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As we all know, generators are machines that convert fuel into electricity. By owning a generator, we can decide when to convert and when not to. Basically a generator is a spread option between fuel price and electricity price. We turn it on when the spread is higher than some threshold. In each period, we can also view the generator as a European call option on the electricity price in that period with the exercise price of the fuel cost plus operations cost in the same period. This article explains how the owner of the generators can utilize them optimally.

It is very common for many utilities to use their generators to supply their load. They have two operating policies in utilizing their generation assets. The first policy, called traditional policy, is to operate the generators only to generate electricity to meet the load. If there is no load, then do not generate. If there is a load, then generate to meet it. Operating under the traditional approach, the owners ignore the option value of their assets. 

The second policy, called merchant unit policy, is when there is excess capacity and the price is high enough, they consider sell the excess power to the market. When the power price is cheap enough, they might consider buying the power to supply their load instead of generating it. 

Let us start with the simplest example of one period and fixed fuel prices. In this case, we denote the cost for generating 500MW of power in that period by k, which is assumed to be fixed over time. Let the generation capacity and load are the same and equal to 500MW. The position diagram of the payoff to the owner as a function of the electricity spot price in that period is shown in the following figure.
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As in the put-call parity, the net position shown in figure 1 represents a put subtract by the generation cost k. That means when the electricity price is above k, we generate but when the electricity price is below k, we do not. The shade area is the extra profit the merchant operator gets above the traditional operator. This represents a put real option. Unlike the traditional approach, the merchant unit approach captures the value of this European put. 

As our power traders mentioned, when Enron manage a generator, we go beyond the merchant unit operating policy. We also buy and sell electricity future or forward contracts to hedge our position. For example, when the electricity forward price is q, if we buy a 500 MW forward contract, our new position diagram becomes as in the following figure.












We know that trading forward or future contracts does not affect our expected profit due to a non-arbitrage assumption that the current price of the future contract equals to the expected spot price at the settlement. If this assumption does not hold, i.e. normal backwardation or contango, then we can just take the arbitrage position in a separate book so that the price is moved until it matches with the expected settlement price.

From Figure 2, if we do not buy a forward contract, the expected payoff at the settlement is
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where F is the distribution function of the settlement price. The right hand side of the equation is in fact the expected payoff at the settlement if we buy the forward contract. Hence, both cases yield the same expected payoff. This is consistent with the argument that buying forward contract does not increase our portfolio expected profit.

In the case of buying future contract instead of forward contract, even though the mark-to-market accounting procedure generates cash flow before the settlement time, the expected total interest payment from the daily cash flow is still zero. Unlike buying forward contracts, buying future contracts gives an exposure to the interest rate risk and the random price path risk. 

Even though trading forward or future contracts does not affect our expected profit, it however, affects the probability distribution of the profit, i.e. our risk profile. The objective becomes calculating the optimal quantity of future/forward contracts to buy or sell to minimize our price risk. That is, we want to find the optimal hedge quantity. For this simple example, the optimal hedging quantity minimizing the variance of our portfolio is equal to 500MW times the basic European put delta, which can be calculated analytically. This quantity changes over time so we need to apply a rolling hedge policy--keep on updating our hedge position. 

Unfortunately, in a real situation, we have to consider random fuel prices, random load, as well as operating characteristics of generators such as minimum up and down time, start-up cost, and ramping constraints. In this case, a stochastic optimization generator dispatch program is needed to be used in order to calculate the optimal buying or selling amount of power in each period, as well as their distributions. The hedging quantity can be approximately calculated from those results. The Research group has developed a computer application, called pSim with Optimal Dispatch, to handle this task. Please contact chonawee.supatgiat@enron.com for installation.
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Figure 2: After buying an electricity forward contract, the put position changes to a call position.





Figure 1: When the owner of a generator needs to satisfy its customer’s load, he/she has a put position
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