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Abstract

Energy security and access are key aspects in energy system operations, and continuous
efforts are being made for development of methods and technologies for harnessing
energy through cleaner and sustainable sources. Consequently, the electric grid is
undergoing a shift in generation mix with increased integration of renewable energy
sources (RES) at the distribution level. With gradual development of advanced control
techniques and communication technology, the demand-side has emerged as a pro-active
resource which can appropriately respond to the operating requirements of the power
system while also ensuring the comfort of end-users. Consequently, smaller and smarter
distributed energy systems such as microgrids and smart buildings have been recognized
as potentially active resources with demand response (DR) capabilities to assist grid
operations.  Accordingly, this thesis focuses on the development of optimization
strategies and algorithms for energy management in smart homes and buildings in
presence of RES and load uncertainties, and further facilitate optimal utilization of
building flexibility as a resource for the network operation.

Due to rising peaks and increased average load, the low-voltage (LV) distribution
systems are posed with the challenges of higher losses and limit violations. A highly
stressed network, in turn, leads to greater challenges to ensure network-wide energy
security and continuous supply to the users. In view of this, firstly, this thesis develops a
home energy management system (HEMS) to coordinate optimal scheduling of on-site
resources including RES, energy storage and decentralized load curtailment (DLC) at
households. ~ While this ensures maximum satisfaction of user-priorities at the
households, multiple aggregated HEMS result in reduction of peak and average loads in
the network.

It is noteworthy that the presence of high proportion of thermostatic loads in
buildings results in a complex interplay of electrical and thermal energy flows. This

makes buildings inherently multi-energy systems. Accordingly, this thesis further



proposes building energy management systems (BEMS) for facilitating multiple (thermal
and electrical) energy flows in RES-integrated buildings. In this regard, detailed models
for comfort-constrained and user-oriented, thermal and electrical DR from buildings
have been developed. Furthermore, timescale-decomposition has been applied to
dispatch the electrical and thermal system components in two distinct time-frames, based
upon their response characteristics and time constants.

Owing to the increased penetration of RES, time-of-use pricing and dynamic
user-priorities, generation and load uncertainties are introduced in the energy systems.
Consequently, the net-load of RES-integrated smart buildings are faced with short
lead-time uncertainties. These net-load uncertainties are magnified at the utility-level
since it is subjected to the load profiles of multiple buildings connected along the LV
feeder. While the development of HEMS can effectively absorb uncertainties arising in
residential buildings through battery control and DLC, multiple distributed HEMS have
the potential to contain peak load variability in the network and minimize the effects of
uncertainty occurrence on network performance.

Accordingly, this thesis further focuses on development of optimization strategies to
counteract operational uncertainties encountered during real-time operation due to RES
and electrical load. In this regard, a stochastic programming approach has been
developed for mitigation of probabilistic uncertainties in RES and load within the smart
buildings. However, in absence of well-defined probability distribution functions (PDFs)
to describe the uncertain parameters, the stochastic programming approach may yield
sub-optimal solutions. In view of this, the thesis further develops an adaptive robust
optimization model that optimizes energy system operation for realization of any level of
uncertainty, and subsequently performs real-time adjustments of optimization decision
during actual system operation.

Following this, optimal coordination strategies are developed for HEMS integration
in network support services. Due to relatively high R/X ratios in LV networks, increased

amounts of active power flows are prominent causes of network losses and voltage



drops. In view of this, a sensitivity-based approach has been developed to minimize
voltage deviations through distributed residential DR. Furthermore, coordinated
operation of multiple HEMS facilitates smart buildings to trade net-energy and draw
greater benefits from their locally-owned DERs, in comparison to grid transactions
through net-metering. However, increased flow of bidirectional power in the network
may result in network limit violations. In this regard, this thesis finally develops a
transactive energy framework for peer-to-peer (P2P) energy trading among smart
buildings in an energy community, while considering optimal network operation at

multiple operational timescales.
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