RESTRUCTURING OF THE NIGERIAN ELECTRICITY INDUSTRY: A PARTIAL EQUILIBRIUM ANALYSIS

Introduction

The electricity industry has witnessed a profound growth in the last few decades across the globe. A noticeable feature of this growth is the deregulation of the sub-sector, which used to be a monopolistic and state owned parastatal to a more vibrant oligopolistic market structure. The pace and magnitude of the trend has been remarkable and, by the end of 1990, the majority of Organisation for Economic Cooperation and Development (OECD) countries and over 70 developing and transition countries had taken some steps towards reforming their electricity sector Bacon, (1999). Perhaps, the advancement in technology coupled with the changes in economic perception must have accounted for this development.

However, the motivation for electricity reform differs considerably among developed and developing countries. In developed countries, the principal aim has been to improve the economic and financial performance of the sub sector. However, in developing countries and transition countries, macroeconomic conditions played a rather critical role. This is obvious as many governments are no longer willing or able to support the burden of subsidies, low service quality, non-collection rates, higher network losses and poor service coverage. Following the implementation of Structural Adjustment Programme (SAP) in 1986, which has commercialization and privatization of public utilities, as one of its cardinal goals the Federal Government has put in place a number of measures to revamp the power sector in Nigeria. In 1988, for instance, the National Electric Power Authority was commercialized, partly supported by upward review of tariffs. As part of the restructuring, the President recently signed into law the Electricity Power Reform Bill 2005. By this singular act, the monopoly of NEPA has been broken and a competitive market structure has been ushered in, and private participation free to come in. The relevant question is:
as a network utility, what should be the appropriate number of firms in the generation segment required to supply electricity efficiently? This question derives from the fact that the number of firms must neither be too large so as to create the problem of excess capacity nor too small with the attendant abuse of market power. However, it has been found that duopoly is prone to the exercise of market power. Recent empirical studies provide some evidence that generators have exercised market power in both the California and United Kingdom (UK) (Wolfram, 1999), which is partly attributed to poor market structure design. Perhaps, the need to ensure production efficiency and allocative efficiency in the generation segment of the Nigerian electricity industry has made this study very germane. Furthermore, the need for this paper derives from recent crises in leading reforming countries such as Italy 2003; California (U.S). 2001; Auckland, (New Zealand) 1998, Chile (1998-1990) (see Jamash et al, 2005). As Newbrey (2002) quoting Watts (2001) admitted, it is clear that deregulation is a high risk choice. Those jurisdictions that have not yet deregulated electricity generation need to think long and hard before they go ahead. Those that have done so need to figure out how to minimise the downside potential of the journey on which they have embarked.
Perhaps, an attempt to shed light on this question will be quite fascinating and illuminating for necessary policy options in Nigeria.

The rest of the paper is structured as follows. In section 2, we shall discuss some theoretical and empirical considerations. In particular, we shall anchor the paper on the oligopolistic game theoretic models of Cournot and Bertrand. This becomes necessary to enable us explain the strategic behaviour of the participants in a restructuring regime. In addition, the special features of electricity in terms of non-storability of product, capacity constraints and the need to constantly balance demand and supply, makes game theoretic models relevant. The focus of exposition in section 3 is on the overview of the electricity sector and the electricity sector reform Act 2005 in Nigeria. This will embrace a discussion of the industry plus some salient features of the reform. Section 4 is on the methodology of the research. The result of the model together with the implications of the study shall be discussed in section 5. The conclusion and recommendations are contained in the section 6

2.  Some Theoretical and Empirical Considerations

A market in the economists’ technical use is concerned with the entire web of interrelationship between, the buyers, the sellers of a particular product that is involved in exchange and distribution of wealth and income. It has been argued that the appropriate definition of the market depends upon which aspects of this web are of interest at the time; for different problems there are different appropriate definitions (Sills, 1972). The focus of attention in this paper is on the different market structure paradigms under which buyers and sellers of electricity interact.  According to Cave (1967), the term market structure, refers to a selected number of organizational characteristics of inter-relationships between the buyers and sellers of a particular product. It includes Perfect Competition Market, Monopoly, Monopolistic Competition and Oligopoly. Market structure analysis is, therefore, a study of the organisational features of a market that are believed to have significance for the conduct and performance of firms comprising the market. Cave (1967) suggested that market structure is important because the structure determines the behaviour of firms and that behaviour in turn influences the quality of the industry performance. If it is possible to demonstrate that particular types of market structure are consistently associated with particular types of performance, public policies may be framed to achieve predetermined performance targets through the manipulation of market structures. The move toward competition worldwide in the utility sector is a reflection of developments in the literature on industrial organization.

Within the context of this paper, market structure refers to the wider framework within which the interaction of supply of and demand for electricity takes place. The motivation for the study of market structure largely derives from the need to avoid exercise of market power, that is, the ability of a firm to affect market price in excess of competitive outcome of its product. It has been observed that the presence of market power in a certain market relies on the market structure. Market structure study is equally relevant to determine the optimum number of firms in the industry in other to strike a balance between having too few firms with the attendant problem of collusion and too many that can lead to excess capacity. Therefore, the need to ensure allocative efficiency, productive efficiency and dynamic efficiency accounts for the uniqueness of market analysis.

The central thesis of industrial organization is that the structure of the organization determines the performance, which is normally measured in terms of operational efficiency. However, one possible point in explaining the structure-conduct-performance of an enterprise is the theories of perfect competition and monopoly. The structural features of both markets have been discussed elsewhere (Jehle and Reny 2001); however, they provide a description of the extremes (an infinite number of firms versus one firm and free entry versus blockaded entry) and all industries in practice can be seen as falling somewhere between them. The position of any particular industry can be located along this continuum by looking at the structure of that industry in terms of the number of firms, ease of entry, etc. and from that predict the performance of the industry, particularly in respect of profitability. Thus as we move through the continuum from industries with a large number of firms to industries with only few firms, it is postulated that profitability will rise from normal level towards super-normal level of monopoly. However, the long run economic implications of both competition and monopoly are well documented in the literature. 

Penrose (1963) for example has argued that competition is the most powerful force pushing the economy to higher levels of achievement, increasing efficiency in the use of resources, protecting consumers against exploitation and ensuring reasonable opportunities for men to make the most of their abilities and assets. On the other hand, monopoly breeds inefficiency and leads to misallocation of scarce resources. Until recently, electricity industry has been operated as state-own monopoly with the attendant inefficiency in service delivery, innovation and management particularly in the developing countries. However, the trend now is competition in the industry.

It is well recognized that, given the concentrated nature of the market structures, oligopoly competition models are the most suitable models for analyzing electricity markets. The choice between Bertrand and Cournot competition represents the two major alternatives (Blake, 2003). Depending on the purpose of the model and the type of market, one approach might be more relevant than another. In general, and especially in period of high demand, it appears that the Cournot paradigm corresponds more closely to electricity markets (Borenstein and Bushnell, 1999). The use of Cournot competition is supported by the fact that electricity suppliers have limited capacity. In the Betrand approach, any firm can capture the entire market by pricing below other competitors but, since electricity producers have increasing marginal costs and limited installed capacity, Bertrand’s assumptions regarding behaviour appear less realistic (Hobbs, 1986). However, in some circumstances, for instance, periods of low demand, it has been argued that Bertrand model might be a relevant approach (Green and Newbery, 1992; Wolfram, 1999). Hence, the nature of demand and the level of capacity constraints are fundamental variables that need to be taken into account to choose between Cournot and Bertrand competition.

Game theoretic models of oligopoly including, Cournot, Bertrand and Supply Function Equilibria among others have variously been employed in literature for analysing the deregulation process in the electricity market. A review of some of these studies is presented in this section.

 Borenstein and Bushnell (1999) examined the potential for market power in California after deregulation of the electricity industry. The authors employed a Cournot model to simulate the potential for congestion of the transmission line linking the north and south California. Peak demand in the south was more than double the peak in the north.. The impact of increased transmission capacity on the market was simulated. It was revealed that the ratio of additional output to additional line capacity for this marginal change was more than double. In addition, market clearing prices dropped considerably in both markets. The implication of this for Nigeria is that in order to ensure adequate supply of electricity at the minimum tariff under the deregulation regime, it is necessary to pay attention to the development of transmission capacity. Regulatory policy may therefore be geared towards achieving this through rate of return regulation mechanism at both the transmission and distribution segments.

 Kemfert and Kalashnikav (2002) examined the economic effects of the liberalisation of the German electricity market using a game theoretic modeling based on Cournot style. Building on the earlier work by Kemfert and Toi (2000), the paper investigated strategic behaviour of electricity agents. The authors developed a computational analysis (LEMI: Liberalised Energy Markets Investigation) which included strategic behaviour of firms. Two cases were considered – (1) Perfect competition where firm profits were calculated upon marginal production costs and price dependent demand and (2) Cournot model where firms maximize their profits given the strategic behaviour of the other agents. Under this case, profits were computed on the bases of variable production costs, maximum net power, net access costs and transmission costs. In terms of methodology, the authors transformed the optimization problem into a mixed complementarily problem which they solved by GAMS .The results showed that  the perfect competition scenario led  to implausibly high market share,  whereas  in  the Cournot model, mutual profit maximization  and strategic behaviour led to  the reasonable market shares. 

In conclusion, research into modeling electricity markets is continuing and is the subject of many debates. It is well recognised that models cannot address all questions of interest. However they appeared to be a powerful tool for understanding whether electricity markets are delivering the expected benefits of liberalisation   

3. An Overview of the Nigerian Electricity Sector and Electricity Sector Reform ACT 2005.

The Electricity Reform Act 2005 is the latest legislation in the array of legislations on the electricity industry in Nigeria. It would be recalled that the Nigerian electricity industry began towards the end of the 19th century, when the first generating plant was installed in Lagos in 1898 by the colonial government. The Public Works Department (PWD) was in charge of the management. In 1950, the Federal Government passed the Electricity Corporation of Nigeria Ordinance No. 15 of 1950. Several other legislations had been enacted such as the Niger Dam Authority (NDA) Act of Parliament in 1962 and the Degree No 4 of June 7 1972, by which the National Electric Power Authority (NEPA) was established. NEPA was mandated to maintain an efficient, coordinated and economic system of electricity supply to all parts of Nigeria. The law made NEPA the sole body responsible for the generation, transmission, distribution and marketing of electricity. A monopolistic status was thus conferred on NEPA. 

NEPA as a state owned establishment remained inefficient in service delivery, innovation and management. Following the implementation of the Structural Adjustment Programme (SAP) in 1986, the Federal Government has put in place several measures to revamp the sub-sector. In 1988, NEPA was commercialized which enabled the organization to review its tariffs upward. As part of restructuring effort, the President of Nigeria recently signed into law the Electric Power Sector Reform Bill 2005 that has broken the monopoly of NEPA. The specific objectives of the reform are stated as follows:

· To ensure a system of generation, transmission, distribution and marketing that is efficient, safe, affordable and cost effective through out the industry. In the long run, to provide access to electricity, although not necessarily through grid;
· To ensure that the electricity supply is made more reliable so as to effectively support the socio-economic development of the country;
· To ensure that the power sector attracts private investors both from within and outside the country;
· To ensure minimum adverse environmental impact; and 
· To ensure a leadership role for Nigeria in the development of the proposed West African Power Pool.
In order to actualize the above lofty objectives, the Power Reform Act 2005 has adopted wholesale competition model as opposed to the single- buyer model or retail competition. In this arrangement, distribution companies buy power directly from generators and the transmission company is a pure electricity transport and dispatch company. Adoption of this model has therefore paved way for the breaking down of NEPA into 18 companies, including 6 generators, 11 distributors and one transmission company. In addition, the Act made provision for the reform in phases. First, a 100 per cent state-owned Power Holding Company of Nigeria (PHCN) is created and vested with the assets and liabilities of NEPA. This company co-exists with Independent Power Producers (IPPs), of which NEPA has signed power purchase agreements. The new National Electricity Regulatory Commission (NERC) is also created in this stage. The creation of this independent regulator is fundamental to the reform programme and the objective of attracting private sector investment. Successor companies are also incorporated in this phase for the purpose of assuming the assets and liabilities of the PHCN. These companies will have powers to carry out the functions relating to the generation, transmission, trading, distribution and bulk supply as well as resale of electricity. Cross-ownership is strictly prohibited. The federal government would, initially; hold the shares in the successor companies and these companies would gradually be privatized. A special purpose entity would also be created for the purpose of procuring electricity from successor generation companies as well as the IPPs.

In the second, medium-term, phase, the privatization of the successor generation and distribution companies would have largely been completed, while the successor transmission/dispatch company would be left under the control of the government. This phase is characterized by competition among generators, by energy trading between generators and distributors, primarily on the basis of bilateral contracts.

The final, long-term, phase involves the establishment of a wholly competitive market, characterized by economic pricing of electricity that would allow for recovering full cost of supply electricity. 

4.  Methodology and Model

The restructuring of a network utility, such as electricity industry requires a fundamental rethinking of the way in which the sector is operated and regulated. The basic idea is to introduce competition in those market segments where it is viable, that is generation and to introduce (better) regulation in the branches, especially the transmission and distribution segments, where competition is not viable. Accordingly, our model in this section recognises competitive/deregulated market. In the deregulated market, a partial general equilibrium model is employed in the style of Cournot game to explain the strategic behaviour among the generators.

It is helpful to point out that partial general equilibrium employed in this study is an integral part of the computable general equilibrium (CGE) model. CGE models represent the most useful computational version of the model underlining structural adjustment policy. Over the last few decades they have been applied with increasing frequency to problems of structural adjustment including sectoral reforms, like the electricity sector, and have become standard tool of both academic researchers and developing country policymaking units (Robinson, 1989). Of particular importance are the strong links that CGE models have with basic economic theory. Essentially, CGE models work by simulating the interaction of various economic actors across markets on optimisation derived from micro economic theory, and the model is fully closed in that the supply and demand sides of all markets are specified. This close relationship between general equilibrium theory and CGE models encourages the modeler to move back and front between theory and application.

 Basically, partial general equilibrium model is a simulation model. The first step in a simulation analysis is to replicate the initial base solution. This is called the benchmark equilibrium. It assumes implicitly that the sector is at equilibrium in the base year. The second step involves a change in a policy variable of interest. The vector of equilibrium values for endogenous variable resulting from a change in the value of exogenenous variable or parameters is then compared with their corresponding benchmark levels. The percentage deviations from the benchmark equilibrium represent the sector’s reactions to the policy change. This is the basis of the so called counter factual policy analysis (Devarajan and Lewis, 1991; Bayar, 2006;  ).

The numerical solution of this model requires a non-linear equation solution algorithm. The study made use of a solution algorithm called General Algebraic Modeling System (GAMS) which is capable of solving both linear and non-linear programming optimisation problems. 

Model Specification

The main functions/equations that constitute the model relate to price, average cost (which incorporate increasing returns to scale), constant elasticity of substitution production function, total cost function, demand function and factor demand/supply.

Price Function/Equation

The price specified here is derived from the well-known Lerner equation. It symbolises the relation between the price of a commodity, its marginal cost and price elasticity of demand. The equation is specified below.
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  = marginal cost;

· = price elasticity of demand.

The price elasticity of demand is calibrated within the model based on the data on marginal cost and average cost while assuming that average cost is equal to price. In the model simulation, price (PQ) is an endogenous variable while price elasticity of demand is a parameter.  

Average Cost Function

Average cost of electricity production using either hydro or thermal technology is specified such that it incorporates elements of increasing returns to scale. It can be seen in the expression below that as output increases, the average cost of electricity will fall given the assumption with respect to marginal cost.
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where,   i = technology (hydro or thermal)

AC = Average cost of producing electricity using technology i;


MC = Marginal cost of producing electricity using technology i


FC = Fixed cost of producing electricity using technology i


Q = Output (electricity) of technology i

The bar on FC implies that it is fixed. The value of fixed cost is first calibrated from the available information on production data (marginal cost, output and average cost) before it is introduced in the average cost equation.

Production Function

The underlying production function under each technology is Constant Elasticity of Substitution (CES). This is more appropriate than the Cobb-Douglas production function with its restrictive elasticity of substitution. The CES production function is specified below.
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where Q
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 = output in mega watt of electricity produced using technology i
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 = shift parameter in technology i
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 = labour input in technology i
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 = capital input in technology i


(  = CES share parameter in technology i


e = CES exponent or elasticity of substitution parameter in technology i.
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An electricity producing firm can also produce by employing two technologies simultaneously. It is expected that the firm will intensify the use of one technology and reduce that of the other depending on the relative average cost of production. The production problem facing the firm is specified as follows:
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Where 
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 is composite electricity produced, that is, electricity from employing hydro and thermal at the same time. We set up a Lagrangean function to incorporate both the objective function and the constraint as follows:
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We obtain the first order conditions as follows:
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By rearranging equations (5) and (6) we have:
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Dividing equation (7) by equation (8), we have
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By simplifying equation (10) we have
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This implies that the quantity of electricity produced from either the thermal or hydro technology will depend in part on the relative average cost of production under the two technologies. It will also depend on the elasticity of substitution 
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Factor Demand Function

It is assumed that only labour and capital are the main inputs needed in the production of electricity either under hydro or thermal technology. Capital input is composed of those inputs besides labour. The factor demand problem facing the firm can be stated as follows:

Max 
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We set up a Lagrangean function for the problem as follows:
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Taking the first partial derivative and equating to zero, we have
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Dividing equation (14) by equation (13), leads to
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  By rewriting the expression in equation (15) we have 
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Eliminating the share parameters from the left hand side, we have
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Eliminating the power in the left-hand side, leads to 
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or
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Equation (18) or (19) implies that factor demand, say, for labour or capital under each technology will depend on the relative price of factors. In addition, it will also depend on elasticity of substitution and the relative shares of the factors in the production of electricity.

Total Cost Function

This function is expressed as the product of average cost and the quantity (mega watt) of electricity produced.  
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Where TC = total cost of production under hydro or thermal, or combination of both technologies.

Household/industrial Demand Function

It is assumed that whatever is produced is sold out to both household and industrial users of electricity. The equation describing this relationship between production and consumption of electricity is presented below. It follows Kemfert, Lise and Ostling (2003) in their work on the European electricity market. The demand function closes the model.
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Where    Q = electricity produced either by hydro or thermal or a combination of hydro                                    and thermal.

 D = reference demand for electricity which is obtained through calibration 

                   based on the data on Q, PQ, PF and  (.


PF = reference price for electricity, which in this study is assumed to be      

                       government mandated price per kilo watt of electricity;


PQ = price that clears the electricity market.

Factor Requirements in Electricity Sector and the Aggregate Supply of Factors

It is assumed that as output increases in the electricity sector, the factor requirements/demand will still be lower than the national supply of the factors. Since the prices of labour and capital are given, the following equations describe the closure of the model with respect to the factor market.
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Where i = technology of producing electricity, which in this study ranges from 1 to 2 

                    (Hydro and thermal);


KS = national supply of capital inputs;


LS = national supply of labour inputs.  

In the analysis of market structure, the model was solved initially in order to make sure that it exactly replicates the benchmark data. All subsequent runs of the model were then compared with the original equilibrium.

Assumptions of the Partial General Equilibrium Model.

First, the model is based on the Cournot Nash equilibrium assumptions about market structure which computed the market outcome in terms of quantities and price. Second, only two technologies are deployed in the process of producing electricity in Nigeria. These technologies are thermal and hydro. Third, two production processes are equally assumed. One is based on single technology in which a firm can either employ hydro or thermal for producing electricity. The second is a mixed technology involving a blend of both hydro and thermal. Increasing returns to scale is assumed in each production plant.

Fourth, a Constant Elasticity of Substitution (CES) production function is assumed in each technology. Each technology involves the deployment of labour and capital.  These factors of production are bought in a perfectly competitive market where the prices cannot be influenced. Each electricity producing firm is assumed to constitute an insignificant player in the capital and labour markets. Fifth, labour and capital constitute the main component of marginal cost and since their prices are given, marginal cost is also given. Sixth, output of the two production technologies is fed into the national grid. Capital is immobile across plant or technology (see Islam, 1999) but labour is mobile.

Eighth, reference demand for electricity is calibrated based on current output level, current reference price (government determined) and price that clears the market (see Kemfert, Lise, and Ostling, (2003) and Kemfert and Tio, (2000)). Ninth, objective function is cost minimization while demand function closes the model. Demand is equal to supply since there is no inventory.

Data Sources

The research made use of secondary data. Year 2002 was used as benchmark.  The choice of the base year was informed by the relatively availability of data. The sources of data are: the Corporate Annual Report and Accounts of NEPA (2002), the NEPA Generation Report (2002) and the publications from the ministry of Power and Steel, the Annual Reports and Account of CBN 1970 to date the Statistical Bulletin of FOS 1970 to date and Annual Abstract of Statistics of FOS 1970 to date.  However, data gaps are filled with other secondary sources such as, the World Development Indicators (2005) and World Bank Discussion Paper (2002)

5.  Result of the Model
We considered a single technology reflecting the present disposition of the Electric Power Sector Reform Act 2005. Under this case, there are six generating companies using either hydro or gas. The base year solution and the various scenarios were obtained using GAMS. The model was initially run as a one person game. The GAMS solution replicated the baseline data for the year 2002, thus confirming the validity of our model for simulation. The result showed that as a monopoly, the price that cleared the market was N11.60 per kilo watt hour as against N7 per kilo watt hour ceiling price set by the government.  This is an obvious signal of inappropriate pricing.

It was equally found that as the number of players increased, the price that cleared the market declined continuously up to the seventh firm. For instance, as a two-person game, the price that cleared the market for firm using hydro was N3.69 per kilo watt hour while for a firm employing thermal (gas based) it was N6.22 per kilo watt hour. By the time the number of firms increased to seven, the prices fell to N2.66 per kilo watt hour and N4.45 per kilo watt hour respectively for hydro and thermal (gas based) firms. This picture is vividly captured in Table 1.

Table 1: Partial General Equilibrium Analysis of Electric Generation in Nigeria; 

	Number of firms
	      1
	       2
	      3
	      4
	      5
	      6
	      7

	Price of Hydro

 (NKwh)

Price of Gas (NKwh)
	11.60
	3.692

6.222
	3.130

5.250


	2.909

4.870


	2.791

4.667


	2.717

4.541
	2.667

4.455

	% Change in price of Hydro

% Change in price of Gas
	
	
	0.152

0.155
	0.07

0.07
	0.040

0.041
	0.026

0.025
	0.018

0.018

	Composite output (MW)
	2,500
	11,083.333
	19,666.667
	28,250.
	36,833.333


	45,416.667
	54,000



	% Change in Output
	
	343.32
	0.774
	0.436
	0.309
	0.233
	0.189

	Output (MW) of Hydro

Output of Gas


	1,000

1,500


	4,333.333

6,750
	7,666.667

12,000
	11,000

17,250
	14,333.333

22,500


	17,666.667

27,750


	21,000

33,000


Source: Computations from model simulations 

Beyond seven firms, the model becomes infeasible as the difference between marginal cost and price becomes so small to permit entry of additional firm.  

By the same token, as the number of operators increased, the composite output correspondingly increased. From the production output of 2,500MW as a monopoly, the composite output has steadily increased to 54,000MW following the entry of seventh firm, using either hydro or gas. This trend is also depicted in Table 1.

From Table 1, the relative importance of either hydro or thermal (gas based) in the production process of electricity in Nigeria can be observed. In particular, it shows that gas based electricity production will be more relevant. This derives usually from the initial conditions of electricity production in Nigeria, and given the abundant gas supply in Nigeria, one can safely conclude that gas based electricity holds the key to increasing electricity supply in Nigeria in the immediate future.

6.  Conclusion

Although the Electric Power Sector Reform Act 2005 has proposed six generating companies together with unspecified number of independent power producers, this study has shown that fourteen firms – seven hydro based and seven gas based are feasible and ideal.  This study has also shown that a considerable market potential exists in the generation segment of the electricity industry in Nigeria which foreign and local entrepreneurs can fill. Presently, the country generates below 3000MW whereas we can generate up to 54000MW. The application of computable partial equilibrium model as the major tool of analysis is also a notable contribution to knowledge. To the best of my knowledge, this is the first study that has made use of this tool in analyzing the electricity industry in Nigeria. It appears that the study has not considered the situation where a firm generates electricity through many sources – thermal, hydro or solar. Hence, the need for appropriate generation mixed in the production of electricity in Nigeria which further study should look into. 
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