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Abstract: The transportaƟon sector plays a pivotal role in human acƟvity, fostering mobility, socioeconomic interacƟon, 
and contribuƟng significantly to economic growth. In Nigeria, road transport consƟtutes the predominant mode, 
accounƟng for a substanƟal share of energy consumpƟon. This study is aimed at invesƟgaƟng the relaƟonship between 
road transport energy consumpƟon, economic growth, and resulƟng emissions in Nigeria. The methodology involves 
uƟlizing secondary data to analyse road transport energy consumpƟon, GDP per capita, and projected vehicle 
populaƟon from 2000 to 2021. The Granger causality test is employed to examine the direcƟonal causality between 
road transport energy consumpƟon and economic growth. AddiƟonally, a regression model is developed to esƟmate 
future road transport energy consumpƟon based on GDP values. The projected energy consumpƟon is further used to 
simulate CO2 emissions and air pollutant emissions using the EnergyPLAN simulaƟon soŌware. The results indicate a 
unidirecƟonal causality, suggesƟng that changes in road transport energy consumpƟon do not lead to corresponding 
changes in GDP per capita. However, there is evidence supporƟng the hypothesis that changes in GDP per capita cause 
changes in road transport energy consumpƟon. The regression analysis yields a polynomial equaƟon linking road 
transport energy consumpƟon to GDP per capita, explaining 60.0% of the variaƟon. The projected fuel consumpƟon and 
emissions highlight potenƟal environmental impacts, urging proacƟve measures. MiƟgaƟon strategies, such as 
promoƟng cleaner transportaƟon modes and improving fuel efficiency, are recommended to address the growing 
environmental footprint associated with road transport in Nigeria. 
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1. INTRODUCTION 

The transport system forms an integral part of human acƟvity; it necessitates mobility, enhances 
socioeconomic interacƟon and contributes greatly to economic growth and development (Otuoze, et al., 
2021). Nigeria’s transportaƟon sector in 2017 accounts for about 13% of the total final energy consumpƟon 
and about 92% of the total final oil product consumpƟon (IEA, 2019). Of all the modes of transportaƟon, 
road transport is the most commonly used in Nigeria (Badmus, et al., 2012) and it accounts for about 98 % 
of the total fossil fuel consumpƟon in the transport sector (IEA, 2019). The demand for energy in this sector 
is expected to rapidly increase due to many factors, including but not limited to an increase in populaƟon, 
urbanizaƟon and household income and the resulƟng increase in the number of vehicles and movement of 
people (Dioha & Kumar, 2020). 

The debate is sƟll heated in the energy economics literature as to whether economic growth precedes energy 
consumpƟon or vice versa. According to Bekun and Agboola (2019), this discussion was first introduced to 
the energy economics literature by the seminal studies in the 1970s, where the invesƟgaƟon of the causal 
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nexus between energy consumpƟon and economic growth for the United States was the main discourse. 
Since then, there have been several other studies (DameƩe & Seghir, 2013; Akadiri & Akadiri, 2018; Akadiri, 
et al., 2018; Emir & Bekun, 2018). These literatures  can be classified into four strands, namely: those that 
claim that energy consumpƟon drives economic growth (DameƩe & Seghir, 2013); those that asserts that 
economic acƟviƟes translate into higher energy  consumpƟon, what is called in the literature conservaƟve  
hypotheses (Baranzini, et al., 2013);  the third group called the feedback hypothesis in the literature in which  
there exists a bi-direcƟonal causal relaƟonship seen from both energy consumpƟon and economic growth 
(Tang & Tan, 2013); and finally the fourth group  is known as the neutrality hypothesis where there is  no 
causal interacƟon between energy consumpƟon and economic growth (Halicioglu, 2009). 

There also have been numerous studies in Nigeria on the nexus between the energy consumpƟon and 
economic growth. Iyke (2015) examines the dynamic causal linkages between electricity consumpƟon and 
economic growth in Nigeria within a trivariate vector error correcƟon model (VECM), for the period 1971–
2011. The results show that there is a disƟnct causal flow from electricity consumpƟon to economic growth, 
both in the short run and in the long run. Adewuyi and Awodumi (2017) invesƟgate the relaƟonship among 
biomass energy consumpƟon, economic growth and carbon emissions in West Africa during 1980-2010 using 
a simultaneous equaƟon model esƟmated with three stage-least squares (3SLS). Their results show that a 
complete significant interacƟve relaƟonship (feedback effects) exists among GDP, biomass consumpƟon and 
carbon emission in Nigeria. Several other studies follow the same line (Vasylieva, et al., 2019; Ali, et al., 2016).  

However, alongside the growth of the transportaƟon sector, there are concerns regarding its environmental 
impact, parƟcularly in terms of emissions. These trends raise important quesƟons about the relaƟonship 
between economic growth, road transport energy consumpƟon, and the resulƟng emissions. As the demand 
for transportaƟon conƟnues to grow and concerns about energy security increases, understanding this 
relaƟonship is becoming increasingly important. Most previous studies have shown that economic growth 
would likely lead to changes in energy consumpƟon. However, there has not been enough literature on the 
nexus between road transport energy consumpƟon and economic growth. As road transport remains the 
dominant mode of transportaƟon, accounƟng for a substanƟal porƟon of fossil fuel consumpƟon, it is crucial 
to understand the dynamics between economic growth, energy consumpƟon, and the resulƟng emissions, 
including greenhouse gas (carbon dioxide [CO2]), and air pollutant emissions (carbon monoxide [CO] 
parƟculate maƩer [PM] and nitrogen oxides [NOx]). The problem at hand is to invesƟgate the nature of these 
relaƟonships and the potenƟal implicaƟons for sustainable development and environmental management in 
Nigeria’s road transport sector. Therefore, this study intends to invesƟgate the relaƟonship between road 
transport energy consumpƟon and economic growth and the resulƟng emissions.  

2. METHODOLOGY 

2.1 Data sources 

The IEA Energy StaƟsƟcs records were used to obtain the energy usage in the road transport sector between 
2000 and 2021 as shown in Figure 1. The amount of energy consumed per capita increased significantly from 
2256.8 MJ in 2000 to 3389.7 MJ in 2021, represenƟng a 301.6% rise. It is important to note that the data 
appears to be presented in a random, fluctuaƟng paƩern. For instance, road energy consumpƟon was 2194.2 
MJ in 2008, 1795.4 MJ in 2015, and 3414.7 MJ in 2022. 

In this study, gross domesƟc product is used as the measure of economic growth and is obtained from World 
Bank data (World Bank, 2023). From the data, GDP increases from 565.3 USD per capita in 2000 to about 
2194.2 USD in 2008, and then drops to 1883.9 in 2009. From thence, it falls steadily to 2965.7 USD in 2022. 
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Projected vehicle populaƟon data from 2022 to 2031 was obtained from Amulah, et al. (2022). The vehicles 
are categorized into passenger car, light commercial vehicle and heavy vehicle. The categorizaƟon of the type 
of fuel used by the vehicle is obtained from Cervigni, et al (2013).  

 

 

 

Figure 1: GDP per capita and road transport energy consumpƟon per capita between 2000-2021 

2.2 Granger Causality 

The study used the Granger causality test to examine the relaƟonship between road transport energy 
consumpƟon and economic growth. This test differs from correlaƟon because it focuses on the predictability 
of variables rather than just their associaƟon. Granger causality determines if a variable’s past value can 
accurately predict the present value of another variable. If it can, the first variable is considered to Granger 
cause the second variable. There can be cases where two variables exhibit feedback causality, meaning they 
mutually influence each other. In such instances, they are said to Granger cause each other, resulƟng in a 
bidirecƟonal causality. AlternaƟvely, if the causality only flows from one variable to another, the direcƟon of 
causality is considered unidirecƟonal. This method has been uƟlized in many studies (Friston, et al., 2013; 
Seth & BarreƩ, 2015; Akomolafe, 2019; Pirgaip & Dinçergök, 2020; Alola, et al., 2022; Adebayo, 2022). 

In the case of road transport energy consumpƟon and economic growth, if road transport energy 
consumpƟon Granger causes economic growth, and not the other way round, there exists a unidirecƟonal 
causality from energy consumpƟon to economic growth. On the other hand, if road transport energy 
consumpƟon Granger causes economic growth and vice-versa, there exists a bidirecƟonal causality between 
economic growth and road transport energy consumpƟon.  

2.2.1 Model SpecificaƟon 

Let y and x be staƟonary Ɵme series. To test the null hypothesis that x does not Granger-cause y, one first 
finds the proper lagged values of y to include in a univariate autoregression of y: 

   𝑦௧ = 𝑎 + 𝑎ଵ𝑦௧ିଵ + 𝑎ଶ𝑦௧ିଶ +⋯+ 𝑎𝑦௧ି + 𝑒𝑟𝑟𝑜𝑟௧  (1) 
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where 𝑦௧ is the road transport energy consumpƟon per capita in year t. Next, the autoregression is 
augmented by including lagged values of x: 

𝑦௧ = 𝑎 + 𝑎ଵ𝑦௧ିଵ + 𝑎ଶ𝑦௧ିଶ +⋯+ 𝑎𝑦௧ି + 𝑏𝑥௧ି +⋯+ 𝑏𝑥௧ି + 𝑒𝑟𝑟𝑜𝑟௧ (2) 

One retains in this regression all lagged values of x that are individually significant according to their t-
staƟsƟcs, provided that collecƟvely they add explanatory power to the regression according to an F-test 
(whose null hypothesis is no explanatory power jointly added by the x's). In the notaƟon of the above 
augmented regression, p is the shortest, and q is the longest lag length for which the lagged value of x is 
significant. The null hypothesis that x does not Granger-cause y is accepted if and only if no lagged values 
of x are retained in the regression. 

2.3 GHG and Air Pollutant Emissions ComputaƟon 

The hypothesized relaƟonship between road transport energy consumpƟon and economic growth is 
modelled and esƟmates of the parameter values are used to develop an esƟmated regression equaƟon of 
the form: 

𝑦 = 𝑎 + 𝑎ଵ𝑥 + 𝑎ଶ𝑥
ଶ + 𝑎ଷ𝑥

ଷ + 𝑎ସ𝑥
ସ + 𝑎ହ𝑥

ହ + 𝑎𝑥
  (3) 

where 𝑦  is the road transport energy consumpƟon, 𝑥 is the GDP per capita and 𝑎… , 𝑎 are constants. This 
equaƟon provides a unique relaƟonship that can be used to idenƟfy and predict future outcomes. This model 
is used to project road transport energy consumpƟon from 2022 to 2031. The projected road transport 
energy consumpƟon data was inpuƩed into the EnergyPLAN simulaƟon soŌware to simulate CO2 emissions 
(Lund, et al., 2021). Air pollutant emissions (CO, NOx, and PM) are considered to be a funcƟon of energy 
consumpƟon and fuel-specific emission factors. These emissions are esƟmated using equaƟon (3). The 
emission factors are given in Table 1.  

𝐸 = ∑ ( ∑ (𝐹𝐶, . 𝐸𝐹,,))               (3) 

Where 𝐸= emission of pollutant i [g],  𝐹𝐶,  = fuel consumpƟon of vehicle category j using fuel m [kg], 𝐸𝐹,,  

= fuel consumpƟon-specific emission factor of pollutant i for vehicle category j and fuel m [g/kg]. 

Table 1: Emission standards for air pollutants (Ntziachristos & Samaras, 2021)  

 
Vehicle Category 

 
Fuel 

CO 
(g/kg fuel) 

NOx 

(g/kg fuel) 
PM 
(g/kg fuel) 

Min. Max.a Min. Max.a Min. Max.a 
Passenger Car Petrol 49.0 269.5 4.48 29.89 0.02 0.04 

Diesel 2.05 8.19 11.20 13.88 0.80 2.64 
Light Commercial 
Vehicle 

Petrol 68.7 238.3 3.24 25.46 0.02 0.03 
Diesel 6.37 11.71 13.36 18.43 1.10 2.99 

Heavy-Duty Vehicle Diesel 2.20 15.00 28.34 38.29 0.61 1.57 
aThe maximum values were used for the esƟmaƟon because vehicle technology and fuel standards were 
considered to be uncontrolled. 

3. RESULTS AND DISCUSSION 

Table 2 presents the descripƟve staƟsƟcs of the variables. Road transport energy consumpƟon per capita has 
a mean of 2324.21 MJ while GDP has the mean of 1885.16 USD. The standard deviaƟon is uƟlized to idenƟfy 
which variables have the highest level of consistency. Road transport energy consumpƟon the lowest value 
which illustrates that the data are less spread out from the mean. Therefore, the data for road transport 
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energy consumpƟon is more consistent. The skewness value shows that energy consumpƟon is skewed to 
the leŌ (posiƟve skewness) and GDP is skewed negaƟvely to the right.  

Table 2: DescripƟve staƟsƟcs of the variables 

Descriptive statistics Energy Consumption GDP 
Mean 2515.293 1885.155 
Standard Error 138.3059 164.2251 
Median 2324.209 2070.181 
Mode N/A N/A 
Standard Deviation 648.7121 770.2842 
Sample Variance 420827.4 593337.8 
Skewness 0.571648 -0.37516 
Range 1984.675 2635.649 
Minimum 1593.924 565.3043 
Maximum 3578.599 3200.953 

Table 3 shows the result of causality tests between road transport energy consumpƟon and GDP per capita. 
The significance level chosen for the analysis was 5%. The first aspect of interest is the determinaƟon of the 
direcƟonality of causality. The table reveals that a unidirecƟonal causality relaƟonship exists between road 
transport energy consumpƟon and GDP per capita. Specifically, it indicates that changes in road transport 
energy consumpƟon do not lead to a corresponding change in GDP per capita. This conclusion is based on 
the p-value associated with the first hypothesis test, which is greater than 0.05. Therefore, the null 
hypothesis suggesƟng that alteraƟons in road transport energy consumpƟon do not cause changes in GDP 
per capita is accepted. 

Table 3: Pairwise Granger causality test results 

Sample:2000-2021 
Null hypothesis Observations F-statistic Prob. 
Road transport energy consumption does not Granger cause 
GDP 

21 0.41805 0.6658 

GDP does not Granger cause road transport energy 
consumption  

 7.22235 0.0064 

However, the analysis does uncover a noteworthy finding regarding the second hypothesis. The p-value 
associated with this test is less than 0.05, indicaƟng that there is sufficient evidence to reject the null 
hypothesis. This implies that changes in GDP per capita do Granger cause changes in road transport energy 
consumpƟon. In other words, fluctuaƟons in economic output, as measured by GDP per capita, have a causal 
influence on road transport energy consumpƟon. 

The regression analysis conducted on the relaƟonship between road transport energy consumpƟon and GDP 
(Figure 2) yielded a polynomial equaƟon of the 6th degree as shown in equaƟon (4). This equaƟon can be 
used to esƟmate road transport energy consumpƟon based on GDP values.  

𝑦 = −8 × 10ିଵ𝑥 + 1 × 10ିଵଵ𝑥ହ − 5 × 10ି଼𝑥ସ + 4 × 10ିସ𝑥ଷ − 0.154𝑥ଶ + 95.605𝑥 − 19804  
          (4) 
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Figure 2: Road transport energy consumpƟon expressed in terms of GDP 

From equaƟon (4),  𝑦 represents the road transport energy consumpƟon per capita and 𝑥 represents GDP 
per capita. In this case, the r2 value obtained from the regression analysis is 0.60. This suggests that 
approximately 60.0% of the variaƟon in road transport energy consumpƟon can be explained by changes in 
GDP using the polynomial equaƟon. The remaining 40% of the variaƟon may be aƩributed to other factors 
not accounted for in the model. 

The projected fuel consumpƟon and the resulƟng CO2 and air pollutant emissions are presented in Figure 3. 
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Figure 3: Projected road transport energy consumpƟon and the resulƟng emissions 

The average projected petrol and diesel fuel consumpƟon is 18081.68 ktoe and 4388.09 ktoe respecƟvely. 
The projected road transport CO2 emissions in 2031 are 77.97 Mtoe. This compares to the United Kingdom’s 
2018 value (113.20 Mtoe) (Tiseo, 2022). Although Nigeria emits less than 1% of global emissions, an increase 
in economic acƟvity and standard of living beyond the historical trend will result in higher emissions. 

CO emissions for conƟnue to increase from 3915.60 ktoe in 2022 to about 5041.09 ktoe in 2031 (28.74% 
increase). For the same period, NOx emissions increase from 523.38 to 677.37 ktoe and total PM emissions 
increase from 9.18 ktoe to 11. 14 ktoe. The implicaƟon of these emissions trends is that Nigeria needs to 
address its growing environmental impact resulƟng from road transport. The projected increases in CO, NOx, 
and PM emissions suggest a higher level of air polluƟon, which can have adverse effects on public health and 
the environment. To miƟgate these implicaƟons, Nigeria may need to implement policies and iniƟaƟves that 
promote cleaner and more sustainable modes of transportaƟon, such as the adopƟon of electric vehicles or 
the improvement of public transportaƟon systems. AddiƟonally, efforts to improve fuel efficiency and 
promote alternaƟve fuels could contribute to reducing emissions and minimizing the negaƟve consequences 
associated with increased economic acƟvity and higher living standards. 

4. Conclusion and RecommendaƟons 

This study examines the relaƟonship between electricity consumpƟon and economic growth in Nigeria. The 
following can be concluded from the study: 

i. The Granger causality test results indicate a unidirecƟonal causality relaƟonship between road 
transport energy consumpƟon and GDP per capita in Nigeria. Changes in road transport energy 
consumpƟon do not lead to a corresponding change in GDP per capita, suggesƟng that road 
transport energy consumpƟon alone may not be a significant driver of economic growth. However, 
there is evidence to support the hypothesis that changes in GDP per capita do cause changes in road 
transport energy consumpƟon, highlighƟng the influence of economic output on energy demand in 
the road transport sector. 

ii. The regression analysis demonstrates a polynomial equaƟon that links road transport energy 
consumpƟon to GDP per capita. Approximately 60.0% of the variaƟon in road transport energy 
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consumpƟon can be explained by changes in GDP using this equaƟon. The remaining 40% of the 
variaƟon may be aƩributed to other factors not accounted for in the model. This finding underscores 
the importance of considering addiƟonal variables and factors beyond GDP in understanding the 
complex relaƟonship between energy consumpƟon and economic growth in the road transport 
sector. 

iii. The projected fuel consumpƟon and resulƟng emissions in Nigeria highlight the potenƟal 
environmental impact of road transport. The projected increase in CO2 emissions and other air 
pollutants such as CO, NOx, and PM indicate a growing environmental footprint associated with road 
transport. This implies a need for proacƟve measures to address the growing environmental impact, 
including the adopƟon of cleaner and more sustainable transportaƟon pracƟces. ImplemenƟng 
policies that promote fuel efficiency, alternaƟve fuels, and improved public transportaƟon systems 
can contribute to miƟgaƟng the adverse implicaƟons of increased emissions and safeguarding public 
health and the environment. 
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