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Overview
[bookmark: _GoBack]California’s electricity market offers an excellent chance to study the impact of thermal power plant’s strategic and dynamic behavior on wholesale electricity prices, renewable electricity, and electricity sector emissions. California’s electricity markets are highly relevant to many regions across North America for two reasons.  First, while coal supplies a portion of California’s electricity, natural gas provides the majority of California’s in-state non-renewable electricity output (EIA, 2013a) making California an excellent mirror of potential future conditions of other regions of the grid. In other regions of North America, natural gas is projected to be the technology of choice for new capacity as natural gas prices continue to fall (EIA, 2013b). Expanded regulation such as the Mercury and Air Toxics Standards, the recently-proposed carbon efficiency constraint facing new coal plants and still to be determined proposed limits on existing coal plants (SNL, 2013) introduce regulatory uncertainty that may induce closure of existing coal plants and dampen new coal plant construction in other regions of the U.S. 
A second factor making California’s electricity markets highly relevant to many regions across North America is California’s aggressive renewable portfolio standard (RPS).  The RPS has resulted in significant in-state capacity of dispatchable renewables, but primarily intermittent renewables such as wind and solar. As of 2012, these sources provided 20% of load for the three main investor-owned utilities (CPUC, 2013) with the ratio set to expand as the RPS mandate increases. Thus, California’s thermal power operates with levels of hydropower and intermittent electricity similar to future conditions of other regions of the North American grid that also have RPS legislation.
Prior studies of the Californian ISO region have modeled power plant decisions at either large time-steps (Sueyoshi and Goto, 2013) or a hour-by-hour or firm-level “on/off” decision to either produce or not produce electricity (Wolak, 2003; Puller, 2007; Borenstein et al., 2008; Fowlie, 2009; Wolak, 2011). This has allowed many important questions to be answered that do not depend on across-hour decision making. An inspection of historical hourly operational decisions by power plants, however, shows that this static modeling approach does not always accurately represent behavior at the plant-fuel-by-tech-type level. Some plants operate at only partial capacity during some hours, making decisions across multiple hours based on operational efficiency, and the cost of ramping production up and down in response to a projected pattern across hours of wholesale electricity prices. They may, for instance, operate at a profit for some hours, followed by a loss during ensuing low-price hours when they can’t reduce output quickly. Suppressing this “across-hour” behavior when modeling power plant decisions hides interesting and topical dynamic strategic decisions that our research aims to uncover. 
In this paper we develop and estimate a structural econometric model of the dynamic hourly electricity production game in California.  To the authors’ knowledge, no research has investigated dynamic decision making of natural gas, renewable, coal, nuclear, hydro, and fringe plants together at an hourly level in the Western U.S. We plan to look for profit maximizing behaviour by some plants that might interfere with efficient operation of other technologies. We also look at the role expanded renewables will play in impacting plant efficiency and creating a need for additional capacity, demand side management and as-of-yet undeveloped utility-scale battery technology.
Estimating dynamic parameters also allows us to look at plant efficiency and emissions under current demand and supply scenarios. We will use our estimated parameters to simulate counterfactuals that enable us to look at alternatives with greater renewable penetration, expanded demand, bulk electricity storage, or low hydro production. Scenarios of low hydro production are in line with some projections of future climatic conditions (Garfin et al., 2013). These counterfactuals allow us to explore a range of alternative futures of the California ISO region.
Methods
We will develop and estimate a structural econometric model of the dynamic game between power plants in the California ISO region. Power plants strategically optimize both current and future production, conditional on a set of state variables and other producers’ decisions. 
We will estimate our model using historical data to obtain parameters related to hour-by-hour static and across-hour dynamic operational decisions. Our historical dataset runs from 2001 – 2013 giving us over a decade of hourly data. After estimating the parameters including cost parameters of ramping production up or down for coal power plants, we will use our estimated parameters to simulate counterfactuals to reach policy conclusions.
The methods we will use build upon previous work on developing and estimating dynamic games to model the investment timing decisions of offshore petroleum producers (Lin, forthcoming); the dynamic and strategic entry, exit, investment, and production decisions of ethanol producers (Lin and Yi, 2013a; Lin and Yi, 2013b; Yi, Lin and Thome, 2013) and the dynamic decisions of wind turbine owners to add, upgrade or shut down their wind turbines (Cook and Lin, 2013).
Results
The research is a work in progress. We have performed initial estimation of regressions for agent behaviour. Many initial results are as we would expect. These include inelastic demand; non-zero ramping time for natural gas, coal and nuclear power units; expected signs for plant output on electricity price and plant costs. We will perform counterfactual analysis within three broad categories: changes related to California’s RPS, changes induced by climate change and cap-and-trade legislation, and potential inefficiencies in interactions between technology types.
Conclusions
We expect some conclusions by the time of the conference. 
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