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Overview
For the past five decades, statistics from the Energy Information Administration reveal an upward trend in electricity demand in the U.S. The increase in electricity demand encourages electric service providers to implement and maintain up-to-date technologies in their power plants. However, increasing electricity production, ceteris paribus, increases operational cost at power plants. Consequently, power plants constantly aim to ensure electricity demands are met, while keeping cost at a minimum. Using data from 2001 to 2012, this paper has two objectives: (i) to uncover how efficient1 power plants are in minimizing cost and (ii) to determine the factors influencing productivity changes in power plants. I define productivity change as the rate of change in cost over time due to several factors.

Compared to previous studies (Kleit and Terrell, 2001; Maloney, 2001; Hiebert, 2002), a unique feature of this paper is that I separate overall efficiency into time-varying efficiency and time-invariant efficiency (the latter is hereafter referred to as persistent efficiency). The separation of these two components is important because I am using panel data. With panel data, the (implicit) assumption is that efficiency always changes over time. This assumption could be misleading because a power plant’s efficiency are oftentimes influenced by exogenous factors that do not change over time. Colombi et al. (2011) supports this claim by arguing that utlities can improve parts of their inefficiency, while other sources (such as rigidities in a plant’s asset structure and production process) of inefficiency will remain persistent over time. Another appealing feature of this paper is I separate plant-effects from efficiency. Failure to account for plant-effects could bias the efficiency estimates.

[bookmark: _GoBack]To decompose overall efficiency and obtain productivity changes and its components, I express the parameters for output and input prices in the cost function as a function of time trend. The flexibility of this specification allows me to obtain observation-specific coefficient estimates. Thus, I am able to calculate returns to scale, input price elasticity,
and output elasticity (marginal cost) for each plant and at every period. To ensure the estimates are consistent with economic theory, I apply the constrained weighted bootstrap technique proposed by Du et al. (2013). This specification also allows me to examine the temporal behavior of these productivity measures. I express the intercept as a function of time and power plant effects to obtain more precise efficiency measures.

The remainder of the paper proceeds as follows. Section 2 provides a brief summary of the relevant literature. Section 3 describes how I obtain the efficiency and productivity measures. Section 4 details the data sources and the variables I use to estimate the model. Section 5 provides the results, while concluding remarks are in section 6.

Methods
Constrained weighted bootstrap and semiparametric smooth coefficient techniques.

Results
I find evidence of increasing returns to scale, indicating the presence of scale economies. In general, power plants are quite efficient in minimizing their costs, with most power plants having efficiency scores greater than 0.8. There is technical progress as well as a fall in inefficiency for most power plants over the sample period. These factors point to productivity growth for most power plants. Similar to several studies in the literature, the results reveal technical change has the largest effect on the rate of change in cost.


Conclusions

Inefficiency is costly to power plants because the same level of electricity can be produced at a lower cost. This is interesting from a policy perspective because inefficiency is eventually translated into higher electricity rates for consumers. Although many power plants are in operation for a number of years, there exist productivity differences among them. Quantifying the components that determine these differences could inform public policy aimed at improving productivity.
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