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ABSTRACT

The increasing prevalence of Electric Vehicle (EV) loads in global load profiles, accompanied by
the integration of distributed energy resources (DERs) with advanced power electronics devices,
has brought the topic of low-voltage direct current (LVDC) microgrid (MG) systems into focus.
The integration of renewable energy sources, energy storage systems, and fuel cells in microgrids
offers a promising solution for sustainable and efficient EV charging. This research investigates
the synergistic interactions and optimal utilization of these hybrid DERs to facilitate the devel-
opment of robust and reliable EV charging infrastructure. This thesis delves into the fascinating
multidisciplinary research area of LVDC microgrids for EV charging infrastructure. It focuses on
several key aspects, including the detailed system configuration encompassing EV loads, storage
systems, converters, and more. Additionally, it explores converter control strategies, the integra-
tion of renewable energy sources, and power flow management. The operation of storage systems
within LVDC systems is thoroughly examined. The detailed aspect of the thesis contribution is

discussed as,

1. System modeling, capacity assessment, and other considerations in system configuration are
crucial and depend on the specific application. As a result, the initial steps involve studying
the different structural blocks to be used in the discussed DCMG system, implementing

them, and addressing operational constraints to develop a comprehensive test system.

2. A line compensated power-voltage (P-V) droop-based decentralized power management
strategy (DPMS) is devised to ensure the regulation of DC bus voltages by focusing on ac-
tive power balancing as a crucial indicator. This DPMS aims to maintain power equilibrium
within the multiple micro sources to effectively address various system transients, including
load fluctuations, intermittent power fluctuations caused by uncertain weather conditions,
and accidental islanding, local converter control of the relevant sources are implemented.
Moreover, local parameters of each unit, such as common DC link voltage, state of charge
(SoC), AC side voltage and frequency, etc., are used to facilitate control decisions during

critical scenarios such as load shedding, autonomous mode operation of storage units, and



mode transitions enabled by the grid-connected voltage source converter.

. Further, the thesis investigates the integration of fuel cells as an additional storage solution
along with battery energy storage systems (BESS) in EV charging stations (EVCS). The
aim is to extend the longevity of the power support and enhance the overall efficiency and

reliability of the charging infrastructure.

. The vulnerability of DC bus voltage in an LVDC microgrid due to power fluctuations from
intermittent renewable energy sources and EV loads is investigated. A novel concept is in-
troduced, utilizing a bidirectional DC-DC converter as a DC machine to replicate inertia
characteristics and effectively regulate DC bus voltage fluctuations during power variations
in the DCMG, called as virtual DC machine(VDCM) control. This approach enables the
bidirectional converter to operate seamlessly in both generating and motoring modes, en-

hancing system stability and performance.

. Furthermore, this thesis work is extended for optimizing the placement of solar-powered
charging stations in a IEEE standard distribution network. The proposed methodology uti-
lizes stochastic prediction of EV load demand and a Feed-forward neural network for eval-
uating expected solar power. The impact of EV load on the distribution network is assessed
in terms of voltage profile, stability index, voltage deviation, and power loss. An improved
chicken swarm optimization algorithm is employed to determine the optimal locations, out-

performing other algorithms like Jaya and teaching-learning-based optimization.
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LIST OF ABBREVIATIONS

AC Alternating Current

ADC Analog to Digital Converter

AVDI Average voltage deviation index
BDDC Bidirectional DC to DC Converter
BESS Battery Energy Storage System
CC/ICV Constant Current/Constant Voltage
CS Charging Station

CSO Chicken swarm optimization

DC Direct Current

DCMG DC Microgrid

DAC Digital to Analog Converter

DoD Depth of Discharge

DPMS Decentralized Power Management System
EMS Energy Management System

EV Electric Vehicle

EVCS Electric Vehicle Charging Station
FC Fuel Cell

FEBC Front-end Bidirectional Converter
FENN Feed-forward Neural Network
GFL Grid Following Mode

GFM Grid Forming Mode

IEEE Institute of Electrical and Electronics Engineers
IGBT Insulated Gate Bipolar Transistor
LCDC Line Compensated Droop Control
LFC Life Cycle

MCSO Modified chicken swarm optimization
MG Microgrid

MPPT Maximum Power Point Tracking
MPP Maximum Power Point

Oof Objective function

PEMFC Proton Exchange membrane FC
P& O Perturn and Observe

PCC Point of Common Coupling

PI Proportional Integral
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PLL Phase Locked Loop

PMS Power Management System
PWM Pulse Width Modulator

PV photovoltaic

PV2G PV-to-Grid

RES Renewable energy source
SOC State of Charge

TF Transfer function

THD Total Harmonic Distortion
TLBO Teaching learning based optimization
UPF Unity Power Factor

V2G vehicle-to-grid

V2H Vehicle-to-Home

V2v Vehicle to Vehicle

VDCM Virtual DC machine

VID Virtual inertia and damping
VSI Voltage sensitivity index
VSM Virtual synchronous machine
VSC Voltage Source Converter
VSI Voltage Source Converter
VD Voltage deviation

Of Objective function

VSI Voltage Source Converter
VSM Virtual synchronous machine
V2H Vehicle-to-Home

V2v Vehicle to Vehicle

VID Virtual inertia and damping
VSM Virtual synchronous machine
VDCM Virtual DC machine

VSC Voltage Source Converter
VSI Voltage Source Converter
V2H Vehicle-to-Home

V2v Vehicle to Vehicle

VID Virtual inertia and damping
VSM Virtual synchronous machine
VDCM Virtual DC machine
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VSM
VSC
V2H
V2v
VID
VSM
FENN
AVDI
VSI
Of
VD
TLBO
CSO
MCSO

Virtual synchronous machine
Voltage Source Converter
Vehicle-to-Home

Vehicle to Vehicle

Virtual inertia and damping
Virtual synchronous machine
Feed-forward Neural Network
Average voltage deviation index
Voltage sensitivity index
Objective function

Voltage deviation

Teaching learning based optimization
Chicken swarm optimization

Modified chicken swarm optimization
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LIST OF SYMBOLS

Chs, Gps Capacitance and parasitic conductance of BESS’s capacitor
Iggss BESS current

Ire FC current

I'nnazj Maximum permissible current from j* unit

K, Q Polarization constant, maximum battery Capacity

Kp,K; Inertia and damping coefficients DC machine

K, K. Energy stored in a machine and capacitor

K¢, Z Field constant, machine constant depends on construction and rating
Pg1, Ppo Output power of BESS; and BES S,

Pryv EV load demand

Pq,Qq Active and reactive power from the grid

Ppy Output power of PV source

Py, Ppe Mechanical and electrical power of VDCM

Ry, K; Droop gain and feedforward compensation of 5 unit

Rt Equivalent internal resistance of the battery

Ry; Line resistance of j** unit

SoC; SoC of j battery storage unit

VB.Eg.Is Terminal voltage, open circuit voltage, and discharging/charging current of the battery
Vbcvus DC bus voltage

Voir Vj No load terminal voltage and output voltage

V. Rated EMF voltage of DC machine

AV Maximum allowed DC bus fluctuation in steady state

W, W Actual and rated speed of VDCM

Tiny Te Mechanical and electrical torque of DC machine

dp1, dio Duty ratio of bottom and top switch of BESS

o, L DChus Input and Output current of DC link capacitor of BESS
Tayla, GayTa Armature current, inductance, flux, and resistance of VDCM
(TR Field current, inductance, flux, and resistance of VDCM

Tbs> Tbss Libs, Ups Current, series resistance, inductance, and voltage of battery
Ths, Lips Series resistance and inductance of BDDC
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