 0.164** L.efosst 0.000118

(− 0.39) − 0.66 − 3.87 − 2.97 − 1.09

L2.efosst − 0.00731 L2.efosst − 2.713 L2.efosst − 0.157 L2.efosst 0.0409 L2.efosst 0.0000125

(− 0.88) (− 1.29) (− 1.61) − 0.77 − 0.12

L.gdpgrwt 0.0268 L.gdpgrwt 1.116 L.gdpgrwt − 0.338 L.gdpgrwt − 0.242 L.gdpgrwt − 0.000655*

− 1.21 − 0.2 (− 1.31) (− 1.72) (− 2.37)

L2.gdpgrwt 0.0378 L2.gdpgrwt 2.397 L2.gdpgrwt 0.165 L2.gdpgrwt − 0.158 L2.gdpgrwt 0.000171

− 1.61 − 0.4 − 0.6 (− 1.06) − 0.58

L.elresxhdy 20.64 L.elresxhdy − 3084.2 L.elresxhdy − 1167.1*** L.elresxhdy − 350.5*** L.elresxhdy 0.294

− 1.34 (− 0.79) (− 6.46) (− 3.57) − 1.52

L2.elresxhdy − 3.678 L2.elresxhdy 9784.0*** L2.elresx-
hdy

81.51 L2.elresxhdy 380.5*** L2.elresxhdy − 0.743***

(− 0.32) − 3.38 − 0.61 − 5.22 (− 5.19)

_cons − 0.0607 _cons − 4.719 _cons 2.138 _cons 7.635*** _cons 0.00339

(− 0.38) (− 0.12) − 1.14 − 7.49 − 1.69

N 18
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in Accra in the form of flash floods, changing weather 
farming seasons in northern Ghana, and many others. As 
a result, the country must accelerate the deployment of 
RES in no time. Ultimately, the second lag of renewable 
energy sources, excluding hydropower, is significant but 
has an inverse relationship. It explains the relevance of 
RES in encouraging economic growth in Ghana [61, 62].

Figure  1 shows the residual graphs, using the lag ‘14’ 
for endogenous parameters. This shows that the sto-
chastic term linked to the variance increases reaches a 

maximum and then plunges to the end year for the GDP 
growth rate. The residuals for the electricity from fossil 
fuel sources are quite steady around the mean divergence 
away from the stochastic term. All variables vacillate 
around the mean, which shows the stability of the sto-
chastic term in the analysis. Generally, the matching 
model is a better time series model.

Figure  2 is the endogenous graphs for the analysis. 
Endogenous parameters show that the GDP growth rate 
started on an increasing path, peaked in the 2010s, then 

Fig. 1  Residual graphs of the model of the variables. Source: Author’s calculations
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went into a trough and continued on a steady path. 2012 
and 2013 saw Ghana as one of the fastest-growing econo-
mies in the world, with a 14% GDP growth rate, as shown 
in the diagram. Furthermore, electric generation peaked 
in 2006 and decreased in 2009 and 2014. Similarly, as the 
graphs show, Ghana’s total greenhouse emissions peaked 
in 2010 and have been on a trajectory due to the uptake 
of the upstream petroleum sector in the country. Accord-
ing to [31, 34], globalization has increased Ghana’s emis-
sions levels. The price per litre at the pump is growing 
zigzag, representing the increase and decrease path-
ways. Additionally, RES generation without hydropower 
peaked midway and has remained flat.

Table  4 presents eight complex roots of 
0.846586−0.215968i; 0.846586 + 0.215968i with an 
equal modulus of 0.873699 0. Also, 488,625−0.671621i; 

Fig. 2  Endogenous graphs of the variables

Table 5  Lag structure

No root lies outside the unit circle

The VAR satisfies the stability condition

Root Modulus

− 0.915743 0.915743

0.846586−0.215968i 0.873699

0.846586 + 0.215968i 0.873699

0.488625−0.671621i 0.830560

0.488625 + 0.671621i 0.830560

0.033735−0.721956i 0.722744

0.033735 + 0.721956i 0.722744

− 0.717079 0.717079

− 0.385059−0.096138i 0.396879

− 0.385059 + 0.096138i 0.396879
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0.488625 + 0.671621i have an equal modulus of 
0.830560 and 0.033735−0.721956i; 0.033735 + 0.721956i 
achieve an equal modulus of 0.722744. Finally, 
−  0.385059−0.096138i and −  0.385059 + 0.096138i 
derive an equal modulus of 0.396879. All these confirm 
that the model is accurate and satisfies the stability con-
dition (Table 5).

Subsequently, Fig. 3 presents the eight roots of the VAR 
model, corroborated by the fact that the model is stable 
and graphs the roots using a complex coordinate system. 
As shown in the graph, all the coordinates lie inside the 
circle, signifying the stability condition. Therefore, it is 
appropriate to analyze the dynamic electricity situation 
in Ghana [63].

From Table 6, the Granger causality test is performed 
to determine the relationship among the variables. 
Determine which variable causes the other. The con-
nection is based on the null hypothesis that an endoge-
nous variable does not cause the other variables. Given 
this, the GDP growth rate (GDPGRWT) has a chi-
square of 25.00574 and a P-value of 0.000; therefore, 
the null hypothesis is rejected, and GDPGRWT does 
cause EFFOSST, which has a chi-square of 132.3742 
and a p-value of 0.000. Furthermore, the model of 
ELRESXHDY, EFFOSST, significantly granger causes 
total greenhouse gas emissions (GHE) and price per 
litre at the pump (PPGPLT). Therefore, it is concluded 
that there is a feedback relationship between the GDP 
growth rate, EFOSST, and ELRESXHDY. This is apt 
since GDP growth requires energy to bring about 

change. No meaningful development can take place 
without adequate and sustainable energy.

Additionally, from Table 7. The lag order selection of 
five lags is adequate, which are chosen by the model, 
which is in tandem with the model mentioned above, 
according to the SC statistic. Hence, the VAR is evalu-
ated with a lag interval of ‘16’.

Figure 4 presents the correlogram of the VAR model 
alongside the endogenous variables with a lag interval 
of ‘16’. Presents five graphs of the endogenous parame-
ter, which depict that one or two of the autocorrelations 
of the corresponding study unit are meaningful. Their 
significance confirms the importance of these variables 

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

Inverse Roots of AR Characteristic Polynomial

Fig. 3  AR root graph. Source: Author’s construct

Table 6  VAR granger test/wald test. Source: Author’s calculations

Dependent variable: GDPGRWT​

Excluded Chi-sq df Prob

EFOSST_ 3.964188 2 0.1378

ELRESXHDY 12.25615 2 0.0022

TGHE_ 1.160525 2 0.5598

PPGPLIT 2.896414 2 0.2350

All 25.00574 8 0.0016

Dependent variable: EFOSST_

Excluded Chi-sq df Prob

GDPGRWT​ 0.757173 2 0.6848

ELRESXHDY 17.05571 2 0.0002

TGHE_ 63.48471 2 0.0000

PPGPLIT 66.06707 2 0.0000

All 132.3742 8 0.0000

Dependent variable: ELRESXHDY

Excluded Chi-sq df Prob

GDPGRWT​ 2.241062 2 0.3261

EFOSST_ 0.492105 2 0.7819

TGHE_ 19.23845 2 0.0001

PPGPLIT 27.99978 2 0.0000

All 52.51906 8 0.0000

Dependent variable: TGHE_

Excluded Chi-sq df Prob

GDPGRWT​ 0.085927 2 0.9579

EFOSST_ 0.744941 2 0.6890

ELRESXHDY 4.481621 2 0.1064

PPGPLIT 0.117292 2 0.9430

All 9.543200 8 0.2986

Dependent variable: PPGPLIT

Excluded Chi-sq df Prob

GDPGRWT​ 1.735052 2 0.4200

EFOSST_ 0.400585 2 0.8185

ELRESXHDY 0.697107 2 0.7057

TGHE_ 0.124586 2 0.9396

All 2.688177 8 0.9524
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in explaining the Ghanaian dynamics in the electricity 
generation mix. Some graphs show that autocorrela-
tions are outside the interval with two standard error 
bounds. The other graphs show that some of the auto-
correlations are outside the interval.

From Table 8, the VAR normality test is performed to 
determine the distribution of the stochastic variables. It 

employs the Jacque Bera residual normality test testing 
with the null hypothesis that the residuals are normally 
distributed and the alternative hypothesis that the residu-
als are not normally distributed. Bearing the residuals of 
the components and their P-values, it is concluded that 
they are normally distributed since they are generally not 
significant or more than 0.5%.

Table 7  Lag order selection

LR sequential modified LR test statistic (each test at 5% level)

FPE Final prediction error

AIC Akaike information criterion

SC Schwarz information criterion

*indicates the lag order selected by the criterion

Lag Lo lo 
LR
FPO

AIC SC HQ

0 − 174.4750 NA 110.2998 18.89210 19.14064 18.93416

1 − 128.6505 62.70721* 13.76872* 16.70005* 18.19127* 16.95242*
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Fig. 4  Residual correlogram of the VAR model. Source: Author’s construct
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Figure 8 shows the impulse response of the endogenous 
variables to shocks from ǫt . These shocks are macroeco-
nomic and could be constructed to make a positive con-
tribution to the electricity sector in Ghana. The response 
of TGHE to shocks from RES electricity, excluding hydro-
power, started from a negative point initially, dipped in 
the third quarter, and went on an increasing trajectory 
for the rest of time. The RES capacity is projected to 
increase when all projects are available. Also, the reaction 
of the GDP growth rate from shocks from itself leads to 
an initial expansion in growth, plunges in quarter two, 
and continues on a steady path. The response of the GDP 
growth rate to total greenhouse gas emissions started on 
a positive direction, peaked around quarter four, and con-
tinued on an upward trajectory. As the economy grows 
and relies heavily on fossil fuel sources, emissions levels 
will increase. A similar situation is observed concerning 
the price at the pump gasoline per litre. It responded to 
shocks by taking off on a higher trajectory, nosediving, 
and continuing steadily.

Generally, endogenous variables respond directly to 
shocks, which attain a permanent effect that advances to 
a new steady state in the long run. The dynamic reactions 

Table 8  VAR residual normality test. Source: Author’s calculations

Component Skewness Chi-sq Df Prob

1 1.053272 3.328143 1 0.0681

2 0.259359 0.201801 1 0.6533

3 0.417071 0.521844 1 0.4701

4 – 0.07361 0.016254 1 0.8986

5 – 0.50182 0.755466 1 0.3848

Joint 4.823508 5 0.4378

Component Kurtosis Chi-sq df Prob

1 3.791337 0.469661 1 0.4931

2 2.319899 0.346903 1 0.5559

3 2.072214 0.64559 1 0.4217

4 2.98298 0.000217 1 0.9882

5 3.935924 0.656966 1 0.4176

Joint 2.119336 5 0.8324

Component Jarque–Bera df Prob

1 3.797804 2 0.1497

2 0.548704 2 0.7601

3 1.167434 2 0.5578

4 0.016471 2 0.9918

5 1.412432 2 0.4935

Joint 6.942844 10 0.7308
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Fig. 5  Impulse response function (IRF). Source: Author’s estimation
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of most endogenous parameters are varied. However, this 
is reassuring since they increase Ghana’s electricity gen-
eration mix and advocate for reversing adverse reactions 
that do not affect economic development. Endogenous 
parameters, such as total greenhouse emissions and high-
growing fossil fuel consumption, must be curbed since 
they are not sustainable generation sources. It is worth 
mentioning that some of these shocks are permeant and 
not transitionary. The reaction of the GDP growth rate 
to shocks from global oil markets and the current energy 
crisis (Russian—Ukraine conflict) permanently affects 
the economy’s economic growth of the economy from 
the short to the long term (Fig. 5).

Figure 6 shows the variance decomposition results for 
the analysis (VD). VD explains the amount of variance 
ignited by a variable’s reaction to shocks from other vari-
ables and itself. The variance of GDP rate to itself from 
shocks explains a greater percentage rate of all the vari-
ance of 100% and declines to around 10%. Therefore, the 
growth rate is susceptible to shocks since these shocks 
are exogenous and directly impact the economy. Simi-
larly, the variance of GDP to shocks from other endog-
enous parameters started at less than 1%. It increased a 
bit to about 10% or more.

In the same way, the variance explained by EFOSST 
due to shocks from different endogenous variables is 
more than 20% and, in some instances, more than 70%. 
EFOSST explains a more significant proportion of the 
variance due to electric generation dynamics shocks. 
Additionally, the variance explained by total greenhouse 
gas emissions (TGHE) to itself and to different variables 
varied from less than 1% to nearly 70% in some cases. 
This also represents the levels of greenhouse gas emis-
sions in the country. Ghana’s THE peaked around 2010 
when the country began exploring oil and gas.

Variance connotes the headwinds of the importance of 
the supply aspect that accounts for the greater part of the 
generation of variance in electricity within the economy. 
The chart dramatically explains the narratives regarding 
the headwinds and the amounts of variances caused by 
the variable itself or different variables.

Figure 7 Below defines the cumulative electricity from 
oil and gas, and coal sources, which is forecast to increase 
to 8.8% from 2036 and beyond, and installed renew-
able energy generation capacity for the same period. 
This implies that the country still relies on conventional 
energy sources.
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On the other hand, the figure shows that Ghana’s 
installed RE generation capacity will continue to grow 
despite reaching 6000  MW or more. Hydropower is 
a more significant part of the growth, with wind and 
solar coming next. This forecast is on point since when 
pipeline projects come on stream. This implies that the 
installed total capacity for renewable energy will have 
increased by about 57.8% by 2036.

Figure  8 shows the electricity generation sources in 
Ghana. The country has been generating a lot from con-
ventional energy sources such as natural gas, bioenergy, 
hydropower, and to a lesser extent emerging RES. The 
data period depicted on the tree map is 2000–2019.

Conclusions and policy recommendations
The study uses data from WDI from 2002 to 2021 to study 
the electricity dynamics of Ghana. An unrestricted VAR 
model was deployed in the analysis. After the analysis, it 
is evident that Ghana’s electricity sector is characterized 
by fossil fuel consumption that exposed the country to 
external shocks that impacted the macroeconomic stabil-
ity of the country in short to long term, eroding the gains 
made in building the economy. The current shocks that 
brought untold economic hardships were the Covid pan-
demic and the ongoing Russian–Ukraine aggression that 

caused acute energy shortages in Ghana, reverberating 
throughout the economy. This shock will not affect the 
country’s GDP growth rate. The analysis revealed that the 
variance in the GDP growth rate was explained by more 
than 100% in reactions to shocks.

Additionally, electricity from fossil fuel sources also 
explained significant variance in the variance decomposi-
tion and was substantial in the VAR model. This shows 
the importance of fossil fuels to the in-electricity genera-
tion dynamics of the country. This is a supply shock that 
directly impacts the generation of electricity. In addition, 
the price per liter at the pump explained approximately 
96% of the variance in reaction to shocks. This is right, as 
the current energy crisis has queues at the filling stations 
in Ghana.

Furthermore, the analysis reveals that Ghana’s renew-
able energy sources without hydropower are minimally 
used. It explains the low variance in shock reactions that 
depicts the low levels of RES generation in the coun-
try, emerging energy sources per se, without traditional 
hydropower. Furthermore, the Granger causality analysis 
shows a feedback relationship between fossil fuel elec-
tricity generation and the country’s GDP growth rate. 
Thus, both grangers cause each other and are significant. 
The impulse response (IRFS) analysis shows that the 
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parameters reacted positively to short- and long-term 
shocks, keeping a steady trajectory going forward, with 
only one nosedived to a negative trajectory. Overall, the 
variables are increasing, reassuring their importance 
to the electricity generation dynamics of the country. 

The results also determine that Ghana is energy secure 
but that its energy consumption comes from fossil fuel 
sources that are not sustainable—export power to its 
neighbors. The inverse root AR characteristic polyno-
mial analysis confirms the robustness of the model in the 

Fig. 8  Sources of Ghana
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analysis since all coordinates lie within the circle, satisfy-
ing the stability condition of the analysis.

The study’s findings highlight the need for significant 
policy changes to ensure sustainable energy consump-
tion in Ghana. The following recommendations aim to 
address the challenges identified in the study while pro-
moting a sustainable and resilient energy sector:

•	 Scale up renewable energy source (RES) deployment 
and diversify the energy mix: The government should 
prioritize expanding renewable energy sources, such 
as solar, wind, and biomass, while diversifying the 
energy mix to reduce dependence on fossil fuels. 
Targeted investments, public–private partnerships, 
and policy initiatives supporting various renewable 
technologies and energy efficiency measures should 
be implemented to achieve this. A diversified energy 
mix will contribute to greater energy security, envi-
ronmental sustainability, and economic resilience.

•	 Reduce indebtedness to Independent Power Produc-
ers (IPPs): To alleviate the energy sector’s financial 
burden, the government should renegotiate contracts 
with IPPs, establish transparent procurement pro-
cesses, and create regulatory frameworks that foster 
fair competition. This approach will ensure that con-
tracts are economically viable, aligned with renew-
able energy goals, and promote public–private part-
nerships to share risks and financial responsibilities.

•	 Implement a negative bidding process for conven-
tional power generation: Introducing a negative bid-
ding process, where power producers pay the state 
for the electricity they generate, can encourage effi-
ciency and cost reduction among conventional power 
generators. This system incentivizes lower costs to 
remain competitive, ultimately leading to reduced 
consumer electricity prices and a more financially 
stable energy sector.

•	 Address institutional complexity and promote private 
sector participation: Simplifying institutional struc-
tures and processes in the public sector can reduce 
red tape, streamline decision-making, and facili-
tate private sector involvement in renewable energy 
deployment. Providing financing policy instruments, 
such as grants, low-interest loans, and tax incentives, 
will further incentivize private sector investment in 
the renewable energy sector.

•	 Secure special funding for renewable energy entre-
preneurs: The government should collaborate with 
multilateral development institutions to establish 
funding programs specifically supporting renewable 
energy supply chain entrepreneurs. This initiative will 

stimulate innovation, create job opportunities, and 
contribute to the growth of a sustainable energy sec-
tor.

•	 Retrofit diesel power plants with natural gas: As a 
medium-term solution, Ghana should consider con-
verting diesel-based power plants to run on natural 
gas, which emits fewer greenhouse gases. This tran-
sition will help reduce generation costs, limit envi-
ronmental pollution, and buy time for the country to 
scale up its renewable energy infrastructure.

•	 Establish a robust regulatory environment and form 
pressure groups: A strong regulatory environment 
is essential for transforming Ghana’s electricity gen-
eration dynamics. The government should intro-
duce policies and regulations that promote renew-
able energy deployment, ensure fair competition, 
and protect consumers. The formation of pressure 
groups, such as “The Ghana RES Association,” can 
advocate for renewable energy expansion, hold the 
government accountable, and protect the country 
from external shocks while promoting sustainable 
economic development.

While the study provides valuable insights, it is crucial 
to acknowledge several limitations that may impact the 
accuracy and generalizability of the findings. Data avail-
ability poses a constraint as the study relies on data from 
the World Development Indicators (WDI) for the period 
between 2002 and 2021. Consequently, some variables may 
have limited data points, which could affect the robustness 
of the results. To address this limitation, future research 
could consider incorporating additional data sources and 
extending the analysis period to capture a broader range of 
factors and trends in Ghana’s electricity sector.

Also, the choice of the unrestricted Vector Autoregres-
sion (VAR) model for the analysis may introduce sensitivity 
to the results due to the model’s underlying assumptions. 
To strengthen the robustness of the findings, future stud-
ies could explore alternative models and methodologies, 
such as dynamic panel data models or machine learning 
approaches. These complementary methodologies might 
provide a more comprehensive understanding of the elec-
tricity generation dynamics in Ghana.

Lastly, the analysis focuses primarily on macro-level fac-
tors, excluding micro-level factors such as regional differ-
ences, local policies, and individual consumer behavior. 
Investigating these micro-level factors can contribute to 
a more nuanced understanding of the electricity genera-
tion dynamics in Ghana. Future research should, therefore, 
consider examining these factors to provide a more holistic 
perspective on the electricity sector.



Page 18 of 19Atuahene and Sheng ﻿Environmental Sciences Europe           (2023) 35:25 

Acknowledgements
The authors wish to thank the faculty members of the College of Education, 
Zhejiang Normal University, Jinhua.

Author contributions
SAA and QXS are the authors of this manuscript. SAA prepared the concept of 
the study and participated in the collection, analysis, and interpretation of the 
data. QXS completed manuscript editing and supervision. All authors read and 
approved the final manuscript.

Funding
No funding.

Availability of data and materials
All data generated or analyzed are available upon request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 25 January 2023   Accepted: 9 April 2023

References
	1.	 Energy Commission of Ghana, Energy (Supply and Demand) Outlook for 

Ghana (2020) vol 2020, pp 1–27. http://​www.​energ​ycom.​gov.​gh/​plann​
ing/​data-​center/​energy-​outlo​ok-​for-​ghana#

	2.	 The Stata Journal (2015) Stata J, vol 25 no 1, pp 1–23, [Online]. http://​
docum​ents.​world​bank.​org/​curat​ed/​en/​94652​15294​88843​643/​pdf/​
Impact-​Mining-​Sector-​on-​the-​Econo​my-​and-​Budget-​Reven​ue.​pdf%​0Ahtt​
ps://​au.​int/​sites/​defau​lt/​files/​docum​ents/​36204-​doc-​agend​a2063_​popul​
ar_​versi​on_​en.​pdf%​0Ahtt​p://​www.​un.​org/​en/​africa/​osaa/​pdf/a

	3.	 Monyei CG et al (2022) Regional cooperation for mitigating energy 
poverty in sub-Saharan Africa: a context-based approach through the 
tripartite lenses of access, sufficiency, and mobility. Renew Sustain Energy 
Rev 159:112209

	4.	 Electricity Company of Ghana (2020). ECG Achievements. Electricity 
Company of Ghana Ltd. https://​www.​ecg.​com.​gh/​index.​php/​en/​histo​ry/​
ecg-​achie​vemen​ts

	5.	 Calcagnini G, Giombini G, Travaglini G (2016) Modelling energy intensity, 
pollution per capita and productivity in Italy: a structural VAR approach. 
Renew Sustain Energy Rev 59:1482–1492

	6.	 Amponsem B et al (2023) Electricity generation from biogas as resource 
recovery potential from solid waste composition in a mixed-income 
municipality. Cleaner Waste Systems 4:100067

	7.	 Sun H et al (2020) Energy insecurity, pollution mitigation, and renewable 
energy integration: prospective of wind energy in Ghana. Environ Sci 
Pollut Res 27:38259–38275

	8.	 World Bank Group (2017) Linking up: public-private partnerships in 
power transmission in Africa. https://​doi.​org/​10.​1596/​26842

	9.	 World Bank Group (2019) World Bank Document. Retrieved April 14, 2019, 
from https://​docum​ents1.​world​bank.​org/​curat​ed/​en/​09962​50062​92235​
762/​pdf/​P1779​94040​f9340​3091e​a0857​af510​b164.​pdf

	10.	 African Power Platform - Ghana (2015) African Power Platform - Ghana. 
https://​www.​afric​anpow​erpla​tform.​org/​resou​rces/​repor​ts/​west-​africa/​
ghana

	11.	 Alemzero D, Huaping S (2021) What Drives Energy Efficiency in Africa? 
Insights from 12 Selected Countries Using Incremental Decomposition 
Analysis. Researh Square [Preprint]. https://​doi.​org/​10.​21203/​rs.3.​rs-​
887117/​v1

	12.	 Sack B (2000) Does the fed act gradually? A VAR analysis. J Monet Econ 
46(1):229–256

	13.	 Canova F, Ciccarelli M (2013) Panel vector autoregressive models: a 
survey☆ the views expressed in this article are those of the authors and 
do not necessarily reflect those of the ECB or the eurosystem, In: VAR 
models in macroeconomics–new developments and applications: essays 
in honor of Christopher A. Sims. Emerald Group Publishing Limited. pp 
205–246

	14.	 Bekun FV et al (2021) Beyond the environmental Kuznets Curve in E7 
economies: accounting for the combined impacts of institutional quality 
and renewables. J Clean Prod 314:127924

	15.	 Adedoyin FF et al (2021) Environmental consequences of economic 
complexities in the EU amidst a booming tourism industry: accounting 
for the role of brexit and other crisis events. J Clean Prod 305:127117

	16.	 Caglar AE et al (2022) Determinants of CO2 emissions in the BRICS 
economies: The role of partnerships investment in energy and economic 
complexity. Sustain Energy Technol Assess 51:101907

	17.	 Bekun FV et al (2022) Exploring the tourism-CO2 emissions-real income 
nexus in E7 countries: accounting for the role of institutional quality. J 
Policy Res Tourism Leisure Events 14(1):1–19

	18.	 Bekun FV (2022) Mitigating emissions in India: accounting for the role of 
real income, renewable energy consumption and investment in energy. 
IJEEP. https://​doi.​org/​10.​32479/​ijeep.​12652

	19.	 Acheampong AO, Dzator J, Shahbaz M (2021) Empowering the power-
less: does access to energy improve income inequality? Energy Econ 
99:105288

	20.	 Acheampong AO, Erdiaw-Kwasie MO, Abunyewah M (2021) Does energy 
accessibility improve human development? Evidence from energy-poor 
regions. Energy Econ 96:105165

	21.	 Shobande OA (2020) The effects of energy use on infant mortality rates in 
Africa. Environ Sustain Indic 5:100015

	22.	 Shobande OA (2023) Rethinking social change: Does the permanent and 
transitory effects of electricity and solid fuel use predict health outcome 
in Africa? Technol Forecast Soc Chang 186:122169

	23.	 Alemzero D, Acheampong T, Huaping S (2021) Prospects of wind energy 
deployment in Africa: technical and economic analysis. Renew Energy 
179:652–666

	24.	 Khah E et al (2006) Effect of grafting on growth and yield of tomato (Lyco-
persicon esculentum Mill.) in greenhouse and open-field. J Appl Hortic 
8(1):3–7

	25.	 Gyimah J, Yao X, Tachega MA, Hayford IS, Opoku-Mensah E (2022) Renew-
able energy consumption and economic growth: new evidence from 
Ghana. Energy 248:123559

	26.	 Never B et al (2022) Energy saving behaviours of middle class households 
in Ghana, Peru and the Philippines. Energy Sustain Dev 68:170–181

	27.	 Adjei-Mantey K, Adusah-Poku F (2021) Energy efficiency and electricity 
expenditure: an analysis of risk and time preferences on light bulb use in 
Ghana. Resour Conserv Recycl Adv 12:200061

	28.	 Arkorful VE (2022) Unravelling electricity theft whistleblowing anteced-
ents using the theory of planned behavior and norm activation model. 
Energy Policy 160:112680

	29.	 Mathrani S, Santley D, Hosier R, Bertholet F, Braud A, Dawson-Amoah G, 
Mathur S, Amissah-Arthur H, Garcia R, Adam MA, Matthews B, Sachdeva 
A, Reinoso G (2013) Energizing economic growth in Ghana: making the 
power and petroleum sectors rise to the challenge | Policy Commons. 
https://​polic​ycomm​ons.​net/​artif​acts/​15075​09/​energ​izing-​econo​mic-​
growth-​in-​ghana/​21731​77/

	30.	 Tabiri KG, Adusah-Poku F, Novignon J (2022) Economic inequalities and 
rural-urban disparities in clean cooking fuel use in Ghana. Energy Sustain 
Dev 68:480–489

	31.	 Ayetor GK et al (2022) The cost of a transition to electric vehicles in Africa: 
a case study of Ghana. Case Stud Transport Policy 10(1):388–395

	32.	 Aboagye B et al (2022) Characterisation of degradation of photovoltaic 
(PV) module technologies in different climatic zones in Ghana. Sustain 
Energy Technol Assess 52:102034

	33.	 Awuku SA et al (2022) Public-private partnership in Ghana’s solar energy 
industry: the history, current state, challenges prospects and theoretical 
perspective. Energy Nexus 6:100058

	34.	 Acheampong AO (2022) The impact of de facto globalization on carbon 
emissions: evidence from Ghana. Int Econ 170:156–173

http://www.energycom.gov.gh/planning/data-center/energy-outlook-for-ghana#
http://www.energycom.gov.gh/planning/data-center/energy-outlook-for-ghana#
http://documents.worldbank.org/curated/en/946521529488843643/pdf/Impact-Mining-Sector-on-the-Economy-and-Budget-Revenue.pdf%0Ahttps://au.int/sites/default/files/documents/36204-doc-agenda2063_popular_version_en.pdf%0Ahttp://www.un.org/en/africa/osaa/pdf/a
http://documents.worldbank.org/curated/en/946521529488843643/pdf/Impact-Mining-Sector-on-the-Economy-and-Budget-Revenue.pdf%0Ahttps://au.int/sites/default/files/documents/36204-doc-agenda2063_popular_version_en.pdf%0Ahttp://www.un.org/en/africa/osaa/pdf/a
http://documents.worldbank.org/curated/en/946521529488843643/pdf/Impact-Mining-Sector-on-the-Economy-and-Budget-Revenue.pdf%0Ahttps://au.int/sites/default/files/documents/36204-doc-agenda2063_popular_version_en.pdf%0Ahttp://www.un.org/en/africa/osaa/pdf/a
http://documents.worldbank.org/curated/en/946521529488843643/pdf/Impact-Mining-Sector-on-the-Economy-and-Budget-Revenue.pdf%0Ahttps://au.int/sites/default/files/documents/36204-doc-agenda2063_popular_version_en.pdf%0Ahttp://www.un.org/en/africa/osaa/pdf/a
http://documents.worldbank.org/curated/en/946521529488843643/pdf/Impact-Mining-Sector-on-the-Economy-and-Budget-Revenue.pdf%0Ahttps://au.int/sites/default/files/documents/36204-doc-agenda2063_popular_version_en.pdf%0Ahttp://www.un.org/en/africa/osaa/pdf/a
https://www.ecg.com.gh/index.php/en/history/ecg-achievements
https://www.ecg.com.gh/index.php/en/history/ecg-achievements
https://doi.org/10.1596/26842
https://documents1.worldbank.org/curated/en/099625006292235762/pdf/P177994040f93403091ea0857af510b164.pdf
https://documents1.worldbank.org/curated/en/099625006292235762/pdf/P177994040f93403091ea0857af510b164.pdf
https://www.africanpowerplatform.org/resources/reports/west-africa/ghana
https://www.africanpowerplatform.org/resources/reports/west-africa/ghana
https://doi.org/10.21203/rs.3.rs-887117/v1
https://doi.org/10.21203/rs.3.rs-887117/v1
https://doi.org/10.32479/ijeep.12652
https://policycommons.net/artifacts/1507509/energizing-economic-growth-in-ghana/2173177/
https://policycommons.net/artifacts/1507509/energizing-economic-growth-in-ghana/2173177/


Page 19 of 19Atuahene and Sheng ﻿Environmental Sciences Europe           (2023) 35:25 	

	35.	 Jacobson MZ et al (2017) 100% clean and renewable wind, water, and 
sunlight all-sector energy roadmaps for 139 countries of the world. Joule 
1(1):108–121

	36.	 K Atanga, G Eduful, D Pulfrey. Feasibility and benefits of small photo-
voltaic systems in Ghana. In: Transactions on Engineering Technologies: 
Proceedings of World Congress on Engineering 2021. 2022. Springer.

	37.	 Yankey BE et al (2023) Small hydropower development potential in the 
Densu River Basin, Ghana. J Hydrol Reg Stud 45:101304

	38.	 Kuusaana JAE, Monstadt J, Smith S (2023) Practicing urban resilience 
to electricity service disruption in Accra, Ghana. Energy Res Soc Sci 
95:102885

	39.	 Ceballos-Escalera A et al (2020) Bioelectrochemical systems for energy 
storage: a scaled-up power-to-gas approach. Appl Energy 260:114138

	40.	 Kanyako F et al (2023) Seasonality and trade in hydro-heavy electricity 
markets: a case study with the West Africa Power Pool (WAPP). Appl 
Energy 329:120214

	41.	 Afful-Dadzie A, Mallett A, Afful-Dadzie E (2020) The challenge of energy 
transition in the Global South: the case of electricity generation planning 
in Ghana. Renew Sustain Energy Rev 126:109830

	42.	  Kukah ASK et al (2023) Delphi study for evaluating critical success factors 
(CSFs) for PPP power projects in Ghana. J Facil Manage (ahead-of-print)

	43.	 Amoako S, Andoh FK, Asmah EE (2023) Technological advancement, sec-
toral growth, and electricity consumption in Ghana. Energy 263:125751

	44.	 Dorothal M (2019) Ethiopia Solar Report. Sol Plaza Int, no July, p 18, 
[Online]. https://​sun-​conne​ct-​news.​org/​filea​dmin/​DATEI​EN/​Datei​en/​
New/​White_​Paper_-_​Ethio​pia_​Solar_​Report_​2019.​pdf. Accessed 3 Aug 
2022

	45.	 U Robert, F Engle, B Sam, YOO University of California, San Diego, CA 
92093, cointegration and error correction : representation, estimation 
2012. 55(2), pp 251–276

	46.	 https://​datab​ank.​world​bank.​org/​source/​world-​devel​opment-​indic​ators. 
Accessed 3 Aug 2022

	47.	 https://​data.​world​bank.​org/​count​ry/​GH. Accessed 3 Aug 2022
	48.	 Asumadu-Sarkodie S, Owusu PA (2017) The relationship between carbon 

dioxide emissions, electricity production and consumption in Ghana. 
Energy Sources Part B 12(6):547–558

	49.	 Jacobson MZ, Delucchi MA (2011) Providing all global energy with wind, 
water, and solar power, part I: technologies, energy resources, quantities 
and areas of infrastructure, and materials. Energy Policy 39(3):1154–1169

	50.	 Burke PJ, Nishitateno S (2013) Gasoline prices, gasoline consumption, 
and new-vehicle fuel economy: evidence for a large sample of countries. 
Energy Econ 36:363–370

	51.	 Jensen CL (2017) Understanding energy efficient lighting as an outcome 
of dynamics of social practices. J Clean Prod 165:1097–1106

	52.	 Kim H, Kim S, Dale BE (2009) Biofuels, land use change, and green-
house gas emissions: some unexplored variables. Environ Sci Technol 
43(3):961–967

	53.	 Aziz R, Azmi A (2017) Factors affecting gross domestic product (GDP) 
growth in Malaysia. Int J Real Estate Stud 11(4):61–67

	54.	 Kumi E, Arhin AA, Yeboah T (2014) Can post-2015 sustainable develop-
ment goals survive neoliberalism? A critical examination of the sustain-
able development–neoliberalism nexus in developing countries. Environ 
Dev Sustain 16:539–554

	55.	 Boslaugh S, Watters P (2008) Statistics in a nutshell. OReilly Media Inc., 
Sebastopol

	56.	 Alemzero D (2022) A two-pronged evaluation of green efficiency of the 
BRICS economies. SRN 4129060

	57.	 Shi J et al (2022) Evaluating technological innovation impact: an empiri-
cal analysis of the offshore wind sector. Environ Sci Pollut Res. https://​doi.​
org/​10.​21203/​rs.3.​rs-​877031/​v1

	58.	 Ameyaw B et al (2021) Renewable electricity generation proposed path-
ways for the US and China. Renew Energy 170:212–223

	59.	 Huang W et al (2022) Review of recent progress of emission trading 
policy in China. J Clean Prod 349:131480

	60.	 De La Peña L et al (2022) Accelerating the energy transition to achieve 
carbon neutrality. Resour Conserv Recycl 177:105957

	61.	 Baarsch F et al (2020) The impact of climate change on incomes and 
convergence in Africa. World Dev 126:104699

	62.	 Wu Z et al (2022) The United States and China on the paths and policies 
to carbon neutrality. J Environ Manage 320:115785

	63.	 Canova F, Ciccarelli M (2009) Estimating multicountry VAR models. Int 
Econ Rev 50(3):929–959

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://sun-connect-news.org/fileadmin/DATEIEN/Dateien/New/White_Paper_-_Ethiopia_Solar_Report_2019.pdf
https://sun-connect-news.org/fileadmin/DATEIEN/Dateien/New/White_Paper_-_Ethiopia_Solar_Report_2019.pdf
https://databank.worldbank.org/source/world-development-indicators
https://data.worldbank.org/country/GH
https://doi.org/10.21203/rs.3.rs-877031/v1
https://doi.org/10.21203/rs.3.rs-877031/v1

	Powering Ghana’s future: unraveling the dynamics of electricity generation and the path to sustainable energy
	Abstract 
	Introduction
	Research objectives
	Literature review
	Methodology
	Model estimation
	Order selection
	Data

	Results and discussion
	Conclusions and policy recommendations
	Acknowledgements
	References


