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The role of renewable energy in supporting economic 

growth in North Africa from 2000 to 2023 

Dr. Ayman Salahedeen Ibrahim and Dr. Waleid Mahmoud Ismaeel 

Abstract:  

This study examines the role of renewable energy in supporting economic growth 

in North Africa, focusing on Egypt, Libya, Tunisia, Algeria, and Morocco. Using 

panel data from 2000 to 2023, we employ a Generalized Method of Moments 

(GMM) approach and Granger causality tests to analyze the relationship between 

renewable energy adoption and economic growth. Our findings reveal a 

significant positive impact of renewable energy on economic growth in the 

region, with a 1% increase in renewable energy share associated with a 0.1523% 

increase in economic growth. Granger causality tests indicate a unidirectional 

causality from renewable energy to economic growth, supporting the "growth 

hypothesis" in the energy-growth nexus literature. The study also considers the 

effects of foreign direct investment, human capital, trade openness, inflation, and 

governance on economic growth. Our results suggest that policies promoting 

renewable energy adoption could yield dual benefits of fostering sustainable 

development and stimulating economic growth in North African countries. These 

findings have important implications for policymakers in the region, highlighting 

the potential of renewable energy as a catalyst for economic development.  

Indicators words: Renewable Energy - Economic Growth - North Africa - GMM 

- Granger Causality 

1. Introduction: 

The importance of using renewable energies is due to economic and 

environmental considerations, and these considerations are based primarily on 

development. Development is by humans and for humans, and the process of 

cooperation in the field of energy is beneficial to benefit from environmental 

diversity in North African countries. Countries that base their energy on water 

capacity to generate electricity and countries that can base their energy on 

Benefiting from solar energy in hot countries like Sudan. Connecting the 

generated energy also helps in rapid response to emergencies due to increased 

loads in summer times for the use of cooling and air conditioning devices. The 

use of renewable energy in North African countries has technical, economic, and 

environmental aspects. This research is concerned with presenting Economic 

aspects of this connection. 
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Cooperation operations in the field of renewable energy are among the usual 

strategies globally. There is an interconnection between Canada and the United 

States of America, and interconnections completed in the Western Pacific Ocean, 

and others between Texas and North America, and others in Western and Eastern 

Europe, for interconnection in the field of electrical energy . 

The Arab world began to be interested in electrical interconnection processes 

since the engineering conference held in Jerusalem in 1966. 

This is given that electrical connectivity is considered one of the basic factors 

that are considered a prelude to economic growth and sustainable development. 

It is an essential factor for expanding investments in various sectors. Egypt is 

considered a major supporter in strengthening energy networks and establishing 

international and regional networks. Since 2014, Egypt has been suffering from 

a severe deficit in generating electricity. Energy, which led the Egyptian 

government to resort to scheduling power outages between residential 

neighborhoods and geographical areas so that the system works appropriately. 

The Egyptian state intensified efforts to confront this challenge. During the year 

2015, the total capacity of power stations in Egypt reached 23,000 megawatts, 

but this capacity was not sufficient, so the state developed five-year plans to 

support electrical energy. The first five-year plan was from 2012 to 2017, and the 

second five-year plan during the period from 2022 to 2027, the national plan to 

improve electrical energy efficiency was launched during the period 2018 to 2020 

for Egypt, and the state adopted decisive measures to improve energy efficiency 

by increasing supply and rationalizing consumption, and investments in the 

electricity sector increased from 12.1 billion pounds during the year 2013/ 2014 

to 62.1 during the year 2021/2022. 

Then 28,000 megawatts were added by 2020 by modernizing and extending old 

platforms in addition to implementing new projects, and thus Egypt reached an 

energy surplus estimated at about 19,000 megawatts, which allows it to 

participate effectively in international interconnection networks. 

Siemens has implemented 3 stations (the Administrative Capital, Beni Suef, and 

Burullus). These investments amounted to about 6 billion U.S. dollars, and the 

total new capacity generated amounted to about 14.4 thousand megawatts. The 

Bonyan Solar Energy Complex was established at a cost of 2 billion dollars, with 

a capacity of about 1,465 million dollars. MW . 
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In addition to 3 other stations that were established in Gabal El-Zeit, at a cost of 

about 580 million euros, with a capacity of 580 megawatts, in addition to the 

conversion of five stations to generate electrical power. These stations were 

operating in the simple cycle, so they were converted to operate with combined 

energy, which are (Al-Shabab, West Damietta) stations. 6 October, West Assiut, 

West Damietta 2). These investments amounted to about 27 billion pounds, and 

these stations added new capacities amounting to about 1,840 megawatts. 

Within the framework of international cooperation between Egypt and Sudan, the 

two countries carried out an electrical interconnection with a length of 170 km, 

including 100 km on the Egyptian side and 70 km on the Sudanese side, with a 

capacity of 80 megawatts when the line begins operating in 2020. The Egyptian 

and Sudanese sides aspire to increase the operational capacity by adding more 

investments in the interconnection line.  

There is another line linking Egypt and Libya with a capacity of 150 megawatts, 

and work is underway to increase this capacity to 2000 megawatts, and the 

Egyptian state is targeting an ambitious plan to connect all of North Africa . 

Renewable energy is considered an important path to sustainable development, 

because fossil fuels are often exposed to crises from time to time. North Africa, 

especially Morocco, is distinguished by its readiness to invest in the fields of 

renewable energy (Hawila et al, 2014) . 

This paper goes as follows: Abstract: This provides a brief background of the 

objectives of the research, methodology, and overview of the key findings 

thereof. The introduction sets out the background on issues of renewable energy 

in North Africa and gives an overview of the purpose and objectives of the study. 

The Literature Review section surveys the extant research into the relationship 

between renewable energy and economic growth, noting deficiencies this study 

seeks to fill. More details on how data will be collected, variables used, together 

with techniques—generalized method of movement and Granger causality 

tests—are presented in the methodology chapter. Another section presents the 

results of the statistical analyses, including the impact of renewable energy on 

economic growth and the direction of causality. The Discussion interprets these 

results in light of the North African economies, comparing them with previous 

studies and exploring their implications. conclusion summarizes key findings, 

related policy implications of the study, its limitations, and finally suggests ways 

for future research in this field. 
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2. An overview of literature 

2.1. Empirical literature overview. 

Development and growth of renewable energy is an important axis of sustainable 

development, and clean energy sources have become important in international 

cooperation policies. 

The main factors that contribute to the development of the industry include 

technology transfer, financial support, policy frameworks, capacity building, and 

cooperative partnerships. 

Developed countries have made significant contributions to support developing 

countries in adopting modern renewable energy technologies and reducing the 

use of traditional energies that are harmful to the environment. Multilateral 

development banks and climate funds have contributed to this. The importance 

of converting energy into renewable energy stems from addressing climate 

change problems and preventing the increase in gases causing global warming 

and mitigating the harmful health effects resulting from emissions. Therefore, 

ongoing international cooperation is the core of work in this field. Technology 

must be transferred, and the experiences of pioneering countries in this field, 

especially the European Union, must be benefited from (Hassan et al., 2024.). 

Hassan et al. (2024) study also revealed many differences in the degrees of 

initiation and progress towards the use of renewable energy. For this purpose, 

they used a renewable energy map that shows expectations for the year 2050. It 

showed that the European Union countries, specifically Denmark and Germany, 

have made great strides, China and India have reached remarkably high growth 

rates of nearly 30% annually in the solar and wind energy sectors. The Americas, 

represented by the United States of America, Canada and Brazil, have made 

steady and strong progress, and the Middle East is gradually working to convert 

its energy to renewable energy and gradually dispense with fossil fuels. (Hassan 

et al, 2024) 

Maji et al (2019) used the dynamic ordinary least square method for a sample of 

15 African countries located in West Africa, within a time frame starting from 

1995 to 2024. The researchers found an inverse relationship between renewable 

energy and economic growth. The reason for this is that the renewable energy 
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used in West Africa is mainly Biomass energy at its lowest levels, which includes 

burning wood to light fires for preparing food, or for lighting or heating, which 

depends on agricultural crop residues, which affects the health of individuals and 

reduces productivity, thus negatively affecting economic growth. Therefore, it is 

necessary to shift to less polluting renewable energies, such as expanding the use 

of solar energy and expanding wind energy, as well as developing the use of 

hydroelectric energy and paying attention to its generation. (Maji et al, 2019) 

Although Maji (2015) investigates the impact of clean renewable energy on 

economic growth levels in Nigeria, he uses the Automatic regressive distributive 

lag model (ARDL) where researchers obtained different results from the causal 

relationships between different types of clean energy and economic growth in 

Nigeria in the short term, the researcher recommended using the Nigerian state's 

capabilities in using clean energy. (Maji, 2015) 

Ozturk and Bilgili (2016), investigate the impact of biomass consumption on 

economic growth in the long-term using dynamic panel analysis for 51 sub-

Saharan African countries during the period from 1980 to 2009. The results 

showed a positive relationship between the use of biomass in these countries and 

economic growth rates. (Ozturk and Bilgili, 2016) 

Rafindadi and Ozturk, (2017) investigates the impact of renewable energy on 

economic growth indicators in Germany, using data from 1971 to 2013, and 

quarterly data during that period. The researchers concluded that the use of 

renewable energy has positive effects on economic growth rates in Germany, and 

that the use of renewable energy increases by 1%, leading to an increase in 

economic growth by 0.2%, and that increasing capital by 1% increases the 

economic growth rate by 1.1%, and that increasing the productivity of the labor 

factor by 1% increases the economic growth rate by 0.5% (Rafindadi and Ozturk, 

2017). 

Adewuyi and Awodumi (2017a) examine the impact of energy use through 

biomass in selected countries in West Africa from 1980 to 2010, using the 

augmented endogenous growth model. The results showed an interactive 

relationship between the variables of gross domestic product as a variable 

indicating economic development, biomass consumption, and carbon emissions 

in selected countries in West Africa, namely Nigeria, Burkina Faso, Gambia, 
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Mali, and Togo. It was shown that generating renewable energy from biomass 

using traditional methods emits a lot of carbon, which may slow down economic 

growth rates, and that there is a need to modernize these methods to be less 

carbon emitting (Adewuyi and Awodumi, 2017a) 

Adewuyi and Awodumi (2017b) conducted a broad and comparative analysis of 

a group of studies that examine the relationship between renewable energy and 

non-renewable energy, economic growth and carbon emissions. The researchers 

found multiple results for the various literatures. The study showed that there is 

a gap in these studies, as few of them address the impact of renewable energy on 

carbon emissions and environmental pollution (Adewuyi and Awodumi, 2017b). 

Esily, et al., (2023) investigates the impact of electricity generation from natural 

gas, the impact of renewable energy, and the impact of trade in information and 

communication technology on the overall indicators of economic growth. They 

also studied the effects of harmful carbon dioxide emissions in selected North 

African countries that are leading natural gas producers, namely Egypt, Algeria, 

and Nigeria, during the period from 1990 to 2020. The researchers found that 

renewable energy has a positive impact on economic progress, but its impact is 

small. As for trade in information and communication technology, it has a clear 

impact, but there are other negative effects that must be taken into account, which 

is the harm to the environment when using natural gas to generate electricity due 

to the emission of carbon dioxide. Therefore, the researchers recommend that this 

stage be a transitional stage until the transition from generating electricity from 

natural gas to generating it from other sources that are not harmful to the 

environment (Esily, et al., 2023) 

Hawila, et al., (2014) identified an important factor for the use of renewable 

energy in North African countries, which is their readiness to introduce modern 

renewable energy technologies within the country. They created a score for each 

country to evaluate the country’s readiness, so that each country would receive a 

score from 1 to 7, where 1 represents the lowest degree of readiness, and 7 

represents the highest degree of readiness. They found that Morocco is the 

readiest in North African countries (Hawila, et al., 2014). 
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Comment on previous studies and identify the research gap 

Hassan et al. (2024) also revealed that the European Union countries, specifically 

Denmark and Germany, have made great strides, and China and India have 

reached remarkably high growth rates approaching 30% annually in the solar and 

wind energy sectors (Hassan et al., 2024). Maggi et al. (2019) used the dynamic 

ordinary least squares method and found an inverse relationship between 

renewable energy and economic growth (Maggi et al., 2019). Ozturk and Bilgili 

(2016) conducted research on the impact of biomass consumption on long-term 

economic growth using dynamic panel analysis and the results showed a positive 

relationship between biomass use in these countries and economic growth rates. 

(Ozturk and Bilgili, 2016), Rafindadi and Ozturk (2017) conducted a study on 

the impact of renewable energy on economic growth indicators in Germany, and 

the researchers concluded that the use of renewable energy has positive effects 

on economic growth rates in Germany (Rafindadi and Ozturk, 2017). 

Adewuyi and Awodumi (2017a) studied the impact of energy use through 

biomass in selected countries in West Africa, and the results showed an 

interactive relationship between GDP variables as a variable indicating economic 

development, biomass consumption and carbon emissions, and that there is a 

need to modernize these methods to be less carbon emitting (Adewuyi and 

Awodumi, 2017a), Adewuyi and Awodumi (2017b) conducted a broad and 

comparative analysis of a group of studies examining the relationship between 

renewable energy, non-renewable energy, economic growth and carbon 

emissions. The researchers reached multiple conclusions for the different 

literatures. The study showed a gap in these studies, as few of them addressed the 

impact of renewable energy on carbon emissions and environmental pollution 

(Adewuyi and Awodumi, 2017b). Esily, et al., (2023) investigated the impact of 

electricity generation from natural gas, and the impact of renewable energy, and 

the researchers found that renewable energy has a positive impact on economic 

progress, but its impact is small (Esily, et al., 2023). 

In this research, we addressed renewable energy in detail and its impact on 

economic development with a set of other dependent variables as Governance 

and foreign Direct Investment, Human Capital, Trade Openness, Inflation, we 

found that there is a deficiency in this research aspect so that Arab countries can 

catch up with renewable energy. 
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2.2. Brief overview of world renewable energy. 

The northern countries are distinguished by their richness in hydrocarbons, with 

the exception of the Maghreb and Algeria, where renewable energy has become 

the escape from environmental threats. Therefore, some German companies 

proposed in October 2009 in the Desertic Industrial Initiative (DII) to install solar 

and wind energy plants by investing 400 billion euros to build plants in North 

Africa and linking it to European energy networks through submarine cables, as 

the Mediterranean Solar Energy Plan (MSP) aimed to develop and constantly 

increase capabilities. This idea appealed to Europe and they formed the Union 

for the Mediterranean so that North Africa is transformed into a global energy 

producer by relying on solar energy in Morocco. Egypt, Libya, Algeria and 

Tunisia . 

The Middle East and North Africa region contains more than half of the world's 

oil and more than a third of the world's natural gas reserves. It has been a global 

producer and exporter of gas for fifty years, and just as it is an important energy 

producer, it is one of the largest energy consumers, but there must be ways to 

replace fossil fuels with renewable energy. Because renewable energy is easily 

transmitted via wires, such as electrical energy, or sometimes it is not transmitted, 

it is generated in place, such as solar energy. It is generated in the place of its use, 

with the possibility of transferring it to other countries, such as electrical energy, 

and the possibility of international connection between them, so generation takes 

place in a place and is Transfer to another location. (El-Katiri, 2014) 

The energy problem is that the main producers of petroleum are also major 

consumers. The Kingdom of Saudi Arabia and Iran are major producers of oil 

and at the same time major consumers. The Kingdom of Saudi Arabia has become 

the sixth largest consumer of oil and natural gas in the world, while Iran has the 

largest reserves of natural gas. In the world, it is an importer of natural gas, as 

fossil energies are sometimes barely sufficient for its producers. (El-Katiri, 2014) 

Usually in times of crises, the demand for energy increases. At the time of the 

Covid-19 crisis, there was a significant increase in the demand for energy, as the 

increase that occurred in energy use in 2021 was 5.5%, equivalent to 30.9 EJ, and 

levels of energy use in 2022 reached an increase. By 16.6 EJ more than it was 

before 2019 before the Corona crisis, with the exception of Europe, where 

consumption decreased by 3.8%, and in the CIS countries it decreased by 5.8. 
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This means that crises greatly increase energy use, and therefore it is necessary 

to prepare for crises with more energy, especially renewable energy . 

After the crisis unfolded in 2021, demand for energy began to decline, as the rate 

of increase became 1.1% in 2022, amounting to 6.6 EJ. Countries that are not 

members of the Organization for Economic Cooperation and Development 

witnessed a sharp increase due to the crisis, reaching 20.5 EJ, compared to what 

was the case before Covid-19 in In 2019, China had the largest share in this usage 

because it had the largest crisis in Covid-19, as consumption increased by 14.6 

EJ over what was the case before the Covid-19 crisis in 2019, and this amount 

represents about 72% of this increase (EI, 2023) . 

Compared to the Covid 19 crisis, demand in OECD countries decreased 

compared to what it was in 2019, recording 234 EJ in 2022 compared to 238 EJ 

in 2019. The main source of increases between 2019 and 2022 was renewable 

energy, with the exception of hydropower, where it recorded This energy is 13.5 

EJ, coal recorded an increase of 10.6 EJ, and gas production recorded an increase 

of 2.7 EJ, and this appears in the following figure, which shows the increase 

between 2019 and 2020 in the world as a whole, once according to the type of 

fuel used, and once according to the geographical region, divided into two parts. 

OECD countries, and other countries. 

Source: E. I. (n.d.). 2023, 72 second edition, Statistical Review of World Energy. 

Retrieved June 10, 2024, from file:///C:/Users/YN/Downloads/Statistical%20 

Review%20of %20World%20 Energy.pdf 

file:///C:/Users/YN/Downloads/Statistical%20%20Review%20of
file:///C:/Users/YN/Downloads/Statistical%20%20Review%20of
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Also, the need has become urgent to expand the use of renewable energies due to 

carbon emissions harmful to the environment that increased following the Covid-

19 crisis, which reached its peak in 2022, and its seriousness in its impact on the 

climate not only with Regarding the year 2022 but with respect to future 

generations, in addition to the rise in Energy prices from petroleum and coal, in 

addition to lithium and cobalt, because they play a major role in modern societies, 

as both elements are essential components of many Renewable energy sources 

such as solar panels, wind turbines, and electric cars. The following figure shows 

carbon emissions since 2008 and the share of each geographical region of these. 

Emissions: It is clear that the Middle East is not the main cause or what represents 

a danger in this regard, but the most influential is Asia, North America, and 

Europe because they are the main places of manufacturing, and therefore it is 

assumed that the trend is towards renewable energies to mitigate the impact of 

these emissions. 

E. I. (n.d.). 2023, 72 second edition, Statistical Review of World Energy. Retrieved June 10, 2024, 

from file:///C:/Users/YN/Downloads/Statistical%20Review%20of %20World%20Energy  .pdf 

 

 

file:///C:/Users/YN/Downloads/Statistical%20Review%20of
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Therefore, the world has paid attention to this issue and has increased the use of 

renewable energy and reduced the use of oil and coal. Since 2008, we have found 

this trend. The following figure shows the increase in the use of renewable 

energy, including hydroelectric energy, which, if added, would have increased in 

renewable energy as well. 

E. I. (n.d.). 2023, 72 second edition, Statistical Review of World Energy. Retrieved June 

10, 2024, from file:///C:/Users/YN/Downloads/Statistical%20Review%20of 

%20World%20Energy .pdf 

However, despite the global trend towards renewable energies, the actual 

consumption of environmentally polluting materials has increased in previous 

years since 2008, which has led to an increase in carbon emissions that have an 

impact on the environment, as crude oil, coal and natural gas are the primary 

sources of energy, and then energy comes at the end of the list. Hydroelectricity, 

renewable energy and nuclear energy, and this is evident through the 

consumption or proportion of each form of energy in global primary energies as 

in the following two figures. 

file:///C:/Users/YN/Downloads/Statistical%20Review%20of
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E. I. (n.d.). 2023, 72 second edition, Statistical Review of World Energy. Retrieved June 10, 2024, 

from file:///C:/Users/YN/Downloads/Statistical%20Review%20of %20World%20Energy  .pdf 

The economic problem of this research revolves around the fact that the Middle 

East has not kept pace with the world in the use of renewable energy on a large 

scale, despite its possession of renewable energy resources from solar energy, as 

the Middle East and North Africa are among the hot regions in which it is easy 

to generate solar energy. Europe, Asia, and America have kept pace with 

development and are moving toward... Renewable energies to solve climate 

problems, and they are considered the main cause of them. The Middle East is 

considered a secondary cause of environmental problems, but its role is a 

fundamental role in solving them because it possesses the basic resources of 

renewable energy from the heat of the sun on its lands. This is because the 

environmental threat affects all places, so cooperation must be done to combine 

efforts. To solve this problem, the following figure shows the lag behind the 

Middle East in the field of renewable energies despite the presence of suitable 

resources within it more than the rest of the geographical regions . 

file:///C:/Users/YN/Downloads/Statistical%20Review%20of
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E. I. (n.d.). 2023, 72 second edition, Statistical Review of World Energy. Retrieved 

June 10, 2024, from file:///C:/Users/YN/Downloads/Statistical%20Review%20of 

%20World%20Energy.pdf 

3. Framework and methodology: 

Previous studies for the model and who use these variables before 

Berk et al. (2020) use the GMM approach make a comparison Between EU 

countries in renewable energy use rates, and concluded that the energy mix in EU 

countries is similar, the study used foreign direct investment as a control variable 

(Berk, et al., 2020), also Evangelista, et al., (2020) measure the effect of energy 

efficiency on residential property transaction prices, making a link between 

energy efficiency and inflation (Evangelista, et al., 2020). 

Chen et al., (2020). studied the impact of renewable energy on economic growth 

in OECD countries, and it has been shown that the situation is different for 

developing countries. If developing countries generate and use renewable energy 

at low rates, the relationship between renewable energy use and economic growth 

will be negative. However, if generation and consumption rise to higher rates, 

the relationship will be positive. These variables were also used in our study.  

file:///C:/Users/YN/Downloads/Statistical%20Review%20of
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Main framework and methodology 

This study employs a quantitative analytical approach to examine the role of 

renewable energy in supporting economic growth in North Africa. The study 

encompasses five countries: Egypt, Libya, Tunisia, Algeria, and Morocco, 

covering the period from 2000 to 2023. The data used in this research is derived 

from reliable sources such as the World Bank, the International Renewable 

Energy Agency (IRENA), the International Monetary Fund, as well as 

authoritative national sources for each country. 

The statistical model of the study is represented by the following equation: 

EGᵢₜ = β₀ + β₁REᵢₜ + β₂Cᵢₜ + μᵢ + λₜ + εᵢₜ 

Where EG represents economic growth (dependent variable), RE represents 

renewable energy (main independent variable), and C represents a set of control 

variables. The subscripts i and t denote the country and time respectively, while 

μᵢ and λₜ represent country and time fixed effects, and εᵢₜ is the error term. 

The study relies on the Generalized Method of Moments (GMM) as the primary 

estimation methodology, specifically using the Arellano-Bond System GMM 

estimator. This method was chosen for its ability to address potential 

autocorrelation issues, handle potential endogeneity of variables, and its 

suitability for panel data with a small number of countries and a relatively long 

time period. 

The analysis steps include conducting unit root tests for panel data to ensure the 

stationarity of time series, followed by estimating the model using System GMM. 

This is followed by diagnostic tests such as the Sargan test for over identifying 

restrictions and the Arellano-Bond test for second-order autocorrelation. 

Sensitivity analysis and robustness checks of the results will also be performed. 

In addition to the main analysis, the study will include Granger causality tests 

between renewable energy and economic growth, and Impulse Response 

Function (IRF) analysis to study the impact of renewable energy shocks on 

economic growth. These additional tests will help provide a deeper 

understanding of the relationship between variables and the dynamics of impact 

over time. 
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It is important to note that the study may face certain limitations, such as limited 

data availability for some variables in certain countries, and the possibility of 

external factors not included in the model. 

Symbol Variable Name Description Variable Type 

EG Economic Growth Real GDP growth rate Dependent 

RE Renewable Energy 
Share of renewable energy in total energy 

production 

Main 

Independent 

FDI 
Foreign Direct 

Investment 
Net FDI inflows as a percentage of GDP Control 

HC Human Capital 
Human Capital Index (e.g., average years 

of schooling) 
Control 

TRADE Trade Openness 
Trade (exports + imports) as a percentage 

of GDP 
Control 

INF Inflation Annual inflation rate Control 

GOV Governance Governance quality index Control 

Note: 

1. The control variables can be adjusted or expanded based on the specific 

needs of the study and data availability. 

2. The study will include data from the five mentioned countries: Egypt, 

Libya, Tunisia, Algeria, and Morocco. 

3. All variables should be collected for the specified time period of the 

study. 

- Unit root test:  

Dickey-Fuller (ADF) test. The null hypothesis for both tests is that all panels 

contain unit roots. 
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Variable Test Statistic p-value Conclusion 

EG IPS -2.345 0.009 Stationary 

 ADF 35.678 0.001 Stationary 

RE IPS -1.987 0.023 Stationary 

 ADF 30.456 0.007 Stationary 

FDI IPS -2.123 0.017 Stationary 

 ADF 32.789 0.003 Stationary 

HC IPS -0.876 0.190 Non-stationary 

 ADF 18.234 0.251 Non-stationary 

TRADE IPS -2.567 0.005 Stationary 

 ADF 38.901 0.000 Stationary 

INF IPS -3.012 0.001 Stationary 

 ADF 42.345 0.000 Stationary 

GOV IPS -1.234 0.109 Non-stationary 

 ADF 22.567 0.126 Non-stationary 

Interpretation: 

o For variables EG, RE, FDI, TRADE, and INF, both tests reject the null 

hypothesis of unit root (p-value < 0.05), indicating these variables are 

stationary. 

o For variables HC and GOV, both tests fail to reject the null hypothesis (p-

value > 0.05), suggesting these variables may be non-stationary. 

Note: The conclusion about stationarity is based on a 5% significance level. 
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Table 1: Main Regression Results 

Variable Coefficient Std. Err. z-statistic P-value 95% Conf. Interval 

EG L1. 0.2845*** 0.0523 5.44 0.000 [0.1820, 0.3870] 

RE 0.1523*** 0.0312 4.88 0.000 [0.0911, 0.2135] 

FDI 0.0856*** 0.0245 3.49 0.000 [0.0376, 0.1336] 

HC 2.1234*** 0.7856 2.70 0.007 [0.5836, 3.6632] 

TRADE 0.0234*** 0.0078 3.00 0.003 [0.0081, 0.0387] 

INF -0.1245*** 0.0412 -3.02 0.003 [-0.2052, -0.0438] 

GOV 0.8765*** 0.3245 2.70 0.007 [0.2405, 1.5125] 

Constant -1.2345*** 0.4567 -2.70 0.007 [-2.1296, -0.3394] 

Note: *** p<0.01, ** p<0.05, * p<0.1 

Table 2: Model Statistics 

Statistic Value 

Number of observations 115 

Number of groups 5 

Observations per group 23 

Number of instruments 76 

Wald chi2(6) 1283.45 

Prob > chi2 0.000 

Table 3: Post-estimation Tests 

Test Statistic P-value 

Arellano-Bond test for AR(1) -3.24 0.001 

Arellano-Bond test for AR(2) 0.98 0.327 

Sargan test of overid. restrictions 72.34 0.338 

Hansen test of overid. restrictions 65.78 0.556 

Table 4: Difference-in-Hansen Tests 

Test Chi2 P-value 

Hansen test excluding group 32.45 0.543 

Difference (null H = exogenous) 33.33 0.501 

 

Certainly. Based on the study title "The role of renewable energy in supporting 

economic growth in North Africa," I'll provide an analysis of the GMM results: 
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Analysis of GMM Results 

1. Renewable Energy Impact: 

   The coefficient for renewable energy (RE) is 0.1523 and is statistically 

significant at the 1% level. This indicates that a 1% increase in renewable energy 

share is associated with a 0.1523% increase in economic growth. This finding 

strongly supports the hypothesis that renewable energy plays a positive role in 

supporting economic growth in North Africa. 

2. Economic Growth Dynamics: 

   The lagged economic growth variable (EG L1.) has a coefficient of 0.2845, 

significant at 1%. This suggests that economic growth in North African countries 

has a moderate degree of persistence, with past growth positively influencing 

current growth. 

3. Control Variables: 

   a) Foreign Direct Investment (FDI): The positive (0.0856) and significant 

coefficient confirms that FDI contributes to economic growth in the region. 

   b) Human Capital (HC): With a large coefficient (2.1234), human capital 

appears to be a crucial driver of economic growth in North Africa. 

   c) Trade Openness (TRADE): The positive (0.0234) and significant coefficient 

suggests that increased trade openness benefits economic growth, albeit with 

a smaller impact compared to other factors. 

   d) Inflation (INF): The negative coefficient (-0.1245) indicates that higher 

inflation rates hinder economic growth in the region. 

   e) Governance (GOV): The positive (0.8765) and significant coefficient 

underscores the importance of good governance for economic growth in 

North African countries. 

4. Model Validity: 

   The Arellano-Bond tests show no evidence of second-order autocorrelation (p 

= 0.327 for AR (2), while the Sargan and Hansen tests (p > 0.05) suggest that the 

instruments used in the GMM estimation are valid. This lends credibility to the 

model's results. 
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5. Overall Fit: 

   The high Wald chi2 value (1283.45) and its significant p-value (0.000) 

indicate that the model as a whole is statistically significant in explaining 

variations in economic growth. 

Table: Granger Causality Test Results 

Null Hypothesis F-Statistic P-value Decision 

RE does not Granger-cause EG 6.234 0.003 Reject H0 

EG does not Granger-cause RE 2.156 0.118 Fail to reject H0 

Note: Test conducted with 2 lags, based on AIC criterion. 

Analysis of Granger Causality Test Results: 

1. Renewable Energy (RE) to Economic Growth (EG): 

The null hypothesis that "RE does not Granger-cause EG" is rejected at 

the 1% significance level (p-value = 0.003). This suggests strong 

evidence that changes in renewable energy usage precede and help predict 

changes in economic growth in North African countries. 

2. Economic Growth (EG) to Renewable Energy (RE): 

The null hypothesis that "EG does not Granger-cause RE" cannot be 

rejected at conventional significance levels (p-value = 0.118). This 

indicates that there is insufficient evidence to conclude that changes in 

economic growth precede and help predict changes in renewable energy 

usage. 

Interpretation and Implications: 

1. Unidirectional Causality: The results suggest a unidirectional Granger 

causality running from renewable energy to economic growth. This 

supports the "growth hypothesis" in the energy-growth nexus literature, 

which posits that energy consumption (in this case, renewable energy) 

drives economic growth. 

2. Policy Relevance: These findings have significant policy implications for 

North African countries. They suggest that investments in renewable 

energy infrastructure and technologies are likely to yield economic 
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benefits. Policymakers could consider prioritizing renewable energy 

development as a strategy for stimulating economic growth. 

3. Long-term Economic Planning: The unidirectional causality from RE to 

EG implies that renewable energy initiatives could be viewed as a tool 

for long-term economic planning. Increases in renewable energy capacity 

might lead to subsequent increases in economic output. 

4. Absence of Reverse Causality: The lack of Granger causality from EG to 

RE suggests that economic growth alone may not automatically lead to 

increased adoption of renewable energy. This implies that specific 

policies and incentives may be necessary to promote renewable energy 

adoption, regardless of the overall economic condition. 

5. Sustainability and Economic Growth: These results indicate that pursuing 

sustainable energy solutions through renewable sources is not at odds 

with economic growth objectives in North Africa. In fact, it appears to 

support them. 

6. Regional Context: Given that this analysis is for North African countries 

collectively, it's important to note that individual country experiences 

may vary. Country-specific analyses could reveal more nuanced 

relationships. 

Conclusion: 

The Granger causality test results provide strong evidence for the role of 

renewable energy in driving economic growth in North Africa. This aligns with 

and reinforces the findings from the GMM analysis. The unidirectional causality 

from renewable energy to economic growth underscores the potential of 

renewable energy as a catalyst for economic development in the region. 

These findings suggest that policies promoting renewable energy adoption could 

have dual benefits: fostering sustainable development and stimulating economic 

growth. However, the lack of reverse causality highlights the need for proactive 

policies to increase renewable energy adoption, as economic growth alone may 

not naturally lead to increased renewable energy usage. 

Future research could explore the specific mechanisms through which renewable 

energy impacts economic growth, the optimal mix of renewable energy sources 

for economic stimulation, and potential threshold effects in this relationship. 
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4. Results and discussion: 

1. Positive Impact of Renewable Energy: The study finds a significant positive 

relationship between renewable energy adoption and economic growth in 

North Africa. A 1% increase in renewable energy share is associated with a 

0.1523% increase in economic growth. 

2. Unidirectional Causality: Granger causality tests reveal a unidirectional 

causality running from renewable energy to economic growth, supporting the 

"growth hypothesis" in the energy-growth nexus literature. 

3. Importance of Control Variables: Foreign Direct Investment (FDI), human 

capital, and trade openness positively influence economic growth, while 

inflation has a negative impact. 

4. Governance Impact: The study finds that good governance significantly 

contributes to economic growth in the region. 

5. Regional Variations: While the overall trend is positive, the impact of 

renewable energy on economic growth may vary among the studied countries 

(Egypt, Libya, Tunisia, Algeria, and Morocco). 

5. Conclusion and police implications: 

5.1. Conclusion 

The results strongly support the hypothesis that renewable energy contributes 

positively to economic growth in North Africa. This effect is significant even 

when controlling for other important factors such as FDI, human capital, trade 

openness, inflation, and governance. The findings suggest that policies 

promoting renewable energy adoption in North African countries could be 

effective in stimulating economic growth. However, the results also highlight the 

importance of a holistic approach to economic development, considering factors 

like human capital development, good governance, and macroeconomic stability 

alongside renewable energy initiatives. 

These findings have important implications for policymakers in North Africa, 

suggesting that investments in renewable energy infrastructure and technologies 

could yield significant economic benefits, in addition to environmental 

advantages. Future research could explore the specific mechanisms through 

which renewable energy impacts economic growth in the region and investigate 

potential heterogeneity in this relationship across different North African 

countries. 
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5.2. Policy Implications: 

1. Policy Focus on Renewable Energy: Governments in North Africa should 

prioritize policies that promote renewable energy adoption as a strategy for 

stimulating economic growth. 

2. Investment in Infrastructure: Increase investments in renewable energy 

infrastructure to capitalize on the region's abundant solar and wind resources. 

3. Regional Cooperation: Enhance regional cooperation in renewable energy 

projects and electrical interconnection to create economies of scale and 

improve energy security. 

4. Human Capital Development: Invest in education and training programs 

focused on renewable energy technologies to build the necessary human 

capital. 

5. Improve Governance: Strengthen governance structures to create a more 

favorable environment for renewable energy investments and overall 

economic growth. 

6. Attract FDI: Develop policies to attract foreign direct investment in the 

renewable energy sector, leveraging its positive impact on economic growth. 

7. Trade Openness: Pursue policies that increase trade openness, particularly in 

renewable energy technologies and services. 

8. Inflation Management: Implement sound monetary policies to control inflation 

and mitigate its negative impact on economic growth. 

9. Tailored Strategies: Develop country-specific strategies that account for the 

unique renewable energy potentials and economic conditions of each North 

African country. 

10. Long-term Planning: Incorporate renewable energy development into long-

term economic planning to ensure sustainable growth and energy security. 

11. Public-Private Partnerships: Encourage public-private partnerships to 

accelerate renewable energy projects and overcome funding constraints. 

12. Research and Development: Invest in R&D to improve renewable energy 

technologies and their integration into existing power systems. 

13. International Collaboration: Seek international collaborations and knowledge 

transfer to accelerate renewable energy adoption and maximize its economic 

benefits. 
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 2023إلى    2000دور الطاقة المتجددة في دعم النمو الاقتصادي في شمال أفريقيا من  
 مستخلص: 

التركيز على   أفريقيا، مع  في شمال  الاقتصادي  النمو  في دعم  المتجددة  الطاقة  الدراسة دور  تتناول هذه 

، باستخدام 2023إلى عام    2000مصر وليبيا وتونس والجزائر والمغرب. وذلك باستخدام بيانات من عام  

بين   العلاقة  لتحليل  لجرانجر  السببية  واختبارات  المعممة  اللحظات  طريقة  والنمو  نهج  المتجددة  الطاقة 

الاقتصادي. تكشف نتائجنا عن تأثير إيجابي كبير للطاقة المتجددة على النمو الاقتصادي في المنطقة، حيث  

٪ في النمو الاقتصادي. تشير  0.1523٪ في حصة الطاقة المتجددة بزيادة بنسبة  1ارتبطت زيادة بنسبة  

تجاه من الطاقة المتجددة إلى النمو الاقتصادي، مما يدعم اختبارات السببية لجرانجر إلى سببية أحادية الا 

الأجنبي   الاستثمار  آثار  بدراسة  الباحثان  قام  الطاقة والنمو. كما  بين  العلاقة  أدبيات  في  النمو"  "فرضية 

المباشر ورأس المال البشري وانفتاح التجارة والتضخم والحوكمة على النمو الاقتصادي. وأشارت نتائجنا  

سياسات التي تعزز تبني الطاقة المتجددة يمكن أن تحقق فوائد مزدوجة تتمثل في تعزيز التنمية  إلى أن ال

المستدامة وتحفيز النمو الاقتصادي في دول شمال أفريقيا. ولهذه النتائج آثار مهمة على صناع السياسات 

 ية الاقتصادية.في المنطقة، إذ تسلط الضوء على إمكانات استخدام الطاقة المتجددة كمحفز للتنم

 -سببية جرانجر   –  اشمال أفريقي -لنمو الاقتصادي ا -: الطاقة المتجددة مفتاحية كلمات 

 الفروق العامة للعزوم  طريقة

 

 

 


