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Abstract 
Restructuring of power systems, along with the integration of renewable energy resources in 

electricity networks, have transformed traditional power distribution networks (DNs) into new active 

distribution systems (ADSs). In addition, the rapid advancement of technology has enabled the bulk 

utilization of power generation units and energy storage (ES) systems in DNs. The next step in this 

trend is to decentralize ADSs to microgrids.  

After presenting an introduction to the objectives and scope of the research in the first chapter, the 

second chapter aims to present a review of recent advancements in the development of ADSs. In this 

respect, the regulatory requirements and economic concepts, by which the traditional passive DNs 

have evolved into ADSs, are categorized and illustrated first. Then, the state-of-the-art of ADS 

formation is detailed based on the novel standpoint of grid operation factors that are involved in 

deregulated electricity markets at the distribution level. Additionally, this chapter presents a 

comprehensive review of recent advancements in the operation of ADSs. To be more specific, after 

some literature about the market participation of distribution system operator (DSO), distribution 

companies (DISCOs), and aggregated agents from economic perspectives, the impacts of energy 

storage systems (specifically, compressed air energy storage (CAES) and electric vehicle charging 

station (EVCS)) at the distribution level have been investigated. Then, technical factors suited for the 

secure operation of ADSs and their corresponding indices and required tools are studied.    

In the third chapter, the application of CAES at the distribution level is investigated. This chapter 

presents the participation of an ADS equipped with a small-scale CAES (SCAES) in the day-ahead 

(DA) wholesale market. To make CAES applicable to DNs, the thermal-electrical setting design of 

the SCAES coupled with a packed-bed heat exchanger is adopted in the operation of the grid, where 

SCAES performs as ES for DNs to surpass existing deficiencies of battery banks. The 
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electrical/thermal conversion rate has been modeled for the SCAES operation. Moreover, the 

operation strategy of the SCAES is optimally coordinated with an electrical vehicle charging station 

(EVCS) as an alternative ES technology in deregulated DNs. To make EVCS simulation more 

realistic, the Gaussian Copula probability distribution function is used to model the behavior of the 

EVCS. The results obtained from different case studies confirm the value of SCAES as a reliable ES 

technology for DNs. 

Chapter four proposes the application of SCAESs as a new potential ES technology in the daily 

operation of an ADS, to join the DSO for the participation in a day-ahead wholesale market. A two-

agent modeling approach is formulated. The first agent is responsible for aggregating SCAES units 

and profit maximization of the aggregator based on the distribution local marginal price. The DSO, as 

the second agent, receives day-ahead scheduling from the independent SCAES aggregator and is 

responsible for the secure operation of the ADS utilizing solar and dispatchable distributed generations 

as well as purchasing power from the day-ahead wholesale market. Linear programming is used for 

the formulation and optimization of the SCAES aggregator, while a bi-objective optimization model 

(with the objectives of minimum operating cost as well as minimum power loss and emissions in 

different scenarios) is built for DSO scheduling.  

Chapter five proposes a novel concept of mobile CAES in an electric DN to improve grid operation. 

The proposed configuration models transportable air storage tanks carrying stored energy among the 

locations motor-generators placed on some distribution nodes/buses. Employing several storage tanks, 

a higher dispatchability and storage capacity are obtained. To overcome routing challenges for trucks, 

using Google Maps Application Programming Interface, the configuration of the grid is mapped on 

the urban region of the city of Sydney, Australia, to accurately model distances between current and 

targeted locations, unavailability of tanks during traveling, route congestion, and fuel consumption. 

To solve the obtained CAES operation problem, a new heuristic mathematical method is proposed to 



 
 

Active Distribution Network Operation Incorporating Distributed Generations and Compressed Air Energy Storage 

v 
 

convert constraints of the mobile CAES (MCAES) model into feasible search spaces, which 

significantly improves the convergence quality and speed. Additionally, this method offers a technique 

for coding solutions to use the same solution vector for both commitment and dispatch of MCAES, 

which reduces the solution dimension and computational burden. Since the proposed solution method 

is applicable to both stationary and mobile CAESs, operating results for both cases are presented and 

compared. The methodology is applied to IEEE 136 bus DN in addition to IEEE 33-bus DN to 

demonstrate the competence of MCAES when dealing with larger-scale grids to efficiently assist the 

DN’s operator in optimizing total operating profit, active power loss, energy not supplied (ENS), and 

voltage stability index of the grid. The generation of fuel-based generators is also optimized to 

maintain the secure operation of the grid. 

Finally, the last chapter presents a summary of research done in this thesis along with future reserch 

plan. 

Keywords: 
Active distribution systems, Microgrids, Distributed energy resources, Energy storage systems, 

Electric vehicles, Network management, ADS planning, Distribution system operator, Distribution 

aggregator, Day-ahead wholesale market, Locational marginal price, Small-scale compressed air 

energy storage, mobile storage technology, grid operation. 
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