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Overview

The Renewable Portfolio Standard has become a prevalent state-level policy mechanism for the development of renewable energy in the United States. However, the political objectives of the RPS extend beyond simply increasing the amount of renewable electricity and include environmental benefits, price stability, energy security, and economic development (Holt and Wiser 2007). Achieving many of these secondary objectives relies on the RPS-induced displacement of fossil fuels. However, depending on the type of fossil fuel that is displaced (coal or natural gas) the ability to achieve these objectives varies. For example, coal contributes significantly more to air pollution and greenhouse gas emissions compared to natural gas. If natural gas is displaced rather than coal, the environmental benefits of adopting an RPS policy are much smaller. Understanding the effect of an RPS policy on the composition of a state’s energy portfolio should prove informative to policymakers. 

Determining whether natural gas or coal is displaced is fairly ambiguous ex ante. Many believe that natural gas will be displaced because it is often the marginal fuel in terms of price and because it is predominantly used in peaking power plants which can be switched on and off quickly in response to changes in load. However, dispatchability also makes natural gas a natural complement to the intermittency of renewable energy sources potentially limited its displacement. Coal is used in thermal power plants which require long periods of time to ramp up and down, suggesting that coal would not be displaced. However, many regions rely on coal for intermediate- as well as base-load, suggesting that coal may be displaced as renewables come onto the grid. This research attempts to empirically evaluate the relationship between an RPS policy and the composition of a state’s energy portfolio, specifically, the development of renewable energy and the corresponding displacement of fossil fuels. 

Methods

This study compiles individual variables from a variety of public sources to create a panel dataset for the 50 U.S. states between the years of 1998 and 2009. This time period covers the adoption and implementation of RPS policies in 25 states. The primary specification models the change in renewable generation in the electric power industry conditional on the RPS policy, electricity market characteristics, political and environmental attitudes, socioeconomic characteristics, and state and year fixed effects. Additional models consider the interstate transfer of electricity as well as the role of Renewable Energy Credit markets on the development of renewable energy by the electric power sector as a whole, as well as by Independent Power Producers (IPPs) and electric utilities separately. The second objective of this study is to empirically identify whether fossil fuels are being displaced, and if they are, which type of fossil fuel (coal or natural gas) is being displaced. I estimate a model similar to the previous where the dependent variable is either total electricity generation using natural gas or coal. Again I study the fuel displacement effect on IPPs and electric utilities separately when considering how displacement varies with the state’s dependence on fossil fuels. 

The empirical analysis presented in this study assumes that all policies, including the RPS, are exogenous. This is a strong assumption which is unlikely to be true in practice. It is likely that there are unobserved factors that not only influences the composition of a state’s energy portfolio but are also correlated with the adoption of an RPS policy. While I have included state and year fixed effects, in addition to a number of covariates known to affect the adoption of the RPS policy (e.g. Lyon and Yin 2008) or renewable generation (e.g. Carley 2009), I acknowledge that endogeneity is still a concern in this research. Future work will explore the use of a control function approach.  

Results

Preliminary results establish a strong relationship between an RPS policy and the generation of electricity using renewable energy sources. I find that among RPS-states that rely heavily on imported electricity IPPs generate less electricity using renewable energy sources compared to states that are more energy self-sufficient. Big importers likely face constrained transmission grids, limiting IPPs ability to develop in-state resources suggesting that the economic and environmental benefits of an RPS policy will be smaller compared to states that are more energy self-sufficient. I also find that electric utilities in an RPS-state generate more electricity using renewable energy sources as the amount of wind resources in the surrounding REC region become increasingly developed. This suggests that as wind REC markets continue to grow electric utilities are developing renewable energy sources. This is somewhat contrary to a common perception that as REC markets develop states may simply rely on out-of-state RECs to satisfy RPS mandates. There are a variety of reasons why this may not be the case including policy design features which favor in-state development and a trend of electric utilities beginning to develop renewable energy sources themselves (Wiser and Bolinger 2008).

Another important insight from this research is that the ability to achieve secondary political objectives varies with the type of fossil fuel that is displaced as renewable generation increases. Preliminary results reveal that a negative relationship exists between RPS-policy adoption and electricity generation using natural gas by IPPs only when the share of natural gas capacity is large. In other words, among states that are heavily reliant on natural gas, natural gas is being displaced. Research suggests that natural gas displacement will yield greater stability in electricity prices and potentially decrease electricity prices in the near-term (e.g. Kha 2009, Fischer and Newell 2008). Natural gas, however, is the most clean-burning fossil fuel and as a result the environmental benefits of an RPS policy are much smaller when natural gas is displaced relative to coal. My findings show no evidence of coal displacement even among those states relying most heavily on coal. This is not too surprising as coal is one of the cheapest energy sources making it an unlikely candidate for fuel displacement. 

Conclusions

Currently, twenty-eight states and the District of Columbia have an RPS policy, and several more have RPS goals. A national RPS has been considered twice. With the prevalence of the RPS policy it is important to understand the effects of these policies on the development of renewable energy and the displacement of fossil fuels. Previous empirical research has been fairly inconsistent in establishing a positive association between an RPS policy and the development of renewable energy. In addition, the treatment of REC markets, an important feature of the RPS policy, has been somewhat limited. This research contributes to the literature by conducting an empirical evaluation of the RPS policy in its effectiveness to increase renewable generation. 

The primary contribution of this research, however, is to empirically evaluate fossil fuel displacement. Understanding which types of fossil fuels are being displaced has considerable implications for the ability to achieve various political objectives associated with the adoption of an RPS policy. To my knowledge empirical research on fossil fuel displacement has been virtually non-existent even though fossil fuel displacement is the mechanism for achieving numerous objectives, such as environmental benefits, electricity price stability, and job growth. 
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