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ABSTRACT

Sub Saharan Africa (SSA) is receiving increased investments in the energy sector under the belt and road 
initiative (BRI) project since its inception in 2013. SSA has a worse energy efficiency ratio coupled with 
deficient electricity access, through analysis showed varied impacts on the SSA countries due to the BRI 
initiative. This study dilves into the influencing factors for Energy Efficiency (EE) in 38 SSA countries, 
applying the probit and logit approach for 2000-2018. The Multiple-regression model shows significant results 
of some variables such as foreign direct investment, gross domestic product, and port infrastructure quality 
being significant on EE under BRI initiative countries. However, the logit and probit models produce similar 
results and the marginal effect for the entire variable, except energy imports that do not likely impact EE. 
Furthermore, the interaction of quality of port infrastructure and foreign direct investment variables produces 
significant results, highlighting the increased investments SSA receives under the BRI initiative in the energy 
and transport sectors. The model Percent correctly predicted (PCP) value was about 84%, indicating it correctly 
classified the variables and about 16% not classified. The study recommends EE performance standards should 
be incorporated on energy projects in SSA to ensure that these projects are energy efficient and decouple SSA’s 
energy demand from economic growth. The research proffers suggestions for policy regarding the BRI initiative 
in SSA and the implications on sustainable energy and building a community with a shared future.
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1. Introduction

Energy is essential in considering every country’s socio-economic and environmental 
sustainability, and the push for cleaner production is increasing significantly in the 21st century 
(Acharya and Sadath, 2019; Kamoun, Abdelkafi, and Ghorbel, 2019). The efficient use of energy is 
tied to energy security and environmental sustainability, and this also has a direct effect on any 
country’s economic state (Bekun, Alola, and Sarkodie, 2019; Uribe-Toril, Ruiz-Real, Milán-García, 
et al, 2019). Cleaner production has become a critical concept that has attracted recent attention to 
save energy and reduce the effects of production on the environment by reducing carbon emissions 
to acceptable and even much lower levels without affecting productivity negatively (Zhang et al., 
2017). According to Qi et al. (2019), it is becoming a dominant perception that energy efficiency 
improvement promotes cleaner production and helps to overcome environmental challenges in 
practical ways (Bera and Sadowska, 2020; Bhandari, Singh, and Garg, 2019). This explains why it is 
becoming common that many countries have taken on to undertake important energy-efficiency 
programs that include investment in technological and energy marketing or pricing systems, all 
towards controlling the consumption of energy (Safarzadeh and Rasti-Barzoki, 2019).

Empirical studies have proposed that energy intensity tends to decline over time (Karimu et 
al., 2017), which can be attributed partly to increased energy efficiency. Although most 
countries share the goal of decreasing energy intensity based on declarations from climate 
change mitigation conferences, different countries significantly differ in energy utilization and 
efficiency (Dargahi and Khameneh, 2019). Energy intensity converges if the gap between the 
leading and lagging countries is bridged as a result of the faster development of efficient energy 
systems in the so-called lagging countries (Huang, Zhang, and Duan, 2019; Li, Zhao, Wang, et 
al., 2019). It is also important to note that the leading countries indirectly or directly, through 
foreign direct investments may influence the energy sector and the effectiveness of 
energy-related programs in developing countries. This influence may be through projects that 
may depend on and/ or impact energy program outcomes in some ways. For example, 
depending on the conditions and agreements of FDIs, specific sectors of the economies of both 
donor and recipient such as trade (Shah, Hasnat, Ahmad, et al., 2019), environment, energy 
(Sarkodie and Strezov, 2019), health, food and agriculture, infrastructure and governance (Ross, 
2019) among others are influenced.

Understanding energy efficiency and identifying the most relevant factors to its development is 
essential if programs achieve target outcomes optimally (da Silva and Dias, 2020). There is a 
plethora of literature on renewable energy usage in the developing world. Still, less attention is 
given to understand the fundamentals of energy efficiency in these significant regions of the world. 
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Taking global warming and climate change and its effects into consideration, understanding the 
dynamics of energy efficiency from the perspective or context of developing countries hold much 
to be desired, considering they contribute less to the problems than developed counterparts. Also, 
being able to understand how big global programs such as the belt and road initiative (BRI) of 
China affects energy efficiency in developing countries will serve as a reference point for future 
policies on foreign direct investments and environmental sustainability. This study examines the 
BRI trade and influence factors for the energy sector of developing countries, specifically looking 
at energy efficiency from energy environmental sustainability perspective.

Some researchers believe that the BRI of China is crucial to sustainable energy and the 
environment globally because BRI countries account for over 60 % of the global population (Qi, 
Peng, Zhang, et al., 2019). According to IEA reports, BRI countries consume approximately 50 % of 
the world’s total energy (IEA, 2016) despite producing only about 33 % of the global GDP (Duan, Ji, 
Liu, et al., 2018). Thus this puts their aggregate energy intensity higher, although some individual 
countries may have significantly low energy inputs and high energy efficiencies ( Qi, Peng, and  
Zhang., 2019). Putting this into perspective, we can deduce that the BRI can be used as a tool that, 
when used adequately, can induce significant changes towards energy efficiency, given that it 
covers more than half the global population. For the energy sector, this means the BRI may help 
make changes that would have a global impact on the energy sector. Thus this also makes the BRI a 
hot spot of attention for many researchers. 

Considering some of the BRI features, the construction dimension is meant to improve physical 
connectivity between BRI countries on land and sea (Silk Road) for trade and investment. 
Although this seems socio-economically good, it may have implications for carbon emission levels 
and energy efficiency (Liu and Hao, 2018). For instance, large-scale construction works that 
include railways, roads, bridges, and ports are potential areas that could amount to the 
consumption of vast amounts of local and exotic resources such as vegetation, energy, and water 
bodies. It is known through studies that such developments are inextricably linked to greenhouse 
gas emissions and the environment (Wang, Duan, Wu, et al., 2015). Therefore, this study examines 
the effect of the BRI initiative on the energy efficiency of developing countries from a global value 
chain perspective. Trade and economic benefits must be considered for BRI for enhanced 
economic development, but they must be such that it improves energy efficiency and reduces 
energy intensity. The rest of the paper is organized as follows: Chapter two presents a deep dive into 
the literature on the global value chain, BRI initiative, and energy efficiency. Chapter three provides 
the methodology used in the study, while chapter four presents the results and discussion. We then 
wrap it up with the conclusion and policy implications with chapter five.
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2. Literature Review

2.1 Energy efficiency in global value chain

The global values chain is a concept in developmental studies that are used to describe activities 
of people that lead to the production of environmental friendly goods and services and their 
supply, distribution, and aftersales activities within a context of international coordination 
(Hernández and Pedersen, 2017; Mahutga, 2012). In this context, the global values chain is more or 
less an application of the value chain model on a global scale (Sturgeon and Gereffi, 2012). It is a 
common practice within the global values chain that international production, trade, and 
investments are organized. The different stages of the production of goods and services are 
managed across different geographical locations and countries. (Gereffi and Kaplinsky, 2001). In 
recent times, firms have started restructuring their operations through international outsourcing 
and offshoring of activities (Mahutga, 2012). This strategy is used to optimize their production by 
strategically locating different stages of their processes across various locations, depending on 
labor issues, raw material availability, and marketing prospects. Some of these dispersions are 
strategically done through the outsourcing of some operations (Starosta, 2010). According to the 
World Bank report, a strong trend towards the international diffusion of value chain activities such 
as design, production, marketing, distribution, and others has been observed (Chen and Lin, 
2018). Considering the common features of the global values chain, understanding the place of the 
BRI and how it may influence the energy efficiency of concerned countries is important 
considering its multinational scope.

The BRI was a policy proposed by the Chinese President Xi Jinping in 2013, to boost China’s 
trade and investment in power plants, and ports, and other infrastructure in Asia, and Europe, 
Africa, and South America in 85 countries. The global nature of this Chinese trade policy can be 
understood, looking at the geographical coverage. The involvement of Chinese firms and other 
local players in host countries gives a diversified platform that includes actors from different 
geographical locations. The construction of roads, train cargo links, and ports to facilitate trade 
between China and host countries will improve trade, not only with China but also with other 
countries linked along the project path. Thus, although the policy aims to enhance China’s trade, it 
will again do the same for BRI countries. Despite the recent critiquing of the BRI, it has started 
causing some positive indirect effects on host countries. For instance, foreign direct investments 
(FDI) have increased in BRI countries most probably due to increased infrastructural development 
(Du and Zhang, 2018). Also, it is expected that improved infrastructure will motivate other 
investments in different sectors. Another study showed that aggregate FDI in BRI host countries is 
predicted to increase by about 5 %, with countries from Sub-Saharan Africa and East Asia and 
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Pacific regions being the beneficiaries with higher gains.
Studies have shown that, especially for lower-income countries, the increase in FDI can 

significantly influence GDP, trade, and employment growth (Chen and Lin, 2018). Therefore, can 
the BRI influence energy efficiency in developing countries? A study conducted between 1990 and 
2014 showed that total primary energy supply production generally declined over the period, a 
phenomenon associated with technological leapfrogging (Goldemberg, 2019). It is essential to 
mention that countries’ developmental stage is a crucial subject that must be studied. During the 
initial stages of development, there is a higher likelihood that several practices with the use of 
technologies and may have to be repeatedly used, optimized, and refined over several years before 
getting replaced with improved versions. Also, the technologies used in the initial stages are often 
old and not functioning optimally until they get advanced. This same explanation holds for the 
energy sector and energy production. A study conducted over three decades ago between 1860 and 
1990 in the United Kingdom showed that, during the initial stages of development in the 19th 
century, their energy consumption grew faster than GDP, and energy intensity also reached a 
maximum and then declined afterward.

This parabolic trend seems to fit every developing country, especially in its initial 
developmental stages. Thus, the development rate, coupled with advancements in energy-efficient 
technology, is a key subject that influences energy efficiency. However, technological leapfrogging 
could offer an early exit during this phase such that developing countries in today’s fast-paced 
technological advancements do not have to reinvent the wheels of repeating the mistakes of 
others. This is because globalization makes information readily available to enhance better 
investment decisions into sustainable energy production technologies. This same opinion was 
supported by (Martin and SERGERAERT, 1988) when they observed that preceding countries 
such as Germany, the US, and France followed the same pattern and reached a lower maximum in 
energy intensity than the UK. They attributed this better performance to the privilege of adopting 
innovative and more energy-efficient technologies resulting from earlier experiences. Studies 
have shown improvements in energy efficiency in many areas. For example, lighting efficiency has 
been observed between 1900 and 2000 to have increased by a factor of 50 globally (Van Benthem, 
2015). Comparing energy efficiency with refrigerators in the US, data in 2008 showed that new 
refrigerators used about 25% of the energy used back in 1970. Considerable improvements were 
also observed in clothing and dishwashers, and air conditioners for the same period (van 
Benthem, 2015). To sum up, the potential for energy efficiency in developing countries has been 
summarized in a study conducted by (Van Benthem, 2015) as reported in the work of 
(Goldemberg, 2019). In many instances, they even outperform the so-called developed countries. 
Therefore, it is clear that SSA countries have an advantage of benefiting from existing systems that 
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have been almost perfected to enhance the efficiency of energy production, distribution, and use. 
Although this technological leapfrogging has much to offer developing economies, studies have 
shown that it has not prevented increases in energy consumption due to a rebound effect (van 
Benthem, 2015). 

The rebound effect is a term used in conservation and energy economics to reduce expected 
benefits from green or low carbon technologies meant to increase the efficiency of resource use due 
to behavioral or other systemic responses. These responses, such as population growth usually tend 
to offset the beneficial effects of the newly adopted technologies. Therefore, it is important that in 
attempts to invest in technologies for improved energy efficiency, developing countries should 
factor in the role of systemic responses, consumer behavioral changes, and population growth. For 
example, Africa has the highest population growth rate, and such relevant considerations can help 
increase benefits from technological advancement observed globally. Thus, the GVC and the BRI 
can be seen as a potential positive platform for developing countries to transform improved energy 
efficiency even shorter than expected under usual developmental circumstances.

2.2 The energy efficiency in developing countries

Based on the experiences of leading countries and the global technological innovative 
advancements made, it is crucial to assess the BRI effect. The BRI covers many developing 
economies worldwide, from Africa, Asia, Southern America, and other parts of the world 
(Ehizuelen, 2017; Fan et al., 2019). Considering the significant goals of the BRI, it is essential to 
mention that its implementation, when done as expected, would bring about some level of 
infrastructural and technological improvements in host countries (Ross, 2019; Sarkodie and 
Strezov, 2019; Van Benthem, 2015). Besides trade, these projects also include the provision of 
power plants. It is expected that China's recent strides in this area of technology would ensure 
that the latest and efficient power production technologies are used in BRI countries (van 
Benthem, 2015). This technological investment would directly affect the improvement of energy 
efficiency as there are other tenets to be considered indirect. For instance, enhanced trade due to 
enhanced connectivity between BRI countries and China also can have a more effortless flow of 
goods within the GVC. Technological advancement can become even more global and less 
expensive. More efficient technologies can be imported and exported, helping bridge the 
so-called developed and developing countries’ energy intensity gap. The study of (Qi et al., 2019) 
also talks more about this concept where technological advancement offers the potential for 
developing countries to achieve this goal, although over a long-term, but possibly shorter than 
for other developed countries during their initial developmental stages. Some potential effects of 
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the BRI on energy efficiency in developing economies can therefore be summarized in brief 
discussions that follow.

Having discussed the potentials for enhanced energy efficiency in developing countries in the 
previous section, based on the experiences of leading countries and the global technological 
innovative advancements made, it is important to assess the effect the BRI may have. The BRI 
covers many developing economies across the globe, from Africa, Asia, Southern America and 
other parts of the world (Ehizuelen, 2017; Fan et al., 2019). Considering the major goals of the BRI, 
it is important to mention that its implementation, when done as expected, would bring about 
some level of infrastructural and technological improvements in host countries (Ross, 2019; 
Sarkodie and Strezov, 2019; Van Benthem, 2015). Besides trade, these projects also include the 
provision of power plants, and it is expected that the recent strides made by China in this area of 
technology, would ensure that the latest and efficient power production technologies are used in 
BRI countries (Van Benthem, 2015). This technological investment would be a direct effect on the 
improvement of energy efficiency as there are other tenets to be considered as indirect. For 
instance, enhanced trade due to enhanced connectivity between BRI countries and China also has 
the potential for an easier flow of goods within the GVC, such that technological advancement can 
become even more global and less expensive. More efficient technologies can be imported and 
exported, helping bridge the energy intensity gap between the so-called developed and developing 
countries. The study of (Qi et al., 2019) also talks more about this concept where technological 
advancement offers developing countries the potential to achieve this goal, although over a 
long-term, but possibly shorter than for other developed countries during their initial 
developmental stages. Some potential effects of the BRI on energy efficiency in developing 
economies can therefore be summarized in brief discussions that follow. 

Suppose China is to provide power plants in BRI countries as expected. In that case, this 
initiative, depending on agreements between beneficiary countries and China, can significantly 
impact energy efficiency. The conditionality of this is observed in the type of power plants to be 
provided. The kind of energy source to fuel the power plants, plant operation and maintenance 
capacity by local expertise, and alternative power sources available from non-BRI investments. 
Complementary power sources available to augment new power plants affect the environment and 
livelihoods. Population growth rate and carrying capacity of new plants, efficiency in energy 
distribution using established local grids and many others may not be covered here. A study 
conducted by (Marzi, Farnia, Dasgupta, et al., 2019) has put together many different factors that 
can be used to determine developing countries' potential to invest in energy-efficient technologies 
beneficially. The study came up with indices related to developing countries' economic, social, 
technological, and political preparedness to significantly benefit from such investments. From a 
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financial-economic perspective, areas such as national income, FDI, national budget balance, 
energy export, tax rate, and other indicators were mentioned. Socially, population growth, 
education, unemployment rate, and urbanization were also raised. Political concerns were related 
to government effectiveness, the rule of law, political stability, and corruption control. 
Technologically, energy intensity, carbon emission, electricity generation, electricity transmission 
losses, infrastructure, and others were considered (Marzi et al., 2019). Notwithstanding, the extent 
of technological leapfrogging, such as from power plant investments due to BRI hinges on many 
diverse concerns.

Moreover, one important consideration about the extent to which developing countries may 
benefit from the BRI towards energy efficiency is China’s risk of investment. This risk depends on 
local regulatory policies and infrastructural and technological preparedness for green energy and 
energy-efficient technologies. Developing countries may lose the opportunity to benefit 
immensely from the BRI aspect of energy support if this concern is not addressed as early as 
possible. The possibility may be that China may only implement those aspects of the BRI, which 
may not have high investment risks. Also, China may enter such agreements to offset risks by 
benefiting from developing economies in other areas that would support the Chinese economy. 
Thus, the risks may get transferred to developing countries. Some studies have been done to 
compare different regions in terms of investment risk. (Duan et al., 2018) reported on energy 
investment risks, including political and regulatory risk, currency, liquidity, refinancing risk, and 
resource risk, among others.

Duan et al. (2018) concluded that Saudi Arabia, United Arab Emirates, Pakistan, Kazakhstan, 
and Russia are ideal for China's energy investment based their argument on resource potential and 
investment environment. From this study's view, it is somewhat controversial to want to pin energy 
investments on these factors without considering the BRI in phases and without an allusion to the 
subject's complex nature when it comes to country-by-country politics. Some questions beg to be 
asked: Do infrastructural projects not become enhancing factors and springboards for further 
investment? Can energy investments not be tailored to suit local situations in sustainable means? 
All such and many other questions mean the issues are more complicated than have been reported 
in many studies, mainly because it is impossible to consider all the factors that make one country 
risky and the other not. Moreover, development is dynamic as much as governance and politics, 
and human behavior.2.3 Indirect effects of the BRI on energy efficiency
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2.3 BRI, FDI and energy efficiency

Improved connectivity within BRI countries and between China and BRI countries will enhance 
trade, enhancing GDP when adequately regulated and allowing smoother, easier transfer of 
technologies that promote energy efficiency in developing countries. For example, energy-efficient 
technologies such as refrigerators, air-conditioners, automobiles, agricultural and construction 
machinery, electronic gadgets, and many others are easier to move between countries. Depending 
on local, national regulatory policies and good governance, energy-efficient technologies can 
gradually be used to replace less efficient ones in the system. The improved trade also becomes a 
source of income for further investments in more energy-efficient technologies. However, it is 
essential to discuss increased urbanization and increased population growth due to urbanization. 
New communities are likely to spring up around built road networks to take advantage of 
economic activities along the roads, such as public amenities, such as motels, foods, water, fuel 
stations, and others. These communities will bring about higher energy demands, increasing 
aggregate energy intensity. 

The improved road connectivity and seaports as a result of BRI infrastructural project execution, 
in addition to improved energy provision, will be a motivation for an increase in FDI in developing 
countries. Already, such a trend has been reported in studies conducted on the positive effects of 
the BRI on international trade and economic development in developing countries (Chen and Lin, 
2018; Du and Zhang, 2018; Kang, Peng, Zhu, et al., 2018; Shah et al., 2019). It is expected that this 
will increase further depending on governmental economic policies and political stability among 
other factors such as conflict resolution between China and other competing investors. Growing 
tensions and conflicts have been reported in several studies done on the BRI in developing 
countries across the globe, and an effective means of handling these conflicts in BRI host countries 
will depend largely on existing regulatory policies and the rule of law among other factors 
(Hillman, 2018; Huang, 2016).

It is also expected that an increase in FDI can further enhance more energy-efficient investments 
per government negotiations. The governments of BRI host countries stand the opportunity to 
make sustainable decisions that would positively impact energy efficiency through educated, 
research-led agreements. Win-win negotiations must be for arrangements that can sustainability 
transform the energy sector, pushing for greener and cleaner energy production investments. 
Reports have been published on studies done about energy investments in Asia due to the BRI 
energy sector projects, and findings confirmed the progress made significantly towards green 
energy provision (Chernysheva, Perskaya, Petrov, et al., 2019). China’s contributions to global 
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green energy and low-carbon (GELC) innovative development based on the BRI have also been 
investigated in 29 BRI countries using spatial data to examine carbon intensity (H. Li, Li, et al., 
2018). From the study, the spatial convergence results supported significant absolute and 
conditional convergences in the 29 countries studied, and a faster convergence speed was observed 
when considering control variables.

Given that the BRI has not been yet completed and the possibility that much more may be done 
on energy investment. The trends are not static. The improvement in energy efficiency can 
significantly yield positive effects that may offset the negatives of the current energy situation in 
developing countries. It is not expected that carbon intensity will remain high when 
energy-efficiency is improved through greener technologies and cleaner production. Also, the 
trend is a progressive one, which does not change suddenly. It is worth noting that the benefits of 
the BRI towards cleaner displays and higher energy efficiency do not remain stagnant after the 
projects if they are managed sustainability. To conclude, it may be too early to say that BRI 
developing countries are not benefiting from the BRI in cleaner energy production based on 
carbon intensity data, considering that such transformations are long-term and progressive. Also, 
individual outputs can be measured, but outcomes may need a longer time, even after BRI projects 
end, to be assessed if a better understanding of project impact is sought.

3. Methodology

The comprehensive framework designed was based on most of the relevant factors identified in 
the literature and discussed in this paper to have the potential to significantly influence the 
outcome of the BRI and its effect on energy efficiency in BRI developing countries. Economic, 
social, technological, and political factors were studied by (Marzi et al., 2019) and others from 
diverse sources cited in this paper and the expert opinions of the authors. This interconnectivity 
between the different indicators from both intrinsic and extrinsic factors makes the assessment a 
complicated one. Holding other factors constant and dealing with others still does not give an 
accurate picture of actual effects without discussing them in the context of the complexity that 
exists.

The study makes use of the latent variable approach for logit and logit models from 2000-2018 to 
analyze the effects of BRI projects on SSA countries. According to Gujarati (2012) and Chen and 
Tsurumi (2011) and Winkelmann and Boes (2009), the logit was conducted in this present study. 
Likewise, the probit model, which was pioneered by Gujarati (2012). Since then, the model has 
advanced and used in applied econometrics fields. Probit and logit models give a binary outcome. 
The values range from one and zero. To mathematically express this situation: The Latent variable 
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approach deals with binary variables as a focal point of measurement. In sum, the approach says 
there exists a latent variable that has not been estimated. However, there is a binary indicator of the 
latent variable. The equation below shows how it is. 
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In equation (1) 
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3.1 Odds ratios and the Logit Model

According to Gujarati (2012), odd ratios measure the extent of association between two variables 
or events. Odds ratios are different ways and informative way of interpreting results when 
analyzing the models. Even though the subheading talks about the logit models, the same holds for 
probit models.

   
       

      








(7)

If     , it is concluded that the odds are 1 to 1. If the    =.0.80, then the odds are 4 
is to 1.

3.2 Maximum Likelihood Estimation

Maximum likelihood estimation is used to test whether the predictor equations in the model are 
simultaneously zero;   be the likelihood of   given  . Given the coefficient the   
likelihood of   can be the derived of each: The equation is derived like this:

    … …       (8)

This approach finds the ′  and those best values that fit the model and minimizes the residual 
term.

3.3 Marginal Effects Estimation

Marginal effects are mostly reported after estimating logit and probit models. Marginal effects 
explain the change in probability of value, say   , given a one-unit change in an exploratory 
variable. It must be noted that the marginal effect of changing variables is not stationary over time. 
It varies. This is expressed in the linear model below:

      …… …  (9)

Taking partial derivatives of  gives this equation.




  (10)

Equation (10) is expressed in a probit model below

        …… …    (11)
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This becomes:




       …… …   (12)

Usually, probit and logit models are as a result of different assumptions than those by linear 
models. Hence, they are most fit for analyzing dichotomous outcomes such as the impact of BRI 
projects on SSA. Regarding logistic function(Regression et al., 1993) assert that the relationship 
between the depended and independent variables can be written as a logistic function in the 
curvilinear form below:

 
 (13)

The logistic function is S-shaped derived with the following form, and steepest when the values 
reach .5 and fall out from both sides when the values reach between 0 and 1.This implies changes to 
the independent variables have the profound effects when the values reach .5 and reduced effects 
when the probability reaches between zero and one. Thus, the models are interactive and the 
interactions of the independent variables among the independent variables have effects on each 
other. (Regression et al., 1993)

    (14)

Probit models are linear and based on distributional assumptions and very similar to the logistic 
regression function. From equation (4) above  is the cumulative distribution function. The 
cumulative distribution function has tail ends that are quite slimmer, than those of logistic 
regression function, which implies that the probability reaches zero and one, faster than logistic 
functions(Regression et al., 1993)

3.4 The creation of an Interaction Term

We have decided to create an interaction term to see the effects on the variables: Let  represent 
the dependent variable. The vector  is an of independent variables. Thus,  is ′   …  . 
The expected value of  given  is.

⌈ ⌉   (15)

The function of  is traced to   and can be differentiated double. Δ represents the difference and 
the derivatives variable, which is either discrete or continuous(Ai and Norton, 2003). This equation 
aims to interact with the terms and see their impact on EE on BRI countries in SSA. That is done by 
computing cross differences, not by looking at the coefficient. The interaction effect of    
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on  is given below:

 ∆∆
∆   (16)

The interaction effect is estimated by

 ∆∆
∆   (17)

  is the estimator of  . Whiles the continuous of  and the consistency of   links the consistency 
of  and . (Ai and Norton, 2003).

To arrive at the standard error of the estimated interaction effect , it is achieved by applying 

the Delta Method.

 ∼   ′′




∆∆
∆   


 

 



∆∆
∆   


 (18)

The nature of the variance of  is estimated by:
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  Is the estimator of  . The  statistic is   


 , which indicates asymptotic standard normal 

distribution under some conditions(Ai and Norton, 2003).

3.5 Percent Correctly Predicted (PCP)

PCP explains the percentage of observations that are correctly predicted. Usually, any 
observation with a probability value greater than or equal to 0.5 is classified as 1 and any 
observation with a predicted probability value less than 0.5 is classified as zero. This is done by first 

estimating the probit for . For observations with ≥  set   ; otherwise   . And finally, 

denote each observation with  with     a correct prediction. PCP is then referred to as the 

percentage of observations that are correctly predicted. That is 

 


 ×     (20)

The maximization of the probit likelihood function will not essentially produce a   that 
maximizes the PCP. (Ai and Norton, 2003)
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4. Results and discussion

Data for the study was sourced from the World Bank development indicators (WDI). They were 
38 countries in SSA, where data was available on the variables for the study. The following variables 
were analyzed on these countries regarding the BRI project’s potential impact on EE in the 38 SSA. 
Energy intensity, which explains the amount of energy used to produce a given unit of GDP is the 
proxy variable for energy efficiency, the dependent variable. EE can spur economic growth and at 
the same time reduce energy demand in SSA. Africa’s economy would be four times bigger than the 
current size in two decades. However, EE can curtail the rise in total primary energy consumption 
by 50% (Energy and Special, 2019). Interaction terms were created for FDI and QPI, which are 
denoted as (FDI* QPI), as well as for EnIMP and FOSS denoted as (enimp*foss), GDP, and taxes 
coded as (gdp*taxes) and finally, Access and GDP coded as (eacess*gdp). The interaction term is 
used in user research to study the relationship or the effect of either the dependent or independent 
variables, when they interact (Ai and Norton, 2003) (Dong, 2012).

Besides, other independent variables were employed. Energy Access (ecacces) explains the 
population in a country with access to electricity measured in percentages. Energy Access is in a 
deplorable state in Africa, with 567 million lacking electricity access in SSA (Alemzero et al., 
2020). Another important variable is energy imports (EniMP). Most SSA countries import energy 
for their domestic consumption. It is an issue of national security concern subjecting SSA 
countries to exogenous shocks, damping economic growth (Alemzero et al., 2020). About 63% of 
African countries import over 90% of their refined fuel product for domestic consumption 
(Alemzero et al., 2020). For instance, Ghana was projected to spend about 1billion dollars to 
import fuel to power its thermal plants in 2019 (Sun et al., 2020). It is measured in percent of 
energy use (% energy use). Furthermore, Foreign Direct investment is very vital in scaling up 
investment in BRI countries. China’s investment across the globe keeps growing, particularly in 
SSA. From 2005 to 2020, China’s investment in the energy sector in SSA reached $103.88 billion 
(AEI, 2020).

On the other hand, China’s global investments and contracts with its Belt and Roads Initiative 
(BRI) from 2005-2020 stands at $297 billion. GDP growth is another variable used to measure the 
impact of the BRI projects in SSA countries. It is an indicator that determines how the economy is 
developing or growing. It is measured in percentages. SSA is projected to have a GDP growth of 
3% of the decade and population growth by 1.4% yearly (GWEC Africa, 2019). Fossil energy 
consumption (FOSS) comprises the conventional forms of energy such as coal, oil, petroleum, and 
natural gas, available for electricity generation. SSA relies so much on these products for electricity 
production and transport. Oil remains the primary fuel source for SSA, with fourth-fifths getting 
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about 50% of their fossil fuel sources (Alemzero et al., 2020). Africa generates about 81% of its fuel 
from thermal sources (GWEC Africa, 2019). It is quite interesting to see the impact of taxes on EE 
on the BRI countries. Taxes are fiscal policy instruments used to raise the needed revenues for SSA 
countries, which are developing countries. Taxes are ought to be equitable and fair, and transparent 
to increase the right revenues. This is even important regarding importing energy-efficient 
appliances for domestic consumption by giving tax rebates and enticing consumers and producers 
to comply with energy-efficient performance management standards. Infrastructure is very critical 
for the economic uptake of the African continent. BRI initiative investments and contracts are 
skewed toward infrastructure in the energy and transport sectors.

The question that comes to mind is the quality of the infrastructure investments and the 
macroeconomic benefits in SSA. A study by (Gerd Schwartz , 2020) contends that the increase in 
infrastructure should be deleted investment in emerging and low income countries has helped 
bridged the infrastructure gap but stops short to bemoan the quality of infrastructure in these 
countries that does not result in the increase in investment-GDP ratios for these countries. There is 
an age-old comprehensive economic infrastructure deficiency between higher and lower-income 
countries in roads and electricity (Gerd Schwartz, 2020). Hence, the need to analyze the impact of 
these infrastructure investments in SSA on EE in BRI countries. The energy sector commands the 
most of China’s investment in SSA, followed by Transport. How would infrastructure impact on EE 
in these countries? The logistics performance index is also factor that will impacts on EE in SSA. 
The need to transit to green transport in order to limit the release of CO2 emissions is key. Is Africa 
ready to embrace Electric vehicles and invest in the infrastructure required? Decarbonising the 
transport sector is key in achieving EE. It is however a high hanging a fruits for African countries. 
And finally, Energy related emission (Eneemis) is increasing in Africa even though Africa’s total 
emissions is very negligible. In 2010, the continent emitted 3.3% of world’s energy related 
emissions and increased of 3.7%  representing  1.2 gigatonnes of CO2 (Energy and Special, 2019). 

Variable Variables Obs Mean Min Max

eacess energy access 722 39.565 0 152.699

enimp energy imports 722 -45.14 -1938.662 108.112

fdi FDI 722 4.906 -6.37 103.337

gdp gross domestic products 722 4.394 -46.082 63.38

foss fossil fuel energy consumption 722 15.05 0 88.149

taxes taxes 722 7.211 0 49.845

Table 1. Summary of descriptive statistics
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Table 1 above shows the summary descriptive statistics of the variables. Energy access has the 
highest mean; this indicates its importance in SSA, as about 567 million lack access to electricity in 
Africa. Another unique mean value is energy import (enimp), which is negative, signifying most 
SSA African countries don’t import but rather export. That is an incredible value. Also, fossil fuel 
energy consumption equally has the third-highest mean value. That was anticipated as most SSA 
consume mainly fossil fuels; over 81% of electricity is generated from thermal sources (Alemzero et 
al., 2020) (GWEC Africa, 2019). Energy-related emissions have a higher mean. It is anticipated that 
Africa’s power sector will continue to emit more CO2 even though the cumulative emissions is 
minimal.

ee Coef. Z-value Sig Results

eacess -0.086 -7.97 *** support

enimp 0.004 2.65 *** support

fdi 0.077 2.41 ** support

gdp -0.098 -1.92 * support

foss -0.004 -0.29 not not-support

taxes 0.055 2.05 ** support

qpi 0.176 2.40 ** support

lpi -0.001 -0.20 not not-support

eneemis -0.015 -1.65 * support

Constant 9.904 15.21 *** support

R-squared 0.111 Number of obs 722 mean vif = 11.8

Table 2. Multiple-regression of the equation

Variable Variables Obs Mean Min Max

qpi quality of port infrastructure 722 4.513 -3.8 30.2

lpi logistics performance index 722 2.304 -532.33 536.95

eneemis energy related emission 722 19.684 -56.126 324.823
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The table 2 provides the results of multiple regression model. Access has a significant 
relationship with energy efficiency on the analysis but has a negative association with BRI 
countries’ energy efficiency. Enimp is also noted to have a positive correlation to the energy 
efficiency in the study. FDI is equally significant in the result. Chinese investment and contracts in 
SSA are about $103.88 billion between 2005 and 2020. A chunk of these investments is in the 
energy and transport sectors (AEI, 2020). GDP growth is also very significant in the analysis. 
Africa is projected to have medium-term GDP growth of 4% in 2019 and 4.1 percent in 2020. This 
growth would be the highest among emerging countries but lower than India’s and China’s (AfDB, 
2019). Africa is projected to have a GDP growth of 3% per year up to 2030, and 1.4% population 
(AfDB, 2019) (GWEC Africa, 2019). However, FOSS is not significant as well logistics Performance 
Index (LPI). In contrast, International tax is significant in BRI projects in EE in SSA. It is strongly 
substantial and has a direct correlation. This is striking as the increase in taxation would reduce EE 
programs' investments and EE trade from Chinese companies in SSA. Another variable that 
proved significant is the quality of Port infrastructure. It is substantial that has a direct correlation. 
Infrastructure at the port is very key and impacts on EE. Considering the importance of port 
infrastructure quality to trade, China has about 46 ports already in operation and planned and 
funded and built by Chinese Companies (Devermont et al, 2019). More so, about 17 percent of 
china’s investment was in 172 ports development in SSA, according to the 2017 world port report 
(Devermont et al, 2019).

Variables Probit Logit

eacess -0.016 -0.027

enimp -0.043 -0.086

fdi 0.059 0.114

gdp 0.033 0.054

foss 0.098 0.196

taxes 0.003 0.002

qpi 0.073 0.129

lpi 0.000 0.000

eneemis 0.001 0.001

Table 3.Probit and Logit results estimates ee (Energy efficiency)

Table 3. Shows the probit and logit estimates of the Energy efficiency in SSA. Eaccess and Enimp 
don’t have any likely potential impact on Energy efficiency in the study countries. However, as was 
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anticipated; FDI will likely have a potential impact on EE on BRI countries in SSA. This is 
instructive as the Chinese investments in Africa and SSA, in particular, are on the rise. As stated 
earlier, Chinese investments in the BRI projects are in energy as the leading sector and transport 
sector as the second. GDP will likely have an impact on energy efficiency in BRI countries, as well 
as FOSS, Taxes, QPI, LPI, and ENEEMIS. This is exhibited by the coefficients of the probit model. 
It is quite instructive to note that, the two models always produce similar results and so, the 
coefficients of the logit model are similar to that of the logit model. It is clear from table 3 above 
that, eacess and enimp variables models have no likely potential impact on EE on BRI countries. 
The same holds for the rest of the variables. There is one curious result though for Eaccess, because, 
as China’s investments in the energy sector are the highest in the continent (AEI, 2020), Eaccess 
should have a likely potential impact on EE on the study countries. The reason attributed to this is 
that most of these projects are planned, in progress, and just been announced. A few have been 
completed. Their impact would be felt in a few years to come.

ee Coef. Z-value Sig Results

eacess -0.016 -5.33 *** support

enimp -0.019 -0.65 not not-support

fdi 0.029 1.31 not not-support

gdp 0.039 1.53 not not-support

foss 0.088 4.52 *** support

taxes -0.006 -0.64 not not-support

qpi 0.060 1.83 * support

lpi 0.000 0.03 not not-support

eneemis 0.001 0.43 not not-support

fdi*qpi 0.009 1.81 * support

enimp*foss 0.000 -0.74 not not-support

gdp*taxes 0.002 1.34 not not-support

eacess*gdp 0.000 -0.71 not not-support

Constant 0.575 2.75 *** support

Pseudo r-squared 0.3030 Number of obs 722 Prob > chi2 =0.000
*** p<0.01, ** p<0.05, * p<0.1 

Table 4. Probit regression of interaction terms
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From table 4 are the probit estimates of the interaction terms. Eaccess is significant as was in the 
Multiple regression. But it has a negative correlation to energy EE. On the contrary, ENIMP is not 
significant in this model. It was influential in the Multiple regression model, in table 2. Another 
different result obtained is the FDI, which is also not substantial in the interaction model but 
significant on the Multiple regression model. GDP, taxes, and LPI don’t have any significant 
differences in SSA energy efficiency by the BRI projects. The result is still significant for QPI. This 
is aptly as about 46 ports in Africa is funded and built by Chinese companies (Devermont et al, 
2019). The interaction variable between FDI*QPI is significant; thus, the significance proved the 
importance of these variables to impacting on EE in the study countries. FDI is not significant in 
this model, as alluded to earlier, but it is significant when it interacted. There were significant 
differences with the interaction of FOSS and NIMP; inversely, FOSS is significant in this model 
without being interacted. The interaction of GDP and taxes; access and GDP, don’t produce any 
significant differences. However, tax is not significant in this model but marked on the Multiple 
regression model.

4. 1 Marginal Effects of Logit and Probit Models

According to the marginal effects of logit and probit model analysis, the Table 4 shows the probit 
estimates of the interaction terms. Eaccess is significant as was in the Multiple regression. But it has 
a negative correlation to energy EE. On the contrary, ENIMP is not significant in this model. It was 
influential in the Multiple regression model, in table 2. Another different result obtained is the FDI, 
which is also not substantial in the interaction model but significant on the Multiple regression 
model. GDP, taxes, and LPI don’t have any significant differences in SSA energy efficiency by the 
BRI projects. The result is still significant for QPI. This is on point as about 46 ports in Africa are 
funded and built by Chinese companies(Devermont et al, 2019). The interaction variable between 
FDI*QPI is significant; thus, the interaction between them significantly affects the EE in the study 
population. FDI is not significant in this model, as alluded to earlier, but it is significant when it 
interacted. There were significant differences with the interaction of FOSS and NIMP; inversely, 
FOSS is significant in this model without being interacted. The interaction of GDP and taxes; 
access and GDP, don’t produce any significant differences. However, tax is not significant in this 
model but marked on the Multiple regression model.

4.2 Odds rations and the Logit Model

Then, we have conducted the odds ratios of the logit model, the odds ratios indicate that all the 
variables impact the energy efficiency in SSA. The odds of energy access affecting energy efficiency 
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increase by [0.9731377%], and that of Enimp increases by [0.9174013%]. However, the odds of FDI 
have a potential impact on EE in SSA increases by [1.120698%], and that of GDP increases by 
[1.055204]. Thus, the odds weigh higher for these variables coupled with the aforementioned: 
FOSS, taxes, QPI, eneemis having a likely impact on EE in BRI countries are above the one-point 
mark. The predicted probabilities of the models, logit and probit models have a similar mean of 
their effects on BRI countries' energy efficiency, with their minimum values ranging from 0.50 to 1. 
However, the Pols model has a higher mean but with the values ranging from zero and one, 
indicating the Multiple regression model does not restrict the variation of the values as the logit 
and probit from attaining negative values. Energy efficiency has equally has a high mean. This 
explains the importance of EE in SSA BRI countries.

4.3 Percent Correctly Predicted (PCP)

Sensitivity is a fraction of observed positive outcomes that the model correctly predicts while 
Specificity is the fraction of the observed negative outcomes that are correctly predicted. Thus from 
the logistic model, the sensitivity value is 95.8% and the specificity value is 27.42% and the positive 
correct predicted value is 86.43%. On the other hand, the negative predicted value is 57.63%, and 
the model correctly classified 84.07%.

4.4 Percent Correctly Predicted for Probit model for Energy Efficiency

As explained above, the sensitivity and specificity models measure the fractions of the positive or 
negative outcome s that are correctly predicted. This was explained in equation (20), the sensitivity 
model was 96.15% mark and the specificity mark is 26.61%. The positive predicted value is 86.34% 
and the negative value is 58.93%. The model correctly classified is 84.21%. Hence, it is concluded 
that the model is about 84% predicted and the rest misclassified.

4.5 Receiver Operating Characteristics (ROC)

ROC is another way to determine the model fitness of logit models. As can see from the diagram, 
the Y-axis captures the sensitivity, which is the probability of correctly predicting a one. And the 
X-axis captures the specificity, which is the ability of correctly predicting a zero. The 45 degree line 
shows a model with no covariates makes a trade-off between specificity and sensitivity. Any point 
on this line shows how a country is like the impacts of BRI projects on EE in SSA, or not likely to 
impact EE. This was already explained the percent correctly specified.
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5. Conclusion

Energy efficiency is a significant development issue facing the SSA countries; therefore, the 
present study uses 38 BRI countries to measure the BRI initiative's impact on these countries. The 
study period is from 2000-2018, using the probit and logit model under the analysis that was likely 
to have the effects on EE on these countries, such as energy access, energy imports, gross domestic 
products, quality of logistics performance index, and quality of port infrastructure; evidence from 
the study conclude that energy efficiency in BRI project countries is impacted by the factors of 
energy access, foreign direct investment (FDI), gross domestic product (GDP), energy-related 
emission, fossil consumption of electricity, as well as taxes.

On the whole, the findings suggest that SSA BRI countries are impacted heavily by the following 
factors worsening the EE situation on the continent, foreign direct investment, Gross domestic 
products (GDP), energy imports, energy-related emissions, fossil fuels consumption, quality of 
port infrastructure, logistics performance index, taxes. However, under different models specified, 
some of the variables didn’t likely impact the Energy EE on the BRI countries. On the estimation of 
the marginal effect per se, energy imports was found not to have any likely impact on the BRI 
countries' energy EE.

Consequently, interacting with some of the covariates produced results from the findings. While 
some of the covariates were significant under the Multiple regression model, they had insignificant 
results when they interacted, as shown in table 4. For instance, the interaction between GPD and 
FDI did not produce any significant results. On the other hand, the interaction of foreign direct 
investments and quality of port infrastructure had significant results (fdi*qpi), as shown in table 4. 
This is instructive as Chinese investments under the BRI initiative are in energy and infrastructure, 
such as roads and ports. In most of the ports under construction in SSA, the Chinese have 17% 
investment stake (Devermont et al, 2019). This finding confirms the importance of infrastructure 
investment in the energy sector by Chinese companies.

Our results confirm several studies concerning energy efficiency in SSA, such as the (RISE, 
2018). Even though there was limited data on some of the countries under BRI in Africa, we set the 
pace for policy discourse regarding BRI in SSA and the impact of these projects on EE on the 
continent. It is a springboard for formulating and designing policies to achieve sustainable energy 
consumption and ensures energy security in these countries.

This research’s implication lies in fact; it makes room for further research into the BRI projects 
in SSA. Since President Xinping launched it in 2013, it has benefited the continent in diverse ways 
and needs empirical research to ascertain its benefits. It has proved that SSA needs to consider the 
issue of EE seriously. Hence these projects must be designed to ensure that they incorporate energy 
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EE standards in them. These projects must be energy efficient. Globally, countries are strategizing 
to decouple their economic growth from energy demand. So, Africa must do the same as it seeks to 
grow its economy through the BRI projects on the continent. As stated earlier, the energy sector 
commands a more significant proportion of BRI investments in SSA. Future work should consider 
studying the BRI projects on the entire continent and their impact on overall economic growth 
since the program BRI initiative launch in 2013, it is better to avoid the old path of pollution first 
and treatment later through low carbon green innovation, this study thus has significant reference 
value for sustainable development policymakers.
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