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Research Summary
The central theme of my research is optimal design and operation of distribution systems. I study the
planning and operation of modern distribution grids with specific focus on reliability. Key contributions
from this research can be categorized under three areas: a new modeling framework for incorporating
reliability into distribution feeder reconfiguration problem, an optimal network augmentation scheme for
improving the reliability of distribution grids, and a node clustering scheme for active distribution networks
considering real-time supply-demand conditions.

When reliability is considered as an objective in addition to loss minimization, majority of the feeder
reconfiguration approaches resort to heuristic algorithms for obtaining the optimal configurations. My
research proposes a mixed-integer quadratic programming framework in which standard reliability indices
can be included either as objectives or as constraints. To facilitate the inclusion of reliability indices, a
path-based data structure is proposed for modeling load-point failure rates and topology constraints. The
information about paths in the network can also be used for deriving upper bounds for the approximation
errors in the load-point failure rates. Since the optimal topology is a function of loading conditions,
time-series power flow using various load patterns is performed to study the sensitivity of annual active
power losses to the loading conditions.

The work on optimal augmentation is inspired by the closely related design of survivable networks
problem in communication networks. Optimal network augmentation seeks to improve the reliability of
the distribution network by installing new tie-lines in a cost-effective manner. As per Menger’s Theorem,
a k-edge connected graph has at least k edge-disjoint paths between any two vertices. Therefore, 2-
edge-connecting the graph of a distribution network makes it survivable against the failure of any single
line—an alternative path to the substation will always exist for use in service restoration. Experiments
performed on standard test systems using existing graph algorithms for minimum cost 2-edge-connectivity
augmentation illustrates the capability of the proposed optimal augmentation scheme. The algorithms
allow assigning weights to the candidate edges based on practical considerations like cost, geographical
constraints, policy restrictions, etc. Completely 2-edge-connecting a network can be costly and impractical.
It will be interesting if the reliability of certain parts of the network can be improved in a selective manner.
Termed as local edge-connectivity augmentation, this problem does not have tractable graph algorithms
which can be applied to distribution networks. An integer linear program has been developed to tackle local
edge-connectivity augmentation by assigning higher connectivity requirements to special nodes catering
to critical loads or distributed energy resources (The work on local edge-connectivity augmentation is
currently under review in IEEE Transactions on Power Systems).
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Duration of interruptions due to outages can be reduced by allowing distributed energy resources (DERs)
to participate in service restoration. Nearly supply-adequate clusters containing DERs and demand nodes
can be intentionally islanded during contingencies to aid in restoration. Since supply-adequacy is critical for
successful islanded operation of the clusters, graph clustering algorithms are proposed to identify clusters
with minimum imbalance between their loads and internal generation. A spectral graph partitioning
algorithm and multiple optimization formulations are developed for identifying node clusters.
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