
The alternating current (AC) power flow (PF) equations are the fundamental network models of electric power systems. They 
exist in many decision-making processes of power systems as the primary network constraints. The ACPF equations are 
nonlinear, non-convex, and consequently NP-hard to solve. The scale of ACPF equations is generally large due to the huge 
size of a power system. At the present stage of industrial practice, computers can only handle the linear approximations of 
the ACPF models like the direct current (DC) PFs. However, the Linear PF models have a number of shortcomings and, gen-
erally, are not applicable to distribution networks. 
Solving a convex relaxation of a nonconvex optimization problem is a promising way to avoid the NP-hardness and obtain a 
globally optimal solution. To take advantage of the convex optimization, nonlinear convex relaxations rather than linear ap-
proximations of the ACPF models are considered in my research. In the presentation, some effective convex relaxations of 
the ACPFs including the semidefinite programming (SDP), second order cone programming (SOCP) relaxations, and their 
variations will be discussed. I will also introduce a novel type of convex relaxations for ACPFs which is developed based on 
the obtained convex hull formulations of two indefinite quadratic equations. 
The convex relaxations are applied to and compared on the convexification of a distribution system optimization problem 
where the ACPF constraints are taken into account. The objective of this nonconvex engineering problem is to improve the 
efficiency of the integrated photovoltaic resources by obtaining the optimal scheduling of battery storage units in distribution 
systems.  
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