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Overview
Retirements of coal-fired electric generating capacity have become an increasing concern for policy makers in US electricity markets. Though coal capacity retirements have occurred regularly over the last 20 years, most retirements were small and had little impact on total coal-fired capacity. Coal capacity retirements have accelerated in the past three years, however. Between 2011 and 2013, a total of almost 20 gigawatts of coal-fired capacity was retired, representing nearly 6 percent of the total capacity in that period. The US Energy Information Administration projects that by 2020 another 50 gigawatts of coal-fired capacity could be retired, representing about 15 percent of the total coal-fired capacity in operation as of the end of 2013 (EIA, 2014). A number of researchers have examined this issue, largely with econometric simulation models, and have been concerned that these capacity retirements could have adverse effects on the reliability of the electric grid (see for example Burtraw, Palmer, Paul, Beasley, & Woerman, 2013; Danish, Smith, & Gregg, 2011; Fleischman, Cleetus, Deyette, Clemmer, & Frenkel, 2013). Despite these concerns, there exists little empirical literature examining the drivers of coal-fired capacity retirements. 
This paper examines several potential drivers of coal capacity retirements to estimate which are most prominent empirically, with a particular focus on renewable penetration on a NERC region level. My contributions to the literature in this paper are threefold. First there is little if any direct empirical examination of coal capacity retirements. Much of the existing literature employs econometric simulation models to predict potential retirements in the future, however they do not attempt to explain coal retirements in the existing data. Second, I use a dataset with a high level of disaggregation that allows an examination of retirements at the sub-plant level. This allows for a particular focus on coal capacity, instead of including all generation at a particular plant. Lastly, the issue of whether renewable penetration is a driver of coal-plant retirements has not been previously examined in the literature.
Methods
Power plant retirements can be viewed as the culmination of the lifecycle of a power plant. For this study, I specify a discrete time duration model that measures the length of time until retirement, conditional on plant-level factors. A duration model is typically defined using a hazard function, which measures the probability of leaving an initial state. In this paper, the initial state is the operation of the power plant, and the hazard is the probability of retirement. In the typical duration model, the data is assumed to be cross-sectional with the duration of the observation measured as a continuous variable over a relatively short period of time (Wooldridge, 2002). Covariates are thus static relative to the observed duration of the dependent variable. However, the data used in this study pose additional complications, because they are measured on a yearly basis, and thus it is debatable that the measurement can approximate continuous time. In order to account for these deviations from the standard duration model, I instead estimate a discrete time duration model.
Following Allison (1982), I define a discrete time hazard function as follows:
	
	(1)


Under this formulation,  is a random variable giving the time when the retirement occurs, and  is the probability of plant i to retire in time period t, conditional on  being after or equal to the current time period, and other covariates (). As Allison indicates, the log likelihood function for this estimation can be defined as a function of the hazard function, which is equivalent in form to the log-likelihood function for dichotomous dependent variables. Thus discrete-time duration models can be estimated using binary-choice methods with each observation in the panel treated as a separate indicator of the survival of the observed individual plant in that given time period. I choose to follow existing literature and use a logit specification for this estimation as follows:
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The observed dependent variable () is the retirement of the PMU, expressed as the indicator variable RETIRED, which takes on a value of 1 if any of the capacity in a particular PMU is retired in that year, and zero if all of the capacity in the PMU is still in operation. My primary independent variable for this study is the percentage of renewable energy within each region of the North American Electric Reliability Corporation (NERC) where the PMU is located (NERCRENSHARE). I am also interested in the impact of federal regulations on mercury emsisions, known as Mercury and Air Toxics Standards (MATS). I include an indicator variable that equals one in the years since MATS has been finalized. I also interact this variable with an indicator for whether the plant has scrubbing equipment that can be used as a compliance strategy for mercury mitigation (MERCCOMP).
Results
I find that the drivers of coal plant retirements are multi-faceted, stemming from changes in federal environmental policy as well as variation in the price of competing fuels. I find mixed results for the effect on coal plant retirements of the renewable share in that plant’s NERC region. Depending on the model specification, the marginal effect of NERCRENSHARE is not significantly different from zero when the MATS rules are accounted for directly. However, in other specifications the marginal effect of NERCRENSHARE is positive and significant, and alternatively significant and negatively associated with the hazard rate for retirement. In both models that explicitly account for the MATS rules, the presence of the MATS regulation increases the hazard rate for plant retirement. And mercury compliance (MERCCOMP) has a significant negative association with plant retirements in all model specifications.
Conclusions
The results above provide evidence that the drivers of coal-fired power plant retirements are multi-faceted. In some models, increases in the relative price between natural gas and coal have a significant impact on plant retirements. Federal MATS rules also appear to have a significant role in coal-plant retirements. In both models where MATS is controlled for explicitly, the presence of these regulations increases the likelihood of plant retirement by 7 percent. Mercury compliance (MERCCOMP) also plays a significant role in reducing coal-plant retirements in all model specifications. Plants with mercury-compliant scrubbing technologies are between 2 and 6 percent less likely to retire than other coal plants. This holds true both individually and in interaction with MATS rules.
[bookmark: _GoBack]My preferred results indicate a somewhat counterintuitive result for the effect of renewable share on plant retirements. The marginal effect of NERCRENSHARE can be interpreted as stating that an increase in the share of renewable generation would lead to a decrease in the hazard rate for coal-fired power plant retirements. The magnitude of this change is relatively small; an increase in the share of generation from renewables of 10 percentage points would reduce the probability of coal plant retirement by between 1.2 and 1.4 percent. Yet these findings provide evidence for the conclusion that renewables are not displacing coal-fired generation, and may in fact be enhancing it.
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