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Abstract

In this paper a bi-level optimization approach is introduced to increase the participation of
household investors to install battery storage systems in the distribution level. For this purpose a
public private partnership structure is introduced. The incentive prices are used here to encourage
the private investor. In the upper level, the viewpoint of the government is modeled in which, peak
shaving is the goal while minimizing the cost due to the allocated subsidies. In the lower level of
the model, the investors’ point of view are modeled, and their profit is maximized. In this structure,
the heavy financial burden of installing battery storage systems is divided between the public sector
(government here) and private sections (household investors here). In addition, in the introduced
structure, the installed battery storage systems would be operated by their households. By applying
the incentive prices, the households would operate their battery storage systems in line with the goal
of public section, which is peak shaving. In this way, the communication infrastructures between
the operation center and all battery storage systems can be eliminated, and each battery storage
system can be operated in a stand-alone mode. The bi-level model is converted into its equivalent
single level optimization using Karush-Kuhn-Tucker (KKT) optimality conditions, so that it can be
solved easily by commercial solvers. The proposed single level nonlinear model is linearized using
the big-M method and the strong duality theorem (SDT). At this step, the model is linearized
accurately, and no level of approximation is involved. In other words, it is proved that the global
optimum of the nonlinear model and that of the linear one are exactly the same with no
approximation. A dynamic iterative model based on grid-search is also implemented to model the
participants’ behavior. The performance of the presented model has been analyzed using real-world
data of Yazd network.
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