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Abstract 
This study seeks to examine the role of industrialization and urbanization in energy 

consumption in Nigeria during 1981-2016. The estimated autoregressive distributed 

lag (ARDL) model was derived from the energy demand theory. Both long-run and 

short-run effects of industrialization and urbanization on energy consumption (total 

energy use, Petroleum and electricity consumption) were analyzed. The results show 

that industrial output has significant positive influence on aggregate energy 

consumption in both the long-run and short-run, while the industrial share of 

aggregate output produce negative effect in the long-run. In addition, the impact of 

urbanization is positive and significant in both the long-run and short-run. Both the 

long-run and short-run results reveal that industrial output as well as industrial share 

of total output (industrialization) have insignificant effects on electricity consumption 

Further, both carbon intensity and urbanization have significant positive effect on 

electricity consumption in the long and short-run. In the case of petroleum 

consumption, industrial output and share of industrial output in total output 

(industrialization) have significant effects in both long and short-run. Further, carbon 

intensity has a positive effect on petroleum consumption in the long and short-run, 

while urbanization reduces petroleum consumption in the long and short-run 

accordingly. Some policy recommendations were articulated based on the findings. 
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Introduction 
Industrialization can be seen as a process in 

which an economy is transformed from 

primary production activities to 

manufacturing activities. It also includes a 

shift in production inputs from manual 

labor to mechanized production and from 

craftsmen to advance assembly lines of 

production process. Urbanization also 

refers to a shift in population from rural to 

urban areas, and the gradual increase in the 

proportion of people living in urban areas. 

Therefore, greater economy transformation 

away from primary production and 

primitive settings implies increasing 

facilities and output across industrial 

sectors of the economy, which is critical to 

sustained economic growth. Moreover, 

energy variety (biomass, electricity, natural 

gas, petroleum and coal) are critical 

production input, which are used along 

with labour and capital to facilitate 

industrialization and economic growth. 

Also, transitions in emerging industrialized 

countries such as Asian tigers have resulted 

in rapid industrialization and sustained 

growth that have triggered urbanization (Li 

and Lin, 2015 & 2016). These processes are 

also accompanied by increased 

consumption of non-renewable and 

renewable energy types. Thus, movement 

towards industrialization and urbanization 

in these economies which have developed 

and diversified their productive base 

involved greater use of energy, especially 

from non-renewable sources, with the 

associated increase in carbon emission 

(Adewuyi and Awodumi, 2017a&b).  

The imperative of this study in the case of 

Nigeria lies in the idea that, although the 

contribution of industrial value added to 

total output (GDP) fell from about 35% in 

1982 to about 21% in 2014, the growth rate 

of the sector has been high and volatile over 

time, while energy consumption per capita 

in the economy rose from 577 kilogram of 

oil equivalent in 1971 to 795 kilogram of 

oil equivalent in 2012 with associated 

carbon emission that increased from 65,603 

kilotons in 1982 to about 88,000 kilotons in 

the mid and late 2000s (WDI, 2017). The 

rate of urbanization in Nigeria has also 

been very high. Following the new 

industrial revolution plan and the 

Economic Recovery and Growth Plan 

(ERGP: 2017-2020), Nigeria’s industrial 

sector is projected to contribute 7.7%, 6.11, 

6.07 and 8.02 to real GDP growth in 2017, 

2018, 2019 and 2020 respectively. This 

high industrial growth targets may further 

raise the level of energy consumption and 

carbon emission in the country. Against 

this background, the emerging questions 

are: (1) how and to what extent have 

industrial activities and urbanization 

engendered increased energy 

consumption in Nigeria? (2) Are there 

variations in the impacts of the 

industrialisation and urbanization on 

consumption of energy variety in Nigeria? 

What recommendations can we made in 

terms of the energy consumption 

implications of the Nigeria’s industrial 

growth targets (as contained in ERGP) 

and the urbanization rate? 

It should be noted that, despite the 

importance of the above policy questions, 

little or no study has been done to provide 

empirical answers to them. The previous 

interesting study by Adenikinju (1998) on 

the role of energy consumption in 

productivity growth of the Nigerian 

manufacturing sector may no longer be 
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useful in analyzing recent issues relating to the subject matter of this study. Besides, the 

study did not explore the role of urbanization as proposed in this study (Murat, et al., 1994; 

Se-Hark, Walter and Labys, 1994; and Sudhakara and Ray, 2011). This paper therefore 

investigates the impact of industrialization and urbanization on energy consumption 

(petroleum and electricity) in Nigeria during the period 1981 to 2016 using the 

Autoregressive Distributed Lag (ARDL) model. 

Following the introductory section, the rest of the paper is organized as follows: the 

next section provides an overview on industrialization, Urbanization and energy 

varieties in Nigeria. Section 3 provides a review of literature. Section 4 details the 

theoretical framework and methodology, while section 5 presents and discusses the 

empirical findings. Section 6 concludes the paper with some policy implications.  

 

Overview of Industrialization, Urbanization and Energy Consumption indicators in 

Nigeria  

Globally, modern energy provides an engine for which both economic and social 

fundamentals of an economy structure developed. In essence, there is no single country of 

the world that has developed industrially beyond its subsistence level without ensuring 

improvement in its energy access for its citizenry. In the energy literature, energy 

resources availability and ability to pay majorly conclude the way in which people live 

their lives. Moreover, it is important to note that people demand for energy is largely 

determined by the quality of services the energy provides, and not quantity of energy 

sources per se. In Nigeria, prior to the privately-owned unbundled electricity network in 

2005, total electricity net consumption was estimated below 94.78 Kilowatt per capita. 

The value has since then improves, reaching an annual value of 121.24 Kilowatt per capita 

in 2015. As presented in Table 1, on a five years average, between 1981 and 1985, the 

electricity net consumption was approximately 75.67 Kilowatt per person, rising to a value 

of 119.23 Kilowatt per capita during the periods 2006-2010. Recently, the value of the 

total electricity consumption stood at 130.10 per capita in 2016 (WDI, 2017). 

Similarly, total petroleum consumption in 1981 was estimated around 153.26 Litres per 

person. The value has since then not stable, reaching an annual value of 152.33 and 96.30 

litres per capita in 1990 and 2012 respectively. On a five years average, between 2001 and 

2005, the total petroleum consumption was approximately 130.25 litres per person, 

declining to a value of 101.07 litres per capita during the periods 2006-2010. The value 

currently stood at 94.43 litres per capita in 2016. This currently observed decline trend in 

value can partly be attributed to the increase in fuel price (from N97 to N145per litre) 

starting from 2012 still present. Pertinent to petroleum, total energy use (Kg of oil 

equivalent per capita) was relatively lower in the earlier period of 1980s compared to what 

was observed in the late 2000s. Energy use reached its peak of 796.62Kg of oil equivalent 

per capita in 2012 and lowest value of 669.16Kg of oil equivalent per capita in 1986. 

Meanwhile, between 1996 and 2000, the total energy use in Nigeria accounted for 

692.77Kg of oil equivalent per capita, improving on a five years average to 775.96Kg of 

oil equivalent per capita in 2011-2015. 
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Figure 1: Trend Analysis of Energy consumption and Energy Varieties 

 

Figure 1, depicted the trend analysis of two major energy sources and total energy use in 

Nigeria. An examination of figure showed that in the earlier period prior to 2007, 

petroleum consumption dominates electricity use in Nigeria. Electricity use trend has 

relatively been on the low side in the earlier period before peaking up in 2007. However, 

it recorded its worst performance of 69.98 Kilowatt per person, on five years average, 

between in 1996 and 2000, reaching 147.30 in 2012 and 130.10 Kilowatt per person in 

2016 respectively. 

 

Table 1: Trends in Major macroeconomic indicators in Nigeria from 1981 to 2016 

Year Energy use 

(kg of oil 

equivalent 

per capita) 

 Total 

Electricity Net 

Consumption 

per capita 

(Kilowatthours) 

 Total 

Petroleum 

Consumption 

per capita 

(Litres Per 

annum) 

GDP per 

capita 

(constant 

2010 US$) 

Industry, value 

added (% of 

GDP) 

Urban population (% of 

total) 

1981 - 1985 682.17 75.67 152.67 1520.21 32.90 24.14 

1986 - 1990 679.34 86.47 147.48 1256.74 36.62 28.03 

1991 - 1995 699.91 79.20 149.68 1286.17 44.06 31.19 

1996 - 2000 692.77 69.98 131.53 1268.36 43.26 33.78 

2001 - 2005 736.06 102.32 130.25 1552.55 38.75 37.36 

2006 - 2010 741.55 119.23 101.07 2130.27 36.71 41.71 

2011 – 2015 775.96 130.10 94.43 2464.28 25.41 46.08 

2016 775.96 130.10 94.43 2464.28 25.41 46.08 

Source: Author’s computation, from World Bank World Development Indicators (WDI), 

2017-online version and U.S. Energy Information Administration (EIA) online-database. 

 

In terms of output produce per person (measured as GDP per capita) which stood at about 

$1649.24 in 1981 and $1369.44 in 1990 and averaged $1520.21 between 1981 and 1985, 

increased, on a five years average, to $2464.28 during 2011-2015 fiscal periods and 

recorded an annual value of $2464.28 in 2016. Urban trend depicted that a being 

fluctuating reaching the highest peak of 47.78% in 2015 and lowest value of 22.67% in 

1981.  
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On a yearly trend, Industry, value added (% of GDP) began with a value of 39.96% in 

1981 and rose to about 45.27% in 1990. By 2000, the figure climbed to 52.21% and 

continuously to drop since then. In year 2010, the figure stood at 25.32%, and by 2014 

and 2016, the figure had falling up to 24.95% and 25.41% respectively on approximation. 

This implies less value addition in the industrial and manufacturing sector of the economy. 

A critical look at Figure 2 showed that industrial value addition (% of GDP) was low and 

not stable initially, before picking up and fluctuating in the later years. The best 

performance in the country was recorded in 1992 and 2000 respectively with a value 

addition of 52.99% and 52.21% of GDP. 

 

To ascertain the graphical relationship between industrial value added, urbanization and 

total energy use in Nigeria, Figure 2 provides a more direct view of the association. A 

perusal of the Figure reveal that periods of relative improvement in industrial value added, 

witness relative more energy use, while its relationship with urbanization (measured as 

Urban population, as a per cent of total population) is not clear in the graph. Although, the 

measure of urbanization improved overtime, it does not show a unique relationship with 

industrial value added and energy use in Nigeria. In addition to this visual inspection, this 

paper further employed standard empirical testable models using econometrics tools for 

generating coefficients estimates about the relationship. 

 

 
Figure 1: Trend Analysis of Energy Use, Urbanization and Industrial Value added 

Literature review 

 

The literature appears uniform on the positive role of industrialization and urbanization 

on energy consumption. In terms of literature spread, there is greater concentration of such 

studies in Asia (some of these studies include Mudakkar et al, 2013; Ren et al, 2014; Yang 

et al, 2015 and Lin and Du, 2015) than any other region (Table 2). The relationship has 

also been widely examined for African countries as evident in studies such as Shahbaz 
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and Lean (2012), Solarin and Shahbaz (2013), Solarin and Shahbaz (2013), Adom and 

Amuakwa-Mensah (2016), Keho (2016) and Adewuyi and Awodumi (2017). 

In Asia, there appear to be overwhelming support for the increasing effect of 

industrialization and urbanization on energy consumption. In line with this, Lin and Du 

(2015) investigated the impact of urbanization on transport energy consumption in China 

during 1997-2011. Their panel fixed effect and threshold regression estimates reveal that 

urbanization and industrial structure contribute positively to rising energy consumption 

among of 30 provinces in the country. With particular focus on urbanization for the same 

country, Yang et al (2015) adopted factor decomposition analysis and found that 

urbanization has significant positive impact on total energy consumption growth between 

1990 and 2012. Adopting similar methods to analyze the effect of urbanization on energy 

consumption in China Wang (2014) reported that urbanization accelerates the growth of 

renewable energy consumption and improves its structure during 1980-2011, although 

urbanization slows the growth of per capita renewable energy consumption.  Ren et al 

(2014) used carbon-emissions-coefficient and the sector-energy-consumption method to 

confirm this positive effect during 1985-2009 while projecting that total primary energy 

consumption in 2015 and 2020 will be 1.57 times and 1.85 times respectively higher than 

that recorded in 2009. However, for the case of Pakistan, Mudakkar et al (2013) employed 

pairwise Granger-causality and found that industrialization does not cause energy 

consumption between 1975 and 2011. 

As in the case of Asia, similar positive impact of urbanization and industrialization on 

energy consumption has been reported for Africa by the few existing studies. Solarin and 

Shahbaz (2013) analysed the case of Angola between 1971 and 2009 using VECM 

Granger-causality and submitted that bidirectional causality exist between electricity 

consumption and urbanization. The same bidirectional causality was found in Tunisia by 

Shahbaz and Lean (2012) between industrialization and energy consumption after 

applying ARDL and VECM-Granger causality methods on data that range from 1971 to 

2008. Analyzing 11 West African countries, Adewuyi and Awodumi (2017) adopted 3 

stage least square show that urbanization has significant increasing effect on biomass 

energy consumption only in Cote d’Ivoire between 1980 and 2010.  

For energy productivity in East Africa, Adom and Amuakwa-Mensah (2016) used pooled 

regression analysis and reported that intense industrialization complements FDIs and 

globalization in promoting energy production which is more evident among the middle 

income group than the low income group in the sub-region. Moreover, Keho (2016) used 

ARDL to show that industrial output and urbanization are among the leading drivers of 

increased energy consumption in Sub-Saharan Africa during 1970-2011. Mean group and 

common correlated effects estimators adopted by Sadorsky (2013) reveal that 

industrialization has positive effect on energy intensity with elaelasticities ranging from 

0.07 to 0.12 among 76 developing countries during 1980-2010.  He also found that 

urbanization has mixed impact on energy intensity as findings vary by method of analysis 

with strongest evidence for the positive effect of urbanization coming from heterogeneous 

static models. 
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Furthermore, Li and Lin (2015) examined the case of 73 countries during 1971–2010 using 

STIRPAT and threshold regression models.  They found that urbanization decreases 

energy consumption among the low income group while industrialization (urbanization) 

decreases (increases) energy consumption among the middle-low income and high income 

groups. They also reported that, for the middle-/high income group, urbanization and 

industrialization have insignificant effect on energy consumption. Sadorsky (2014) 

adopted pool mean group estimator in a similar study of 18 emerging countries between 

1971 and 2008. Estimates from his analysis indicate that urbanization decreases energy 

consumption in the long-run but industrialization increases it while no significant effects 

were found in the short-run.  

The literature shows that industrialization and urbanization are major drivers of energy 

consumption. Studies in this area have largely focused on aggregate energy consumption 

which may override policy deductions for different energy varieties especially for 

industrial purpose. In addition, while a number of countries related specific studies have 

been conducted for Africa, the case of Nigeria has been scarcely explored (Keho, 2016 

and Adewuyi and Awodumi, 2017). This study adds to the literature by conducting 

aggregate as well as petroleum and electricity, energy consumption in Nigeria.  Also, the 

study used both industrial value added and the ratio of industrial output to GDP as proxies 

for industrialization measures. 

 

Table 2: Summary of literature on Coal consumption, economic growth and carbon 

emissions 

S/N Author  & 

Year 

Country 

(s) & scope  

Methodology Findings 

Variables Estimation 

methods 

1 Adom and 

Amuakwa-

Mensah 

(2016) 

13 East 

African 

countries 

(1980–

2011) 

Y, FDI, Y 

(industrial), 

TO and EI 

Pooled 

regression 

Intense 

industrialization  

complements FDIs 

and globalization 

in promoting 

energy 

productivity in 

East Africa but this 

is more evident for 

the middle income 

group than the low 

income group in 

the sub-region 

2 Li and Lin 

(2015) 

73 

countries 

(1971–

2010) 

Y, URB, Y 

(Industrial), 

CO2, P, T  

STIRPAT and 

threshold 

regression 

models 

In the low income 

group, 

urbanization 

decreases energy 

consumption; In 

the middle-low 
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income and high 

income groups, 

industrialization 

decreases energy 

consumption while 

urbanization 

significantly 

increases it; For 

the middle-/high 

income group, 

urbanization and 

industrialization 

have insignificant 

impact. 

3 Lin and Du 

(2015) 

China 

(1997-

2011) 

URB, EC 

(transport), 

Y, Pop and 

(TER)  

Panel fixed 

effect and 

Threshold 

regression 

results 

Urbanization and 

industrial structure 

have positive 

effect on energy 

consumption 

4 Mudakkar 

et al (2013) 

Pakistan 

(1975-

2011) 

Y 

(industrial), 

EC, Y, RD 

and CO2 

Pairwise 

Granger-

causality 

Industrialization 

does not cause 

energy 

consumption  

5 Sadorsky 

(2014) 

18 

emerging 

countries 

 (1971–

2008) 

Y 

(industrial), 

URB, EC, Y 

Pool mean 

group estimator 

In the long run, 

urbanization 

decreases energy 

consumption, 

while 

industrialization 

increases it. In the 

short-run, they 

have no significant 

effects. 

6 Sadorsky 

(2013) 

76 

developing 

countries 

(1980-

2010) 

Y 

(industrial), 

Y, EI, URB 

and  

Mean group 

estimators and 

common 

correlated 

effects 

estimators 

In the long-run, 

industrialization 

positive effect on 

energy intensity 

with elaelasticities 

in the range 0.07 to 

0.12 while 

urbanization has 

mixed impact 

7 Yang et al 

(2015) 

China 

(1990-

2012) 

URB and 

various 

renewable 

energy 

Factor 

decomposition 

method 

Urbanization has 

significant 

contribution to 

total energy 
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consumption 

growth 

8 Ren et al 

(2014) 

China 

(1985-

2020) 

EC, CO2 

and URB 

Carbon-

emissions-

coefficient and 

the sector-

energy-

consumption 

method 

Urbanization has 

significant positive 

effects on energy 

consumption 

9 Wang 

(2014) 

China 

(1980-

2011) 

EC, URB, 

sectoral 

output and 

Pop 

Factor 

decomposition 

method 

Urbanization 

slows per capita 

REC growth but 

has greater 

promotional 

effects on the 

growth of REC 

and the 

improvement of 

REC structure. 

10 Solarin and 

Shahbaz 

(2013) 

Angola 

(1971-

2009) 

Y, UR and 

EL 

VECM 

Granger 

causality 

Bidirectional 

causality between 

electricity 

consumption and 

urbanization 

11 Keho 

(2016) 

12 Sub-

Saharan 

African 

countries 

(1970-

2011) 

Y, URB, 

Pop, Y 

(industrial), 

FDI, import, 

FD,  

ARDL Industrial output 

and urbanization 

are among the 

leading drivers of 

increased energy 

consumption 

12 Adewuyi 

and 

Awodumi 

(2017) 

11 West 

Afrcan 

countries 

(1980-

2010) 

EC, 

Biomass, H, 

K, URB and 

TO 

3SLS Urbanization has 

significant positive 

effect on biomass 

energy 

consumption only 

in Cote d’Ivoire 

13 Shahbaz 

and Lean 

(2012) 

Tunisia ( 

1971-2008)  

Y 

(industrial), 

Y, EC, URB 

and FD 

ARDL and 

VECM-

Granger 

causality 

Bidirectional 

causality between 

industrialization 

and energy 

consumption 

 Note: Y=Gross domestic product (GDP)/per capita; CO2 = Carbon emission; FDI = 

Foreign direct investment; GE = Government expenditure; ID = Industrialization; 

VECM=Vector Error-Correction Model; N=Natural Gas; CP=Coal prices; OL = Oil; EC= 

Total energy consumption; STIRPAT  = Stochastic Impacts by Regression on Population, 

Affluence and Technology; IAA = Innovative accounting approach; VECM = Vector error 
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correction mechanism; TO= Trade openness; K=capital; L=Labour; X = Export;  FD = 

Financial Development; URB=Urbanization; Carbon intensity; EL = Electricity 

consumption; Energy intensity;  P= Population; TER = Tertiary industries; LR = Long-

run; RD = Resource depletion; SR = Short-run; ECM = Error correction method; VAR = 

Vector autoregressive model; PMG = Pooled mean group estimator; GM = Group mean 

estimator; SER = Service value added; STRIPAT = Stochastic Impacts by Regression on 

Population, Affluence, and Technology; EC = Energy consumption; T = Technology; P = 

Population; Energy efficiency; Energy structure      Source: 

Compiled by the authors 

 

Theoretical Framework and Methodology 

Theoretical Framework 

Energy (ED) is demanded basically either for domestic or industrial consumption. For 

aggregate household or domestic energy consumption, theoretical and empirical energy 

economic literature highlights the role of economic, social and demographic factors such 

income, population technology and weather conditions (van der Kroon et al, 2013; 

Adeyemi and Hunt; 2014; Mensah et al. 2016 and Adewuyi, 2016). In a similar vein, total 

industrial energy demand (INDED) is a function of total industrial output level (INDY), 

market size or population (P) and technology (T). This link is consistent with the IPAT 

model where energy use (or environmental impact of energy use) is explained by 

population, Affluence and technology (Wang and Li, 2016).  

 

ED or INDED = f (INDY, P, T) ……………………………………………   1 

 

Expressing equation 2 in per capita terms gives 

ed or inded = f (indy, T) …………………………………………    2 

Where ed or inded means per capita energy demand or per capita industrial energy 

demand; indy represents per capita industrial output and T connotes technology. 

The Stochastic Impacts by Regression on Population, Affluence, and Technology 

(STIRPAT) model was also developed to incorporate other energy demand influencing 

factors such as urbanization--UR (Sadorsky, 2013; and Li and Lin, 2015). Increased 

concentration of people in the urban centres is associated with increased economic 

activities that require high energy consumption. The degree of industrialization (INDG) 

has equally been found to affect energy consumption via three processes. First, increase 

in industrial activities raises the level of energy consumption as the use of capital and 

labour increase. Second, increase in industrial output relative to the output of other sectors 

suggest a shift away from other activities, especially primary production activities (such 

as mining and agriculture) to industrial activities. This composition effect tends to raise 

the level of energy consumption. Third, modern industrialization process requires 

application of improved technology reflected in the use of heavy machinery and 

equipment as well as information & communication technology (ICT). However, the role 

of technology in energy consumption is debatable. While it is argued that the more an 

economy adopts modern technology in industrial production processes, the lower the 
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amount of energy consumed per unit of output and the lower the level of total energy use 

(Solow, 1993; & 1997; Bretschger,2005), it is also argued that technological innovations 

largely raise productivity via consumption of more energy (Hall et al. 2003).  

Against the above background, an expanded energy consumption model used in this study 

is expressed such that total energy demand (or industrial energy demand) is explained by 

industrial output (IND), its share relative to total output (INDG), technology (T), and 

urbanization (URB).  

ed = f (indy, INDG, T, URB) ………………………………………………        3 

If improvement in technology makes production less energy consuming, it will be less 

carbon emitting, and vice-versa, therefore carbon intensity of energy use (CI) can be used 

as a proxy for the role of technology in energy consumption. This yields equation 4 where 

T is replaced with CI as follows; 

 

ed = f (indy, INDG, T, URB) ………………………………………………        4 

 

Methodology 

 

Model Specification and Estimation Technique 

The econometric form of the equation 4 for total and industrial energy demand (Petroleum 

and electricity consumption) is specified as follows; 

ln(𝐸𝐶𝑃𝐶𝑡) =  𝛼0 +  𝛼1 ln(𝐼𝑁𝐷𝑡) + 𝛼2 ln(𝐼𝑁𝐷𝐺𝑡) + 𝛼3𝐶𝐼𝑡 + 𝛼4 ln(𝑈𝑅𝐵𝑡) + 𝜋𝑡 

……….         5 

ln(𝑃𝐸𝑇𝑃𝐶𝑡) =  𝛼0 + 𝛼1 ln(𝐼𝑁𝐷𝑡) +  𝛼2 ln(𝐼𝑁𝐷𝐺𝑡) + 𝛼3𝐶𝐼𝑡 + 𝛼4 ln(𝑈𝑅𝐵𝑡) + 𝜋𝑡 …..       

 6 

ln(𝐸𝐿𝐸𝐶𝑇𝑃𝐶𝑡) =  𝛼0 +  𝛼1 ln(𝐼𝑁𝐷𝑡) + 𝛼2 ln(𝐼𝑁𝐷𝐺𝑡) + 𝛼3𝐶𝐼𝑡 + 𝛼4 ln(𝑈𝑅𝐵𝑡) + 𝜋𝑡             

7 

Where  

ECPC = Energy consumption per capita; PETPC = Petroleum consumption per capita 

ELECTPC = Electricity consumption per capita;  

indgy = Industrial GDP per capita; INDG= Ratio of industrial value added to GDP 

CI = Carbon intensity; URB = Urbanization; Π = White noise disturbance term 

 

This study adopts the Autoregressive Distributed Lag (ARDL) model to empirically 

analyze the above functional forms. According to Pesaran et al (2001), the ARDL co-

integration technique (bound test), compared to other multivariate co-integration methods, 

enables the co-integration relationship to be estimated by the ordinary least square (OLS) 

after determining the lag order of the model. Also, the model can accommodate regressors 

that are stationary at either levels I(0) or first difference I(1). In addition, the long run and 

short run parameters of the models can be simultaneously estimated (Pesaran et al, 2001). 

The ARDL representations of the above equations are specified as follows: 

𝛥𝐼𝑛𝐸𝐶𝑃𝐶𝑡 = 𝛼1 + 𝜃1𝐼𝑛𝐸𝐶𝑃𝐶𝑡−1 + 𝜃2𝐼𝑛𝐼𝑁𝐷𝑡−1 + 𝜃3𝐼𝑛𝐼𝑁𝐷𝐺𝑡 + 𝜃4𝐶𝐼𝑡 + 𝜃5𝐼𝑛𝑈𝑅𝐵𝑡 +
∑ 𝛽𝑖𝛥𝐸𝐶𝑃𝐶𝑚

𝑖=0 + ∑ 𝛽𝑖𝛥𝐼𝑁𝐷𝑡−𝑖
𝑚
𝑖=0 + ∑ 𝛽𝑖𝛥𝐼𝑁𝐷𝐺𝑡−𝑖

𝑚
𝑖=0 + ∑ 𝛽𝑖𝛥𝐶𝐼𝑡−𝑖

𝑚
𝑖=0 +

𝜋1𝑡……………..    8 
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𝛥𝐼𝑛𝑃𝐸𝑇𝑃𝐶𝑡 = 𝛼2 + 𝜃1𝐼𝑛𝑃𝐸𝑇𝑃𝐶𝑡−1 + 𝜃2𝐼𝑛𝐼𝑁𝐷𝑡−1 + 𝜃3𝐼𝑛𝐼𝑁𝐷𝐺𝑡 + 𝜃4𝑃𝐸𝑇𝐼𝑁𝑡 +

𝜃5𝐼𝑛𝑈𝑅𝐵𝑡 + ∑ 𝛽𝑖𝛥𝑃𝐸𝑇𝑃𝐶𝑡−𝑖
𝑚
𝑖=0 + ∑ 𝛽𝑖𝛥𝐼𝑁𝐷𝑡−𝑖

𝑚
𝑖=0 + ∑ 𝛽𝑖𝛥𝐼𝑁𝐷𝐺𝑡−𝑖

𝑚
𝑖=0 +

∑ 𝛽𝑖𝛥𝑃𝐸𝑇𝐼𝑁𝑚
𝑖=0 + 𝜋2𝑡………… 9 

𝛥𝐼𝑛𝐸𝐿𝐸𝐶𝑇𝑃𝐶𝑡 = 𝛼3 + 𝜃1𝐼𝑛𝐸𝐿𝐸𝐶𝑇𝑃𝐶𝑡−1 + 𝜃2𝐼𝑛𝐼𝑁𝐷𝑡−1 + 𝜃3𝐼𝑛𝐼𝑁𝐷𝐺𝑡 + 𝜃4𝐶𝐼𝑡 +

𝜃5𝐼𝑛𝑈𝑅𝐵𝑡 + ∑ 𝛽𝑖𝛥𝐸𝐿𝐸𝐶𝑇𝑃𝐶𝑡−𝑖
𝑚
𝑖=0 + ∑ 𝛽𝑖𝛥𝐼𝑁𝐷𝑡−𝑖

𝑚
𝑖=0 + ∑ 𝛽𝑖𝛥𝐼𝑁𝐷𝐺𝑡−𝑖

𝑚
𝑖=0 +

∑ 𝛽𝑖𝛥𝐶𝐼𝑡−𝑖
𝑚
𝑖=0 + 𝜋3𝑡……………10       

   

All variables remain as defined earlier, except the fact that they are now in their natural 

logarithm form. The calculated F-statistics from the ARDL bound test is compared to the 

upper and lower critical values. If computed F-statistic falls below the lower bound value, 

I(0), the null hypothesis of no level relationship cannot be rejected. However, if the 

computed F-statistic is greater than the upper critical bound value, I(1) the null hypothesis 

of no level relationship can be rejected, which implies the existence of co-integration 

among the variables, hence short-run impact can be examined. If however, the calculated 

F-statistics falls within the band, then our inference is inconclusive. 

 

Data and Variable Description 

Empirical analysis in this study covers the period 1981-2016 based on data availability. 

The description of the variables used in the analysis, as well as, data sources is presented 

in Table 3.  

 

Table 3: Variable Description and Data Sources 

Variable Description Measurement Data Sources 

ECPC Energy 

consumption per 

capita 

CO2 emissions 

(megatons per capita) 

Computed from World 

Development Indicators 

TCO2 Transport 

emissions  

CO2 emissions from 

transport (megatons per 

capita) 

Computed from World 

Development  

Indicators 

MCO2 Manufacturing 

emissions  

CO2 emissions from 

manufacturing industries 

and construction 

(megatons per capita) 

Computed from World 

Development  

Indicators 

IND Industrial value 

added per capita 

Industrial value added 

per capita (constant 2005 

US$) 

World Development  

Indicators 

EI Carbon intensity Carbon emission divided 

by GDP (kt/$) 

Computed from World 

Development  

Indicators 

U Urbanization Urban population as a % 

of total 

World Development  

Indicators 
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PETIN Petroleum carbon 

emission intensity 

CO2 emissions from 

liquid fuel consumption 

divided by GDP (kt/$) 

Computed from World 

Development  

Indicators 

PETPC Petroleum energy 

consumption per 

capita 

Total Petroleum 

Consumption (Thousand 

Barrels Per annum) 

Computed from Energy 

Information 

Administration 

Database, 2017-online. 

ELECTPC Electricity 

consumption per 

capita 

Total Electricity Net 

Consumption (Billion 

Kilowatt hours) 

Computed from Energy 

Information 

Administration 

Database, 2017-online 

Source: Author’s compilation 

 

EMPIRICAL RESULTS AND DISCUSSIONS 

Pre-estimation Analysis: Descriptive Statistics and Correlation Analysis 

Results of the descriptive analysis of the variables used in the regression analysis are 

reported in Table 4. Energy use per capita (ECPC) and industrial value, added per capita 

(INDVPC) have similar values in terms of their mean, minimum and maximum values. 

ECPC has the highest mean value followed by INDVPC and petroleum consumption per 

capita (PETPC), electricity consumption per capita (ELECTPC) and Urbanisation (URB). 

However, variability is lower for carbon emission intensity (CO2IN), ratio of industrial 

value added to GDP (INDG) and emission intensity from petroleum (PETIN), while most 

of the variables are skewed negatively.  

 

Table 4: Descriptive Statistics 

  CO2I

N 

ECP

C 

ELECT

PC 

IND

G 

INDV

PC 

PETP

C 

PETI

N 

URB 

 Mean 0.846 6.574 4.532 0.439 6.291 4.839 0.186 3.531 

 Median 0.821 6.567 4.429 0.464 6.294 4.923 0.197 3.527 

 Maximum 1.292 6.680 4.992 0.552 6.442 5.078 0.403 3.867 

 Minimum 0.451 6.506 4.229 0.261 6.114 4.495 0.000 3.121 

 Std. Dev. 0.242 0.051 0.244 0.085 0.106 0.196 0.099 0.218 

 Skewness 0.265 0.409 0.356 -0.523 -0.108 -0.561 -0.019 -0.162 

 Kurtosis 2.123 1.846 1.634 1.908 1.624 1.770 2.535 1.968 

 Jarque-

Bera 

1.574 3.002 3.562 3.428 2.911 4.161 0.326 1.755 

 

Probabilit

y 

0.455 0.223 0.168 0.180 0.233 0.125 0.850 0.416 

 Sum 30.46

82 

236.6

61 

163.137 15.82 226.49

3 

174.2

01 

6.697

8 

127.1

06 

 Sum Sq. 

Dev. 

2.052

2 

0.091

42 

2.08345 0.253

41 

0.3923

7 

1.339

48 

0.346

38 

1.656

58 
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Observatio

ns 

36 36 36 36 36 36 36 36 

Source: Author’s computation 

Table 5 presents the results of correlation analysis among the variables of interest. The 

uses of correlation analysis enable us to establish the level of association among the 

variables used in the regression analysis, which has implication for their inclusion in the 

same models. From the Table, the correlation among our series is moderate coefficients 

and can co-exist in the same model. 

 

Table 5: Correlation Results 

  CO2I

N 

ECP

C 

ELECTP

C 

IND

G 

INDVP

C 

PETP

C 

PETI

N 

UR

B 

CO2IN 1.000               

ECPC -0.196 1.000             

ELECTP

C 

-0.021 0.860 1.000           

INDG -0.019 -

0.696 

-0.768 1.000         

INDVPC -0.082 0.809 0.714 -

0.513 

1.000       

PETPC 0.241 -

0.815 

-0.798 0.842 -0.589 1.000     

PETIN 0.360 -

0.754 

-0.679 0.742 -0.697 0.856 1.000   

URB -0.464 0.880 0.759 -

0.632 

0.648 -0.888 -0.823 1.00

0 

Source: Author’s computation 

 

Stationarity (Unit root) and Co-integration Tests 

The Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) unit root tests were 

conducted for each series, and the results are presented in Table 6. The time series 

properties of the variables confirm that none of the series is integrated of higher order. 

Test for stationarity shows that CO2IN, ECPC, ELECTPC, INDG, INDVPC, PETPC and 

PETIN are integrated of order I(1) and thus, stationary after first difference, while only 

URB is  integrated of I(0) and stationary at levels. 

 

Table 6: Results of Unit Root Tests  

Variable Augmented Dickey-Fuller 

(ADF) 

Phillip Perron (PP) Decision 

Level First 

Difference 

I(d) Level First 

Difference 

I(d) 

CO2IN -2.4006 -6.6267* I(1) -2.3227 -6.7823* I(1) I(1) 

ECPC -0.9588 -5.6901* I(1) -0.5646 -7.4533* I(1) I(1) 
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ELECTPC -1.3441 -8.0069* I(1) -1.1121 -8.0826* I(1) I(1) 

INDG -0.6659 -7.1239* I(1) -0.6637 -7.0404* I(1) I(1) 

INDVPC -1.9248 -5.5725* I(1) -2.0937 -5.6335* I(1) I(1) 

PETPC -0.8920 -7.0551* I(1) -0.4868 -9.4787* I(1) I(1) 

PETIN -1.0027 -5.3239* I(1) -0.7907 -9.1882* I(1) I(1) 

URB -

3.4714** 

-4.5743* I(0) -

2.9829** 

-7.2589* I(0) I(0) 

Source: Author’s computation. Note: *,** and*** denote significance at 1%, 5%  and 

10% levels respectively 

 

The ARDL-bounds test results for each of the three models are presented in Table 7. For 

total energy consumption per capita model, the F-statistics is greater than the upper bound 

critical value at 10%, while it falls between the lower and upper bound critical values at 

5% and 1% respectively. Hence the null hypothesis of no co-integration is rejected and 

long-run co-integration relationship established among the variables in this model. In the 

second and third models, on electricity and petroleum consumption per capita, the F-

statistics value of 4.16 and 3.68 exceed both the lower and upper bounds critical values at 

10% but in between the critical bound value at 5% and 1%. Therefore, the result further 

established co-integration relationship and thus, suggest existence of long-run relationship 

among the variables in the models. This prompted us to estimate both long and short-run 

relationship for the entire three models established in the theoretical framework session of 

this paper. 

 

 Table 7: ARDL Bounds Test for Co-integration Relationship 

Model F-Statistics K 90% level 95% level 99% level 

I(0) I(1) I(0) I(1) I(0) I(1) 

ECPC 4.7691 4 2.45 3.52 2.86 4.01 3.74 5.06 

ELECTPC 4.1609 4 2.45 3.52 2.86 4.01 3.74 5.06 

PETPC 3.6794 4 2.45 3.52 2.86 4.01 3.74 5.06 

  Source: Author’s computation 

 

Impact of Industrialization and Urbanization on Energy Consumption in Nigeria 

Impact of Industrialization and Urbanization on Total Energy Consumption  

The short-run and long-run ARDL results on the impact of Industrialization and 

Urbanization on Total Energy Consumption Per capita is presented in Table 8. In the long-

run, industrial value added per capita (Scale effects), has a positive and significant 

influence on total energy consumption. Thus, 1.0% increase in industrial value added per 

capita is as a result of improvement of about 0.27% in energy consumption per capita. The 

results further showed that the ratio of industrial value added to GDP (Composition effects 

– industrial output relative to total output in the economy) is negative in the long-run; 

meaning that as industrial output relative to total output within the economy increases, 

less energy is being consumes. This implies that in the long run, the economy at the 

aggregate will move towards advancing energy saving and efficient techniques of 

production, that is capable of reducing costs and energy use. Similarly, carbon intensity 
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(Carbon emission as a ratio of output) within the country is positive and significant at 

10%. This implies that a fall in carbon intensity within the country will lead to a further 

reduction in energy use. This buttressed the earlier result and thus pointing to more energy 

saving and efficient techniques for production. In addition, the coefficient of urbanisation 

is positive and significant; a 1.0% movement towards urban development would require 

an associated improvement of about 0.13% in energy consumption per capita. 

In the short-run result reveal that the effect of industrial value added, per capita and 

industrial output relative to total output on energy consumption is positive, though only 

industrial value added is significant at 5% level of significant in the short-run. This implies 

that a 1% increase in industrial value added will lead to improvement of about 0.12% in 

energy consumption among the citizenry, also, an improvement of about 0.11% by 

approximation of industrial output relative to total output will be required to an associated 

increase in energy consumption. The results indicate that the elasticities of carbon 

intensity and urbanization with respect to total energy consumption are 0.03 and 0.11 

respectively. Thus, 1.0% rises in carbon intensity and urbanization results in an increase 

in total energy consumption by 0.03% and 0.11% respectively. This result is striking and 

confirmed that, a movement towards urbanization in both short and long run requires more 

energy consumption per capita for heating, refrigerator, TV, clothes washer, and AC 

among others. 

The coefficient of the error correction term (ECT) which is significant suggests that 81% 

of deviation from the long-run equilibrium level of total energy consumption per capita is 

corrected for, annually. The non-significant of the diagnostic tests also confirm that the 

estimated model satisfied all the required properties of a good model. The residual series 

are normally distributed as suggested by the Jarque–Bera statistics; the model has no serial 

correlation as indicated by the Breusch–Godfrey LM test; and the residuals are 

homoscedastic as suggested by the ARCH test. Moreover, the Ramsey RESET test shows 

that the model is well specified with the correct linear functional form. 

 

Table 8: Parsimonious regression results for the Effect of Industrialization and Urbanization 

on Total Energy Consumption Per capita 

Variable Long-run Short-run (see note below) 

INDVPC 0.2727 (4.6629)* 0.1205 (2.2116)** 

INDG -0.0153 (-0.2383) 0.1093 (1.0101) 

CO2IN 0.0307 (1.7315)*** 0.0249 (1.6699) 

URB 0.1314 (3.9208)* 0.1065 (3.0029)* 

ECM (-1) - -0.8109 (-4.9295)* 

C 4.3785 (13.0918)* - 

R-SQUARE 0.9263 

AdJ. R-SQUARE 0.9071 

F-STATISTICS 48.4467* 

AIC -5.3017 

SIC -4.9462 

D-WATSON 1.9033 

J–B normality test 1.2177 
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Breusch–Godfrey serial 

correlation LM test 

0.4429 (1) 

ARCH test 0.3349 (1) 

Ramsey RESET test 0.9563 (0.3371) 

Source: Author’s computation. Note: *,** and*** denote significance at 1%, 5%  and 

10% levels respectively while values in parenthesis are the t-statistics. Also, in the 

diagnostic tests, figures in parenthesis are the selected lags except Ramsey Reset test that 

reported the probability test. Note: variables in the Short-run results are in differenced 

form except URB) 

 

Effect of Industrialization and Urbanization on Electricity Consumption  

The short-run and long-run ARDL results for the impact of industrialization and 

urbanization on electricity consumption per capita is presented in Table 9. Both the long-

run and short-run results reveal that industrialisation as well as its measure as industrial 

output relative to total output have insignificant effects on electricity consumption per 

capita, though the signs of the coefficient of industrial value added reflect that 1.0% 

increase in industrial value added would raises the electricity consumption by about 0.65% 

and 0.39%, while that of industrial output relative to total output will abate it by 0.82% 

and 0.49% in the long and short-run respectively. Further, both carbon intensity and 

urbanisation has significant positive effect on electricity consumption per capita in the 

long and short-run. The results reveal that, 1.0% increase in both carbon intensity and 

urbanisation raises electricity consumption per capita, by about 0.36%(0.22%) and 

0.60%(0.36%) in the long-run and short-run respectively. This result is striking and 

confirmed that, a movement towards urbanization in both short and long run requires more 

electricity consumption per capita for heating, refrigerator, TV, clothes washer, and AC 

among others.  

The coefficient of the error correction term (ECT) is significant with appropriate negative 

sign, and suggests that approximately 60% of deviation from the long-run equilibrium 

level of electricity consumption per capita is corrected for by the inclusion of all variables, 

annually. The results of the diagnostic tests signify that the residual series are normally 

distributed as indicated by the Jarque–Bera statistics. Also, the Breusch–Godfrey LM test 

statistics proved that the model has insignificant serial correlation, while the ARCH test 

and the Ramsey RESET test respectively show that the residuals are homoscedastic and 

the model has correct functional form. 

 

Table 9:  Parsimonious regression results for the Effect of Industrialization and Urbanization 

on Electricity Consumption Per capita 

Variable Long-run Short-run  (see note 

below) 

INDVPC 0.6498 (1.4043) 0.3879 (1.2654) 

INDG -0.8186 (-1.5678) -0.4887 (-1.3679) 

CO2IN 0.3613 

(1.9547)*** 

0.2157 (2.2105)** 
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URB 0.6006 

(1.8742)*** 

0.3586 (1.9378)*** 

C -1.6077 (-0.6719) - 

ECM (-1) - -0.5970 (-3.8629)* 

R-SQUARE 0.8408 

AdJ. R-SQUARE 0.8134 

F-STATISTICS 30.6395* 

AIC -1.5011 

SIC -1.2344 

D-WATSON 2.2780 

J–B normality test 2.1364 

Breusch–Godfrey serial correlation 

LM test 

2.4515 (1) 

ARCH test 1.5012 (1) 

Ramsey RESET test 1.1298 (0.2681) 

Source: Author’s computation. Note: *,** and*** denote significance at 1%, 5%  and 

10% levels respectively while values in parenthesis are the t-statistics. Also, in the 

diagnostic tests, figures in parenthesis are the selected lags except Ramsey Reset test that 

reported the probability test. Note: variables in the Short-run results are in differenced 

form except URB) 

 

Effect of Industrialization and Urbanization on Petroleum Consumption  

The short-run and long-run ARDL results for the impact of industrialization and 

urbanization on petroleum consumption per capita is presented in Table 10. Both the long-

run and short-run results reveal that industrial value added as well as its industrialisation 

(measure as industrial output relative to total output) have a significant effects on 

petroleum consumption per capita. The signs for both coefficients reflect that 1.0% 

increase in industrial value added and industrial output relative to total output would raises 

the amount of petroleum consumption by about 0.29%(0.26%) and 1.0%(0.92%) in the 

long and short-run respectively. Further, petroleum carbon intensity has a positive effect 

on petroleum consumption per capita in the long and short-run. The results reveal that, 

1.0% increase in petroleum emission intensity will raise the petroleum consumption per 

capita, by about 0.18% and 0.17% in the long-run and short-run respectively. Moreover, 

a movement toward urban development will reduce the amount of petroleum consumption 

per capita, by about 0.61% and 0.55% in the long and short-run accordingly. The 

significant of the coefficient implies that, more electricity is required than petroleum, 

during the process of achieving a gradual increase in the proportion of people living in 

urban areas. 

The significance of the error correction term coefficient (ECT) and its negative sign, 

suggests that 91% of deviation from the long-run equilibrium level of petroleum 

consumption per capita is corrected for annually. Following the previous models, the post 

estimation diagnostic tests of Jarque–Bera statistics, Breusch–Godfrey LM, ARCH 

(Heteroscedasticity) and Ramsey RESET tests all confirm the suitability of estimated 

model. Specifically, the residual series are normally distributed as suggested by the 
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Jarque–Bera statistics of 4.19, while the Breusch–Godfrey LM test statistics of 1.15 

indicate that the model does not have significant serial correlation problem. Similarly, the 

ARCH test (0.46) and the Ramsey RESET test (0.03) respectively show that the residuals 

are homoscedastic and the model has correct linear functional form. 

 

Table 10: Parsimonious regression results for the Effect of Industrialization and 

Urbanization on Petroleum Consumption Per capita 

Variable Long-run Short-run  (see note 

below) 

INDVPC 0.2853 (1.7940)*** 0.2585 (1.7649)*** 

INDG 1.0190 (5.4792)* 0.9231 (4.1406)* 

PETIN 0.1840 (0.7513) 0.1667 (0.7503) 

URB -0.6056 (-5.4752)* -0.5486 (-4.0486)* 

C 4.7012 (5.0076)* - 

ECM (-1) - -0.9059 (-5.7288)* 

R-SQUARE 0.9266 

AdJ. R-SQUARE 0.9135 

F-STATISTICS 70.7055 

AIC -2.7510 

SIC -2.4816 

D-WATSON 2.0619 

J–B normality test 4.1897 

Breusch–Godfrey serial 

correlation LM test 

1.1548 (2) 

ARCH test 0.4643 (1) 

Ramsey RESET test 0.0327 (0.8579) 

Source: Author’s computation. Note: *,** and*** denote significance at 1%, 5%  and 

10% levels respectively while values in parenthesis are the t-statistics. Also, in the 

diagnostic tests, figures in parenthesis are the selected lags except Ramsey Reset test that 

reported the probability test. 

Note: variables in the Short-run results are in differenced form except URB) 

 

SUMMARY OF FINDINGS, CONCLUSION AND POLICY 

RECOMMENDATIONS 

This study seeks to underscore the role of industrialization and urbanization in energy 

consumption in Nigeria during 1981-2016. The estimated autoregressive distributed lag 

(ARDL) model was derived from the alignment of the energy demand theory. Both long-

run and short-run effects of industrialization (Scale and composition measures) and 

urbanization on energy consumption (total energy use, Petroleum and electricity 

consumption) were analyzed. 

Long-run results show that industrial value added per capita (Scale effects), has a positive 

and significant influence, while the  industrial output relative to total output in the 

economy (Composition effects) is negative in the long-run on total energy consumption. 

The results indicate that as industrial output relative to total output within the economy 
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increases, less energy is being consumes and thus, in the long run, the economy at the 

aggregate will move towards advancing energy saving and efficient techniques of 

production, that is capable of reducing costs and energy use among it citizenry. In addition, 

the coefficient of urbanization is positive and significant; a 1.0% movement towards urban 

development would require an associated improvement of about 0.13% in energy 

consumption per capita. 

In the short-run, effect of industrial value added, per capita and industrial output relative 

to total output on energy consumption is positive, though only industrial value added is 

significant at 5% level of significant in the short-run. Similarly, the elasticities of carbon 

intensity and urbanization with respect to total energy consumption are 0.03 and 0.11 

respectively. Thus, 1.0% rises in carbon intensity and urbanization results in an increase 

in total energy consumption by 0.03% and 0.11% respectively. This result is striking and 

confirmed that, a movement towards urbanization in both short and long run requires more 

energy consumption per capita for heating, refrigerator, TV, clothes washer, and AC 

among others. The estimate of the error correction term suggests that 81% of deviation 

from the long-run equilibrium level of total energy consumption per capita is corrected for 

annually.  

On the electricity model, both the long-run and short-run results reveal that industrial value 

added (industrialization) as well as its measure as industrial output relative to total output 

have insignificant effects on electricity consumption per capita, though the signs of the 

coefficient of industrial value added reflect that 1.0% increase in industrial value added 

would raises the electricity consumption by about 0.65% and 0.39%, while that of 

industrial output relative to total output will abate it by 0.82% and 0.49% in the long and 

short-run respectively. Further, both carbon intensity and urbanization has significant 

positive effect on electricity consumption per capita in the long and short-run. The results 

reveal that, 1.0% increase in both carbon intensity and urbanization raises electricity 

consumption per capita, by about 0.36%(0.22%) and 0.60%(0.36%) in the long-run and 

short-run respectively. This result is striking and confirmed that, a movement towards 

urbanization in both short and long run requires more electricity consumption per capita 

for heating, refrigerator, TV, clothes washer, and AC among others. The estimate of the 

error correction term suggests that approximately 60% of deviation from the long-run 

equilibrium level of electricity consumption per capita is corrected for annually. 

The last model on petroleum consumption per capita, show that in both long and short-

run industrial value added as well as its industrialization (measure as industrial output 

relative to total output) have a significant effects on petroleum consumption per capita. 

The signs for both coefficients reflect that 1.0% increase in industrial value added and 

industrial output relative to total output would raises the amount of petroleum 

consumption by about 0.29%(0.26%) and 1.0%(0.92%) in the long and short-run 

respectively. Further, petroleum carbon intensity has a positive effect on petroleum 

consumption per capita in the long and short-run. The results reveal that, 1.0% increase in 

petroleum emission intensity will raise the petroleum consumption per capita, by about 

0.18% and 0.17% in the long-run and short-run respectively. Moreover, a movement 
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toward urban development will reduce the amount of petroleum consumption per capita, 

by about 0.61% and 0.55% in the long and short-run accordingly. The significant of the 

coefficient implies that, more electricity is required than petroleum, during the process of 

achieving a gradual increase in the proportion of people living in urban areas. The error 

correction term suggests that 91% of deviation from the long-run equilibrium level of total 

petroleum consumption is corrected for annually.  

Based on the foregoing findings the following recommendations are made for policy. 

Given that industrailisation and urbanization foster increased energy consumption, there 

is need to raise investment in energy supply. Therefore the energy sector reforms should 

be done to attract both domestic and foreign investors particularly to the electricity and 

petroleum energy sub-sectors. There is also the need to find alternative energy supply by 

investing in renewable (clean) energy so as to augment existing energy supply and reduce 

carbon emissions associated with energy consumption.  It is therefore imperative to 

consider energy demand implications of industrialization and urban development 

strategies articulated in the industrial revolution plan and transformation agenda as well 

as urbanization plan in Nigeria.    
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