As a result of large‐scale integra on of renewable genera on, electric grids are being operated closer and closer to their technical lim‐
its. Lowering security margins demonstrate the urgent need for conceptual reassessment of opera ng and planning paradigms to
mely and reliably meet ambi ous state‐ and na on‐wide renewable por olio targets. This presenta on will describe how stochas c
renewable genera on complicates power system opera ons and how these challenges can be dealt with by means of emerging energy
storage technologies. Speciﬁcally, this presenta on will focus on the applica on of mathema cal op miza on to op mal si ng and
sizing of grid‐scale ba ery energy storage systems (BESSs) and their opera ons in power systems with renewables.

BESSs have been proven to be a technically feasible solu on to improve u liza on of renewable genera on. However, the capital cost
of such devices remains rela vely, if not prohibi vely, expensive. This naturally raises concerns over whether BESSs are an economical‐
ly viable op on and can be sustainably integrated in future power systems. This presenta on will describe two bi‐level models based
on mixed‐integer linear programming and computa onally tractable solu on strategies based on the duality approach that can be
used to op mize energy storage si ng and sizing decisions in a market environment. The use of these models makes it possible to sim‐
ultaneously respect both the laws of physics (e.g., Kirchhoﬀ’s law) and the laws of economics (e.g., the equilibrium of the supply and
demand). The usefulness of the proposed method is demonstrated using numerical experiments carried out on the real‐life ISO New
England and Western Electricity Coordina ng Council (WECC) test systems.
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