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OVERVIEW 

Driven by sustainability aspirations, tremendous progress has been made in the past decade towards synthesis and 
solution of complex problems in management of energy networks. Targeting theoretical footings for these algorithmic 
developments, this talk answers fundamental questions on energy-system modeling and analysis using classical 
constructs from linear algebra and graph theory. The first part of the talk will focus on model reduction to manage 
complexity in large-scale power networks. A classical method in this domain is Kron reduction, a well-known 
pedagogical instance of which is the wye-delta equivalence. We present an exact time-domain generalization of Kron 
reduction that is developed using a linear-subspace representation of current flows in generalized settings. This 
facilitates the development of reduced-network representations that apply beyond steady-state sinusoidal analysis. 
Increasing interdependencies of power systems with natural gas and water networks has brought to notice fundamental 
analysis gaps for these sister networks. In the second part, we present a result on uniqueness of solutions to water and 
natural-gas flow problems. The analysis builds on monotonicity properties of governing physics alongside algebraic 
properties of network-graph matrices. Applications of these foundational modeling and analysis results to the 
formulation of operations and control algorithms for interconnected energy networks will be outlined. 
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