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Overview

The rising effects of climate change in Nigeria and indeed the African continent are some of the greatest threats to sustainable development.The Nigeria government has made significant efforts to reduce CO2 emissions from energy production. This includes the creation of several acts and regulations such as the petroleum drilling and production regulation, and the environmental and impact assessment act. However, less attention has been given to emissions from energy consumption. Meanwhile, the relative share of CO2 emissions from energy consumption in total CO2 emissions was found to be relatively high, with an average estimate of 59.5% (World Bank, 2013). The existing government subsidy on petroleum products also put increasing pressure on energy consumption and indirectly leading to higher CO2 emissions.Thus, there is the need for government to be committed to reducing CO2 emissions generated by energy consumption. 
Arguably, to achieve such reduction, proper understaning of the existing pattern of energy consumption and CO2 emissions is crucial. Such understanding will provide clues regarding the required energy needs as the economy develops. Consequently, consistent projections of future energy demand and CO2 emissions can be made. Without this knowledge, forecasting CO2 emissions can be significantly over  or under estimated. Thus, policies designed based on such estimates might not be effective to minimise future level of C02 emissions to specific or desirable targets. Following this insight, the objective of this study is to examines the relationship between energy consumption and CO2 emissions for Nigeria and project the trends over time. 
Many studies have attempted to estimate energy demand for Nigeria and in few instances, the associated CO2 emissions so as to provide necessary information and policy guide to the government (See for example Adegbulugbe, 1991; Iwayemi et al., 2010; Omisakin et al., 2012; and Suleiman and Muhammad, 2012). Often times and for various reasons, however, some of these studies make some unrealistic assumptions in the estimation process. For instance, only the key economic factors – income and price have been considered the major determinants of energy demand. Some salient factors including; energy efficiency induced by technological progress (TP) or policy interventions and other non-quantifiable economic factors such as consumer’s taste and preferences have been neglected or assumed insignificant in the estimation process. This practice might not be appropriate for several reasons.

For example, a number of studies have found significant roles for TP and other non-quantifiable exogenous factors such as consumer preference and tastes in energy demand modelling for some other countries. More so, the studies suggest varying estimation procedure that allows the inclution of these factors in the model (see for example Chitnis and Hunt, 2012 and Hunt and Ninomiya, 2005). Following the evidence from these studies, thse salient factors also may have roles in drawing conclusions from energy demand and CO2 emissions estimates in Nigeria. If such roles exist, previous energy demand and CO2 emissions studies for Nigeria that neglect these factors might have produced biased estimates, and decisions based on such estimates could yield wrong policy actions. Therefore, this study fills the existing gap in the literature by determining if there are roles for energy efficiency and other exogenous factors in energy demand model for Nigeria. In addition, the study estimates CO2 emissions based on energy demand while taking into consideration the effect of these salient factors. Arguably, this would yield more robust estimates of energy demand and CO2 emissions and ensures appropriate predictions of future trends under different scenarios. This is a research void and an important value addition for further study.

Some of the recently acknowledged methods for estimating energy demand that allow for the incorporation of these salient factors are structural time series model (STSM) and asymmetric price response (APR). Chitnis and Hunt (2012) [hereafter CH] and Adeyemi and Hunt (2009) [hereafter AH] adopted these methods and this presents study draws from it. AH allows for a general model with both asymmetric price responses (APR) to capture the endogenous TP and a stochastic UEDT which captures exogenous TP and other non-quantifiable exogenous factors. The inclusion of APR in AH is made possible through the price decomposition method provided by Gately and Huntington (2002). The real energy price is therefore replaced with the decomposed real energy price. Unlike AH, CH attempts to separate out the effect of TP from stochastic UEDT by incorporating an appropriate proxy variable (energy intensity) for exogenous TP and ignoring the endogenous TP. Thus, the stochastic UEDT captured only the other non-quantifiable exogenous factors. This study, therefore, makes another important contribution to the existing literature with the attempt to combine the method of AH and CH. To the best of our knowledge no existing study has made such effort. This approach makes our study unique and allow for a distinct effect of endogenous and exogenous TP from the other non-quantifiable exogenous factors.
The remaing part of this abstract is organised as follows: After the introduction and the background, second section presents the methodology. In section three, we presents brief empirical results. The fourth section concludes and proffers some policy implications and the final section present some of the references of this study.
Methodology
A two step estimation procedure was adopted. First, a STSM combined with APR is used to estimate energy demand and carbon intensity models, taking cognizance of salient variables (such as energy efficiency) which had hitherto been ignored in previous studies. Second, the most preferred model from the first step was used to forecast energy demand and CO2 emissions under Business-as-usual, Low and High scenarios. This is followed by the analysis of policy options for the mitigation of CO2 emissions. This method – STSM has several advantages and differs in a number of ways from previous techniques. The STSM is simple to comprehend as it uses a single equation to estimate short and long-run effects. The order of the integration of the variables is not crucial and it allows the incorporation of unobservable stochastic UEDT into dynamic regression models (Amarawickrama and Hunt, 2008). Thus, this inspires our choice for STSM combined with APR as the estimation method for this study.

Results

First, a STSM combined with APR 
are presented as method to empirically estimate and forecast energy demand and CO2 emissions models for Nigeria.

Second, the salients factors – energy efficiency and other important factors such as taste and consumer preferences were found to have significant roles in energy demand and CO2 emissions models for Nigeria. 

Third, the long run income and price elasticities obtained differ significantly from those estimates in the previous studies that ignored these factors. 

Fourth, energy demand and CO2 emissions will continue to grow significantly in Nigeria even in the presence of slow economic growth. This is because the positive effect of petroleum products subsidy and increasing population growth on energy demand is expected to overwhelm the negative effect of economic contraction on energy demand. 

Lastly, present policies are not sufficient to restrain CO2 emissions to desirable target in Nigeria. 

Conclusions

Energy efficiency and other important factors such as taste and consumer’s preferences have important role to play in energy demand and CO2 emissions models. Previous studies that ignored this role may have produced bias estimates. In addition, energy damand and CO2 emissons are likely to grow significantly even in the presence of economic recession in Nigeria. Therefore, existing policies have to be accompanied with new policies such as direct taxes, green subsidies, research and development motivation, duties waiver and low tariffs on imported efficient machines, capital stock and other appliances as appropriate policy options to help mitigate CO2 emissions in Nigeria. 
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