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I.  Introduction 

The study of residential electricity consumption in Nigerian is appealing considering several reforms the energy 

sector has undergone in the last one decade and its economic influence in the life of the economy and the citizenry.  

The availability of quality electricity to the citizenry in an economical and accessible fashion guarantees enhanced 

standard of living. Electricity is the corner stone on which the economy and the daily lives of Nigerians depend 

(Aderibigbe, 2010). The demand for residential electricity is driven by such critical factors such as urbanization, 

population growth, and rising standard of living.  Over the years, the supply of electricity is inadequate to meet 

the growing demand. As a result frequent electrical power outages or load shading are used to manage the 

difference between consumption and supply of electricity in Nigeria. Although electricity was first generated in 

Nigeria fifteen years after it was commercialized in Britain, the production of electricity over the years has failed 

to match the high demand of electricity leading to chronic shortage in residential electricity consumption. For 

instance, the sum of 22411.1 mw of electricity was consumed by the residential consumer throughout the 43 years 

of study which is an average of 521.2 mw per annum. 

Several scholars have carried out several studies on electricity consumption in Nigeria. But very few considered 

the determinants of residential electricity consumption. For instance, Ayodele (1978) studied the determinants of 

residential electricity consumption. Babatunde and Shuaibu (2009) worked on the demand for residential 

electricity in Nigeria. Both studies excluded the prices of diesel and petrol from their models. Ayodele (1978) had 

argued that there is no single substitute for electricity hence, prices of kerosene, diesel and petrol should be 

excluded from the list of residential electricity determinants. The assumption here is that both self-generated 

electricity and electricity from the suppliers are the same. Babatunde and shaibu (2009) on the other hand, argued 

that a sizeable number of Nigerians do not have access to generating sets to generate electricity; as such prices of 

diesel and petrol are excluded from their model.  

Abstract: The increase in electricity demand among residential electricity consumers stems from the fact that, 

it is central to human existence and a key determinant to standard of living of the people. About 52 per cent of 

electricity demand in Nigeria is attributed to residential consumers even though there is shortage in supply. 

The study examines the influence of some petroleum product prices on the demand for residential electricity 

from the period 1970 to 2013. The objective of the study is to examine the long run and short run effect of these 

product prices, their lag effect and significance in the systemic change in residential electricity consumption 

in Nigeria. The ordinary least squares technique of analysis is employed adopting the autoregressive 

distributed lag approach. Results showed that while diesel is a substitute commodity to electricity, petrol and 

kerosene are complementary. Further, the variables are insignificant in explaining changes in residential 

electricity demand in the current period. However, electricity consumption and diesel pump price are 

significant in explaining changes in electricity consumption among households in the previous period. The 

contemporaneous petrol price in both short and long run is inversely related with residential electricity 

demand while the short run and long run contemporaneous diesel price show a direct relationship. Also, the 

short run relationship of kerosene with demand of electricity is direct and inverse in the long run. The study 

recommends, considering the fact that the demand for these petroleum products are inelastic, and the centrality 

of electricity in the lives of residents, a downward review of the products prices to enhance auto-production 

of electricity given the fact that supply from the grid is epileptic and low in quality. 

Key words: residential electricity demand, autoregressive distributed lag, petroleum pump prices, and private 

electricity generation. 
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Although this work is not on the determinants of residential electricity demand but on the influence of some 

petroleum product prices on residential electricity demand, it sought to include the prices of petrol, diesel and 

kerosene in its model. Our study assumes that electricity from the suppliers differs from self- generated electricity 

in terms of quality, cost, source, usage, and reliance as such could substitute and or complement each other. Again, 

a sizeable number of Nigerians now have access to generating sets for self-generation of electricity. The objective 

of this study therefore, is to investigate the response of residential electricity demand to some petroleum product 

prices using the autoregressive distributed lag approach. It also sought to examine the short run and long run effect 

of these prices on the demand of residential electricity.  

 

II.  Literature Review 

A.  Conceptual clarification 

 According to Bhattacharyya (2011), the term “energy demand” can mean different things to different users. 

Normally it refers to any kind of energy used to satisfy individual energy needs for cooking, heating, lighting, 

traveling, etc., in which case, energy products are used as fuel and therefore generate demand for energy purposes. 

Similarly, the focus may be quite different for different users; a scientist may focus on equipment or process level 

energy demand- that is energy used in a chemical reaction while planners and policy makers would view the 

aggregate demand from regional or national point of view. Electricity demand can correspond to the amount of 

electricity required in a country- the amount supplied to the consumer – that is final energy demand. Often the 

context would clarify the meaning of the term. This paper considers final electricity demand- that is the electricity 

supplied to the residential consumer of electricity. 

  

 Sometimes distinction is made between electricity consumption and electricity demand. Electricity demand 

describes a relationship between price and quantity of electricity. Demand exists before the purchasing decision 

is made- it is an ex-ante concept- once a good is purchased consumption starts. Demand indicates what quantity 

will be purchased at a given price and how price changes will affect the quantities sought. It can include an 

unsatisfied portion but the demand that would exist in the absence of any supply restrictions is not observable. On 

other hand, consumption takes place once the decision is made to purchase and consume- it is an ex post concept. 

It refers to the manifestation of satisfied demand and can be measured (ibid). However consumption and demand 

are used interchangeably in literature and this paper adopted the approach.  Residential electricity demand is final 

electricity demand by the residential consumers. It involves one who uses his premises exclusively as a residential. 

In Nigeria, residential electricity consumption is highest compared to the industrial and commercial electricity 

consumption.  

 

B. Theoretical issues 

 The Marsharllian theory of demand for a commodity is an aspect of neoclassical theory of demand. It states that 

the demand for a commodity is its quantity which consumers are able and willing to buy at various prices during 

a given period of time. So for a commodity to have demand, the consumer must possess willingness to buy it, 

ability or means and it must be related to per unit of time, such as per day, month or year. In the Marsharllian 

analysis, the determinants of demand are taken as given and constant, hence, the demand function is such that 

price of the commodity only influences demand. It shows quantities of a commodity purchased at a given price 

(Jhingan 2005). 

 

The attribute theory of demand is superior and an improvement to Marshallian demand theory. The Marsharllian 

explains consumer’s demand for an individual commodity, but the Lancaster’s demand theory emphasis on the 

characteristics or attributes possessed by commodities. A consumer buys a commodity not for the sake of buying 

it but because it possesses certain attributes which yield him satisfaction.  Second, the theory much more like other 

theories of consumer behavior, explains that a consumer maximizes utility by buying a mixed bundle of 

commodities with a variety of attributes rather than a single commodity. Thirdly the attribute theory provides new 

insight into the concept of substitutes and complements. While substitute commodities share common attributes, 

commodities are complements whose attributes can be obtained by combining or mixing two or more 

commodities.  

 

The Lancaster’s theory of demand is more realistic because a consumer purchases and consumes for instance, a 

variety of vegetables with different attributes contained in them and not one vegetable and may sometimes 

combine or mix them. In the same vein, a consumer of electricity would buy a variety of secondary form of energy 

with different attributes and the ability to yield the same utility- producing electricity and may in some cases 

combine these forms of energies to maximize utility. A consumer of electricity may also substitute for another 

form of energy if one is expensive or not yielding maximum satisfaction.  
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The attribute theory of demand however suffers some weaknesses. For instance, attribute is subjective. The 

attribute of one commodity might differ from one consumer to the other. Again, when buying commodities, 

consumers pay for the quantity and not for attributes contained in them. We however posit here that in paying for 

quantity, consumers pay bearing in mind the attribute and or utility to be derived and not just the quantity. This is 

so because the demand for electricity is derived and it is consumed through equipments.  

 

In spite of the weaknesses of the attribute theory of demand, it breaks new ground in explaining the concepts of 

substitutes and complements. Commodities could be substituted not only for high prices but also when one 

commodity yields higher level of utility. In the same vein, commodities could be complemented not only when 

they are jointly used but also when a commodity performs below expectation. A recent development in the theory 

of demand is the dynamic demand function which involves including the lagged values of quantity demanded and 

other explanatory variables as separate variables which influence demand at any particular time. 

 

Energy literature is rich with scholarly articles on electricity demand both in Nigeria and outside Nigeria. For 

instance, Babatunde and Shuaibu (2009) posit that the study of residential electricity demand is essential for two 

reasons.  First, is its critical importance in the projection of future electricity demand, second are the fact that 

understanding electricity demand dynamics through improved and more robust estimates of electricity demand 

parameters is essential for more informed and successful electricity policy decision making and implementation. 

In order to design policy instruments that influence electricity demand, it is crucial to have information on price 

and income elasticities and to identify the determinants of residential electricity demand using an econometric 

approach (Blazquez, Boogen and Filippini 2012). Peter, Lionel, Emmanuel and Anagha (2012) observe that the 

poor performance of the energy suppliers has denied the consumers of electricity in Nigeria access to uninterrupted 

power consumption. Consumers of electricity here include residential who in Nigeria constitute bulk of electricity 

consumers.  Ogunleye and Ayeni (2012) acknowledged the wide consumption of electricity by the household, 

commercial and industrial sectors of the Nigerian economy. He however noted that consumption has grown 

steadily over the years, with residential electricity consumption accounting for over 50 percent of the total 

consumption since the 1980’s. In support of the above, Udo, Chuku and Ekpeno (2011) assert that residential 

electricity consumption has dominated other consumers of electricity in Nigeria.  

 

In studying household electricity in India, Massimo and Shonali (2004) note that residential demand for electricity 

is a demand derived from the demand for a well-lit house, cooked food, hot water, etc. Further, they opine that 

the elementary problem being faced by the power sector is the poor financial conditions of these State Electricity 

Boards. This according to them has resulted in inadequate investment in additional generation capacity, which is 

likely to further exacerbate the existing gap between supply and demand. The study assumed that electricity 

consumption is likely to be sensitive towards prices of supplementary or alternate fuels, as such they include the 

price of kerosene and liquid petroleum in the estimation of the demand functions.  Noel and Shabib (2011) observe 

the various use of electricity by the consumers and conclude that electricity has become a necessity. This is true 

considering the fact that nowadays, electricity plays a central role in human daily activity. Anna and Massimo 

(2010) are concerned with energy efficiency by residential electricity consumer. They assert that inducing 

residential electricity consumers to use electricity more efficiently is a growing concern for many individual 

governments.  Reasons adduced for this inducement include; climate change, security of supply and electric power 

systems based on power plants that mainly use nonrenewable resources such as coal and oil. 

 

C.  Empirical literature 

Babatunde and Shuaibu (2009) examined the demand for residential electricity in Nigeria. Result show that in the 

long run, income, the price of substitute and population emerges as the main determinant of electricity demand in 

Nigeria, while electricity price is insignificant. Ogunleye and Ayeni (2012) considered the aggregate analysis of 

energy demand in Nigeria. The short-run dynamics using the VAR suggest that the average income elasticity of 

gas consumption is positive and higher than petroleum and electricity consumptions, making gas consumption 

more of a luxury than necessity. They further assert that domestic price elasticity remains insignificant for the 

three energy sources. Ubi, S, Effiom, L, Okon, Oduneka (2012) analyzed the determinants of electricity supply in 

Nigeria (from 1970-2009), using a parametric econometric methodology of ordinary least squares. The results 

showed that technology, government funding, and the level of power loss were the statistically significant 

determinants of electricity supply in. Nigeria. Zafer (nd) studied residential electricity demand for Turkey by 

applying the structural time series modeling technique to annual data over the period 1971 to 2006. Result show 

that household total final consumption expenditure, real energy prices and an underlying residential energy 

demand trend are important drivers of residential electricity demand. Furthermore, the estimated short run and the 

long run household total final consumption expenditure elasticities are 0.41 and 2.29 respectively whereas the 

estimated short run and long run price elasticities are -0.10 and 0.57 correspondingly. Hayden (2009) analyses 

historical data of -residential electricity demand in the United States for the period 1970-2007. The analysis is 
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conducted through an ADF unit root test, Johansen test and a rolling regression. The results indicate that the 

primary driver of adjustments in electricity consumption is the own price elasticity of demand and growth in real 

income per capita.  

 

Massimo and Shonali (2004) in their study “Elasticities of electricity demand in urban Indian households” found 

that electricity demand is income and price inelastic in all seasons, and that household, demographic and 

geographical variables are significant in determining electricity demand. Noel and Shabib (2011) took an 

empirical analysis of electricity demand in Pakistan. The study show that electricity acts as a necessity in the short 

run and luxury in the long run. Blazquez, Bogeen and Filippini (2012) investigated residential electricity demand 

in Spain using aggregate data. Results reveal that the estimated short and long-run own price elasticities are, as 

expected, negative, but lower than 1. Furthermore, weather variables have a significant impact on electricity 

demand. 

 

III.  Materials and Method 

A.  Theoretical framework 

Neo classical theory suggest that the primary economic variables influencing the demand for any good or service 

are individual and or household taste, the prices of the goods and services as well as available income and the 

prices of other substitutes.  

D= f (P, Y, T, Po,)   

Therefore, like other commodity or service models, these variables are incorporated into the majority of energy 

models. Thus, 

Rec =f (P, T, Po, Y,) where 

Rec= residential electricity consumption 

P = price of the commodity 

T= taste 

Po= the prices of other commodity 

Y= income of the consumer 

Since this study focuses on the influence of the prices of other energy products and electricity own price on 

residential electricity consumption, our model is reduced to; 

Rec =f (P, Po) where  

P = Price of electricity 

Po = (pump price of petrol, pump price of diesel, pump price of kerosene) hence, 

Rec =f (PEL, PPP, DPP, KPP) 

 

B.  Model specification 

To examine the influence of some petroleum prices on the consumption of residential electricity, the study 

employed a dynamic demand function- the autoregressive distributed lag approach. This approach makes it 

possible to ascertain the lag effect of the independent variables as well as that of the dependent variable on the 

systemic change of the dependent variable. The autoregressive distributed lag model with k lags of Yt and z lags 

of Xt is denoted as ADL (k,z). This study however, employed a one lag approach (see lag order selection criterion 

on pg 25) excluding the impact multiplier, hence, ADL (1, 1) that is both the dependent and independent variables 

were lagged once. The study therefore, hypothesize that residential electricity consumption is a function of 

electricity own price, diesel pump price, kerosene pump price and petrol pump price that is; 

REC=f (PEL, DPP, KPP, PPP)         1  

where, 

REC is residential electricity consumption, PEL is own price of electricity, DPP is diesel pump price, KPP is 

kerosene pump price and PPP is petroleum pump price. Applying the double log approach and presenting the 

model econometrically we have the empirical model as follows; 

LNREC= β0 + LNβ1PEL + LNβ2PELt-1 + LNβ3DPP + LNβ4DPPt-1 + LNβ5KPP + LNβ6KPPt-1 + LNβ7PPP + 

LNβ8PPPt-1 + β9LNRECt-1 + ʯt         2 

The error correction mechanism is presented as follows; 

∆RECt=α0 + α1∆PPPt + α2∆PELt + α3∆KPPt + α 4∆DPPt + α5ʯt-1 + εt     3 

 ‘Aprori’ Expectation: It is expected that β1 < 0; β2 < 0; β3 > 0; β4 > 0; β5 >0; β6 >0; β7 >0; β8 > 0; β9 >0 

 

C.  Sources of data 

 Petrol pump prices were obtained from the British petroleum review of world energy as cited in the 2012 

conference proceedings of Nigerian association of energy economists. Residential electricity consumption data is 

sourced from the central bank statistical bulletin of 2007, 2008, 2010. Also, electricity prices are obtained from 

the Nigeria Electrical Regulatory Commission February, 2001 and the report of the special committee on the 
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review of petroleum supply and distribution; October, 2001 as cited in Ayodele and Folakun 2005 and multiyear 

tariff order of Nigerian Electricity Regulatory Commission 2012. 

IV. Presentation of result and discussion 

Theory demands that variables be stationary for a dynamic model of this nature to be employed. Below is the unit 

root result using the Augmented Dickey Fuller criterion.  

Table 1: Augmented Dickey Fuller unit root test 
Variables                 levels                           first diff                    Remarks                         

  REC                          -2.743                             -7.234                I (1) 

PEL                         -0.592                            -6.670                            I (1) 

DPP                        -0.216                            -5.626                             I (1)                    

  KPP                           -0.498                             -6.739                             I (1) 

PPP                          -0.817                             -5.578                             I (1) 

*critical value at 0.05 level of significance is 2.933.  

Source: Author Regression Output. 

Table 1 show that all variables are stationary at first difference. The long run equilibrium relationship of the 

variables was obtained by taking the residual term from equation (1) to a unit root test. Theory states that the 

residual term must be stationary at level to confirm the long term equilibrium relationship of the variables; hence, 

they will not wander away from each other. However, the Johansen co-integration rank test was used to ascertain 

the number of co-integrating equations in the model 

Table 2: Unrestricted Co integration Rank test (Trace and Max Eigen Value) 
Hypothesized  

No. of CE(s) 

Max. Eigen value Critical value Trace stat Critical value Prob. 

None* 69.625 33.877 116.952 69.819 0.000 

* indicates 1 co integrating equation each for both the trace statistic test and the Maximum Eigen statistic at the          

     0.05 level of significance. 

Source: Author Regression Output. 

Tables 2 show that there is at least one co integrating equation which confirms the long run equilibrium 

relationship among the variables. 

The co integration of the variables is the reason for the error correction mechanism. That is if the dependent and 

independent variables are co integrated, their relationship is expressed as ECM (Gujaraty, 2004). The α5ʯt-1 is the 

first lag of the residual representing the error correction term. The equilibrium error term must be negative and 

statistically significant to enable the model to return to equilibrium. Thus, the absolute value of the residual term 

determines how quickly the model returns to its equilibrium. 

Table 3: Ordinary least squares Regression result 

 Dependent variable: Residential electricity consumption 
Variable Coeff Std. Error T –stat Prob. Val 

PEL 0.072 0.045 1.600 0.119 

PEL(-1) 0.013 0.044 0.303 0.767 

DPP 0.078 0.052 1.508 0.141 

DPP(-1) -0.100 0.044 -2.289 0.029 

KPP -0.021 0.065 -0.328 0.745 

KPP(-1) -0.010 0.050 -0.204 0.840 

PPP -0.096 0.061 -1.570 0.126 

PPP(-1) 0.115 0.090 1.281 0.209 

REC (-1) 0.825 0.071 11.680 0.000 

C 1.255 0.433 2.901 0.007 

R2                         0.977    

DW                         2.572    

F-stat                    160.404    

Prob. (F-stat)                        0.000    

Source: Author regression output 

The Error correction mechanism result showing the short run dynamics is presented below. 

Table 4: ECM result with dependent variable as residential electricity consumption 
Variables  Coefficient  Std. Error T-statistic  Prob. Value 

C 0.068 0.026 2.632 0.012 

DPPP -0.048 0.058 -0.822 0.416 

DPEL 0.032 0.043 0.754 0.456 

DKPP 0.017 0.043 0.411 0.683 

DDPP 0.027 0.043 0.623 0.537 

LRESD(ECM) -0.183 0.058 -3.141 0.003 

R2 0.263    

Adjusted R2 0.164    

F-statistic 2.646    

DW 2.170    

Source: Author regression output 
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Result from table 4 reflects the convergence of variables towards equilibrium.  The error term is negative and 

statistically significant. Hence, REC returns to equilibrium at the speed of 18.2 per cent. It further shows that the 

short run changes in price of electricity, kerosene pump price and diesel pump price have positive impact on short 

run changes in residential electricity consumption, while petrol pump price has a negative impact. 

 

V.  Discussion of Results 

It is expected that the contemporaneous and the lagged values of electricity own price will show an inverse 

relationship with residential electricity consumption. Result in table 3 however revealed that both have a direct 

relationship with residential electricity, hence, increased electricity consumption as its price increased. This 

presents residential electricity as an abnormal commodity or an essential good or necessity, since increase in its 

price does not reduce its consumption. Further, the price of electricity is insignificant in explaining the systemic 

change in its consumption given its high probability and standard error values. Reason for the insignificance is 

because consumers are willing to buy electricity no matter the price.  This result is in line with Babatunde and 

Shuaibu (2009). 

 

The contemporaneous effect of diesel pump price on residential electricity consumption returned the expected 

sign but insignificant. This means that increase in diesel pump price will increase the consumption of residential 

electricity. The implication is that consumers will buy electricity rather than use diesel for private generation of 

residential electricity.  However, the lag effect of diesel pump price show an inverse relationship and is significant 

as revealed by low standard error and probability values in explaining changes in residential electricity 

consumption. This means that increase in diesel pump price in the previous year resulted to decrease in residential 

electricity consumption. This could be for reasons that boarder on energy poverty-low quality and shortage supply 

of electricity in Nigeria, as such to prevent disappointment; consumers preferred self-generation of electricity to 

buying from the providers as such they were complements in the previous period and substitutes in the current 

year. 

 

Prices of kerosene in both current and previous year show an inverse relationship with residential electricity 

consumption. Prices of kerosene are insignificant in explaining changes in residential electricity demand as could 

be verified by their high probability values. Once again this could be attributed to inadequate and low quality 

supply of the commodity to consumers who would prefer using kerosene for heating and lighting in place of 

electricity this suggests that both electricity and kerosene were complementary in both periods. 

 

There is an inverse relationship between current effect of petrol pump price and electricity demand I table 3 is 

against the ‘apriori’ expectation.  This is true considering the increased use of generating sets in the country 

resulting from inadequate and low quality supply of electricity. Consumers of electricity not minding the price of 

petrol use their generating sets as the major source of electricity. Cases abound where consumers run their 

generating sets even as there is electricity supply from the providers hence, electricity supply and petrol are 

complimentary commodities. On the other hand, the lag effect of petrol pump price on residential electricity is 

positive indicating an increase in electricity consumption as petrol price increase. This implies that consumers 

then increased electricity consumption as petrol price increased. A possible reason for this could be for improved 

quality and relative steady supply within that period. The current and lag effect of petrol pump price are 

insignificant in explaining changes in residential electricity consumption in Nigeria within the period of study. 

 

The lag effect of residential electricity consumption on the current consumption is positive and significant. This 

implies that residential electricity consumers may have increased their consumption in the current year given the 

satisfaction derived in the previous year. Other reasons for this increase could be attribute to increase in population 

and expansion of rural electrification and acquisition of more electrical stock. In general, the long run electricity 

price and diesel pump price have positive effect on residential electricity demand while kerosene and petrol pump 

prices have negative effect on residential electricity demand. Again, all the petroleum products considered in this 

study have inelastic demand. 

 

Though, individually, most of the variables are insignificant in explaining changes in residential electricity 

consumption, the high value of the F-statistic reveal that the variables collectively are significant in explaining 

systemic change in the dependent variable, hence, the adequacy of the model. 

 

A.  Conclusion and Policy Issues 

The study concludes that, contemporaneously, the electricity’s own price, diesel price, petrol price and kerosene 

price are not significant in explaining systemic change in residential electricity demand. This suggests that there 

may be other factors such as income, electricity supply, weather etc that may be considered. While diesel is a 
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substitute commodity to electricity, petrol and kerosene are complimentary. Considering the inelastic nature of 

these petroleum products and the centrality of electricity in the modern lives of residents, the study recommends 

a downward review of the prices of these products. This is because the availability of these products at reduced 

prices will enhance auto-production of electricity since electricity supply from the grid is of low quality and 

epileptic.  
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