
 
1 Energy Studies Review Vol 29 (2) 2026                                                                          Poumie, Dazoué & Nkemgha   5923 

 
Bilateral exports and industrialization:  
Evidence of the mediating effects of access  
to electricity in Sub-Saharan African countries. 
 
 
 
Boker Poumie, Guy Paulin Dazoué, & GuivisZeufack Nkemgha 
 
 
 
Abstract: 
 
Against the backdrop of persistent electricity shortages, Sub-Saharan African (SSA) countries face the challenge of 
leveraging industrialization to boost intra-African exports. The objective of this study is to examine the impact of 
access to electricity on the industrialization-bilateral exports nexus in 33 SSA countries. Using a gravity model and a 
panel dataset spanning from 2000 to 2020, findings from the Pseudo Poisson Maximum Likelihood with high-
dimensional fixed effects estimates show that both industrialization and overall access to electricity significantly 
boost bilateral exports in SSA countries. A more granular analysis reveals that this positive effect is driven 
exclusively by urban access to electricity, with rural access showing no significant impact. Furthermore, a mediation 
analysis demonstrates that urban access to electricity significantly mediates the effect of industrialization on intra-
African exports. These results underscore the critical need for African governments to improve the quality of 
electricity supply, particularly in urban centres, to optimize the positive effects of industrialization on bilateral 
exports. 
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1. Introduction 
 
The African Continental Free Trade Area (AfCFTA) has significantly elevated the strategic 
importance of promoting intra-African exports as a key driver for economic growth. Despite this 
renewed focus, the reality is that intra-African trade remains far below that of other major 
continents. In 2017, exports between African nations accounted for only 16.6% of the continent's 
total exports, a stark contrast to the 68.1% in Europe, 59.4% in Asia, and 55% in the Americas 
(UNCTAD, 2019). This low level of regional trade is compounded by Africa's minor role in the 
global market, accounting for just 2.4% of world merchandise exports in 2015 (Ibrahim, 2017). A 
fundamental shift is needed to promote economic integration and elevate the continent’s position 
in global trade. 
 
A major reason for this underperformance is the significant infrastructural deficit across the 
continent. Beyond a lack of road and rail networks (Hasse, 2013; UNCTAD, 2013), and the slow 
implementation of regional trade agreements (UNCTAD, 2013), inadequate and unreliable energy 
infrastructure is a primary constraint (Asongu and Odhiambo, 2020). The problem is aggravated 
by Africa's reliance on exporting primary commodities, which are susceptible to volatile 
international prices and face increasing restrictions (such as environmental measures) from 
developed partners (Noubissi et al., 2021). This vulnerability, coupled with a lack of trade 
complementarity with key partners, highlights the urgent need for a more diversified and robust 
export structure. Promoting intra-African trade becomes a strategic imperative because it fosters 
the exchange of manufactured and processed goods, which creates more value and facilitates 
knowledge transfer within the continent (United Nations Economic Commission for Africa, 2015). 
 
This shift towards industrialization, however, is severely hindered by a profound energy deficit. 
While Africa's manufacturing sector has seen steady growth (Signé, 2018), this progress is 
constantly undermined by the poor state of its productive infrastructure. The energy challenge is 
not a matter of production, but of access: over 570 million people in sub-Saharan Africa lack 
electricity, and the continent accounted for 77% of the world’s population without electricity in 
2020 (Malpass, 2022; Valickova and Elms, 2021). This lack of reliable and widespread electricity 
access is a major impediment to industrialization and, by extension, to the growth of intra-African 
exports, which are dominated by energy-intensive manufactured goods. Thus, while the 
interconnectedness of trade and industrialization is often discussed, the critical role of energy is 
frequently overlooked in the economic literature. 
 
This study is designed to address this significant gap in the literature by providing a comprehensive 
assessment of the nexus between access to electricity, industrialization, and intra-African exports. 
The existing literature on regional trade often discusses industrialization and trade in isolation, 
failing to provide a clear understanding of how energy infrastructure links these variables. This 
paper contributes to the discussion in two key ways: first, by using a gravity model to analyze the 
relationship between these three variables, and second, by disaggregating access to electricity into 
urban and rural components to analyze the unique mediating role each plays in the impact of 
industrialization on intra-African exports. 
 
The remainder of this paper is structured as follows. Section 2 provides an overview of the relevant 
literature. Section 3 details the methodology employed. Section 4 discusses the empirical results 
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and their policy implications. Finally, Section 5 offers concluding remarks and suggests avenues 
for future research. 
 
2. Related Literature  
 
This section delves into the academic literature on the intricate relationships among 
industrialization, exports, and electricity, grounding the study in established economic theory. The 
theoretical foundation is built on several key concepts. Firstly, classical trade theories, such as 
Ricardo's comparative advantage (1817) and the Heckscher-Ohlin model (1919, 1933), propose 
that capital accumulation through industrialization is a determinant of international trade. 
Complementing this, new trade theories (Krugman, 1980; Helpman, 1981) argue that 
industrialization fosters exports by enabling economies of scale and product differentiation. 
Furthermore, according to endogenous growth theories, access to electricity is a critical input that 
enhances productivity and competitiveness, which in turn boosts a country’s export capacity. The 
study's focus on the mediating effect of access to electricity is rooted in these theories, suggesting 
that the impact of industrialization on exports is contingent upon the availability and reliability of 
energy. This is further reinforced by infrastructure theories, which posit that adequate 
infrastructure is essential for translating a country's industrial potential into sustained export 
performance. 
 
The existing literature on these three variables can be organized into three main groups. First, we 
will examine studies that analyze the relationship between industrialization and exports. Second, 
we will review research on the relationship between electricity and industrialization. Finally, we 
will provide an overview of studies that have analyzed the relationship between electricity and 
exports. 
 
 2.1  Trade and industrialization 
Some studies on the relationship between industrialization and trade suggest that trade should 
precede industrialization, a view that aligns with traditional strategies like import substitution and 
export promotion. A common finding is that Africa's reintegration into world trade hasn't always 
promoted the structural transformation of economies toward industrial development (Morris and 
Fessehaie, 2014). However, a large body of theoretical literature, including works by Grossman 
and Helpman (1989, 1990, 1991) and Romer (1990), supports the idea that free trade, under certain 
conditions, can increase the share of industrial production in a country's total output. Empirically, 
numerous studies have concluded that both goods and services exports and imports promote 
industrialization (Dodzin and Vamvakidis, 2004; Umoh and Effiong, 2013; Adamu and Doğan, 
2017; Sade et al, 2021; Khobai and Moyo, 2021). 
 
Conversely, there is also a body of research, though rarer, that explores the impact of 
industrialization on exports, with mixed conclusions. Some studies argue that industrialization may 
not always stimulate exports. For instance, Whitfield et al. (2020) found that Ethiopia’s industrial 
policy has had limited success in developing competitive local export firms. Additionally, some 
works suggest that import competition, particularly from China, has contributed to 
deindustrialization in African countries (Edwards and Jenkins, 2014, 2015; Sekakela, 2016; 
Jenkins, 2018; He and Huang, 2020). Conversely, recent studies in Africa have argued that 
increased industrialization can mitigate trade protectionism by boosting the manufacturing sector's 
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value added, thereby reducing the trade deficit and potentially easing trade restrictions (Nkemgha 
et al., 2021). 
 
 2.2 Industrialization and electricity access 
A large body of literature demonstrates that access to electricity and electricity consumption are 
key drivers of industrialization. Many studies argue that this link is strong and bidirectional 
(Kwakwa, 2021; Zhang et al., 2019). Indeed, traditional energy challenges, such as a lack of or 
inadequate electricity access, remain a critical issue for developing countries (Zhang et al., 2019). 
Access to electricity is central to all modern economic activities, especially industrialization 
(Gonzalez-Eguino, 2015), making genuine industrial development impossible without it. 
 
Numerous studies have linked a lack of energy to insufficient industrial development and poor 
export performance. For example, using the ARDL-bound test approach, Shahbaz et al. (2014) 
showed that electricity consumption drives industrial growth in Bangladesh. Similarly, Zhang et 
al. (2019), using a Bayesian Model Averaging (BMA) approach, found that industrialization is 
positively associated with long-run electricity access in developing countries. The study by 
Sekantsi and Motlokoa (2015) in Lesotho also corroborated a positive long-run relationship, 
supporting a unidirectional causality from electricity consumption to industrialization. Other 
research has highlighted electricity's essential role in industrial development. For instance, Ikpe 
and Torriti (2018) found that demand-side management could yield significant savings in Nigeria's 
electricity market under a high industrialization scenario. Similarly, Ubani and Onyejekwe (2013) 
found a significant relationship between the number of manufacturing industries and power 
availability. These findings collectively emphasize that addressing persistent electricity 
disruptions is crucial for sustaining intra-African trade and the production of manufactured goods 
that dominate it. 
 
 2.3 Energy and export 
The expansion of manufactured exports is inherently linked to increased access to electricity, as 
export growth, particularly in the manufacturing sector, is highly energy intensive. Despite this 
clear connection, the literature exploring the direct relationship between electricity and exports 
remains an under-researched area. 
 
However, several studies have found a positive relationship between electricity and exports. For 
example, Narayan and Smith (2009) found long-run Granger causality from electricity 
consumption to exports in a panel of six Middle Eastern countries. This finding is supported by 
other research that also demonstrates a causal link from electricity generation to exports (Lean and 
Smyth, 2010; Sadorsky, 2014; Rahman, 2017). This view—that increased exports require 
increased access to electricity—is further supported by Kahrl and Roland-Holst (2008), who 
identified exports as a primary driver of energy demand in China. Similarly, Dedeoğlu and Kaya 
(2013) used a panel cointegration technique for OECD countries and found that exports have a 
positive long-term impact on energy consumption. 
 
Furthermore, some studies suggest a feedback relationship between energy and trade. Tiba and 
Frikha (2018) showed a reciprocal relationship between energy consumption and trade in middle-
income countries. Additionally, research by Raza et al. (2015) found that energy conservation 
policies can negatively impact export performance, implying that increased energy consumption 
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from greater electricity access plays a significant role in boosting exports. While Murshed (2019) 
explored the link between trade liberalization and renewable energy, finding that trade openness 
can facilitate the transition to renewables in low-income economies and that efficient use of 
renewable energy stimulates exports, there remains a limited number of works that directly study 
the interplay of all these factors. 
 
Given the limitations in existing literature, which primarily focuses on direct regression analysis 
between industrialization and exports, this study employs a mediation approach to reveal the 
underlying mechanisms. This method is crucial for understanding how the influence of 
industrialization on export performance is channeled through access to electricity. We will treat 
access to electricity as a mediating variable to determine the extent to which improved energy 
availability indirectly transmits the effects of industrialization on exports. This mediation analysis 
will allow us to distinguish between the direct impact of industrialization and the indirect impact 
that is facilitated by better energy infrastructure. It is worth noting that other studies have used a 
similar approach to demonstrate the mediating role of factors like logistics performance—which 
is also highly dependent on energy—in the relationship between trade facilitation and international 
trade (Maruta, 2025; Yeo and Deng, 2020). 
 
3. Methodology and data 
 
 3.1 Model specification  
This investigation employs the gravity trade model to assess the impact of electricity access on the 
relationship between industrialization and bilateral exports. Inspired by Newton's law of universal 
gravitation, which posits that the force of attraction between two bodies is proportional to their 
mass and inversely proportional to the square of the distance between them, the gravity model in 
economics explains the negative correlation between the volume of trade and the distance 
separating two partner countries. The foundational gravity models were developed by Tinbergen 
(1962) and Linneman (1966). Since then, the model has been widely used to analyze various 
aspects of international trade, including the determinants of bilateral trade (Head and Mayer, 
2013), trade liberalization (Egger and Pfaffermayr, 2004), and intra-firm trade (Egger and 
Pfaffermayr, 2005). Given this, the basic form of the gravity model is specified as follows: 
 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖 = 𝐴𝐴�
𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖

𝛼𝛼1𝐺𝐺𝐺𝐺𝐺𝐺𝑗𝑗
𝛼𝛼2

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑖𝑖𝑖𝑖
𝛼𝛼3 �                                                                                           (1) 

 
Where i and j are the exporting country and the importing country, respectively; Exports is the 
volume of exports between two partners; GDP is the gross domestic product and Dist is the 
distance between the capitals of two partners; A and α are the parameters to be estimated. 
This study focuses on intra-African exports, but the findings could be generalized to intra-African 
trade. While there is no consensus in the literature on whether exports or total trade should be the 
dependent variable in a gravity model, several studies suggest that using either variable yields 
similar results (Wang and Shen, 2010). 
 
Assuming a double-logarithmic relationship between exports and its explanatory variables (Longo 
and Sekkat, 2004), equation (1) is linearized as follows: 
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𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑙𝑙𝑙𝑙𝑙𝑙 + 𝛼𝛼1𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖 + 𝛼𝛼2𝑙𝑙𝑙𝑙𝐺𝐺𝐺𝐺𝐺𝐺𝑗𝑗𝑗𝑗 + 𝛼𝛼3𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖𝑖𝑖                                                     (2) 

The basic gravity model has been expanded to accommodate more complex economic realities, 
such as competition, product differentiation (Deardorf, 1998), and monopolistic competition 
(Feenstra et al., 2001). This has led to the inclusion of control variables like contiguity, official 
language, shared ethnic language, and regional trade agreements. 
 
This study extends the original gravity model by incorporating key variables to test the Linder 
hypothesis, which suggests that countries with similar per capita incomes will have similar tastes, 
produce similar goods, and trade more with each other. We measure this with the Relative Factor 
Endowments (RFE) variable, defined as the absolute difference between the natural logarithm of 
GDP per capita for two countries, following the approach of Egger (2002) and others. Furthermore, 
acknowledging the role of modern technology in reducing transaction costs, we include a variable 
for mobile phone subscriptions (Rehman et al., 2020; Boddin, 2016). Our model's most significant 
extension, however, is the integration of industrialization and access to electricity as key 
explanatory variables. This allows us to specifically explore how electricity, as a critical input to 
industrial processes, influences intra-African exports. 
 
𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼0 + 𝛼𝛼1𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖 + 𝛼𝛼2𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖 + 𝛼𝛼3𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑗𝑗𝑗𝑗 + 𝛼𝛼4𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 + 𝛼𝛼5𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐ℎ

+ 𝛼𝛼6𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 + 𝛼𝛼7𝑟𝑟𝑟𝑟𝑟𝑟 + 𝛼𝛼8𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛼𝛼9𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖 + 𝛼𝛼10𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑗𝑗𝑗𝑗
+ 𝛼𝛼11𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖 + 𝛼𝛼12𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑗𝑗𝑗𝑗 + 𝛼𝛼13𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖 + 𝛼𝛼14𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑗𝑗𝑗𝑗
+ 𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖                                                                                                                         (3) 

All variables of the model are described in table A2 of appendix A. 

 3.2 Estimation methods 
We use two estimation techniques to analyze our model. First, we employ the pseudo Poisson 
maximum likelihood estimation with high-dimensional fixed effects (PPMLHDFE) method to 
analyze the direct and indirect effects of industrialization on intra-African exports. Second, we 
use a mediation analysis technique to assess the mediating role of access to electricity in the 
relationship between industrialization and intra-African exports. 
 
 3.2.1The pseudo-Poisson maximum likelihood technique 
The PPMLHDFE method allows us to control for multiple sources of heterogeneity and provides 
reliable results for time-invariant variables such as distance and shared language (Correia et al., 
2019). It also addresses the bias from the logarithmic form of the gravity equation in cases of 
heteroskedasticity (Santos Silva and Tenreyro, 2006; Westerlund and Wihelmsson, 2011). A key 
advantage of this method is its ability to handle zero export flows, a common issue in intra-African 
trade that traditional double-log models cannot accommodate. This makes the PPMLHDFE 
method particularly well-suited for our sample of intra-African bilateral exports, as it offers a 
significant advantage by controlling for the potential endogeneity bias between industrialization 
and access to electricity. This bidirectional relationship, where each variable influences the other, 
is a common challenge. While instrumental variables and GMMs are often used to address 
endogeneity, Head and Mayer (2014) highlight the practical difficulty of finding convincing 
instruments for gravity models. Therefore, they advocate for the robustness of the PPMLHDFE 
method as a strong alternative. 
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3.2.2. The mediation analysis technique 
Using a mediation analysis, this study hypothesizes how industrialization affects intra-African 
exports through the mediating role of access to electricity. This statistical technique allows us to 
investigate the extent to which access to electricity acts as a channel for the relationship between 
industrialization and intra-African exports. By employing this approach, our study outlines a 
causal chain where industrialization influences access to electricity, which, in turn, affects intra-
African exports. This relationship is depicted in Figure 1. 
 

 
Figure 1: Single mediator model 

 
Source: Authors’ construction 
 

According to Mackinnon and Luecken (2008), equations 4 to 6 can be used to quantify the 
mediating relationship between intra-African exports, industrialization, and access to electricity. 
 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖 = 𝑑𝑑1 + 𝑐𝑐 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 + 𝜀𝜀1                                                                                      (4)  
𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 = 𝑑𝑑2 + 𝑎𝑎𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖 + 𝜀𝜀2                                                                                       (5)  
𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖 = 𝑑𝑑3 + 𝑐𝑐′𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 + 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 + 𝜀𝜀1                                                                 (6)  

 
Where the access to electricity (laccess) is the mediator, the coefficient c represents the total effect 
of industrialization on intra-African exports. Specifically, the coefficient a measures the effect of 
industrialization on access to electricity, while the coefficient c' quantifies the direct effect of 
industrialization on intra-African exports, adjusted for access to electricity. The coefficient b 
describes the effect of access to electricity on intra-African exports, adjusted for industrialization. 
The remaining effect of industrialization on intra-African exports that is not mediated by electricity 
access is captured by c'. This method is advantageous because it allows for the decomposition of 
the total effect into a direct effect and an indirect, or mediated, effect. The magnitude of this 
indirect effect—the influence of industrialization on intra-African exports transmitted through 
access to electricity—is calculated as the product of coefficients a and b. 

Access to electricity 

Industrialization Intra-African exports 
c

 

Industrialization Intra-African exports 

(a) Total effect of Industrialization 

(b)  Mediated effect of access to electricity 
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 3.3 Data sources and descriptive statistics 
This study analyzes bilateral exports among 33 Sub-Saharan African (SSA) countries from 2000 
to 2020. The sample period and countries were selected based on data availability (a full list of 
countries is provided in Appendix A, Table A3). Intra-African exports are measured by the value 
of bilateral exports between these countries. 
 
We use two key variables of interest: industrialization and access to electricity. Industrialization is 
measured using both manufacturing output and the value added of the manufacturing and mining 
sectors. Access to electricity is gauged through three distinct variables: rural access, urban access, 
and overall access. 
 
The analysis of time trends for these key variables reveals several insights. Figure 2 shows a 
significant upward trend in bilateral exports, which grew from approximately USD 14 billion in 
2000 to over USD 55 billion in 2020. This growth, however, was not linear and was marked by 
downturns in 2011, 2014, and 2018. Conversely, industrialization showed a downward trend 
(Figure 3), with the share of industrial value added in GDP falling from 28% to 26%, and the share 
of manufacturing value added slightly decreasing from 13% to 11% over the same period. In 
contrast, access to electricity saw a strong upward trend (Figure 4), with the percentage of the 
population with access increasing from 61% to 78%. Urban and rural access also saw notable 
increases, growing from 11% and 25% in 2000 to 28% and 48% respectively in 2020. 
 
 
Figure 2: Sub-Saharan Africa bilateral exports in thousands USA dollars.  

 

 
Source: Author’s construction from the United Nations Conference on Trade and Development Data  
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Figure 3: Temporal trend of industrialization in percentage of GDP.  

 
Source: Author’s construction from the World-Bank (2023) - World Development Indicators   

 

Figure 4: Temporal trend of access to electricity rates  

 
Source: Author’s construction from the World-Bank (2023) - World Development Indicators  
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Descriptive statistics are presented in Table 1. The minimum value for the export variable is zero. 
This confirms the absence of bilateral trade between certain sub-Saharan African countries. 

 

Table 1: Descriptive statistics  
Variables Observations Mean Standard deviation Minimum Maximum 

export 16,729 40951.57 236440.9 0 5442294 

dist 21,120 3256.526 1829.837 10.47888 9064.877 

gdpexporter 21,120 3.26e+10 7.87e+10 6.21e+08 4.62e+11 

gdpimporter 21,120 3.26e+10 7.87e+10 6.21e+08 4.62e+11 

comlang_off 21,120 0.5681818 0.4953412 0 1 

contig 21,120 0.1107955 0.3138861 0 1 

rta 21,120 0.3361742 0.4724195 0 1 

mobtelexporter 21,024 304148.8 822435.9 0 5492838 

mobtelimporter 21,024 304148.8 822435.9 0 5492838 

manvaexporter 20,256 3.77e+09 9.23e+09 3.96e+07 5.24e+10 

manvaimporter 19,948 3.81e+09 9.29e+09 3.96e+07 5.24e+10 

indvadexporter 21,120 9.17e+09 2.19e+10 8.24e+07 1.11e+11 

indvadimporter 20,872 9.23e+09 2.20e+10 8.24e+07 1.11e+11 

accessexporter 21,120 9999640 1.90e+07 223410.8 1.35e+08 

acessimporter 21,120 9999640 1.90e+07 223410.8 1.35e+08 

accessrurexporter 21,024 6966547 1.33e+07 6510.07 4.17e+07 

accessrurimporter 21,024 6966547 1.33e+07 6510.07 4.17e+07 

accessurbexporter 21,120 3397407 6777178 186018 1.06e+08 

accessurbimporter 21,120 3397407 6777178 186018 1.06e+08 

Source: Authors with Stata 17 
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4. Results and discussions 
 
 4.1 Baseline results  
The results of the baseline estimation of the impact of industrialization and access to electricity on 
intra-African exports are presented in Table 2. The results from our main model (equation 3) are 
reported across four columns, each using different measures for our key variables. Columns 1 and 
2 measure industrialization by the value added in manufacturing. Column 1 considers total access 
to electricity, while column 2 disaggregates this into rural and urban access. Columns 3 and 4 
replicate these estimations, but use industrial value added as the measure for industrialization 
instead. Initial findings from column 1 indicate that manufacturing value added has a positive and 
significant effect on bilateral exports for both the exporting and importing countries. Our results 
indicate that a 1% increase in the manufacturing value added boosts intra-African exports by 
between 0.08% in importing countries and 0.09% in exporting countries. These findings are 
consistent with previous studies, such as Fernando et al. (2018), who found that industrialization 
through capital growth can increase a country's exports, and Khan et al. (2021), who showed that 
industrialization can lead to a rise in agricultural exports. Several factors may explain this outcome. 
First, there's an increase in trade involving intermediate goods and components, which were not 
previously part of intra-African trade (UNCTAD, 2021). Different stages of industrial production 
can be outsourced to various African partners based on their comparative advantages, with the 
resulting intermediate products then re-exported for further processing. Industrialization also 
heightens the demand for intermediate goods (Boddin, 2016), which can drive imports from other 
African nations and strengthen value chain integration across the continent (Avom et al., 2021). 
Finally, as industrialization enables African countries to process more raw materials, the resulting 
products often face tariff escalation in developed countries, making them less competitive in those 
markets (Nassar et al., 2007) and, therefore, encouraging a greater focus on regional trade. 
 
Access to electricity also has a positive and significant impact on exports in both importing and 
exporting countries. These findings align with previous research from Narayan and Smith (2009), 
Sadorsky (2014), and Rahman (2017), and are particularly consistent with Kaba (2021), who found 
that electricity access positively affects sales for manufacturing exporters in Sub-Saharan Africa. 
They also corroborate the findings of Raza et al. (2015) that energy conservation policies can 
reduce trade performance. 
 
This can be explained by the nature of intra-African exports, which are heavily composed of 
medium- and high-tech manufactured goods (UNCTAD, 2021). The industrial processes required 
to produce these goods are energy-intensive, likely driving an increase in electricity consumption 
(Rud, 2012). When distinguishing between rural and urban access, the results show that only urban 
access to electricity has a significant positive effect on exports. This is likely because most 
manufacturing firms are located in urban areas, which also have a higher proportion of the 
population with electricity access. 
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Table 2: Results of pseudo Poisson maximum likelihood with high-dimensional fixed effects 
 

 (1) (2) (3) (4) 
VARIABLES lexportij lexportij lexportij lexportij 
     
ldist -0.127*** -0.120*** -0.130*** -0.128*** 
 (0.00600) (0.00603) (0.00610) (0.00610) 
lgdppci 0.0170*** 0.0191*** 0.000574 -0.000429 
 (0.00376) (0.00393) (0.00426) (0.00444) 
lgdppcj 0.0537*** 0.0581*** 0.0596*** 0.0683*** 
 (0.00436) (0.00446) (0.00471) (0.00520) 
comlang_off 0.0326*** 0.0371*** 0.0348*** 0.0393*** 
 (0.00880) (0.00877) (0.00839) (0.00839) 
comlang_ethno 0.0349*** 0.0415*** 0.0569*** 0.0571*** 
 (0.00871) (0.00882) (0.00826) (0.00831) 
contig 0.212*** 0.207*** 0.215*** 0.214*** 
 (0.00854) (0.00861) (0.00871) (0.00874) 
Rta 0.267*** 0.276*** 0.268*** 0.269*** 
 (0.00841) (0.00845) (0.00832) (0.00831) 
ldgdp -0.00630** -0.00545** -0.00376 -0.00320 
 (0.00269) (0.00270) (0.00264) (0.00267) 
lmobteli -0.00821 -0.00356 0.00641* 0.00713* 
 (0.00347) (0.00370) (0.00343) (0.00372) 
lmobtelj 0.0644*** 0.0672*** 0.0745*** 0.0741*** 
 (0.00372) (0.00392) (0.00368) (0.00381) 
lmanvai 0.0944*** 0.0894***   
 (0.00442) (0.00454)   
lmanvaj 0.0814*** 0.0797***   
 (0.00495) (0.00517)   
lindvadi   0.0941*** 0.0944*** 
   (0.00436) (0.00466) 
lindvadj   0.0922*** 0.0515*** 
   (0.00487) (0.00523) 
laccessi 0.0656***  0.0473***  
 (0.00474)  (0.00501)  
laccessj 0.0546***  0.0637***  
 (0.00507)  (0.00521)  
laccessruri  -0.01652  0.00472 
  (0.00405)  (0.00405) 
laccessrurj  -0.01783  -0.001196 
  (0.00426)  (0.00421) 
laccessurbi  0.0787***  0.0421*** 
  (0.00612)  (0.00659) 
laccessurbj  0.0641***  0.0656*** 
  (0.00622)  (0.00667) 
Constant -2.321*** -2.431*** -2.255*** -2.266*** 
 (0.0821) (0.0862) (0.0831) (0.0866) 
     
Observations 14,427 14,301 15,899 15,766 

Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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When using industrial value added to measure industrialization in columns 3 and 4, the results 
remain consistent. The positive and significant effect of industry value added (lindvad) on bilateral 
exports, for both importing and exporting countries, confirms that our findings are not sensitive to 
the specific industrialization indicator used. The gravity variables within the model also yield 
results consistent with expectations. Distance, contiguity, and regional trade agreements show the 
most significant coefficients. Specifically, a 1% increase in distance between two partner countries 
reduces exports by 0.14%. GDP per capita has a greater impact on importing countries (0.06% 
increase for a 1% rise in GDP per capita) than on exporting countries (0.02%), aligning with 
theoretical predictions that income is a key driver of imports (Erdey and Pöstényi, 2017). These 
findings are consistent with recent empirical studies by Noubissi et al. (2021) and Poumie et al. 
(2023). Additionally, the coefficient for Relative Factor Endowments (RFE) is negative and 
significant. A 1% increase in the difference in per capita GDP between countries leads to a 0.01% 
decrease in intra-African exports. This result supports Linder's (1961) "preference similarity" 
hypothesis, which posits that trade in manufactured goods is most robust between countries with 
similar income levels. This finding reflects the per capita income disparity among African 
countries and the low level of intra-African trade. 
 
Given that urban and rural electricity access have distinct effects on intra-African exports, it is 
essential to explore whether access to electricity acts as a mediator or moderator in the 
industrialization-exports relationship. Table 3 therefore presents an analysis of this indirect effect 
by introducing interaction terms between the electricity access variables and the industrialization 
variables. 
 
The results presented in Table 3 show that the interaction variables between access to electricity 
and industrialization are statistically significant. The coefficients for these variables, laccessindi 
and laccessindj, are 0.0630 and 0.0521 respectively, indicating that increased access to electricity 
strengthens the effect of industrialization on intra-African exports in both importing and exporting 
countries. These findings support the notion that the link between industrialization and intra-
African exports is influenced by electricity access, which is logical given that these exports are 
dominated by energy-intensive manufactured goods. 
 
The results remain consistent when industrialization is measured by manufacturing value added 
(column 3). This aligns with the findings of Khan et al. (2021), who demonstrated that both 
industrialization and energy consumption increase agricultural exports, and Raza et al. (2015), who 
found that greater electricity access plays a key role in boosting exports. A more detailed analysis 
(column 2) reveals that only the interaction between urban access to electricity and 
industrialization (laccessurbindi and laccessurbindj) has a positive and significant effect on intra-
African exports. Access to rural electricity shows neither a direct nor an indirect effect. These 
initial findings are further substantiated by estimations using both the PPML method (Table 5) and 
the Heckman model selection method (Table 6). 
 
 
 
 



 
14 Energy Studies Review Vol 29 (2) 2026                                                                          Poumie, Dazoué & Nkemgha   5923 

 
 
Table 3: Results of the PPMLHDFE with the interaction between industrialization and access to electricity  
 

 (1) (2) (3) (4) 
VARIABLES lexportij lexportij lexportij lexportij 
     
ldist -0.437*** -0.436*** -0.431*** -0.427*** 
 (0.00797) (0.00797) (0.00797) (0.00786) 
lgdppci 0.0244*** 0.0247*** 0.0275*** 0.0287*** 
 (0.00437) (0.00441) (0.00439) (0.00432) 
lgdppcj 0.0578*** 0.0585*** 0.0661*** 0.0685*** 
 (0.00392) (0.00393) (0.00398) (0.00399) 
comlang_off 0.0447*** 0.0481*** 0.0462*** 0.0553*** 
 (0.00754) (0.00751) (0.00785) (0.00776) 
comlang_ethno 0.0778*** 0.0767*** 0.0656*** 0.0564*** 
 (0.00851) (0.00853) (0.00855) (0.00753) 
contig 0.333*** 0.419*** 0.422*** 0.311*** 
 (0.00899) (0.00897) (0.00952) (0.00891) 
rta 0.267*** 0.274*** 0.275*** 0.279*** 
 (0.00837) (0.00839) (0.00844) (0.00845) 
ldgdp -0.00357 -0.0346 -0.00571* -0.00545* 
 (0.00365) (0.00366) (0.00369) (0.00369) 
lmobteli -0.00408 0.000194 -0.00994 -0.00450 
 (0.00218) (0.00257) (0.00235) (0.00266) 
lmobtelj 0.0761*** 0.0787*** 0.0617*** 0.0660*** 
 (0.00346) (0.00375) (0.00368) (0.00390) 
laccessindi 0.0630***    
 (0.00174)    
laccessindj 0.0521***    
 (0.00179)    
laccessrurindi  0.00615   
  (0.00416)   
laccessrurindj  -0.00302   
  (0.00441)   
laccessurbindi  0.0577***   
  (0.00506)   
laccessurbindj  0.0633***   
  (0.00519)   
laccessmanvai   0.0750***  
   (0.00274)  
laccessmanvaj   0.0684***  
   (0.00282)  
laccessrurmanvai    -0.00888* 
    (0.00508) 
laccessrurmanvaj    -0.00844* 
    (0.00524) 
laccessurbmanvai    0.0716*** 
    (0.00518) 
laccessurbmanvaj    0.0662*** 
    (0.00532) 
Constant -3.150*** -3.215*** -3.195*** -3.378*** 
 (0.0708) (0.0856) (0.0875) (0.0887) 
     
Observations 15,899 15,766 14,427 14,301 

Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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 4.2 Robustness of results using alternative estimation methods 
The results in the tables can be used to test the robustness of the findings from the PPMLHDFE 
method. To do this, we replicate the estimations from Tables 2 and 3 using both the PPML and 
Heckman model selection methods. 
 
 

Table 4: Robustness with the PPML method 
 

 (2) (3) (4) (5) 
VARIABLES lexportij lexportij lexportij lexportij 
     
ldist -0.135*** -0.139*** -0.143*** -0.135*** 
 (0.00513) (0.00612) (0.00569) (0.00688) 
lgdppci 0.0173*** 0.0196*** 0.0176*** 0.0181*** 
 (0.00376) (0.00496) (0.00351) (0.00391) 
lgdppcj 0.0548*** 0.0550*** 0.0661*** 0.0685*** 
 (0.00448) (0.00480) (0.00399) (0.00397) 
comlang_off 0.0326*** 0.0398*** 0.0268*** 0.0364*** 
 (0.00872) (0.00887) (0.00878) (0.00888) 
comlang_ethno 0.0351*** 0.0417*** 0.0456*** 0.0465*** 
 (0.00872) (0.00882) (0.00855) (0.00853) 
contig 0.223*** 0.212*** 0.228*** 0.219*** 
 (0.00842) (0.00762) (0.00763) (0.00790) 
rta 0.278*** 0.280*** 0.278*** 0.277*** 
 (0.00862) (0.00857) (0.00894) (0.00845) 
ldgdp -0.00634** -0.00549** -0.00463* -0.00465* 
 (0.00269) (0.00270) (0.00269) (0.00269) 
lmobteli -0.00832** -0.00436 -0.00891*** -0.00560 
 (0.00449) (0.00474) (0.00435) (0.00566) 
lmobtelj 0.0658*** 0.0684*** 0.0647*** 0.0669*** 
 (0.00402) (0.00412) (0.00379) (0.00490) 
lmanvai 0.0745*** 0.0568***   
 (0.00545) (0.00469)   
lmanvaj 0.0798*** 0.0718***   
 (0.00587) (0.00528)   
laccessi 0.0569***    
 (0.00578)    
laccessj 0.0346***    
 (0.00514)    
laccessruri  -0.00772   
  (0.00419)   
laccessrurj  -0.00775**   
  (0.00537)   
laccessurbi  0.0586***   
  (0.00532)   
laccessurbj  0.0462***   
  (0.00531)   



 
16 Energy Studies Review Vol 29 (2) 2026                                                                          Poumie, Dazoué & Nkemgha   5923 

laccessmanvai   0.0640***  
   (0.00274)  
laccessmanvaj   0.0494***  
   (0.00252)  
laccessrurmanvai    -0.00823* 
    (0.00518) 
laccessrurmanvaj    -0.00664* 
    (0.00435) 
laccessurbmanvai    0.0623*** 
    (0.00528) 
laccessurbmanvaj    0.0601*** 
    (0.00521) 
Constant -3.342*** -3.353*** -2.899*** -3.045*** 
 (0.0737) (0.0765) (0.0664) (0.0755) 
     
Observations 14,427 14,301 14,427 14,301 
R-squared 0.581 0.594 0.606 0.559 

Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0. 

 
 
Table 5: Robustness with Heckman method 
 

 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 

VARIABLES lexportij Select / lexportij Select / lexportij Select / lexportij Select / 

             

ldist -1.115*** -0.092***  -1.111*** -0.114***  -0.993*** -0.201***  -0.968*** -0.131***  

 (0.0259) (0.0248)  (0.0490) (0.0345)  (0.0378) (0.0354)  (0.0395) (0.0251)  

lgdppci 0.164*** 0.0489***  0.155*** 0.01204  0.191*** 0.0739***  0.155*** 0.0108  

 (0.0257) (0.0145)  (0.0319) (0.0117)  (0.0267) (0.0252)  (0.0219) (0.0129)  

lgdppcj 0.373*** 0.0575***  0.443*** 0.0362***  0.424*** 0.0826***  0.430*** 0.0423***  

 (0.0241) (0.0143)  (0.0232) (0.0134)  (0.0259) (0.0250)  (0.0222) (0.0127)  

comlang_off 0.0743 0.257***  0.0568 0.356***  0.0863 0.261***  0.0952 0.288***  

 (0.0618) (0.0379)  (0.0547) (0.0471)  (0.0617) (0.0383)  (0.0607) (0.0375)  

comlang_ethno 0.391*** 0.425***  0.357*** 0.298***  0.456*** 0.298***  0.469*** 0.258***  

 (0.0511) (0.0380)  (0.0684) (0.0345)  (0.0499) (0.0382)  (0.0583) (0.0375)  

Contig 1.998*** 0.247***  1.899*** 0.181***  1.998*** 0.221***  1.921*** 0.175***  

 (0.0748) (0.0697)  (0.0832) (0.0546)  (0.0835) (0.0600)  (0.0723) (0.0596)  

rta 1.892*** 0.450***  1.876*** 0.401***  1.745*** 0.375***  1.726*** 0.370***  

 (0.0578) (0.0643)  (0.0643) (0.0531)  (0.0561) (0.0349)  (0.0556) (0.0347)  

ldgdp -0.0754*** -0.0931***  -0.0487*** -0.0458***  -0.0567*** -0.0548***  -0.0573*** -0.0683***  

 (0.0182) (0.0204)  (0.0272) (0.0323)  (0.0172) (0.0106)  (0.0172) (0.0105)  

lmobteli -0.00272 0.0651***  0.00744 0.133***  0.00454 0.0399***  0.0178 0.0837***  

 (0.0317) (0.0238)  (0.0322) (0.0127)  (0.0287) (0.0146)  (0.0232) (0.0135)  

lmobtelj 0.487*** 0.292***  0.474*** 0.221***  0.563*** 0.165***  0.476*** 0.192***  

 (0.0253) (0.0125)  (0.0320) (0.0123)  (0.0363) (0.0143)  (0.0239) (0.0133)  
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lmanvai 0.467*** 0.0477***     0.343*** 0.0507***     

 (0.0367) (0.0252)     (0.0386) (0.0156)     

lmanvaj 0.395*** -0.0164     0.351*** -0.0165     

 (0.0383) (0.0162)     (0.0221) (0.0158)     

laccessi 0.341*** 0.356***           

 (0.0351) (0.0371)           

laccessj 0.242*** 0.301***           

 (0.0409) (0.0174)           

laccessmanvai    0.334*** 0.0743***        

    (0.0124) (0.00786)        

laccessmanvaj    0.334*** 0.0861***        

    (0.0126) (0.00846)        

laccessruri       0.0152 0.139     

       (0.0258) (0.0154)     

laccessrurj       -0.0437 0.0809     

       (0.0257) (0.0152)     

laccessurbi       0.347*** 0.124***     

       (0.0352) (0.0200)     

laccessurbj       0.308*** 0.135***     

       (0.0354) (0.0201)     

laccessrurmanvai          0.0133 0.109  

          (0.0253) (0.0252)  

laccessrurmanvaj          -0.0217 0.0602  

          (0.0252) (0.0237)  

laccessurbmanvai          0.332*** -0.0149  

          (0.0244) (0.0139)  

laccessurbmanvaj          0.345*** 0.0318**  

          (0.0248) (0.0137)  

Constant -18.00*** -6.256***  -18.11*** -7.282***  -20.37*** -6.604***  -20.70*** -7.707***  

 (0.642) (0.329)  (0.523) (0.445)  (0.644) (0.372)  (0.634) (0.360)  

athrho   0.303***   0.323***   0.191***   0.264*** 

   (0.0631)   (0.0489)   (0.0532)   (0.0488) 

lnsigma   0.880***   0.868***   0.856***   0.861*** 

   (0.00700)   (0.00754)   (0.00669)   (0.00711) 

             

Observations 18,138 18,138 18,138 18,138 18,138 18,138 17,958 17,958 17,958 17,958 17,958 17,958 

Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
 

 4.3 Assessing the mediating effect of access to electricity 
We now use mediation analysis to confirm the results of the interaction between electricity access 
and industrialization, specifically to assess the mediating role of electricity access on the 
relationship between industrialization and exports. 
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This mediation analysis yields mixed results. First, as shown in Table 6, the indirect effect of 
industrialization on intra-African exports is positive and significant for both exporting (lmanvai) 
and importing (lmanvaj) countries. More specifically, column 1 of Table 6 shows that 
manufacturing value added (lmanvai) has a positive and significant effect on access to electricity 
in exporting countries. According to the Sobel test, the direct, indirect, and total effects are all 
positive and significant, which, according to Baron and Kenny (1986) and Zhao et al. (2010), 
indicates that the mediation of the effect of industrialization on exports in exporting countries is 
partial. A similar analysis for importing countries (column 2) shows that access to electricity also 
partially mediates the effect of industrialization on exports in those countries. 
 

Table 6: Results of the mediating effects analysis of access to electricity 
VARIABLES (1) 

structural 
laccessi 

(2) 
structural 
laccessj 

(3) 
Indirect effects 

lexportij 

(4) 
Direct effects 

lexportij 

(5) 
Total effects 

lexportij 
      

laccessi    0.294*** 0.294*** 
    (0.0399) (0.0399) 
laccessj    0.183*** 0.183*** 
    (0.0376) (0.0376) 
lmanvai 0.861*** 0.00522 0.340*** 0.382*** 0.722*** 
 (0.00613) (0.00553) (0.0375) (0.0223) (0.0218) 
lmanvaj -0.000759 0.845*** 0.154*** 0.525*** 0.679*** 
 (0.00661) (0.00614) (0.0329) (0.0157) (0.0207) 
ldist    -1.324*** -1.324*** 
    (0.0338) (0.0338) 
lgdppci    0.151*** 0.151*** 
    (0.0364) (0.0364) 
lgdppcj    0.389*** 0.389*** 
    (0.0271) (0.0271) 
comlang_off    0.0178 0.0178 
    (0.0592) (0.0592) 
comlang_ethno    0.413*** 0.413*** 
    (0.0412) (0.0412) 
contig    1.923*** 1.923*** 
    (0.0567) (0.0567) 
rta    1.686*** 1.686*** 
    (0.0462) (0.0462) 
ldgdp    -0.0601*** -0.0601*** 
    (0.0262) (0.0262) 
lmobteli    -0.0340 -0.0340 
    (0.0242) (0.0242) 
lmobtelj    0.444*** 0.444*** 
    (0.0311) (0.0311) 
Constant -2.709*** -2.680***  -2.64*** -2.64*** 
 (0.175) (0.149)  (0.655) (0.655) 
Sobel confidence interval 
(laccessi) 
Sobel confidence interval 
(laccessj)  

  0.184   0.293 
 

0.099   0.190 

  

Observations 14,427 14,427  14,427 14,427 
var(e.laccessi) 0.777***     
 (0.0101)     
var(e.laccessj) 0.742***     
 (0.00898)     
var(e.lexportationij) 5.494***     
 (0.0746)     

Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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Table 7: Results of the mediating effects analysis of rural and urban access to electricity in 
exporting countries 

 
 

VARIABLES 
(1) 

Structural 
laccessruri 

(2) 
Structural 
laccessurbi 

(3) 
Indirect effects 

lexportij 

(4) 
Direct effects 

lexportij 

(5) 
Total effects 

lexportij 
      
Laccessruri    -0.00761 -0.00761 
    (0.0248) (0.0248) 
Laccessurbi    0.327*** 0.327*** 
    (0.0358) (0.0358) 
lmanvai 0.983***  -0.009 0.339*** 0.330*** 
(laccessruri) (0.00614)  (0.0265) (0.0274) (0.0221) 
lmanvai  0.730*** 0.275*** 0.349*** 0.624*** 
(laccessurbi)  (0.00561) (0.027) (0.0354) (0.0269) 
ldist    -0.954*** -0.954*** 
    (0.0406) (0.0406) 
lgdppci    0.162*** 0.162*** 
    (0.0243) (0.0243) 
lgdppcj    0.403*** 0.403*** 
    (0.0274) (0.0274) 
comlang_off    0.0502 0.0502 
    (0.0573) (0.0573) 
comlang_ethno    0.404*** 0.404*** 
    (0.0531) (0.0531) 
contig    1.880*** 1.880*** 
    (0.0634) (0.0634) 
rta    1.653*** 1.653*** 
    (0.0554) (0.0554) 
ldgdp    -0.0497*** -0.0497*** 
    (0.0170) (0.0170) 
lmobteli    0.00357 0.00357 
    (0.0247) (0.0247) 
lmobtelj    0.450*** 0.450*** 
    (0.0242) (0.0242) 
lmanvaj    0.368*** 0.368*** 
    (0.0280) (0.0280) 
laccessrurj    -0.0453* -0.0453* 
    (0.0238) (0.0238) 
laccessurbj    0.287*** 0.287*** 
    (0.0332) (0.0332) 
Constant -1.280*** -2.354***  -2.28*** -2.28*** 
 (0.106) (0.116)  (0.572) (0.572) 
      
Sobel confidence interval 
(laccessruri) 
Sobel confidence interval 
(laccessurbi)  

  -0.053 , 0.038 
 

0.211 , 0.329 

  

Observations 14,301 14,301  14,301 14,301 
 
var(e.laccessruri) 

 
1.557*** 

    

 (0.0289)     
 var(e.laccessurbi) 0.766***     
 (0.00943)     
var(e.lexportationij) 5.480***     
      

Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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According to MacKinnon and Luecken (2008), it's crucial to report effect size measures for 
individual paths in the mediation model. One such measure is the ratio of the indirect effect to the 
total effect (RIT). For exporting countries, the RIT coefficient is 0.471 (0.340/0.722), meaning 
that approximately 47.1% of the effect of industrialization on intra-African exports is mediated by 
access to electricity. Another measure, the ratio of the indirect effect to the direct effect (RID), 
shows that the mediated effect is about 0.9 times the size of the direct effect. Similarly, for 
importing countries, the RIT of 0.23 (0.154/0.679) indicates that 23% of the effect is mediated by 
electricity access, while the RID value of 0.3 suggests the mediated effect is about 0.3 times the 
size of the direct effect. This difference may be explained by the fact that electricity has a greater 
impact on export sophistication in African countries (Kamguia et al., 2023). These mediation 
results highlight the importance of the interaction between industrialization and access to 
electricity for intra-African exports. The mediating effect is stronger in exporting countries, 
suggesting that more electricity is required to produce manufactured goods for export than to use 
imported goods. This is also consistent with the poor match between the range of products 
imported and exported in Africa (UNCTAD, 2021). 
 
For the remainder of the mediation analysis, we decompose access to electricity into urban and 
rural access. The results of this analysis, presented in Table 8, show that while industrialization 
has a positive and significant effect on rural electricity access, the indirect effect of 
industrialization on exports is insignificant. This lack of mediation is confirmed by the RIT value 
of 0.03 (0.007/0.332), indicating that only 2.7% of the effect of industrialization on exports is 
mediated by rural access. The RID value of 0.026 (0.009/0.339) further supports this, showing that 
the mediated effect is only about 0.0 times the size of the direct effect. 

 
The results of the mediation analysis for rural and urban access to electricity show distinct 

outcomes. For urban access, the mediation is partial or complementary, as industrialization has a 
positive and significant effect on both urban electricity access and the direct effect on exports. The 
RIT value of 0.44 (0.275/0.624) indicates that approximately 44% of the effect of industrialization 
on intra-African exports is mediated by urban electricity access. Furthermore, the RID value of 
0.788 (0.275/0.349) shows that the mediated effect is about 0.8 times the size of the direct effect. 
These findings confirm that urban access to electricity in an exporting country significantly 
influences how industrialization impacts intra-African exports. The analysis for importing 
countries reveals nearly identical results. 
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Table 8: Results of the mediating effects analysis of rural and urban access to electricity in 
importing countries 
 
VARIABLES Structural 

laccessrurj 
Structural 

laccessurbj 
Indirect effects 

lexportij 
Direct effects 

lexportij 
Total effects 

exportij 
      
laccessrurj    -0.0443* -0.0443* 
    (0.0258) (0.0258) 
laccessurbj    0.277*** 0.277*** 
    (0.0442) (0.0442) 
lmanvaj 0.948***  -0.053* 0.396*** 0.343*** 
(laccessrurj) (0.00467)  (0.0223) (0.0351) (0.0351) 
lmanvaj  0.829*** 0.259*** 0.396*** 0.655*** 
(laccessurbj)  (0.00498) (0.0278) (0.0351) (0.0352) 
ldist    -0.987*** -0.987*** 
    (0.0413) (0.0413) 
lgdppci    0.181*** 0.181*** 
    (0.0193) (0.0193) 
lgdppcj    0.498*** 0.498*** 
    (0.0314) (0.0314) 
comlang_off    0.0612 0.0612 
    (0.0733) (0.0733) 
comlang_ethno    0.512*** 0.512*** 
    (0.0451) (0.0451) 
contig    1.991*** 1.991*** 
    (0.0535) (0.0535) 
rta    1.986*** 1.986*** 
    (0.0654) (0.0654) 
ldgdp    -0.0499*** -0.0499*** 
    (0.0271) (0.0271) 
lmobteli    0.00875 0.00875 
    (0.0278) (0.0278) 
lmobtelj    0.444*** 0.444*** 
    (0.0242) (0.0242) 
lmanvai    0.349*** 0.349*** 
    (0.0374) (0.0374) 
laccessruri    -0.00861 -0.00861 
    (0.0258) (0.0258) 
laccessurbi    0.367*** 0.367*** 
    (0.0458) (0.0458) 
var(e.laccessrurj)     1.457*** 
     (0.0225) 
var(e.laccessurbj)     0.741*** 
     (0.00835) 
var(e.lexportationij)     5.480*** 
     (0.0730) 
Constant -1.334*** -2.226***  -2.28*** -2.28*** 
 (0.0954) (0.107)  (0.572) (0.572) 
      
Observations 14,301 14,301  14,301 14,301 

Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
 

Table 8's results regarding urban electricity access in importing countries show a complementary 
or partial mediating effect on the relationship between industrialization and exports. Specifically, 
column 2 demonstrates that industrialization in the importing country (lmanvaj) has a positive and 
significant effect on exports. Likewise, both urban electricity access and industrialization have 
positive and significant effects on exports. These findings are confirmed by the RIT and RID 
values, which are 39.5% and 0.654, respectively. 
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5. Conclusion 
 
This study examined the impact of industrialization and access to electricity on bilateral exports 
between 33 Sub-Saharan African (SSA) countries from 2000 to 2020. Our research is, to our 
knowledge, the first to use an extended gravity model to analyze this relationship with access to 
electricity as a key control variable. Using the PPML with high-dimensional fixed effects and 
Heckman methods, we found that industrialization, whether measured by manufacturing or 
industrial value added, positively impacts bilateral exports. Specifically, an increase in 
manufacturing value added boosts exports in both exporting and importing countries. Similarly, 
overall access to electricity has a positive effect on bilateral exports. However, our more granular 
analysis revealed that only urban access to electricity has a significant direct and indirect effect on 
industrialization, while rural access has none. Furthermore, our mediation analysis provided strong 
evidence that the influence of industrialization on bilateral exports is significantly mediated by 
urban access to electricity in both exporting and importing countries. This means that 
industrialization's positive effect on trade is, in part, transmitted through improved urban power 
availability. 
 
Based on these findings, we offer several key policy implications. First, to promote intra-African 
trade under the African Continental Free Trade Area (AfCFTA), SSA countries must develop 
realistic industrial policies. These policies should prioritize elements that support industrialization, 
such as investing in human capital (Beji and Belhadj, 2016) and strengthening institutional 
frameworks through greater political stability and the rule of law (Totouom et al., 2019). Second, 
industrial development must be supported by increased investment in power generation to boost 
the capacity of national grids. The scale of investment needed to improve electrification is 
substantial, requiring a combination of public funds, international development assistance, and 
private capital (Craine et al., 2014). Finally, African countries need to address the poor quality of 
electricity supply and service, particularly in urban areas. Reducing high transmission and 
distribution losses (Tehero and Aka, 2020) is essential to minimize power shortages and ensure 
that industrial potential is fully realized. 
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Appendix A 
 
Table A1: Trade complementarity and similarity indices 

 Trade complementarity index Trade similarity index 
Indicator / Year 1995 2000 2010 2012 2013 1995 2000 2010 2012 2013 
Developing Economies  0.72 0.74 0.79 0.80 0.80 0.72 0.74 0.79 0.80 0.81 
Developed Economies 0.87 0.86 0.81 0.81 0.81 0.88 0.87 0.82 0.81 0.81 
Africa 0.42 0.39 0.44 0.46 0.46 0.41 0.38 0.44 0.46 0.47 
Eastern Africa 0.28 0.28 0.31 0.34 0.34 0.28 0.28 0.31 0.31 0.34 
Middle Africa 0.15 0.15 0.18 0.19 0.19 0.16 0.16 0.19 0.19 0.19 
Northern Africa 0.29 0.28 0.35 0.37 0.38 0.29 0.28 0.35 0.38 0.39 
Southern Africa 0.49 0.45 0.43 0.41 0.42 0.48 0.45 0.44 0.41 0.42 
Western Africa 0.21 0.21 0.26 0.29 0.30 0.20 0.22 0.27 0.29 0.31 
SSA 0.42 0.39 0.41 0.42 0.42 0.41 0.39 0.41 0.42 0.43 

Source: Emerging Issues in Economies and Development. 
Notes : Similarity index is an indicator that helps to verify whether the structure of two economies or continents products 

traded are similar or dispersed. The index ranges from 0 to 1. A value closes to 1 indicates the higher similarity or identical 
products trade structure between partners. 

Trade complementarity index is an overlap index which provides significant information on intra-regional trade. It reveals 
the structure of nations’exports or imports complement the imports or exports of its trading partners. The value range from 0 to 1. 
A value closer to 1 may indicate ideal trading partners while value closer to à suggests that no nation or continent traded 
merchandise products.   

 
 
 
Table A2 : Definition of variables  

Code  Variable name Definition Measurement  Sources 
Traditional gravity model variables 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖𝑖𝑖 Intra-African exports Represents the logarithm of exports in value terms 
between a sub‐Saharan African country i and 
another partner country j.  

Thousands of 
US dollars   

UNCTAD 
STAT 
(2021) 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖 Distance between two 
partners 

Represents the logarithm of the distance between the 
capitals of country i and that of its partner j in 
kilometres.  

Kilometer CHELEM‐
CEPII 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖 GDP of exporting 
country 

The logarithm of the GDP of the exporting country 
expressed in current US dollars 

Current US 
dollars 

WDI 
(2022) 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑗𝑗𝑗𝑗 GDP of importing 
country 

The logarithm of the GDP of the exporting country 
expressed in current US dollars 

Current US 
dollars 

WDI 
(2022) 

Interest variables 
𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖 Manufactured value 

added of exporting 
country 

The logarithm of the net output of the manufacturing 
sector after adding up all outputs and subtracting 
intermediate inputs of the exporting country. 

Current US 
dollars 

WDI 
(2022) 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑗𝑗𝑗𝑗 Manufactured value 
added of importing 
country 

The logarithm of the net output of the manufacturing 
sector after adding up all outputs and subtracting 
intermediate inputs of the importing country. 

Current US 
dollars 

WDI 
(2022) 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖 Industry value added of 
exporty  

The logarithm of the value added of the mining and 
manufacturing sector of the importing country. 

Current US 
dollars 

WDI 
(2022) 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑗𝑗𝑗𝑗 Industry value added of 
importing country 

The logarithm of the value added of the mining and 
manufacturing sector of the importing country. 

Current US 
dollars 

WDI 
(2022) 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖 Access to electricity of 
exporting country 

The logarithm of the access to electricity (the 
percentage of population with access to electricity 
times the total population) of the exporting country 

Number of 
persons 

WDI 
(2022) 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑗𝑗𝑗𝑗 Access to electricity of 
importing country 

The logarithm of the access to electricity (the 
percentage of population with access to electricity 
times the total population) of the importing country 

Number of 
persons 

WDI 
(2022) 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖 Rural access to 
electricity of exporting 
country 

The logarithm of the percentage of rural population 
with access to electricity (the percentage of rural 
population with access to electricity times the rural 
population) of the exporting country. 

Number of 
persons 

WDI 
(2022) 
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𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑗𝑗𝑗𝑗 Rural access to 
electricity of importing 
country 

The logarithm of the percentage of rural population 
with access to electricity (the percentage of rural 
population with access to electricity times the rural 
population) of the importing country. 

Number of 
persons 

WDI 
(2022) 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖 Urban access to 
electricity of exporting 
country 

The logarithm of the percentage of urban population 
with access to electricity (the percentage of urban 
population with access to electricity times the urban 
population) of the exporting country. 

Number of 
persons 

WDI 
(2022) 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑗𝑗𝑗𝑗 Urban access to 
electricity of importing 
country 

The logarithm of the percentage of urban population 
with access to electricity (the percentage of urban 
population with access to electricity times the urban 
population) of the importing country. 

Number of 
persons 

WDI 
(2022) 

Control variables 
𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖𝑖𝑖  relative factors 

endowments 
The logarithm of the absolute value of the 
differences between the GDP per capita of the 
exporting country and the one of the importing 
country. 

Current US 
dollars 

Authors 
calculation 

Comlangoff Common official 
language 

A dummy variable of the existence of a common 
official language between the partner countries. It 
takes the value 1 if the two countries have the same 
official language and 0 otherwise. 

Dummy 
vaiable 

CHELEM 
CEPII 

Comlangeth Common ethnic 
language  

A dummy variable of the existence of a common 
ethnic language between the partner countries. It 
takes the value 1 if the two countries have the same 
ethnic language and 0 otherwise. 

Dummy 
vaiable 

CHELEM 
CEPII 

Contiguity Contiguity between 
two partners 

A dummy variable of the existence of a common 
border between the partner countries. It takes the 
value 1 if the two countries have a common border 
and 0 otherwise. 

Dummy 
vaiable 

CHELEM 
CEPII 

Rta Regional trade 
agreement 

A dummy variable indicating the existence of a 
regional trade agreement between two partner 
countries. It takes the value 1 if the two partner 
countries belong to the same economic area and 0 
otherwise. 

Dummy 
vaiable 

CHELEM 
CEPII 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖 Mobile phone 
subscription of 
exporting country 

The logarithm of the sum of active number of 
analogue mobile telephone of the exporting country. 

Number of 
persons 

WDI 
(2022) 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑗𝑗𝑗𝑗 Mobile phone 
subscription of 
importing country 

The logarithm of the sum of active number of 
analogue mobile telephone of the exporting country. 

Number of 
persons 

WDI 
(2022) 

Source: Authors 
 
Table A3:  List of countries 

Benin  Equatorial Guinea Mali Sierra Leone 
Burkina Faso Ethiopia Mauritius South Africa 
Botswana Gabon Mozambique Togo 
Cabo Verde Ghana Namibia Uganda 
Cameroon Ivory Coast Niger Tanzania 
Central African Republic Kenya Nigeria Zambia 
Chad Madagascar Rwanda Zimbabwe 
Democratic Republic of Congo Malawi Senegal  

 
 
 
 
 
 
 
 


