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 THE ROLE OF FUEL TYPE ON THE RESIDENTIAL PRICE OF ELECTRICITY: A PANEL APPROACH TO THE ENERGY POLICY ACT OF 2005
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Overview
The Energy Policy Act of 2005 provided incentives for all sectors of the energy industry, particularly to those in the nuclear, coal, and ethanol sectors. With regards to electricity, it provided incentives for the development of renewable and clean energy and exempted the fossil fuel companies from certain environmental standards. This paper uses panel data from the years 2004-2007 to determine the effect, if any, of the policy on residential electricity price while accounting for the fuel composition of the electricity generation mix. It finds that there was a significant increase in the price level after 2005, and determines the price effect of different generation technologies. 
Methods
The theoretical framework uses the residential electricity demand and price equations set forth in Halvorsen (1975). He specifies general residential electricitydemand as:
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where Pm is the marginal price of electricity, W is a vector of all other relevant variables (such as income), and u serves as a disturbance term. Similarly, he defines price as:
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where Z is a vector of exogenous variables that define the shape of the rate schedule (such as the supply or composition of electricity) and v is a disturbance term. 
The second equation is the equation of interest in this paper, with electricity generation included in Z. This paper argues that it is possible to include the aggregate generation from different fuel types to account for their composition of the electricity market, as the price of each fuel is intrinsic in these. As the electricity industry has a somewhat continuous stream of generation, the amount of generation corresponds directly to the amount of electricity consumed. Included in Q are factors controlling for demand, such as income and consumption data. These variables are necessary for the model to maintain its economic interpretation and value. Residential sales data is suitable to account for consumption and also takes into account the relative population and demand for each state. In controlling for fuel type and time, it is possible to estimate the immediate changes which resulted from the Energy Act of 2005, if any. The hypothesis is that increased generation from certain fuel types increases the residential price, while other types, such as hydropower, have a negative effect. 
The empirical model defined in the paper is as follows:
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where Pi,t is the average price of residential electricity in state i in year t, Qi,t is the total residential sales of electricity in state i in year t,  Ii,t is the median household income in state i in year t, Gj,i,t is the total electricity generation from fuel type j in state i in year t, (where j = 1) coal; 2) natural gas; 3) petroleum; 4) nuclear; 5) hydropower; 6) wind), Tt is an indicator variable for each cross-section from 2005 to 2007 (using 2004 as the base year Tt), ai,t is the  fixed effect (factors not varying over time), and ui,t  is idiosyncratic error. Several estimation techniques were performed on the model, among them ordinary least squares (OLS), random effects (RE), fixed effects (FE), and the use of  Newey-West (NW) estimators. 

Results
In general, the model meets the expectations set forth and provides some interesting results. While the model exhibits heteroskedasticity and, to a greater degree, serial correlation, the NW estimation helps to correct these problems while incorporating an AR(1) component. This is perhaps the most robust method, although it does not account for the time-constant factors of the FE method. 
The general findings among the different estimation techniques suggest that there was, in fact, a residential electricity price increase after 2005, as well as an effect caused by changes to the composition of electricity generation. The insignificance of the 2005 variable in several of the estimations indicates that prices for 2005 were not statistically different from those in the base year, 2004. Moreover, the fact that 2006 and 2007 are significant (and positive) indicates that there exist price increases after 2005 that are statistically different from previous levels. 

Most notable for the generation variables is the effect of natural gas, which is the only generation variable which is significant for each estimation. Other important generation variables are coal, nuclear, and hydropower; however, these variables do not maintain their significance in the both the AR(1) and FE estimations. As anticipated, coal and hydropower are both found to have a negative effect on price and both natural gas and nuclear yield a positive one. Wind has no effect in any of the estimations and petroleum falls out of many of the corrected methods.  

Conclusions

While it may be difficult to directly attribute these effects to the Energy Policy Act of 2005, there is reason to believe that price effects occurred starting in 2006. One important implication to recognize is the lack of effect on price from wind generation (though the coefficient is, surprisingly, negative). Also, it is widely known that there was an increase in the price of natural gas in 2006, which may bias the results of this study. 
The limitations of this study are perhaps best illustrated by the use of an AR(1) model, in which the lagged dependent variable is extremely significant and increases the fit to 97%. This suggests that the price in the previous period has a dramatic impact on the price in the current period, more so than the factors accounted for by this model. This is, however, partially made up for in the NW estimation as it includes an AR(1) component as well. Future work stemming from this research should include a great deal more time periods and placing less focus on the policy itself would give perhaps a more generalized result for the effects of the different fuel types. A more thourough analysis would present a market model which uses two-stage least squares to estimate both supply and demand. This analysis, however, is a potential first step in that direction. Lastly, because electric utilities are heavily regulated, the assumption that the residential price of electricity is determined by the market is problematic.   
References

Diabi, Ali (1998), “The Demand for Electric Energy in Saudi Arabia: An Empirical Investigation.” OPEC Review, Vol. 22 Issue 1, pp. 13-29.

Halvorsen, Robert (1975), “Residential Demand for Electric Energy.” Review of Economics and Statistics, Vol. 57 Issue 1, pp. 12-18. 

Nakajima, Tadahiro, and Shigeyuki Hamori (2010), “Change in consumer sensitivity to electricity prices in response to retail deregulation: A panel empirical analysis of the residential demand for electricity in the United States.” Energy Policy, Vol. 38 Issue 5, pp. 2470-2476. 

Tauchman, H. (2006), “Firing the Furnace? An econometric analysis of utilities’ fuel choice.” Energy Policy, Vol. 34 Issue 18, pp. 3898-3909.

Wilder, Ronald P. and John F. Willenborg (1975), “Residential Demand for Electricity: A consumer panel approach.” Southern Economic Journal, Vol. 42 Issue 2, pp. 212-117.


































