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ABSTRACT: This study investigates the distinct impacts of electricity and petroleum consumption on economic growth in Eastern
Africa. Using a Panel Autoregressive Distributed Lag Model and data for a period spanning 2000 to 2021, the study examines both
the short-run and long-run effects of these energy sources on Gross Domestic Product. The findings reveal that petroleum
consumption has a statistically significant and positive impact on GDP in both the short run and long run. In contrast, while
electricity consumption shows a positive but statistically insignificant effect on GDP in the short run, it exhibits a negative and
statistically significant impact in the long run. These results suggest that policymakers in Eastern Africa should prioritize sustainable
petroleum management to maximize its economic benefits while mitigating potential environmental risks. While the negative
coefficient of electricity implies a corrective response of the variables to long-run equilibrium in the face of short-term shocks. As
a result, it is recommended that economic shocks caused by energy consumption be considered in terms of their relationship to
economic growth, whether positive or negative in the long or short term, as decision makers need to address their impact and limit
such shocks on economic growth.
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1. Introduction

Energy consumption is an essential requirement for human existence and plays an important role in driving
economic growth worldwide [1]. The importance of energy lies not only in its ability to fuel productive activities but
also in its facilitation of household consumption. Undoubtedly, the efficient utilization of energy is widely
acknowledged as a fundamental element in the pursuit of inclusive and tool for economic growth worldwide [2,3]. This
relationship between energy consumption and economic growth, however, is influenced by various factors such as
consumption patterns, and policy interventions [4,5]. These complexities make energy a key driver of growth, yet the
link remains unpredictable in both developed and developing countries, as also indicated by [6,7]. Consequently, the
region-specific empirical evidence is crucial to inform energy policy actions tailored to local conditions, especially in
the context of Eastern Africa regions.

According to Energy Agency Outlook [6], global energy demand has seen a consistent increase in recent decades,
largely driven by non-OECD countries, such as the sub-Saharan Africa nations. However, despite Africa’s rising energy
demands, the region’s electricity and petroleum consumption levels remain significantly lower compared to global
standards. In 2018, Africa accounted for only about 700 terawatt-hours, or approximately 4% of global electricity
consumption, with other regions like Asia and North America constituting significantly larger shares of 42% and 20%,
respectively [7]. In a similar vein, Africa’s petroleum consumption stood at approximately 2.7 million barrels per day
in 2018, which is about 3% of the global total, significantly trailing consumption levels in other regions [8]. Given these
figures, it is clear that energy consumption in Africa, such as electricity and petroleum, remains significantly lower than
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international benchmarks, and understanding their impact on economic growth is critical for informing investment
decisions and targeted policy measures aimed at increasing regional energy consumption.

The Eastern Africa regions, with its expanding economy, is experiencing increasing energy consumption needs.
While studies such as in ref. [9] have examined the effects of renewable energy and environmental sustainability on
economic growth in Africa [9]. The several papers contrasted the effects of renewable and nonrenewable energy sources
on economic growth across diverse African regions taking into account on enviromental degradation, e.g.,[10,11]. They
did not specifically address the relationship between energy consumption and economic growth in these regions. Energy
consumption in terms of availability are critical for supporting key economic activities, particularly in industries such
as manufacturing, transportation, and services. However, the region continues to face challenges such as insufficient
energy supply, such as unreliable electricity, and the volatility of petroleum prices, particularly for manufacturing and
transportation sectors that heavily depend on these energy sources [12]. These challenges are also driven by the need to
modernize the economy, rapid population growth, urbanization, and industrialization, all of which intensifies the need
to explore the impact of electricity and petroleum consumption on economic growth in Eastern Africa. Thus, this
research aims to investigate the short- and long-run impacts of electricity and petroleum consumption on economic
growth in Eastern Africa regions, providing a comprehensive analysis that informs energy policy actions tailored to the
region’s unique conditions.

Additionally, in an attempt to overcome these hurdles, Eastern African governments have proactively invested in
initiatives designed to address these energy challenges, exemplified by projects like the East African Power Pool, which
aims to enhance infrastructural capacity and improve access to reliable electricity [13,14]. Furthermore, regional
integration is being pursued to increase the electricity supply and distribution networks [12]. Notwithstanding the
potential benefits, reliance on imported petroleum poses economic growth vulnerabilities, underlining the need for a
balanced energy strategy [15—18]. These axpects highlight the region’s need for research that can guide policy actions
to address the dual situation between energy consumption and economic growth. We are aware that these regions face
similar challenges, such as low energy consumption levels, reliance on imported petroleum, and a lack of reliable
electricity supply, as reported in current studies [12]. Most existing empirical studies on the effects of energy on
economic growth focus on global or national contexts, overlooking the regional impacts of energy, particularly
electricity and petroleum (Eastern Africa regions). According to IRENA, LR.E.A. (2020), the share of electricity
generation in the regions from various sources rises from 116,683 GWh (2.78%) of the global total in 2010 to
approximately 160,236 GWh, but falls in percentage terms to only 2.48% of the global total in 2018 [19]

Some research shows that East African subregions achieve the highest economic growth rates [20,21] compared
to other regions but have the lowest energy consumption. It contradicts findings from Kober et al. and Chen et al. [22,23],
which suggest that high economic growth leads to higher energy consumption, particularly in energy-intensive sectors
like industries. With the lowest energy consumption in the regions of Eastern Africa, we are aware of several energy
project interventions and strategies, including the Stiegler Gorges Dam project in Tanzania, the Uganda-Tanzania crude
oil pipeline, and the Tanzania-Kenya gas pipeline, which aim to increase energy consumption and stimulate economic
growth. The above energy strategies have not been tested to determine whether there is a short- or long-run causal
relationship between energy consumption and economic growth, establishing that high energy consumption causes high
economic growth.

Accodingly, this study close these gaps by analysing the short- and long-run impacts of electricity and petroleum
consumption on economic growth in Eastern Africa. By focusing on these specific energy sources, the research provides
a nuanced exploration that contributes to a better understanding of the region’s energy dynamics. It also considers
macroeconomic variables such as labour force, physical capital, and price volatility to fully capture the complexities of
energy consumption impacts of econmic growth in Eastern Africa regions. This research contributes to the existing
literature in three ways. First, by focusing on Eastern African regions, it offers fresh insights into the energy-growth
nexus, specifically in the context of electricity and petroleum consumption, which are under-researched yet critical for
the region’s development. Second, it explores both short- and long-run impacts of energy consumption, revealing the
underlying mechanisms that drive economic growth. Finally, the study provides practical guidance for policymakers,
offering evidence-based recommendations to enhance energy access and promote sustainable economic development
in Eastern Africa. The rest of the study is structured into four main parts: Literature Review, Methodology, results and
discussion and Conclusion with Policy Recommendations.
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2. Literature Review
2.1. Theoretical Framework

This study employs a neo-classical growth model that recognizes energy as a crucial input driving economic growth
in the modern world [15,16,24]. In contrast to traditional growth theories, such as the Harrod-Domar and Solow-Swan
models as stated by Orlando et al. and Chetty and Pradhan [17,18], which focus solely on capital and labour as key
production factors, our model acknowledges the significant role of energy in economic growth. Crucially, we also
incorporate a price index as a key variable, recognizing that prices directly impact production decisions by influencing
the cost of inputs [25,26]. Energy prices, in particular, signal scarcity or abundance in the market, influencing resource
allocation and the adoption of energy-efficient technologies [27,28]. Specifically, we examine the neo-classical growth
model with the focus on electricity and petroleum consumption to understand their influence on economic growth in
Eastern African, which are experiencing rapid change and rising energy demands, reported driven in part by population
growth. Dynamics prices of these energy influence consumption patterns, investment choices, and overall economic
activity; therefore, by including its prices, we account for these effects and capture the influence of price volatility on
the relationship between energy and economic growth. Therefore, our augmented growth model provides insights into
the roles of both modern inputs (energy consumption and price) and traditional inputs (capital and labour) in driving
economic growth in Eastern Africa. This approach emphasizes energy resources as crucial for productivity, illuminating
the interplay between energy markets and economic growth while acknowledging the continued importance of
traditional inputs.

2.2. Empirical Studies

Empirical studies has extensively examined the relationship between energy utilization and economic growth,
employing different methods in diverse regions [11,28-31]. For example, ref. [31], examined how growth,
industrialization, and urbanization influence energy use and emissions in both developing and developed countries,
aiming to guide sustainable energy policy. The results indicate that the impact of energy on economic growth varies by
source and location. Similarly, ref. [27] used Panel Vector Autoregression (PVAR) analysis across 124 countries from
1980 to 2018 and found that energy’s effect on GDP differs by a country’s income level, being positively significant in
higher and lower-income nations, but not middle-income ones. Recent studies, such as in ref. [31], have further explored
the causal relationship between energy consumption and economic growth, demonstrating complex interactions that
vary depending on regional and economic contexts. Ref. [32], also emphasized the role of energy efficiency in
mitigating environmental impacts while maintaining economic growth. These studies provide additional insights into
the multifaceted nature of energy consumption, particularly in developing regions.

In G7 countries, ref. [33] conducted a comprehensive study examining the intricate relationship between renewable
and non-renewable energy consumption and economic growth. Utilizing advanced panel data analysis techniques, the
research spanned Canada, France, Germany, Italy, Japan, the United Kingdom, and the United States to uncover the
long-run and short-run effects of various forms of energy consumption in molding economic growth. The findings
confirm complex interactions between energy sources and economic performance in these developed economies.
Similarly, a study conducted by Topcu et al. [34] shows one way causality relationship from energy consumption (oil,
natural gas and coal) to economic growth in Germany, Italy, Japan, U.S, Italy, Japan, U.S, U.K, Canada. Whereas, from
economic growth to energy consumption evidenced in others. Ref. [35] conducted an analysis to unravel the
relationships between transportation, economic growth, and environmental degradation in Asian economies. The study
used the panel autoregressive distributive lag (Panel-ARDL) method to assess both long-run and short-run effects. This
research highlighted transportation as a major factor influencing both economic progression and environmental health,
in addition to GDP and urbanization. These findings illuminate the interplay between these elements within Asian
countries with the use of Panel ARDL. Whereas, in the African context, ref. [36] focused their analysis on African
OPEC nations, using the ARDL method to explore the changing aspects of energy consumption and economic growth.
Their research highlighted the unique impact of energy consumption on economic development within this subset of
countries, providing tailored insights into their energy-growth nexus.

Further, ref. [37] study covered Africa to explore how electricity consumption affects economic growth, employing
System Generalized Method of Moments techniques. They found a positive correlation between electricity use and
economic growth, underscoring electricity’s essential role in the continent’s economic development. Ref. [38], focused
on Botswana, analyzing data from 1980 to 2016 using the ARDL-bound testing approach. The findings suggest
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Botswana’s economy is not heavily dependent on energy, which could allow for energy conservation measures without
hindering economic growth. Similarly, ref. [37] examined the varying impacts of petroleum and natural gas
consumption on the economies of different African countries with the Non-linear Autoregressive Distributed Lag model.
The study illuminated diverse patterns in the energy-growth relationship, highlighting the unique energy dynamics
within Africa. Furthermore, ref. [39] expanded on these studies by examining the non-linear connection between energy
consumption and economic expansion in selected African nations from 1971 to 2014. By applying a non-linear panel
autoregressive distributed lag model, they identified variations in the impact of energy use on economic growth across
various phases of the economic cycle.

Concurrently, ref. [40] explored the interactions among fossil energy consumption, economic growth, oil prices,
and carbon emissions in 22 African nations, providing a holistic view of the multifaceted relationships and policy
implications that characterize energy use and economic development in the region. Similarly, ref. [41] investigated the
influence of renewable energy consumption on economic development in 24 MENA countries beginning 1980 to 2015,
finding that renewable energy has a minimal effect on their economies. Ref. [5] with 12 MENA countries linked
renewable energy use, economic growth, foreign investment, trade, and carbon emissions, stressing the importance of
transitioning to renewables for sustainable growth. The effects of energy on economic growth are found to vary by
country, which has implications for policy-making, as demonstrated in the ref. [27,41-43] collectively, provides insights
of the energy-growth nexus in Africa, offering the consequences of energy use on economic progress in this continent.
Additionally, ref. [44] explored the non-linear nexus between energy consumption and total factor productivity,
underscoring the importance of energy efficiency in promoting sustainable economic growth.

In East Africa, ref. [45] analyzed the relationship between infrastructure development and economic growth,
offering policy guidance for enhancing infrastructure’s economic impact. Whereas, ref. [46] applied time-varying
causality methods to analyze total factor productivity, energy consumption, and CO, emissions in the G20 nations,
providing a comparative analysis relevant to understanding energy dynamics in Eastern Africa. Similarly, ref. [47]
investigated the link between CO; emissions and renewable energy, economic growth, and population size, providing
insights into the environmental and economic interactions specific to the region. Existing research does not sufficiently
explore the specific effects of electricity and petroleum consumption in Eastern Africa, where energy diversification,
security, and reliable electricity supply are challenges. The objective of this research is to evaluate the effects of these
energy types on regional economic growth, providing guidance for energy investments and plans to promote regional
economic advancement and comprehensive utilization of energy resources.

3. Methodology

This study utilizes data from twelve Eastern African countries: Burundi, Djibouti, Ethiopia, Kenya, Madagascar,
Mauritius, Mozambique, Rwanda, South Sudan, Sudan, Tanzania, and Uganda. These countries were selected due to
their diverse economic structures, political landscapes, and energy profiles, which provide a comprehensive view of the
region’s energy-growth dynamics. This diversity allows the study to capture variations in energy consumption and
economic growth across different contexts, making the findings more generalizable across Eastern Africa [48]. For
example, the inclusion of both landlocked nations, such as Rwanda and Uganda, and coastal nations, such as Kenya and
Mauritius, provides valuable insights into how geographic location influences energy access and economic activity.
Additionally, contrasting degrees of urbanization (e.g., Ethiopia’s rapid urbanization versus Burundi’s predominantly
agricultural economy) offer a richer perspective on the interaction between energy consumption and economic structure
[49]. Additionally, contrasting energy profiles are considered, from countries like Kenya, which is actively investing in
electrification and renewable energy projects, to those like South Sudan, which are significantly reliant on petroleum
imports due to limited infrastructure [12]. This comprehensive selection of countries allows for a more nuanced
understanding of the relationship between electricity and petroleum consumption and economic growth in the region.

The period from 2000 to 2021 was chosen because it captures significant economic transitions in Eastern Africa,
including the adoption of the Millennium Development Goals (MDGs) and Sustainable Development Goals (SDGs),
which have shaped regional energy and economic policies. Additionally, during this time, Eastern Africa experienced
increased regional integration through trade blocs like the East African Community and COMESA, along with the
introduction of development integration agreements. This period allows for the analysis of energy consumption and
economic growth during a time of rapid industrialization and urbanization, making it ideal for understanding both short-
term fluctuations and long-term trends [49,50]. This timeframe is appropriate for understanding the evolving dynamics
between energy consumption and economic growth in the context of regional development initiatives.
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3.1. Data Sources and Variables

The study employs secondary data obtained from various databases. Economic data were sourced from the World
Development Indicators, and energy consumption statistics were derived from the U.S. Energy Information
Administration. A rigorous data validation process was undertaken to compare GDP growth and energy consumption
figures across sources such as the International Monetary Fund, the United Nations Statistical Division, and the
International Energy Agency. Demographic data were validated through comparison with the United Nations” World
Population Prospects. This comprehensive validation of data sources is crucial for ensuring the accuracy and reliability
of the results [51]. The study utilizes the yearly percentage increase in per capita Gross Domestic Product (GDP) as the
dependent variable, which is a standard measure of economic growth. Electricity and petroleum were selected as key
independent variables based on their fundamental role in driving economic activities within the Eastern African context.
These two energy sources are critical in sectors such as manufacturing, transportation, and services, which are heavily
depend on these energy for the region’s economic growth [51,52].

Eastern Africa’s growing urbanization and industrialization have increased demand for these energy sources, yet
the region faces energy deficits and high reliance on petroleum imports [53]. By focusing on these variables, this study
addresses gaps in the literature where the distinct impacts of electricity and petroleum on economic growth in Eastern
Africa have not been sufficiently explored. Capital and labour are included as independent variables in accordance with
neoclassical growth theory, which posits that economic growth is driven by these two inputs. In the context of Eastern
Africa, where labour-intensive industries and varying levels of capital investment play significant roles in economic
growth, these variables are essential for understanding the full scope of factors that influence growth. Additionally,
energy prices, measured through the consumer price index (CPI), are included as a control variable to account for the
impact of energy price volatility on consumption patterns and economic performance, as supported by previous studies,
e.g., [52]. See Table 1 below for a detailed description.

Table 1. Description of Variables.

Units of

Variable Description Source
Measurement
World Development Indicators
. https://databank.worldbank.org/source/world
GDP GDP per capita growth Annual % —deilelopment-indicators (acce%sed on 22
December 2022).
. . . Billion kilowatt- U.S. Energy It}formaFion Administration
Electricity  Electricity net consumption hours https://www.eia.gov/international/data/world

(accessed on 23 December 2022).

U.S. Energy Information Administration
Petroleum  Refined petroleum products consumption Terajoules https://www.eia.gov/international/data/world
(accessed on 23 December 2022).
World Development Indicators
https://databank.worldbank.org/source/world
-development-indicators (accessed on 22
December 2022).
World Development Indicators
https://databank.worldbank.org/source/world
-development-indicators (accessed on 22
December 2022).
World Development Indicators
Total working https://databank.worldbank.org/source/world
group -development-indicators (accessed on 22

December 2022).

Capital Gross capital formation Percentage of GDP

Price Consumer price index 2010 =100

Labour Labour force, total

3.2. Estimation Procedures

This study employs three sequential steps to ensure robust results. The first step involves unit root testing to assess
the stationarity of the panel data. The Hadri LM, Im-Pesaran-Shin, and Breitung tests are used due to their ability to
handle heterogeneity across countries and account for the temporal dynamics inherent in panel data. These tests were
chosen because they address potential cross-sectional dependence and structural breaks, which, if unaccounted for,
could bias the estimation results [50,53]. These diagnostic tests confirm the stability of the data, reducing the need for
explicit structural break tests. The unit root tests are conducted at both the level and first difference, as seen in similar
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studies by Nandan and Mallick [54,55] and Firtescu et al. [56]. The second step involves the use of Panel Autoregressive
Distributed Lag (ARDL) methods, which are appropriate for mixed cross-country time series data. The ARDL model
was selected because it adeptly captures both short-term fluctuations and long-term equilibrium relationships between
energy consumption and economic growth, even when variables are integrated at different levels (I(0) or I(1)) [57]. This
approach is particularly suitable for Eastern African countries due to the evolving nature of energy use and economic
change in the region. The third step involves diagnostic tests such as the Hausman test, which is used to determine the
most reliable estimator between the fixed effects and random effects models. This step ensures that the selected model
is appropriate and not subject to misspecification biases [58].

3.3. Estimation Models

This study employs the Panel Autoregressive Distributed Lag (ARDL) modeling approach to explore the effects
of electricity and petroleum consumption on economic growth in Eastern Africa regions. This approach was chosen for
its ability to incorporate lagged independent variables, which helps mitigate issues like omitted variable bias,
measurement errors, and endogeneity as stated by Pesaran and Smith (1995) and cited by recent study of Adom et al.
[59]; Aissaoui and Fabian [60] and Wang et al. [61]. Additionally, the ARDL model allows for a detailed examination
of both short-term and long-term dynamics, which is essential given the varying economic conditions across the region.
The study employs the Pooled Mean Group (PMG), Mean Group (MG), and Dynamic Fixed Effect (DFE) estimation
techniques to capture the diverse economic realities of Eastern Africa. The PMG estimator is favored for its ability to
estimate long-term relationships, making it suitable for a region like Eastern Africa, where short-term energy
consumption patterns may vary significantly across countries but long-term growth trajectories are likely to exhibit
common trends [59]. The MG estimator allows us to assess country-specific responses, essential for understanding how
countries with different levels of industrialization and energy infrastructure respond to external economic shocks [62].

Finally, the DFE estimator provides insights into how the region as a whole reacts to global economic shocks in
the short term, adding another dimension to the analysis. By applying these estimators, this study captures the nuanced
interactions between energy consumption and economic growth in a region that exhibits both heterogeneity and
interconnectedness [63]. The MG estimator, on the other hand, is useful for capturing country-specific responses to
external factors such as economic shocks or policy decisions. This is important for understanding how heterogeneous
external factors influence economic growth in different contexts. Consequently, the PMG estimator, in particular, is
emphasized in this study on the basis of diagnostic test results. Thus, the application of the PMG estimator has
dominated study results and yields reliable insights [64,65], as indicated in baseline Equation (1).

Yi= (Kit,Lit,Pit,ELit,PTit) ( 1 )

where Y represents an output which reflects the economic growth and measure by GDP, K is capital formation, L is
labour, P is energy price, and EL and PT are electricity and petroleum consumption and the subscripti (i =1, 2,..., n)
refers to countries while t (t=1, 2,..., T) refers to the time period.

Furthermore, the ARDL estimation equation formulated into a panel of (p,q), where p represents the lags of the
dependent variable and q represents the lags of the independent variables described as follows:

AYy = o+ No_; gAY
1 2 3 4 5
+ Zﬁ:o g ik AK + Zﬁ:o o3 ik AELj i + Zﬁ:o a4,ikAln(PT)i,t—k + Zﬁ:o s ik AEP g + ZE:O ae,ikAln(L)i,t—k + Bl,ikYi,t—l + ()
B2ikKit—1 T BaikELit—1 + BaixIn(PT)it—1 + BsikEP;c—1 +B6,i]'ln(]-‘)i,t—1+ Eit

where o; represents the fixed effects, a;—ag is the lagged coefficients of the independent variables and the regressors
and g;; is the error term which is assumed to be white noise and varies across countries and time. Variables with
coefficient o, show the short run dynamic, whereas the B, represents the long run dynamics. Thus, the null hypothesis
in the equation is B4, B2, B3, Bs> Bs, Bs = 0, which means there is co-integration relationship. The rejection of null
hypothesis (means that there is a long run relationship) and we proceed further to calculate the long run coefficients
using the following model;

_ p
. , AYit3_ o+ Yo al,ikmii,t—k )
q q q q q
+ Xm0 %2,ikAK + X 2o 0z i AE (L) -k + Xy O, ikAP T i + Xz A i AEP; i + X2 A it AIN(L); -k + &

Once, a long-run relationship is established between the dependent variables and the regressors, the panel ECM
model expressed in Equation (4) as follows:

3)
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AYje = o5+ Yp_; gAY i
1 2 3 4 5
+ P g i AK + X2 o ik AEL; g + D oy ik AIN(PT); g + Dpe ) ot ik AEP, i + Xt o 0t iicAIN(L); i + O;ECM; g &5

4

where O is the coefficient of the error correction term which shows how quickly it is possible to achieve the equilibrium
in the long run. The optimal lag length of the ECM in Equation (4) is determined using Akaike’s lag selection criteria
and a maximum lag length of two is chosen.

3.4. Estimation Equations

The estimation equation is operationalized through parameters (p,q), where ‘p’ signifies the lags of the dependent
variable and ‘q’ symbolizes the lags of the independent variables as presented in Equation (5).

AYie = o+ Xp_, gAY e
1 2 3 4 5
+ T o s AK + B2 ot i AEs et s o g i AIN(PT); ek + Xiee o s i1APr ek + Do o A ik AN (L) i + PrikYie—1 + )
B2ikKit—1 + BsikEit—1 T Bain(PT)ic1 + BsikPie—1 tBein(L)ic—1t &t

where o; represents the fixed effects, oa;—ag is the lagged coefficients of the independent variables and the regressors
and g;; is the error term which is assumed to be white noise and varies across countries and time. Variables with
coefficients a; through o represent the short-run dynamics, while coefficients B through B¢ capture the long-run
dynamics. Consequently, the null hypothesis for the cointegration test stipulates that ;1 = B2 = B3 = P4+ = Bs = Bs = 0,
indicating no cointegration relationship. A rejection of this null hypothesis suggests the presence of a long-term
relationship among the variables.

After presenting the dynamics relationship equation between the variables, the face of short-run disequilibrium is
captured by introducing an error correction term (ECT) in Equation: captures how deviations from long-run equilibrium
are corrected each period, where a negative value indicates a correction towards equilibrium, reflecting the stability of
the long-run relationship. The magnitudes informs about the speed of this adjustment process, with a more negative
value suggesting a faster return to equilibrium. Therefore, the long-run relationship model specified in Equation (6).

_ p
AYj = o+ Yy A iAY ek
ql qz q3 q4 qs
+ Yo A2 ikAK + X 20 o i) AE ¢ + Xy 0 ik AIN(PT); ey + X2 s ikAP, e T X U ikAIN(L); - + O;ECM; ¢ +55¢

(6)

where ©; is the coefficient of the error correction term, the optimal lag length of the ECM is determined using Akaike’s
lag selection criteria, with a maximum lag length of two.

As aresult, by incorporating three estimation techniques Pooled Mean Group (PMG), Mean Group (MG), and Dynamic
Fixed Effect (DFE), this study provides a thorough examination of the energy-economic growth nexus, taking into account
both country-specific and regional trends.The PMG estimator, in particular, is emphasized due to its superior performance in
terms of consistency and efficiency, as confirmed by diagnostic tests such as the Hausman test [63].

4. Results and Discussion
4.1. Descriptive Statistics and Test

Table 2 displays descriptive statistics, showing significant variations in key economic indicators. GDP growth
ranges from —93.42 in South Sudan to 10.561 in Rwanda. This reflects diverse economic trajectories, likely influenced
by differences in political stability, presence of conflict, natural resource endowments, and economic policies. For
instance, South Sudan’s negative growth could be partly attributed to on-going conflict and political instability, while
Rwanda’s growth may stem from successful economic reforms and political stabilization efforts. Energy consumption also
varies, with petroleum being three times higher than electricity, indicating different energy usage patterns that could be
shaped by factors such as infrastructure development and resource availability. Price levels vary, with South Sudan having
the lowest and Ethiopia having the highest. These descriptive results confirm heterogeneity in the panel data, leading to
the application of the Panel Autoregressive Distributed Lag model, which accommodates diverse data series, captures
heterogeneity, and provides robust results on the relationships between economic growth and energy consumption.
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Table 2. Descriptive Statistics.

Variable Obs Mean Std. Dev. Min Max
GDP 264 0.354 10.98 -93.42 10.561
LnLabour 264 15.581 1.483 11.91 17.839
Capital 264 41.915 100.942 =7.712 759.123
Price 264 472.715 2382.192 34.486 22,570.711
InPetroleum 264 10.58 1.167 7.873 12.617
Electricity 264 3.326 3.648 0.1 14

To ensure the robustness of the study findings, this study conducted a series of diagnostic tests prior to the empirical
analysis. The analysis begins by examining the pairwise correlations between variables to identify multicollinearity
issues. Subsequently, potential contamination of results due to endogeneity is addressed by employing the Panel
Autoregressive Distributed Lag (ARDL) model, which incorporates lagged independent variables, helping mitigate
reverse causality and omitted variable bias. The use of dynamic estimators further corrects for endogeneity and
unobserved heterogeneity. Further, the analysis examines the presence of cross-sectional dependence and determines
the order of integration of each variable using panel unit root tests. This approach accounts for potential
interdependencies among the Eastern African countries included.

Table 3, presents the correlation matrix and multicollinearity diagnostics for the study variables. The analysis
reveals weak to moderate positive correlations between most variables. Importantly, all Pearson correlation coefficients
are below 0.8, indicating an acceptable level of independence among the independent variables for regression analysis.
Although a positive correlation (0.68) exists between petroleum and electricity consumption, potentially reflecting
shared economic drivers, diagnostic tests including variance inflation factors (VIFs) confirm low multicollinearity.
These values range from 1.01 to 2.09, supporting the absence of multicollinearity issues. These findings are consistent
with earlier studies by [66,67].

Table 3. Correlations and Multicollinearity.

Variables (0)) ?2) 3) 4 (5) (6)
(1) GDP 1.000
(2) Inlabour 0.052 1.000
(3) Capital 0.036 —0.463 * 1.000
(4) Price -0.702 * 0.009 -0.066 1.000
(5) Inpetroleum 0.089 0.536 * —0.154 * 0.031 1.000
(6) Electricity 0.127 * 0.472 * —0.104 * 0.013 0.68 * 1.000
VIF 1.84 1.31 1.01 2.09 1.92
1/VIF 0.542 0.763 0.993 0.479 0.520
Mean VIF 1.63

* Indicates statistically significant at the 10% (p < 0.10) level or more.

Table 4 presents the results of cross-sectional dependency tests and the CADF panel unit root tests conducted on
the variables of interest. The Breusch-Pagan LM, Pesaran CD, and Friedman tests consistently reject the null hypothesis
of no cross-sectional dependence across all variables, highlighting significant economic linkages among the Eastern
African countries in our study. This interconnectedness, likely driven by spillover effects or common unobserved factors,
implies that economic or energy-related shocks in one country can potentially influence others. Given this confirmed
cross-sectional dependence, we employ the Cross-Sectionally Augmented Dickey-Fuller panel unit root test, which is
robust to such dependence and provides more consistent results than traditional unit root tests. The CADF test
determines the stationarity of the variables, indicating at which level of integration they become stationary, while
accounting for cross-sectional dependence.
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Table 4. Panel Unit Root Tests for Cross-Section Dependency.

Tests Cross-Section Dependency CADF Panel Unit Root
Variables Breusch-Pagan LM Pesaran CD Friedman’s Level First Difference Order
GDP 190.933 *** 10.361 *** 71.593 *** —2.564 —3.643 *** I(1)
InLabour 1419.131 *** 37.668 *** 250.221 *** -1.603 * 1(0)
Capital 416.943 *** 2.146 ** 27.64 ** -1.262 —3.811 *** I(1)
Price 1127.357 *** 32.844 *** 251.352 *** 7.872 —1.867 ** I(1)
InPetroleum 996.864 *** 23.377 *** 168.413 *** —1.705 ** 1(0)
Electricity 1158.327 *** 33.902 *** 232.098 *** —0.939 —3.984 *** I(1)

* Indicates statistically significant at the 10% (p < 0.10) level or more, ** indicates statistically significant at the 5% (p < 0.05)
level or more, and *** indicates statistically significant at the 1% (p < 0.01) level or more.

The CADF test results indicate that the null hypothesis of non-stationarity is rejected for InLabour and InPetroleum
at the level, suggesting these variables are stationary at level 1. Conversely, the null hypothesis cannot be rejected for
GDP, Capital, Price, and Electricity, indicating these variables are non-stationary at the level but become stationary at
the first difference, denoted as I. These findings support the use of first-differenced data for GDP, Capital, Price, and
Electricity in subsequent analyses, while InLabour and InPetroleum can be used in their levels. The robustness of the
CADF test to cross-sectional dependence ensures the reliability of Panel ARDL models for further analysis, as these
models effectively account for such dependence, ensuring efficient and reliable results.

In selecting the appropriate estimations model, the study employs the Hausman test. The test is crucial in panel
ARDL contexts for distinguishing between fixed effects and random effects models, guiding the choice among pooled
mean group, mean group, and dynamic fixed effects estimators. The null hypothesis in both PMG versus MG and PMG
versus DFE comparisons assumes homogeneous long-run coefficients and consistent short-run dynamics across
countries. A p-value above the conventional thresholds (such as 0.05 or 0.10) would support the null hypothesis, suggesting
the PMG’s assumptions hold true. The Hausman test results comparing PMG with MG revealed a y? statistic of 1.04 with
a p-value of 0.9 indicating support for the null hypothesis favouring the PMG model’s ability to control unobserved
heterogeneity. Conversely, the PMG compared with DFE yielded a negative y’ statistic of —6.77. The occurrence of a
negative y° statistic is unexpected, as it indicates potential discrepancies in the variance-covariance matrices. Such negative
y* value is interpreted in line with existing literature to mean that a more efficient estimator aligns with the null hypothesis,
indicating that differences in coefficients between PMG and DFE models are not systematic. Therefore, the PMG estimator
provides a robust basis for the discussion, conclusions, and recommendations presented.

4.2. Presentation of Results

Table 5 shows the results of Panel ARDL (2 2 2 1 2 0), which has been employed to address endogeneity effects
to possible reverse causality between energy consumption and GDP in the regions of study. In addressing endogeneity
concerns, the use of lagged variables in the ARDL model provides a solution to possible reverse causality between
energy consumption and GDP, as the model considers both short-term and long-term dynamics. In all three models, the
Error Correction Term (ECT) is statistically significant at the 1% level, enabling the estimation of both short- and long-
run impacts across the models. Moreover, the negative sign of the ECT coefficients in all three models implies a
corrective response of the variables toward long-run equilibrium following short-term shocks, as also evidenced by [27].
The statistical importance of the ECT coefficients indicates a long-run equilibrium relationship between the variables
in each of the models. This suggests the variables converge to their long-run equilibrium post any short-term disparities.
Additionally, the negative sign of the ECT coefficients is similarly reflected in the findings by [39], implying a
regulative adjustment of the variables in the reverse direction of the deviation. Larger absolute values of the ECT
coefficients denote more rapid adjustments, while smaller values indicate a slower realignment process. Consequently,
the study asserts the presence of a long-run relationship and a corresponding adjustment mechanism between variables in
all models, signifying their interdependence in the short run and a systematic correction to equilibrium in the long run.

The findings reveal that petroleum consumption significantly impacts GDP in both the short and long run. In the
short run, all three models demonstrate a positive association between petroleum consumption and GDP growth.
Specifically, a 1% increase in petroleum consumption is associated with GDP increases ranging from 0.073 to 0.121
units in the PMG and MG models, respectively (p < 0.05). The DFE model shows a similar positive impact, with a 1%
increase in petroleum consumption associated with a 0.083 unit increase in GDP (p < 0.01). These results highlight the
immediate positive effect of changes in petroleum consumption on economic growth. In the long run, the PMG model
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further reveals a significant positive relationship, indicating that a one-unit increase in petroleum consumption is
associated with a 0.031 unit increase in GDP (p < 0.01). These findings underscore the crucial role of petroleum
consumption in driving both short-term and long-term economic growth.

Table 5. Results of Panel ARDL (22212 0).

PMG MG DFE
Variables Long Run Short Run  Long Run  Short Run Long Run Short Run
Error Correction Run (ECT) —0.882 *** —1.239 *** —0.916 ***
(-0.116) (-0.0761) (—0.0685)
InLabour 32.54 15.61 189.4 ***
(—38.25) (-63.2) (—39.47)
Capital 0.879 —0.164 0.00229
(—0.714) (—0.251) (—0.0429)
Price 0.0858 0.0641 0.00323 ***
(—0.0802) (—0.0584) (—0.00055)
Electricity 4.905 —-15.1 0.259
(—3.429) (-17.52) (-0.776)
InPetroleum 7.256 ** 12.07 ** 8.302 ***
(—3.641) (-6.063) (-2.731)
InLabour —9.54(0 *** 16.96 -1.273
(—1.486) (-20.5) (—4.648)
Capital —0.0145 *** 0.793 —0.00957
—(0.00064) (-0.803) (—0.00604)
Price 0.000809 —0.0457 —0.00408 ***
—(0.00349) (-0.04) (—0.000245)
Electricity —0.369 ** 29.82 0.336
(-0.156) (—28.08) (—0.261)
InPetroleum 3.007 #** —1.253 —2.429
(-0.563) (—4.398) (2.206)
Constant 105.0 *** —321 37.2
(-14.13) (—353.3) (-50.59)
Observations 252 252 252 252 252 252
Hausman Test 1.04(0.9595)
Hausman Test —6.77

Note: Standard errors in parentheses; ** indicates statistically significant at the 5% (p < 0.05) level or more, and *** indicates
statistically significant at the 1% (p <0.01) level or more; Pooled mean group, mean group, and dynamic fixed effects, all controlling
for the country and time effects with the first panel (SR) shows short-run effect while the second panel show long-run effects (LR).

In the short run, the results of electricity consumption on GDP lack statistical significance, despite a positive
association suggesting a potentially beneficial impact on economic growth. On the other hand, the long-run analysis
reveals a statistically significant negative relationship between electricity consumption and GDP growth with an
estimated coefficient of —0.369 (p < 0.05). This implies that a 1% increase in electricity consumption corresponds to a
0.369 unit decrease in GDP. This study reveals a consistently statistically significant negative relationship between
energy price indexes and GDP at a 1% significance level across both short- and long-run periods. Specifically, the
results indicate that a 1% increase in energy prices is associated with a 0.00321 unit decrease in GDP in the short run,
while long-run estimates suggest that a 1% increase in prices corresponds to a decrease of approximately 0.0041 units
in GDP. The consistent negative relationship aligns with economic intuition; higher energy prices can reduce consumer
purchasing power and overall economic activity. However, it is noteworthy that the statistically significant negative
relationship was observed only in the DFE model. This might be attributed to the model’s ability to account for cross-
sectional dependence or individual effects within the study panels.

This study reveals contrasting impacts of labour and capital on GDP across different time horizons, with significance
observed at the 1% level. Specifically, under the DFE model, a 1% increase in labour is associated with a 1.894 unit
increase in GDP in the short run. However, long-run PMG estimates indicate statistically significant negative relationships
for both labour and capital. The long-run analysis suggests that a 1% increase in labour corresponds to a 0.09540 unit
decrease in GDP, while a 1% increase in capital corresponds to a 0.0145 unit decrease. This shift from a positive short-
run to a negative long-run relationship for labour, alongside the consistently negative association with capital, highlights
the complex dynamics of economic growth. These findings suggest the potential for diminishing returns over time and
underscore the PMG model’s ability to capture these long-run effects, in contrast to the DFE model.
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4.3. Discussion of Results

Our findings energy consumption demonstrates a positive impact on GDP growth in Eastern Africa regions, both
in the short and long run. In the short run, this is primarily attributed to the region’s heavy reliance on petroleum for
transportation and as a primary energy source across various sectors, including manufacturing, industry, and services.
However, this dependence creates a cyclical pattern in which economic growth stimulates oil demand, further
entrenching dependence and exposing the region to volatile global oil prices. Notably, these findings align with those
of Odhiambo [38], who similarly reported positive relationships between petroleum consumption and economic growth.
Additionally, Rahman et al. [63] utilized three models for energy analysis, and confirmed the positive influence of
energy sources on GDP growth. These finding amplified over the long run by existing infrastructure deficits, particularly
in the energy sector, which necessitate the use of petroleum-powered. East Africa’s industrialization sectors heavily
depend on petroleum and electricity, such as manufacturing and mining. To address these challenges, intervening in
available energy sources presents a key opportunity for the African region to accelerate economic growth while reducing
dependence on petroleum. The introduction of innovation for renewable energy technologies interventions, such as that
of the Stiegler Gorges Dam project in Tanzania, could help stabilize energy supplies, reduce operating costs, mitigate
environmental impacts, and likely stimulate economic growth in the regions. Furthermore, innovation in renewable
energy technologies provides an opportunity for energy diversification, which could significantly influence the pace of
economic growth in the region. In the short term, our findings on electricity consumption showed a positive relationship,
suggesting a potentially positive impact on economic growth, while in the long term, a statistically significant negative
relationship was revealed between electricity consumption and GDP growth, which may be due to the early phase of
energy intervention projects in the regions. The findings show that petroleum consumption has a significant impact on
GDP in both the short and long run. In the short run, all three models demonstrate a positive relationship between
petroleum consumption and GDP growth in the regions. These findings align with those of Topcu et al. [34] and Lawal
et al. [37], who also observed positive long-run effects of energy consumption on economic growth. According to the
reports from the International Renewable Energy Agency (IRENA), sub-Saharan African countries could meet up to
50% of their electricity needs with renewable energy by 2030 if investment in infrastructure and innovation is prioritized.
Therefore, policymakers must balance the short-term benefits of petroleum-based fuels with long-term strategies that
promote diversification and sustainability in the energy sector.

In this case, the lack of short-term statistical significance may reflect the lagged effects of electricity infrastructure
development or the time required for businesses to fully leverage improved electricity availability. Economic theory
suggests that infrastructure investments, such as those in electricity generation, often require time to generate
measurable economic returns. Initial investments may face diminishing returns due to inefficiencies or delayed
productivity improvements, which can explain why the impact of electricity consumption on economic growth may not
be immediate. However, the negative long-run relationship, where increased electricity consumption appears to hinder
economic growth, indicates a more nuanced situation. This counterintuitive finding could be attributed to several
systemic challenges. For example, inefficiencies in electricity generation and distribution, common in developing
economies, result in significant energy losses. According to reports from the International Energy Agency (IEA), some
Eastern African countries experience transmission and distribution losses as high as 20-30%, which increases
operational costs for businesses. Additionally, the electricity generated might be channeled predominantly towards less
productive sectors or utilized inefficiently, limiting its contribution to overall economic output. Low energy efficiency
in key industries might mean that even with more electricity available, productivity gains and economic output do not
increase proportionally.

Furthermore, the region’s struggle with unreliable electricity supply could be a factor. Frequent outages disrupt
industrial processes, discourage investment, and force businesses to rely on costly backup generators, ultimately
hindering economic growth. These outages have been documented in various reports, such as the World Bank’s
Enterprise Surveys, which highlight that unreliable electricity is one of the top constraints to doing business in Sub-
Saharan Africa. Developing renewable energy technologies, combined with innovation in storage and grid management
systems, could mitigate these issues, providing a more reliable and cost-effective energy supply. These findings
underscore the need for a multi-pronged approach to electricity sector development in Eastern Africa. Investing in
modern, efficient electricity generation from renewable sources like solar, wind, and geothermal can provide a cleaner
and more sustainable energy mix. Simultaneously, modernizing the electricity grid to reduce transmission and
distribution losses is crucial. Although short-term statistical significance may not always be present, the long-term
implications of inefficient energy use are clear. The policy recommendations stemming from this analysis are crucial
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for addressing both immediate and longer-term challenges. Incorporating renewable energy innovations into existing
infrastructure and prioritizing investment in new technologies can not only enhance industrial productivity but also
create a more resilient and sustainable energy sector. Therefore, policymakers must prioritize investments in renewable
energy, grid modernization, and energy efficiency programs. Additionally, these innovations create significant
opportunities for private sector investment and public-private partnerships that could further accelerate the pace of
economic growth. For the public, improvements in the electricity infrastructure would mean more reliable and affordable
energy access. These improvements would not only enhance industrial productivity but also lead to more reliable and
affordable electricity access for households. Investors may see opportunities in renewable energy projects, given the
region’s current reliance on petroleum and the need for a diversified energy portfolio to stabilize economic growth in the
long run. The energy sector, particularly renewable energy, presents an attractive investment opportunity, especially as the
region transitions toward sustainable energy solutions to address inefficiencies in electricity production and distribution.

These efforts would not only enhance industrial productivity but also create a more resilient and sustainable energy
sector that supports long-term economic growth. For the public, improvements in the electricity infrastructure would
mean more reliable and affordable energy access. These improvements would not only enhance industrial productivity
but also lead to more reliable and affordable electricity access for households. Investors may see opportunities in
renewable energy projects, given the region’s current reliance on petroleum and the need for a diversified energy portfolio to
stabilize economic growth in the long run. The energy sector, particularly renewable energy, presents an attractive investment
opportunity, especially as the region transitions toward sustainable energy solutions to address inefficiencies in electricity
production and distribution. However, these findings contrast with previous studies, which generally reported positive
associations between electricity consumption and economic growth [37,38].

The finding that labour and capital exhibit negative long-run relationships with economic growth in Eastern Africa
presents unexpected results, contradicting traditional economic theory and numerous empirical studies like of ref. [68,69]
that emphasize these factors as key drivers of prosperity. Traditionally, economic models like the Solow-Swan model
and the Cobb-Douglas production function predict a positive relationship between these inputs and GDP growth,
anticipating that increases in either labour or capital drive economic expansion. While both labour and capital might
show initial promise in stimulating growth, these regional results reveal a concerning trend. These unexpected results
could stem from persistent structural bottlenecks within Eastern African economies. For instance, diminishing returns
to scale for both labour and capital might arise from skill gaps in the workforce, limiting labour productivity, or from
inefficient allocation of capital, hindering its effective utilization in productive activities. Furthermore, the lack of
technological progress plays a crucial role. Without continuous innovation and adoption of productivity-enhancing
technologies, simply increasing labour and capital inputs might not translate into sustained economic growth, potentially
leading to the observed negative long-run relationships. These findings underscore the need for a strategic approach to
development policy in the region, one that moves beyond merely increasing labour and capital inputs. Instead,
prioritizing investments in education and skills development to enhance labour productivity, alongside promoting
technological innovation and ensuring efficient allocation of capital, is essential to maximize returns on investment.
Addressing these structural constraints is crucial for transitioning from a factor-driven to a productivity-driven growth
model, ultimately unlocking Eastern Africa’s full economic potential.

4.4. Study Limitations

The findings of this study regarding the effects of electricity and petroleum consumption on GDP are specific to
the Eastern African sub-region. Therefore, caution should be exercised when extrapolating these results to other regions,
due to the unique economic, political, environmental, and infrastructural factors of Eastern Africa. These considerations
encompass, among others, particular energy policies and decisions, the extent of energy infrastructure build-up, and
unique market forces that might not exist or vary greatly in different settings. Such regional disparities may result in
different relationships between energy consumption and GDP growth elsewhere.
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5. Conclusions and Policy Implications
5.1. Conclusions

This study reveals a complex relationship between energy consumption and economic growth in Eastern Africa.
While petroleum emerges as a significant driver of short- and long-run GDP growth, this dependence raises concerns
about sustainability and exposes the region to volatile global oil prices. Furthermore, simply expanding electricity access
without addressing sector-specific challenges may not guarantee sustained economic benefits. Unexpectedly, the study
also finds a negative long-run relationship between traditional inputs (labour and capital) and economic growth,
challenging the effectiveness of factor-driven models in the region. These findings underscore the need for tailored
policy interventions that promote energy source diversification, enhance energy efficiency, and prioritize investments
in lobour band technological progress to unlock sustainable and inclusive growth in Eastern Africa.

5.2. Policy Implications

This study’s findings highlight key policy priorities for sustainable growth in Eastern Africa. While petroleum
currently fuels the economy, its volatility necessitates a two-pronged approach: diversifying energy sources by investing
in renewables like solar and wind, and drastically improving energy efficiency across all sectors. Furthermore,
expanding electricity access alone is insufficient; reforming the sector to reduce losses, improve infrastructure, and
attract private investment is equally critical. Finally, shifting away from factor-driven growth models is essential.
Prioritizing investments in human capital, particularly education and skills development, alongside fostering innovation
and technological progress, will be crucial for achieving sustainable and inclusive growth in the region.

5.3. Avenues for Future Research

This study identifies several avenues for further investigation. Disaggregating energy consumption data by
economic sector would provide a nuanced understanding of sector-specific energy efficiency and its impact on growth.
Further research is needed to pinpoint the specific factors driving the observed relationships between energy
consumption and economic growth. Additionally, quantifying the impact of electricity sector bottlenecks, such as
transmission losses and inefficient end-use practices, alongside analysing the temporal dynamics of electricity
infrastructure investments, will be crucial for informing effective energy policies in Eastern Africa.
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