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Abstract

The evolution of conventional power grids into smart grids and integrating smart
technologies in buildings present new opportunities for improving energy efficiency.
This thesis explores the significance of lighting, Heating Ventilation and Air Con-
ditioning (HVAC) and other flexible loads in buildings, emphasizing the potential
for flexibility and controllability. Light-emitting diodes (LEDs) are highlighted for
their energy efficiency, focusing on their role in reducing global electricity usage
and CO2 emissions. The first work of the thesis proposes the implementation of
lumen control in building lighting systems, incorporating occupant visual comfort
as a feedback metric, and introduces a novel retrofitting circuit for standard light

fixtures, transforming them into smart, controllable light sources.

Second, HVAC systems are used as virtual ancillary services for power grids. The
Air Handling Unit (AHU) fans are controlled by a real-time Internet of Things
(IoT) controller based on occupant thermal comfort. Integration of an Adaptive
Neuro-Fuzzy Inference System (ANFIS) models the complex relationship between
fan torque and required air flow rate to address AHU fan torque non-linearity. Using
the proposed algorithm, the case study educational building can achieve ancillary
services up to 97 kW during non-scheduled periods and a 20% to 59% increase dur-
ing scheduled periods. Further, the third part of the thesis proposes a real-time
optimum control algorithm for commercial HVAC units to maximise frequency reg-
ulation power. Days-ahead HVAC load demand is predicted by the Long Short-Term
Memory (LSTM) network. The optimisation algorithm minimises energy costs and
thermal discomfort by considering day-ahead electricity tariffs. Hardware proto-
types in labs implement the algorithm. It uses a Building Energy Management
System (BEMS) and real-time thermal feedback to balance dynamic thermal loads

and renewable power.

To transition from one-building to multi-building energy management, this thesis

introduces a Modified District Cooling System (MDCS) for building clusters with



distributed cooling power plants at each building. Different building types’ peak
cooling power demands for a day are predicted by an LSTM network, affecting
their cooling power network capabilities as sellers or buyers. An optimal water
piping network layout between seller and buyer nodes is computed using the Grey
Wolf Optimisation (GWO) algorithm to minimise cooling power losses and network
costs. Case studies show how load forecasting and adaptations to random load in-
crements affect the water distribution network. The Energy Management System
(EMS) for this MDCS uses Neural Hierarchical Interpolation for Time-Series Fore-
casting (N-HiTS) to forecast cooling power load demand hourly. Optimising energy
management involves determining the pipe network water pump operating frequency
and seller-buyer cooling power-sharing using a metaheuristic algorithm. Optimis-
ing a building-cluster cooling plant’s operation reduces energy consumption during

operation.

As the District Cooling System (DCS) can provide cooling power in large capacity
to the cluster of buildings, It could be a potential resource to supply the frequency
regulation services to operate the power system smoothly. To provide high-quality
regulation services and maximum revenue from the market, accurate forecasting of
the building’s electrical consumption and sizing of regulation capacity is imperative.
Inaccurate sizing of regulation capacity has two major disadvantages: the perfor-
mance score could be poor, and the building’s thermal discomfort may rise. This
part of the thesis addresses challenges in optimal sizing regulation capacity for the
real-time energy market by DCS. The DCS, thermal storage and EV loads collabo-
rate to maximize revenue through energy-efficient operation. This problem has been
formulated and solved using an optimization algorithm. The proposed framework

has been simulated, and the results have been presented.
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