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Overview

Proper assessment of electricity policies, potential new generation units, and potential expansions of the power transmission system requires prediction of their system-wide and long-term effects.  The SuperOPF Planning Tool is an integrated new economic, engineering, and environmental model for the electric power system developed with support from the US Department of Energy and from industry.  We plan to make it freely available and open source in the future.  This model uses new methods, described below, to predict the short- and long-term effects of policies, investments, input prices, and behaviors on key variables such as power prices, the total cost of power, the use of each fuel type, emissions, estimated health effects by county, and the profitability of generation units.  We describe the model and a set of sample findings selected for the USAEE membership.  The modeling approach and the generalizable policy lessons from its use apply globally.  Specific applications have regional and local applicability.
Methods

To forecast short-term effects of a policy or investment, the model predicts the operation of the power system in the presence of the policy or investment by optimizing the output of each generation unit, just as a system operator does.  To forecast long-term effects, the model uses an expanded version of that optimization problem that predicts the construction and retirement of generators along with the operation of the power system.  The model can incorporate a detailed and realistic model of the power grid, with thousands of nodes, thousands of generation units, and tens of thousands of operating constraints.  This realism is important because the flows in a power grid do not just follow the shortest or most under-utilized route from where power is generated to where it is consumed, but instead flow along all connected lines, including ones that may already be congested, in accordance with laws of physics known as Kirchoff’s Laws.  Our model also couples an electrical network model with an air pollution transport model, such that the health effects of a generation unit’s emissions depend on its location.  This allows for estimation of the health effects associated with policies and investments.
The software that implements the model can be applied to a representation of any power grid.  Our grid representation includes detailed information about the utility-scale generation units in the US and Canada, assembled from thirteen sources.
The need for a model with all of these new capabilities has recently increased as a result of an order by the US Federal Energy Regulatory Commission (FERC, 2011) that requires potential grid expansions to be compared with generation, demand-side, and other transmission alternatives.
Results

We present two representative uses chosen for the USAEE membership.  First, we consider the effects in the eastern US, over the next 20 years, of two environmental policy options:  the Production Tax Credit for wind and solar power and a national cap-and-trade program on carbon dioxide emissions modelled on the recent US Kerry-Lieberman legislative proposal. For each policy, we report the predicted direct cost, health cost, carbon dioxide emissions, average electricity prices, and plant investment and retirement over twenty years.  We find that both policies have large effects on carbon dioxide emissions, in contrast with the US experiences so far with such policies.  The Production Tax Credit lowers wholesale electricity prices, while the cap-and-trade program raises them.
Second, we predict the effects of high versus moderate natural gas prices over the next 20 years.  Their largest effects would on the future prevalence of non-emitting versus new gas versus old gas units and, in the event of a CO2 cap-and-trade program or emission fee, on the price of electricity.
Conclusions

The SuperOPF Planning Tool can predict the short- and long-term effects of policies, new infrastructure, and prices.  These effects include the capital costs, fuel costs, health effects, carbon dioxide emissions, wholesale electricity prices, and generator retirement and construction.  The improvements of the model over conventional modelling include the use of a detailed underlying power grid, the inclusion of location-specific health effects of emissions, the prediction of future construction and retirement of generation units, and planned future free availability of the model.
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