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Overview

When modelling electric power generation systems, a trade-off must be made between the complexity of the model and the accuracy of the results. Electric power systems are very complex, with hundreds of power plants each their own operating characteristics that have to be turned off and on and ramped up and down to meet the load at all times. Some studies choose to use a supply curve model, dispatching power plants with the lowest marginal cost in order to achieve a simpler implementation and faster run time.  However, these models ignore the real constraints facing power system, such as ramp rate limits and minimum up and down times, that can change what the answer is for the most economical way of operating or expanding the system.  The importance of including these constraints depends on the questions being addressed, and so in this work we examine a range of questions such as dispatch and unit commit, capacity expansion, and use of electric vehicle charging in the grid, to understand the effect of model complexity on the results, including scenarios with a high concentration of renewable energy.  
Methods

Different versions of linear optimization models are built to minimize the cost of generating electricity while meeting demand using a fleet of power plants.  In the simplest model, a supply curve, plants are dispatched up the supply curve in order of marginal cost, based on an average heat rate and fuel cost, until demand is met for a given time step.  In scenarios with wind power, wind is considered must-run.  In the detailed unit commitment and economic dispatch (UCED) model, plants are constrained by ramp rate limits, minimum generation levels, and minimum and up and down times and the cost of start-ups and shut-downs is also included.  Wind has zero marginal cost, but may be curtailed due to operational constraints. Many different models exist inbetween these two models can be made that incorporate some but not all of the constraints from the full UCED model.  We look at the affect of adding availability and ramprate constraints to the supply curve model. The computation times and model results are compared for scenarios evaluating operational costs and generation under different fuel price scenarios, capacity expansion, integration of a high penetration of renewable energy, and controlled electric vehicle charging.
Results

Preliminary results indicate that while computation time may be reduced by several orders of magnitude, the output from the model type can differ greatly, depending on the question and the variables of interest.  A capacity expansion model with full operational constraints builds 40% less coal than the supply curve model in favour of combined cycle plants because it takes into account the operational limits of the coal plants, which require far more time to start-up, shut-down, and ramp. However, dispatch in a system with a high percentage of coal plants has very similar similar results with a supply curve and the full UCED model in terms of the energy mix.s
Conclusions

The simplification of a supply curve model allows for faster computing time and simpler input data.  However, this simplification may come at the cost of introducing error into the results by underestimating the need for system flexibility.  This trade-off needs to be understood before choosing a model type for answering questions about the economics of electric power generation systems.
