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Abstract

With the intensifying efforts to combat climate change by reducing greenhouse gases,
there is an increasing trend to use electric vehicles (EVs) and renewable energy sources
(RES). With the increasing penetration level of RES and EVs in low voltage distribution
grids, the unbalance of distribution grids has a significant negative impact and is therefore a
critical issue. This thesis addresses this issue by suggesting several effective ways to
mitigate grid unbalance.

Firstly, this thesis proposes a new index, the imbalance factor, to represent the degree of
imbalance among phases in a distribution grid. A higher value of this imbalance factor
means that one phase has more EVs connected compared to the other two phases. Using this
factor, the impacts of the uncoordinated integration of EVs among phases at different levels
of phase imbalance were investigated. The results show that the degree of voltage unbalance
and the neutral current are higher when the imbalance factor increases, thus, this imbalance
factor is confirmed as an effective index of unbalance of a distribution grid.

Secondly, this thesis proposes an improved control method for utilizing the resources
from distribution network operators (DNOs) and PV owners to minimize the voltage
unbalance factor and the neutral current by solving a multi-objective optimization problem.
The control method jointly controls phases at the nodes and PVs in phases to mitigate grid
unbalance without coordinating EVs, changing total demand, and the total generation of a
distribution grid. This control method eliminates the communication and the computation
complexity caused by EV coordination. The efficacy of this method is evidenced by the
superior performance of a simulated Australian distribution grid.

Thirdly, this thesis proposes a novel approach for eliminating grid unbalance, which is a
novel hierarchical control strategy for optimal coordination of EVs. This control strategy
consists of two kinds of controllers arranged in a hierarchical structure, with the central
controller at the top layer and the local controllers at the bottom layer. An improved EV
converter is also designed and implemented for the local controller to compensate for the
neutral current. The central controller coordinates EVs at the selected sensitive nodes by

considering the capability of local controllers after jointly coordinating phases at each node
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and PV dispatch. EV coordination at the sensitive nodes not only reduces communication
and computation complexity, but also convenient for EV users.

Lastly, this thesis proposes an improved control strategy to mitigate grid unbalance and
manage demand-generation by maximizing RES and minimizing EV charging cost,
considering the individual EV user’s hardware characteristics and ensuring that each EV’s
required driving distance can be achieved. Compared with methods using a central
controller only, which need to account for all of the information, this new control method
uses a local controller in each EV to reduce the communication overhead in gathering
information and decrease the computational load. This local controller processes data
related to each EV user’s hardware characteristics and their driving needs and only sends
the EV’s charging priority and required energy to the central controller. The central
controller then uses this information, about the energy tariff from the retailer, and the
present grid performance to tune the EV’s charging or discharging power. This new control
method is implemented in a simulation of an Australian LV distribution grid. The
simulation results show that this method not only reduces the neutral current and voltage
imbalance, it also maximizes the use of RES and ensures that the EV travel commitment can
be met.

In summary, this thesis successfully addresses the issue of LV distribution grid
unbalance due to the high level of penetration of RES and EVs by proposing a suite of three
control methods. These methods mitigate and/or eliminate grid unbalance while maximizing

the use of RES in a LV distribution grid for the convenience of EV users.

Keywords: voltage unbalance; neutral current; travel requirement; PV re-phasing; EV

coordination; optimal dispatch; mitigating unbalance.
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Nomenclature

Global abbreviations used in this thesis:

Fig.
PV
DG
RES
LV
EV
WT
DNO
NGV
3P4W
DNR
LBI
PUI
VUF
CUF
LVUR
PVUR
DFR
SCADA
OPDGA
APF

VSI

Figure

Photovoltaic

Distributed Generations

Renewable Energy Sources

Low Voltage

Electric Vehicle

Wind Turbine

Distribution Network Operator
Neutral to ground

Three-phase four-wire

Distribution Network Reconfiguration
Load Balancing Index

Phase Unbalance Index

Voltage Unbalance Index

Current Unbalance Index

Line Voltage Unbalance Rate

Phase Voltage Unbalance Rate
Distribution Feeder Reconfiguration
Supervisory Control and Data Acquisition
Optimal Distributed Generation Allocation
Active Power Filter

Voltage Source Inverter

Xiv



CSI
BES
SOC
RE
DVR
D-STATCOM
SPOC
DOD
IoT
MQQT
ULF
PCC
SPWM
UMC

ARCM

Current Source Inverter

Battery Energy Storage

State of Charge

Renewable Energy

Dynamic Voltage Restorer
Distribution Static Compensator
Service Point of Connection

Depth of Discharge

Internet of Things

Message Queuing and elementary transport
Unbalanced Load Flow

Point of Common Coupling
Sinusoidal Pulse Width Modulation
User Managed Charging

Average Rate Charging Method

Managing Unbalanced Distribution Grid with Distributed Renewable Energy Sources and Electrical Vehicles

XV



	Title Page
	Certificate of Original Authorship
	Acknowledgments
	Publications and Conference Contributions
	Abstract
	Table of Contents
	List of Tables
	List of Figures
	Nomenclature



