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Overview

This paper applies the conceptual framework of Oum, Oren and Deng (2006) to hedge against price and quantity fluctuations in spot electricity markets. Both price and quantities are usually correlated and price hedging is insufficient to cover the risks faced by load-serving firms supplying regulated customers. By maximizing a static expected utility problem subject to plausible constraints, an infinite collection of derivatives (“exotic option”) emerges as the solution of both price and quantity hedging. This exotic option is approximated and calibrated with real data for the Colombian spot market. The approximation is designed as a portfolio composed by risk free bond, futures/forward contracts, 2 put and 3 call options with optimal strike prices, and it is applied to month-ahead and quarterly-ahead hedging during the peak hours. The approximation and time framework is carefully discussed from a market maker’s perspective. The proposal addresses major problems such as lack of liquidity and anonymity of the current bilateral trading scheme. The analysis could be easily extended to non-regulated customers and to power generators.

Methods

Oum, Oren and Deng (2006) address the hedging problem of a load serving entity, which provides electricity service at a regulated price in electricity markets with price and quantity risk. Exploiting the correlation between consumption volume and spot price of electricity, an optimal zero-cost hedging function characterized by payoff as a function of spot price is derived. Authors then illustrate how such a hedging strategy can be implemented through a portfolio of forward contracts and call and put options.

A cluster of representative retailers of the Colombian power market were chosen as a sample. Then, a power market data analysis was made to define retailers’ risk profile and its specific supply features. By following Oum, Oren and Deng (2006) approach it was found a continuous optimal hedging strategy for each retailer which was replicated with a portfolio composed by risk free bonds, futures contracts, 2 put and 3 call different financial options. Each of these approximation strategies has an implicit error. 
An algorithm was programmed to find a market optimal hedging strategy which considers each retailer’s optimal hedging function independently. This optimal market hedging function is then replicated with the portfolio defined above and the algorithm minimizes the approximation error by calculating optimal strike prices for the options in the portfolio.

Monte-Carlo simulations were used to assess the hedging strategy defined for each retailer.

Results

First, optimal price-quantity hedging functions were calculated for each retailer of the cluster chosen, which aggregates the 72% of the total demand of the Colombian wholesale electricity market.

Second, optimal strike prices for 2 put and 3 call options approximating the optimal market hedging function were found through a Newton-Raphson optimization procedure.
Third, Monte-Carlo simulations highlight the goodness of the theoretical price-quantity hedging strategy defined by Oum, Oren and Deng (2006) regarding the options’ optimal strike prices here proposed, compared to a single price hedging strategy and no hedging strategy at all. With the real data of the Colombian spot market, results demonstrate that under a price-quantity hedging strategy retailers’ profit dispersion is considerably reduced and retailers’ expected profits are increased, and also show that the strike prices optimization proposed does not favor any agent by giving the same hedging opportunities to each of them.
Figure 1 illustrates a particular example of the algorithm’s output for January of 2008. In Figure 1 (a) the LSE’s optimal payoff functions are shown, besides the optimal market one. This optimal market payoff function is then replicated in Figure 1 (b) using the portfolio mentioned earlier, with the replacing error presented in Figure 1 (c). In Figure 1 (d) the E1’s profit distribution comparison for different hedging strategies is shown, as a result of a Monte-Carlo simulation. It is noteworthy that the price-quantity hedging strategy allows E1 to achieve a higher expected value of its profit jointly with a lower variance of this profit than it could accomplish with just price hedge. This could be a great incentive for agent E1 to issue this kind of portfolio.
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Conclusions

Plain vanilla options were found to be an adequate financial instrument to overcome major problems such as lack of liquidity and anonymity of the current bilateral trading scheme in the Colombian wholesale power market.

The proposed algorithm allows defining financial options to offer price-quantity hedging to any retailer in the Colombian power market according to their own risk preferences. The methodology does not favor any kind of retailer: big or small in size, prone or averse to risk, etc.

In the near future, the analysis should be extended to power generators and to non-regulated customers in order to state final conclusions in the matter.
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