
MODELLING WELFARE LOSS IN IRANIAN ELECTRICITY MARKET
Ali Nazemi, University of Economic Sciences of Tehran, +9821-22919147, a_nazemi78@yahoo.com
Mehdi Mashayekhi, University of Economic Sciences of Tehran, +989212794528, mehdi65m@yahoo.com
Overview
Although the Iranian electricity market has had positive consequences, such as clarification and separation of costs of different sectors, provision of incentives for attracting private sectors’ investments and paving the way for privatization and the industry’s liberalization (Iran’s Grid Management Corporation’s Website), the economic discussions about a proper market design and architecture are in their infancy. Regardless of technical challenges in terms of infrastructure, transmission network constraints, generation shortage and market power problems, current discussion focuses on the market’s performance, degree of competition and market efficiency. The major challenge for the new problem arises from differences between the Iranian market’s design and other well-known markets’ designs in the world. Given these differences, the Iranian electricity market needs much more efforts and research studies to fulfil competition and achieve an efficient market in the new restructured circumstances. 
In general, competitive prices instead of regulated rates raise the potential for some firms to drive up market prices by exercising market power in the electricity market.  The main goal of this paper is modelling the actual welfare loss in the Iranian electricity market based on the economic and technical market’s characteristics in 2006, as an initial year of restructuring, and 2012.

Considering the fact that the main purpose of an electricity market is meeting power’s demand efficiently, finding causative factors in welfare loss could be informative for policy makers. 

There are many studies in the field of analyzing markets’ performance. One group of the studies makes use of structural indices to examine the market power (for example, Asgari and Monsef, 2010). The most well-known structural indices are Hirschman-Herfindahl Index (HHI) and Residual Supply Index (RSI). Another group of the studies use Behavioural Indices and Analysis in order to analyze markets’ performance (for example, Wolfram, 1999). The third group of the studies pertained to efficiencies in electricity markets is based on Simulation Models. These models deal with the comparison of competitive results of a benchmark with the actual behavior of producers. Competitive Benchmark Analysis, which has been used in this research, belongs to the last group. In this case, the actual behaviour of the players will be compared to the competitive, simulated behaviour (for example, Mansur 2007a).
In this paper, we have used an econometric evaluation in order to model welfare loss in the Iranian electricity market, as a pay-as-bid auction. We have found that speeding up the privatization process, removing the price cap, changing to a uniform-price auction and above all, putting a threshold on capacity of the market could be significant help to alleviate welfare loss in the market. Furthermore, we have been able to deduce that HHI and the market share ratio are not reliable for evaluating Iran’s electricity market.
Methods
In order to compile welfare loss in Iran’ electricity market, we have used the simulation model proposed by Mansur  (Mansur, 2007a). In this method, first the standard competitive curves, which are obtained from the marginal costs of the generators, are extracted. Then the curve of the strategic behaviour of the agencies is also extracted, and the market’s production inefficiencies are calculated accordingly. Wholesale electricity markets do not have allocation inefficiencies in the short run because derived demand is nearly completely inelastic. Therefore, the only short-run welfare effects in electricity markets stem from inefficient production. Strategic firms with asymmetric costs or firms with asymmetric strategies distort the production from the competitive equilibrium. The welfare loss is (at a minimum) the area between the strategic and competitive marginal cost curves (Mansur, 2007a). Based on this idea, we have calculated market’s production inefficiency in 2006 and 2012. Furthermore, we have used an econometric model for evaluating the relation between welfare loss and its possible, causative factors for both 2006 and 2012. The regression model is as follows:
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Equation 1
The dependent variable is welfare loss in peak periods. The largest producer is the market-share ratio of the biggest producer, Tehran, in peak periods. The second explanatory variable is the capacity of production of Iran’s electricity market in the peak periods. The next variable is the demand for power in Iran’ electricity market in the peak periods. HHI is Herfindahl-Hirscman Index for peak hours. AR is the dependent variable with one lag. All data have been gathered from Iran’s Grid Management Company (IGMCO) and TAVANIR (Iran’s Power Generation and Distribution Company). Total hourly demand and generation output data have been taken from IGMC (Dispatching Report, 2006 to 2012). The output of all power plants for each hour has also been taken from these data. In order to estimate marginal costs, the heat rate for each thermal power plant has been taken from TAVANIR (TAVANIR, 2013). Furthermore, we have used Iran’s Power Plants Technical and Economic Information report to obtain variable operating and maintenance costs. All thermal power plants in Iran’s electricity market are fuelled by natural gas, gas oil and crude oil. For the studied periods, we have used the average fuel prices delivered to each power plant. It is worthy of note that all generators in Iran receive heavily subsidized fuel prices. Therefore, there is not a high variation in fuel prices.
Results
Observations used in the estimation include 363 periods for peak hours in 2006 and 366 periods for peak hours in 2012. Table 1 indicates the estimation results. All elasticities are significant. As it is shown, HHI and demand elasticities of welfare loss are negative in both years. Conversely, the other elasticities are positive. 

Table 1, Estimation Results
	Estimation Results

	2006
	2012

	
	Coefficient
	Std. Error
	probability
	R2
	Coefficient
	Std. Error
	probability
	R2

	Intercept(α)
	252.4993
	25.87584
	0
	0.55353
	1.026903
	5.046885
	0.8389
	0.801

	Log(hhi)
	-25.91582
	2.75547
	0
	
	-3.024337
	0.486876
	0
	

	Log(largestproducer)
	13.58622
	2.318887
	0
	
	1.131676
	0.417827
	0.0071
	

	Log(capacity)
	11.58684
	1.020435
	0
	
	4.781056
	0.334292
	0
	

	Log(demand)
	-15.40582
	1.46141
	0
	
	-0.949645
	0.171157
	0
	

	AR(1)
	0.52391
	0.047659
	0
	
	0.536785
	0.039363
	0
	


Source: Calculations

Conclusions
The Iranian electricity market has some important characteristics, in which the solutions to welfare loss might underlie. Based on the results, as demand increases and available supply decreases, strategic behavior of players decreases. Basically, the shortage of a supply threshold and the tight price cap in this market guarantee high prices in peak hours while in hours with lower demand should be more incentives to behave strategically and exercise market power. Therefore, the most important results of the model are as follows: 

· The simulation model exhibits the market power exertion by the players. 

· The inefficiency of the production sector in the Iranian power market annually imposes, at least, a cost of 1,164,852 billion Rails on the Iranian economy. This number is minimum since our calculations are limited to peak hours, in which welfare loss is minimum.
· The strategic behaviour of the players in the power market increases with an increase in the savings of the market and in hours with relatively lower demand because the demand elasticities of welfare loss are negative in both 2006 and 2012.
· In spite of the fact that based on the structural indices, the Iranian power market does not have a high potential for non-competitive behaviour, the simulation model shows that the generators in the Iranian market show strategic behaviour. 

· The most important reason for this production inefficiency in the market is the urgent shortage of supply threshold in this market rather than the extent of concentration in the industry. The excessive capacity in hours with lower demand in the market gives opportunities to strategic firms to distort the production to this excessive capacity.
· Changing to a uniform-price auction, removing the price cap and speeding up the process of privatization could mitigate welfare loss in the market.
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