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Overview
Transmission operators ensure that electricity demand and supply are balanced in every minute of every day. They operate a day-ahead market and a spot market, allowing power plants to submit price-quantity bids to supply electricity. In this wholesale electricity market, the transmission operator dispatches power, such that demand is met by the least-cost set of power plants. However, in the presence of transmission line congestion, higher-cost power plants closer to demand centers must be dispatched. Transmission congestion, thus, forces the transmission operator to dispatch a sub-optimal set of power plants resulting in higher electricity prices and potentially higher levels of emissions.

Congestion occurs when demand from generators to use a specific transmission line exceeds the transmission line capacity. Not all generators are able to use the line to transmit their electricity to the load center. Congestion thus leads to higher local marginal electricity prices in the load center, since more electricity must be supplied by local generators rather than less expensive but more distant generators. Introducing an additional transmission line to ease congestion would cause electricity generation from local generators to decrease and generation from distant generators to increase. This would reduce the electricity price in the load center. An additional benefit would be a reduction in air pollution given that conventional fossil fuel generators are typically located closer to the load center than renewable energy generators, such as wind power plants. 

The goal of my paper is to estimate the effect of transmission congestion on electricity output from renewable energy power plants. I focus on two variables: Transmission congestion necessarily increases the price of electricity (1), and it changes pollution levels, since a different set of power plants are dispatched (2). 

Methods
This paper develops a model of the dispatch of electric generators given the marginal operating costs and ramp rates of the generators, transmission line capacity constraints, and supply-demand constraints. The model includes both renewable and conventional power plants of different vintages, such as hydro, wind, solar, and biomass, as well as natural gas, coal, and nuclear plants. These plant types differ in their marginal operating costs, ramp rates, and proximity to load centers. Several scenarios are considered. Ramp rates affect how power plants can respond to congestion events. Given certain assumptions of plant characteristics, operating costs, and emission rates, the congestion scenario can be compared with the baseline congestion-free scenario. The differences in electricity prices and emissions are measures of the cost of transmission congestion.
The generator dispatch model developed in this paper is applied to the regional transmission grid operated by PJM. Transmission congestion occurs frequently in PJM during favourable wind conditions, because most of the system’s wind power plants are located in the West while load centers are located in the East. The assumptions of the dispatch model are tailored to the realities of the PJM grid. 
Results
Electricity prices are higher when the transmission line capacity constraint is binding, i.e. when congestion occurs. The effect of congestion on emissions depends on the location of conventional and renewable power plants. Typically, older conventional power plants are located closer to demand centers, while renewable power plants, such as wind, are located at a greater distance. In the event of a transmission bottleneck, more expensive local generation is substituted for more distance renewable generation. In this case, congestion causes an increase in air pollution levels. 
Conclusions

This paper models the dispatch of electric generators in a regional transmission grid operating a wholesale electricity market. The impact of transmission line congestion on electricity prices and emissions levels is analysed. Understanding how transmission line constraints affect the dispatch of electric generators is important for modernizing the grid and reducing inefficiencies. 
The direct and indirect congestion costs in the form of higher electricity prices and increased levels of pollution justify a certain amount of investment in the transmission grid. Minimizing the curtailment of power from renewable energy sources is an important step towards climate change mitigation.
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