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Overview

One of the major issues impeding the deep integration of renewable energy sources into the electric grid is their inherent intermittency. To ensure a reliable power delivery under such uncertain supply conditions due to renewables, reserve markets are critical for system operators. If the cost of emergency generations were to be appropriately distributed to the resources that failed to provide their ex-ante contracts they committed for, renewable sources could, at times, end up with negative revenues. To reduce the risk of negative impact, renewable farms can withhold a portion of their expected/forecast output when submitting their forward contracts (day-ahead bids). We will call this portion the renewable self-reserve (RSR). This work focuses on determining the optimal RSR given generation and market price forecasts. Under the two-settlement market structure (Day-ahead and Real-time), our current results show that the optimal RSR can be viewed as a second-stage solution to the classical newsvendor’s problem. This offers a closed form strategy easy to compute once the price signals are known (or forecasted). We primarily apply this solution form to ocean wave energy management. Next, we couple the RSR problem with an energy storage dispatch problem to manage any potential energy spills under positive system imbalance conditions. We envision to evaluate the bidding strategy in a multi-source network system where flows, transmission/distribution losses will be accounted for. The end result is expected to provide a practical framework for a system reliability driven operation of renewable farms in the smart grid. 
Methods

The market structure considered in this work is the traditional two-settlement structure made of day-ahead (DA) and real-time (RT) markets. We assume:

(i): Energy suppliers i place their bids made of the amount of energy Bi,t  they plan to output and the price pi,t they will sell it for any time slot t the next day. The system operator (SO) will clear the market at a price pt and all suppliers with pi,t  less or equal to pt are selected.
(ii): In the RT market, depending on the grid balancing needs (with the use of emergency generators) in any time slot t, the SO assigns a real-time unit price qt . For any extra unit of energy above Bi,t, the supplier i receives qt. For any non-supplied unit of energy below Bi,t, supplier i pays qt.
From the above assumptions, we start by defining the overage and underage costs. We then apply the inventory theory using these costs and the uncertainty associated with the RT price and the renewable generation. Given the probability distribution of the RT price (qt) and that of the renewable output ei,t, the quantity is dependent on the ratio of the expected qt and and the DA price pt.
The problem becomes more complex if we allow RT prices to be negative, meaning that the entire system undergoes a positive imbalance and so any supplier i who outputs more than Bi,t has to pay -qt per extra energy unit to the SO. In this case the supplier i may choose to spill any overage energy produced. But given that suppliers can only guess with a measure of error what the RT will be, we introduce a modest size energy storage in the problem. The storage model takes into account the charge and discharge dynamics and costs.

We envision to evaluate the performance of the energy management strategy in a networked environment where multiple renewable and conventional generation units are interconnected with load centers in a realistic power systems settings. All renewable generators are assumed to apply the strategy derived. 
Results

Our preliminary results indicate that the optimal bid amount Bi,t* has a closed form expression (and so does the the RSR) as a function of the ratio of the expected real-time price qt over the day-ahead price pt.  However, when qt is expected to be greater than pt the affordmentioned ratio does no more satisfy the definition of probability. Granted, the optimal decision is intuitive in this case. It would be to set  Bi,t to zero. All production will be traded in the RT market. In any event, the forecasting accuracy of such input parameters is critical to making a good decision. Further, we anticipate that the use of storage will enhance an efficient renewable farm and grid operation. Furthermore, we will evaluate the impacts of the decision strategy on an entire grid by considering an agent-based solution algorithm for multi-source network.
Conclusions

With a closed form solution to the bidding decision problem under market and generation uncertainties, the effort to characterize the renewable farm’s power density distribution and the energy market’s price signals is rewarding. With an accurate estimate of input parameters, a reliability-aware bidding decision that maximizes profit can be easily and quickly computed. We expect great benefits with the introduction of storage that can hold the realized self-reserve if necessary, enhancing system level efficiency. Positive system imbalance events, if detected in advance, can enable optimal maintenance strategies for individual production devices such as WECs (Wave Energy converters). 
