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ABSTRACT

A hybrid AC-DC nanogrid system with PV and battery storage is designed,
to fulfill most of the nanogrid’s energy requirement from renewable energy source
(RES) installed in the building itself i.e., from solar energy. Of late, most of the
modern loads like LED based lighting loads, digital computer, television, mobile
phone chargers, BLDC Fans, electric vehicle charger, modern refrigerators and air
conditioning units require DC for its function. In a conventional system the DC from
the RES converts to AC and then converts back to DC with a series of unnecessary
conversion stages. The number of conversion stages can be reduced by directly
providing multiple levels of DC buses (for low voltage loads, HV loads & Medium
Voltages loads) along with conventional AC bus (230 V, 50 Hz) for the AC loads
(Heating loads, AC motors etc.). This process will improve the reliability of the
system significantly. This system requires a bidirectional DC-DC converter for the
designing of DC Buses. Initially the system is designed using cascaded buck boost
bidirectional converter and is then modified with switched capacitor interleaved

bidirectional converter to reduce ripples, voltage stress and to improve the efficiency.
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Chapter 1

Introduction

1.1 General Background

More than a century ago, an electric grid was created to transport energy
from generating units to end users. This is one of the biggest physical network in
the world and every country in the world use this network in different dimensions.
According to predictions, the world’s total energy usage will reach 37,000 terawatt
hours by 2030 on account of the population growth. Cities require power in the tune
of two-thirds of the world’s overall demand. Distribution losses on long-distance
transmission lines are rising, which lowers grid effectiveness. As nearly 31 billion
tonnes of CO, are generated each year, which has a grave impact on global warming,
the cost of electricity for fossil fuel-based power plants is rising daily.Due to an
inefficient utility infrastructure, the nearly 1.2 billion people in remote regions still

live without access to electricity.

In future, most of the buildings will rely more on locally available renewable
energy sources for their energy needs. Solar electricity is one of the RES that gains
popularity due to it’s sustainibility.India has a huge potential for harnessing solar
energy. With roughly 300 days of clear, sunny weather each year, India’s land

region receives an estimated 5 quadrillion kilowatt-hours (kWh) of solar energy.
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The amount of solar energy produced in a single year is greater than the total
amount of fossil fuel energy sources in India combined. Therefore, India’s solar
power business is expanding quickly. As of 28 February 2023, the nation had 64.381
GWAC of total solar power India’s use of solar energy will place fourth worldwide

in 2021. In 2018, in India rooftop solar electricity accounted for 2.1 GW/[12].

.Lucknow
Kanpur

o .
- Varanasi

© 2019 The World Bank
Source: Global Solar Atlas 2.0
Solar resource data: Solargis

Long term average of PVOUT, period 1999-2018 —— 200km
Daily totals: 3.2 3.6 4.0 44 4.8 5.2 5.6 6.0

KWh/kWp
Yearly totals: 1168 1314 1461 1607 1753 1899 2045 2191

Fig. 1.1: Photovoltaic Potential- India
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8,000
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) Wind
36%

2019 2020 2021 Jan-June
2022

Fig. 1.2: Solar Installation Trends in India

In addition, the majority of modern loads, including digital computers, tele-
visions, mobile phone chargers, LED and CFL-based lighting loads, etc., are dc in
character. Also, they require low voltage (LV) dc supply for their operation. There-
fore, they are typically interfaced to a 48-V dc bus in order for the PV, aforesaid
dc loads, and battery to operate at their best. Depending on their voltage require-
ments, modern inverter controlled variable speed compressor based refrigerators,
air conditioners, and washing machines can be interfaced to a dc bus. Furthermore,
there are certain heating loads for which 230-V ac or 230-V dc is typically preferred.
It should be noted that the number of conversion stages can be reduced if the loads
and RES, which are basically dc in nature, are connected to the proper dc buses
rather than the typical ac bus (230 V, 50 Hz or 110 V, 60 Hz). This enhances the
system’s general reliability and compactness. Additionally, this lowers the ac grid
current’s total harmonic content. However, ceiling fans, conventional fluorescent
lamps, and the loads must all be connected to the traditional ac grid in some res-
idential structures with conventional single-phase induction motor-based pumping

loads.

Dept of EEE, TKMCE, Kollam 3
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Fig. 1.3: Conventional and modern building
1.2 Motivation

The idea of DC distribution is not novel; it has been used extensively in com-
munication networks, traction systems, and ships. The prevalence of DC household
appliances, particularly those with variable-speed motors, LED and CFL lighting
loads, digital computers, televisions, and chargers for electric vehicles and mobile
phones, among other things, has made this issue more important today. Another
significant factor influencing the growth of building DC distribution is the growing
use of distributed renewable DC sources, such as photovoltaics (PV). DC energy
generated locally must first be converted into AC, and possibly back again for DC
appliances, if only AC distribution is used. Major drawbacks of this multi-stage con-
version include the requirement for power converters, higher losses, and decreased
power reliability. Therefore, the introduction of an AC-DC hybrid nanogrid system

is the final answer to this issue.

1.3 Thesis objectives

Based on extensive literature studies, it has been determined that the 100-

year-old legacy grid is incompatible with modern DC-based loads, and that a hybrid

Dept of EEE, TKMCE, Kollam 4
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AC-DC nanogrid is required given the growing integration of rooftop solar. The

major objectives identified are:

To design a PV battery storage based AC-DC hybrid nanogrid system with
four different DC voltage buses and an AC bus for supplying AC loads and

grid using cascaded buck boost bidirectional converter.
Open loop simulation of switched capacitor interleaved bidirectional converter

Closed loop simulation of switched capacitor interleaved bidirectional con-

verter

To design a PV battery storage based AC-DC hybrid nanogrid system with
four different DC voltage buses and an AC bus for supplying AC loads and

grid using switched capacitor interleaved bidirectional converter

Study and compare the performance of the system with cascaded buck boost

bidirectional converter and SCIB Converter.

Achieve reduced ripples & voltage stress and to improve the efficiency & volt-

age gain in output.

1.4 Structure of thesis

1.4.1 Chapter 1

This chapter emphasises the present issues the traditional grid is facing as well

as the development of modern DC-based loads and the growing integration of PV.

It deals with the problem of unnecessary DC to AC conversion stages and related

losses. The motivation, objective and structure of the thesis are also covered in this

part.

1.4.2 Chapter 2

This chapter discusses the various literatures referred as a part of this project.

Dept of EEE, TKMCE, Kollam 5
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A comprehensive description of these works are provided in this chapter.

1.4.3 Chapter 3

The modelling of the entire system is covered in Chapter 3. It describes
the sizing of the PV system as well as the design of various components of boost,
bidirectional converter, inverter, etc. This chapter also explains the different phases

of the project’s execution as well as how the proposed and modified system operate.

1.4.4 Chapter 4

This chapter deals with the simulation of various components like PV, Boost,
Bidirectional converter, Inverter etc. The simulations of both proposed and modi-

fied system are also explained in this chapter.

1.4.5 Chapter 5

The exhaustive simulation studies depicting the proposed system along with
the modified system have been carried out, and the results are presented in this
chapter. The result discussion and comparisons are also described at the chapter

ending.

Dept of EEE, TKMCE, Kollam 6



Chapter 2

Literature Survey

2.1 Introduction

This chapter provides an overview of the topics that supplied the ideas for
this project. The following sections examine the previous works which have been

done on the similar topics.

2.2 An AC-DC Hybrid Nanogrid System for PV
and Battery Storage Based Futuristic Build-
ings

In this paper, a seven-bus ac-dc hybrid nanogrid system for future buildings
and its associated control strategy are suggested. One ac bus and six dc buses can
run simultaneously on the nanogrid, and power from any bus can be seamlessly
transferred to any other bus. The ac bus, two DC buses, and stand-alone mode
operation are all features of their respective designs. The other two DC lines are
used to connect the battery storage to solar photovoltaic (PV) systems. The two dc
buses that remain are set up to handle loads at medium voltage levels. The ability

of some of the buses to be reconfigured expands the range of household appliances
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that can be powered by the nanogrid. The low voltage rating of the battery bus and
the PV bus, respectively, is intended to reduce the series connection of batteries
and PV modules. Additionally, the PV array’s need for fewer series-connected
modules reduces the impact of shading, which is typically a problem with roof-top
installations. In addition, the system is created transformer-free, which reduces its

size, volume, and weight in comparison to plans that use line frequency transformers.

wen 1O
DC load O

Fig. 2.1: An AC-DC hybrid Nanogrid system

2.3 Variable Load Demand Scheme for Hybrid
AC/DC Nanogrid

The use of nanogrid technology to handle the problem of widespread load
shedding for domestic consumers is the topic of this paper. To achieve this, various
load control strategies, load classification, and maximising solar energy are used.
This study is novel because it includes DC-based load in the basic load, DC inverter
load in the regular load, and schedules the burst load for when solar PV generation
is at its highest. In numerous publications to date, the word "nanogrid” as a power

structure has remained ambiguous. The goal of this article was to provide a clear

Dept of EEE, TKMCE, Kollam 8
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definition of nanogrid. One of the key components of the nanogrid is demand side
load management, which allows end users to understand key aspects of their peak
energy usage and off peak hours. A microgrid option with a facility for the nanogrid
leads to a system that is more reliable with improvements in efficiency and a drop
in carbon emissions. When DC power from PV plants is used directly, the loss is
automatically reduced to 16%. The AC/DC combination nanogrid is 63% more
efficient than an AC-only system.Compared to a nanogrid that uses only DC, this
one has efficiency gains of almost 18%. The demand curve is smoothed by 54% more
during intelligent load shifting than it is during traditional load shifting. Real-time
pricing is more cost-effective than flat rate tariff for a home without DG, but flat
rate results are more cost-effective when DG are used in nanogrids, according to
simulation findings.If only flat prices are used for DG in nanogrid instead of real-

time pricing, savings of 12.67% - 21.46% are made.

2.4 A Comparative Study on Voltage Level Stan-
dard for DC Residential Power Systems

Recent years have seen an increase in interest in the application and study of resi-
dential low voltage DC (LVDC) power systems due to the rising demand for the inte-
gration of renewable energy sources and DC power usage. The residential DC power
system has benefits in the integration of distributed generation and the reduction
of conversion costs, which could offer customers a high-efficiency and high-quality
power supply. However, the industrial application of the LVDC power system is
hindered by the absence of voltage level standards. In order to offer DC power
suppliers and appliance manufacturers voltage level recommendations, a thorough

study of the effectiveness of various voltage levels is suggested in this paper.

Current voltage choices are compared to one another in terms of power source,
topology, power supply capability, electrical safety and voltage compatibility from
applications and study.The residential DC power system model of a neighbourhood

with four residential subsystems is used to perform comparative simulation. Based

Dept of EEE, TKMCE, Kollam 9
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Fig. 2.2: New microgrid power distribution topologies in buildings.

on the simulation and investigation, the comparison outcome shows that: 375V
bipolar DC system should be used in heavy load conditions; 240V and 380V is

optimal for unipolar domestic systems with low power consumption.

2.5 DC distribution for residential power networks;
A framework to analyze the impact of voltage
levels on energy efficiency

Residential DC networks have grown in popularity in recent years, largely as
a result of photovoltaic systems incorporated into buildings, rising electronic loads,
and dropping prices for DC appliances. The current standards for DC distribution,
which range from 48V to 380V and impact system efficiency, are fragmented in
comparison to AC (110V, 60Hz, or 220V, 50Hz). In this study, we develop a frame-
work to evaluate the effect of different voltages on distribution losses and power

electronic conversion losses in residential systems. The system efficiency for a typ-

Dept of EEE, TKMCE, Kollam 10
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ical DC home is then assessed at 48 V, 220 V, and 380 V DC and compared with
220 V AC using the established analytical framework and simulation. According
to the findings, the DC system at 220 V and 380 V is 4% and 10% more efficient
than the AC 220 V system, respectively, for a medium-sized solar integrated home.
Additionally, for cable sizes AWG-6 and larger, the system efficiency for 48 V DC is
greater than 380 V DC. Even though the efficiency relies on a number of variables,
including conductor size, voltage choice, connected loads, and solar capacity, the
framework provided is essential for quantifying losses and choosing the right system

components for a DC home.

2.6 AC vs. DC Home: An Efficiency Comparison

The starting of electric transmission saw the battle between AC and DC as
power transfer medium. As it lacked the capacity for voltage transformation at that
point, DC lost the dispute. However, as power electronics technology advanced,
Power Electronic Converters (PECs) were created and developed, which led to the
revival of DC. A further argument in favour of DC is that the tendency is moving
towards DC loads and that the majority of modern energy-efficient appliances are
DC-operated. By contrasting the efficiency of AC and DC homes, this paper offers

insight into the distribution scale energy savings possibilities of DC.

Two distinct topologies—one with a main PEC supplying all the loads and the
other with separate PEC for each load; creating a total of four configurations, are
taken into consideration when analysing the AC and DC home’s efficiency values.
Systems are simulated for various PEC efficiencies while taking daily load fluctua-
tion into account. The findings show that DC systems outperform AC systems in
terms of efficiency, with advantages of 3.62 and 3.88 percent for bulk and separate

PEC topologies, respectively.

Dept of EEE, TKMCE, Kollam 11
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Fig. 2.3: Proposed configuration of a DC home microgrid.

2.7 A Novel Single-Stage Single-Phase Reconfig-
urable Inverter Topology for a Solar Powered

Hybrid AC/DC Home

For a hybrid ac/dc solar-powered home, this paper proposes a reconfigurable
single-phase inverter topology. The primary benefit of this converter is that it can
operate in dc/de, de/ac, and grid tie modes, which lowers loss, cost, and converter
size. This converter has a single-phase single-stage topology. Appliances in this
hybrid ac/dc house are powered by both currents. This style of house improves
the harmonic profile by isolating dc loads to the dc supply side and the remainder

to the ac side, which reduces power loss by avoiding unnecessary double stages of

Dept of EEE, TKMCE, Kollam 12
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power conversion. The simulation is carried out in MATLAB/Simulink, and the
hardware implementation using an Arduino Uno controller is used to verify the
findings. Such a solar-powered home with this innovative inverter topology could
serve as a fundamental building component for an energy-efficient smart grid and

microgrid in the future.

The main objective of this paper is the implementation of a single-phase single-
stage solar converter known as a reconfigurable solar converter (RSC) in a residen-
tial building that is powered by solar energy and has energy storage systems. The
fundamental idea behind the RSC is to use a single power conversion system to per-
form various operational modes for solar PV systems with energy storage, including
solar PV to grid (Inverter operation, dc-ac), solar PV to battery/dc loads (Dc-De
operation), battery to grid (Dc-ac), battery/PV to grid (Dc-ac), and Grid to bat-
tery (Ac-Dc). A hybrid ac/dc home powered by solar energy is used to evaluate
this inverter, which has both ac and dc domestic loads.The harmonic contributions
that specific appliances make to the distribution grid from a typical contemporary
home are taken into account when choosing which ones to use. In addition to the
aforementioned, there have also been the following accomplishments. Sensors and
electrical components vary, and a typical inductor is only used for dc/dc operation.
Solar PV-battery functioning is confirmed while taking solar radiation variation into
account. The switches operating in the architecture for dc/dc operation reduce the
circulation current. In this paper, control logic and input quantity sampling vary

as well.

This study recommended an improved converter topology for a hybrid ac/dc
home fueled by solar energy. Using a single conversion of ac power to dc and
vice versa is the primary concept behind this topology, which increases efficiency,
decreases volume, and improves reliability. The converter topologies proposed are
helpful in reducing a significant amount of harmonics in the residential feeders of
the future smart grid, according to the hardware implementation. Although only
solar PV is used here as a power source, this design could also be used with wind,

fuel cells, etc.
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2.8 DC, Come home: DC microgrids and the

birth of the “Enernet”

Making power industry history is the topic of this paper. It is about the
possibility for dc power, the first type of electrical power, to once more change the
world. With the aid of contemporary solid-state power electronics technology, it is
revived. Buildings that ”cleanly” produce enough energy on-site to equal the energy
they consume, producing a "net zero” balance at the building level, are referred to
as ZEBs, at least in the context of this article. This further opens up the possibility
of reducing the total negative effects of energy production on our economy, climate,
and environment. From these and other related initiatives globally, a number of
common approaches to designing for low- or zero-energy buildings, whether they

are new or existing, are emerging.

Power Sources

A
'd N\
. Battery Fuel Cell
Solar PV || Wind Storage Gen Set Other
] ] g
Wind 380 Vdc
MPPT Contr. Converter
g g ¢

Facility Power Server and Common Distribution / Collector (380 Vdc Nom) Bus

l 1 1 1 1 | |

Lighting Plug EV HVAC || Electronic ICT HE e
Loads Loads ||Charger|| Loads Loads Desktop 380 Vdc
24 Vdc || 380 Vdc || 380 Vdc || 380 Vdc | |380/24 Vdc|| 24 Vdc
N J
Y

Electrical Loads

Fig. 2.4: New microgrid power distribution topologies in buildings.

Lighting is frequently a top priority, both in terms of boosting day lighting
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and improving the energy efficiency of the remaining electric light. In addition, a
variety of new design approaches are being used in mechanical and heating, ven-
tilation, and air-conditioning (HVAC) systems. These include updated ventilation
plans, the application of cutting-edge technologies like chilled beams and radiant
panels, as well as increased use of variable-speed drive motors for pumps and air
handlers. Controls and building technology are added by so-called ”smart building”
methodologies. On-site power generation and storage, which includes the use of so-
lar, wind, and other renewable energy generation, as well as more effective power
distribution throughout a building, are other areas of emphasis. Design strategies
are evolving generally for new construction and extensive renovation projects, with

an increasing emphasis on the 2030 challenge.

The key areas of application in buildings for standardization of dc power use

include:

the need for dc electricity is primarily driven by lighting and control loads in

interiors and occupied areas

e Data centres and telecom central offices, along with the ICT (information and

communications technology) equipment use dc.

e clectric car charging and outdoor light-emitting diode (LED) lighting are two

examples of outdoor electrical applications of DC

e Utilities, building services and HVAC with electronic dc motorised machinery

and variable-speed drives (VSD).
e differences in power protection device and safety application
e building-level electrification cannot use dc due to a lack of robust environment.

e An uncertain transition from dc-inclusive distribution methods to ac-centric

distribution models.
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2.9 Simulation Analysis of Grid-connected AC/DC

Hybrid Microgrid

This article proposes an AC/DC hybrid microgrid with loads, energy stor-
ages, and some renewable energy sources (PV, fuel cell). Both ac and dec microgrids
make up the hybrid microgrid. The power flow between the ac microgrid and the
dc microgrid is controlled by a bi-directional AC/DC converter. The fuel cell and
PV array’s dc side via the DC/DC converter attached to the dc bus. Through a
bi-directional DC/DC converter, a battery serving as an energy storage device is
linked to the DC bus. The DC/DC/AC converter is used to link the PV array on
the ac side to the ac bus. The ac microgrid drives the suggested hybrid microgrid’s
operation in grid-connected mode.The simulation test-bed is then implemented us-
ing MATLAB/Simulink after each module’s model and control approach have been
examined. The steady state of the system, the transient process of switching the
fuel cell, the change of solar irradiance on both the ac and dc sides, and the change
of the AC and DC loads are used to model the impact of system operation. With
the final conclusions, the simulation analysis results for the operation characteris-
tics and transient process of grid-connected operation under various circumstances

are given.

A grid-connected AC/DC hybrid microgrid is described in this article. The
system model is then constructed in MATLAB/Simulink after each module’s model
and control strategy have been thoroughly explained. The system’s operation fea-
tures are examined in both the system’s steady state and its instantaneous state,
which includes the sudden switching of the load between the ac and dc sides, the
switching of the fuel cell on the dc side, and the altering of solar irradiance between

the ac and dc sides. The Operating characteristics are as follows:

e Energy storage equipment does not participate in power balance in the hybrid
AC/DC microgrid in a steady state, where all distributed energy sources run
steadily and supply energy to the load. Instead, the utility grid absorbs any

€excess power.
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Fig. 2.5: Configuration of grid-connected hybrid AC/DC microgrid.

The energy storage device is operating at charging or discharging at the
switching moment when the dc side load and fuel cell are removed or accessed
instantly. However, the dc bus voltage is quickly restored to a new steady
state with the assistance of the battery, and the AC microgrid is unaffected
by DC microgrid disturbances.

Ac bus voltage will rise or fall at the switching moment when an ac side load
is removed or instantly accessed, but the utility grid will keep the stability of
the AC microgrid, and the DC microgrid won’t be affected by ac load changes.

The outer power of PV changes as a result of variations in sun irradiance. The
battery will discharge in order to keep the stability of the dc bus voltage when
the PV and fuel cell power of the DC microgrid are not enough to satisfy the
load demand. The lack of power is primarily supplied by the AC microgrid
and the bi-directional AC/DC inverter operating in inverter mode. The utility
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grid provides the short-cut power to the ac microgrid to keep system stability

when the solar irradiance changes on the ac side.

2.10 Operation and Control of a Hybrid AC-DC
Nanogrid for Future Community Houses

Future community housing can be thought of as having a hybrid AC-DC
nanogrid (NG) power supply infrastructure. This document describes how an NG
operates and is controlled. An AC bus and a DC bus are linked by a tie-converter
to form the NG. There may be a number of loads and micro sources on each vehicle.
The NG should be able to exchange power with the utility system and have sufficient
generation capacity to power its loads in off-grid mode. In the event of off-grid
operation, the tie-converter switches electricity between two buses and controls bus
voltage in both buses. The AC and DC buses are connected using a tie-converter
(TC). Additionally, a solid-state static switch and a three-phase transformer are
used to supply power to the AC bus, which is also linked to the grid. A few
loads and generation devices are linked to each bus. In this research, a 30 kVA,
three-phase transformer is used to supply a three-phase, 400 V system for the AC
bus and a 350 V DC system for the DC bus. It is speculated that two power-
electronic interfaced DERs are connected to the AC bus, and that two additional

power-electronic interfaced DERs are connected to the DC bus.

By changing the reference values for the primary controller as needed, the
secondary level control (central controller) is in charge of controlling the magnitude
and frequency of the voltage in the AC bus as well as the voltage in the DC bus. The
central controller takes action based on new rated voltage and frequency references
to shift up or down the DERs droop characteristic , if the voltage magnitude or
frequency in the AC bus or the voltage magnitude in the DC bus rises above or
declines below the acceptable pre-defined values. The central controller’s efficacy

for various NG operating modes is summed up as follows:
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Fig. 2.6: Primary and secondary control levels of the considered NG system.

e The central controller will serve as the secondary level management for each
DER in the AC and DC bus if the NG is off-grid. In this scenario, the central
controller will specify both the rated voltage for the DERs in the DC bus and

the rated voltage magnitude and frequency for the DERs in the AC bus.

e The central controller only has to specify the rated voltage magnitude for the

DERs in the DC bus if the AC bus of the NG is connected to the grid while
the TC is off because the DERs in the AC bus are capable of exchanging

power with the grid and are running in constant PQ mode.

e The central controller is inactive and not controlling the voltage and frequency
in the AC or DC bus if the NG’s AC bus is attached to the grid while the TC

1s on.
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2.11 Power Management for a Hybrid AC/DC

Microgrid With Multiple Subgrids

This study suggests a novel topology for a hybrid ac/dc microgrid in which
the system’s bidirectional ac/dc converters (BADCs) and bidirectional dc/dc con-
verters (BDDCs) link various subgrids to a common bus. For various applications,
the rated ac frequencies in various ac subgrids and the rated dc voltages in various
dc subgrids can vary. For simple management and high efficiency, the system’s stor-
ages are grouped together to create a storage subgrid that keeps the common bus
voltage constant. A suitable power management technique is required to regulate
the power flow among various subgrids in order to guarantee the hybrid micro-grid
functions properly.In order to make the interconnected subgrids operate cohesively
and provide support for one another, this article suggests a decentralised power
management strategy for hybrid microgrids. First, a Pdc v2 dc droop control strat-
egy is suggested to maintain the common bus voltage and to enable power sharing
among storages in the storage subgrid while taking the characteristics of the com-
mon bus configuration into account. Second, a coordinated power control strategy
based on the common bus voltage, ac subgrid frequency, and dc subgrid voltage is
created for the BADCs and BDDCs to realise the power interaction among various
subgrids because doing so is more complicated than doing so with a conventional
hybrid. The suggested approach also considers the capacities and load types of each
subgrid; as a result, it can guarantee the power quality of the subgrids with a high
percentage of critical loads even when the capacities of the subgrids are out of bal-
ance. Real-time hardware-in-loop tests confirm the suggested power management

method’s efficacy.

This paper proposes a novel hybrid ac/dc microgrid topology with multiple
subgrids and a decentralised power management approach for this kind of hybrid
microgrid. The decentralised power management approach that has been suggested
can enable the interconnected subgrids to cooperate and assist one another. First, a

Pdc-vdc2 droop control strategy is suggested to maintain the common bus voltage
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Fig. 2.7: Topology of the hybrid ac/dc microgrid.

and to enable power sharing among storages in the storage subgrid while taking
the characteristics of the common bus configuration into account. Second, a co-
ordinated power control strategy based on the common bus voltage, ac subgrid
frequency, and dc subgrid voltage is created for the BADCs and BDDCs to realise
the power interaction among various subgrids because doing so is more complicated
than carrying it out in a conventional hybrid. Additionally, the suggested strategy
takes into account the capacities and load types of each subgrid; as a result, it can
still be used when the capacities of subgrids are out of sync and can guarantee the
power quality of subgrids with a high percentage of crucial loads. Additionally,
the related HIL tests are carried out to confirm the efficacy of the suggested power

management.

2.12 Conclusion

This section summarises the findings on the detailed study of the topics
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related to the proposed system. This literature survey helped to identify different
approaches to implement the related systems, their methodology, pros & cons of

each approach etc.
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Chapter 3

Methodology

3.1 Introduction

This chapter explains various methodologies that were used in gathering data

and analysis of existing systems in the field of PV based boost with bidirectional

battery charger, bidirectional converters and H bridge inverter topologies.

The

methodologies will include areas such as collecting information on existing systems

after the idea origin, detailed study on limitations of those, inculcate new ideas to

replace the existing ones, and finally the development of new idea to implementation

level.
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3.2 Research on existing systems

Detailed literature survey is done on IEEE journals and conference papers
dealing with similar topic. The disadvantages of these systems were identified and

is improved in the modified system.

3.3 Proposed system

110 V MDC1
MPPT Cascaded | 240v MDC2
48 V LVDC
» Controlled »  Buck

v

A /

- F N\
Boost i Boost BDC | 320V HvDC
PV Array >
A
PV_I PV_V
Yy
230V AC
MPPT Cllgssd Inverter >
control 2
(9
Bidirectional
Closed
Battery (0 Converter G— 06
P Closed
control 1
loop
control 3

Fig. 3.2: Proposed System

The project is proposing four different level DC buses i.e 48 V (LV), 110 V
(MV), 240 V. (MV) , 320 V (HV) and an AC bus(230 V, 50 Hz) in the hybrid
nanogrid. The four different levels of DC is for different rated DC loads and the
AC bus is for powering the conventional AC loads. This can be achieved by using
a Boost converter, bidirectional buck boost converter, cascaded buck boost bidirec-

tional converter and a H bridge inverter.

The low voltage DC link and the battery are both charged while the PV’s
output is increased to 48 V. The cascaded bidirectional buck boost converter utilises
this as its input and outputs two levels of DC voltage for MV and HV buses. The
single phase H bridge inverter uses the high voltage as input to create 230 V AC to
supply the grid.

Dept of EEE, TKMCE, Kollam 24



An AC — DC Hybrid Nanogrid System with Switched capacitor interleaved
bidirectional converter

3.4 Design of PV MPPT Boost Converter

The PV MPPT Boost component parameters are designed and simulated
in Matlab. Redesigning of simulation parameters are done to achieve the required

output. MPPT algorithm used is Incremental Conductance.

3.4.1 PV Array Sizing

Total load = 15 kW

We multiply the backup hours by the total watts of the load that needs to be turned
on to compute the watt hour:

Watt hour = watts x hrs/day

Total load in Wh = 15 kW x 10 = 150KWh

Installing a 130 Wh capacity is required to satisfy the appliance’s energy require-
ment of 100 Wh in order to make up for the power lost in the wires, battery, and
controller (multiply appliance watt hour demand by 1.3 to install the desired ca-
pacity of the PV system panels or modules)

Panel energy = Wh x 1.3,

Panel energy = 1.3 x 150 kWh = 195 kWh/day

Calculating the panel generation factor is necessary to make up for environmental

impacts,

Table 3.1: Panel generation factor
Desert Area 3.86

Land Area 3.43
Cloudy area (5-7 days/month) | 3.00

Cloudy area (<10 days/month) | 2.57

Peak panel power = Wh + PGF,
Peak panel power = 195 kWh =+ 3:43 = 56851Wh = 5685.1 watts
For a 250 W panel,

Maximum power PM
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Py =Vy X1y

Py =306V x 817 A =250 W

Calculate the number of modules to be connected in series and parallel,
Ns =Vaya /Var = 150 / 30.6 = 4.9 (Higher integer value 5)

Via =V X Ng=306 x 5=153V

Np = 1Inya /Iy = 38/ 8.17= 4.65 (Higher integer value 5)

Inga =1y X Np =817 x 5= 40.85 A

Calculating the total power of the PV array

Pya =Ng X Np x Pyy =5 x5 x 250 =6250 W

Thus, we need 25 PV modules.

A string of 5 modules connected in series and 5 such strings connected in
parallel, having a total power of 6250 W at maximum PV array current and voltages

of 40.85 A and 153 V respectively.

Array type: Advance Power API-M250;

5 series modules; 5 parallel strings
50 T T T T T T T

1 | | | | | | 1 |
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7000 T T T T T T T T
@
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E a000 - -
.
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Fig. 3.3: PV Characteristics

3.4.2 MPPT Control design

Grid-tie inverters, solar battery chargers, and other similar devices use the

maximum power point tracking (MPPT) method to extract as much electricity
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as they can from one or more solar panels. The complicated connection between
solar radiation, temperature, and total resistance in solar cells results in the I-V
curve, a nonlinear output efficiency. The MPPT system’s goal is to sample the cell
output and apply the appropriate load (resistance) to get the most power possible
under any given climatic circumstances. In increamental Conductance, inorder to
determine the direction of the change in the power with respect to the voltage
(dP/dV), the controller monitors incremental changes in the array current and
voltage (dI/dV). Compared to P & O, this technique requires the controller to
perform more computation, but it can monitor changing conditions more quickly.
The power output may also fluctuate as a result. The MPP voltage is the output

voltage when the incremental conductance is zero. Until the irradiation changes

and the process is repeated, the controller retains this voltage.

dv= v(k)-V(k-1)
di=1(k)-I(k-1)

\ 4 /

Decrease Increase Increase Decrease
Duty Duty Duty Duty
cycle cycle cycle cycle

\ \/
Update
> V(k-1)=v(k) |
> I(k-1)=I(k) [

Fig. 3.4: Flowchart of Incremental Conductance
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3.4.3 Design of Boost Converter

Desired output, V,=48 V

1. Selection of d
Vi oo
dpin = 1 — /" — (.625 3.1
> (3)

o

‘/iTL max
dmae = 1 — ———— = 0.5625 3.2
= (32)

o

Nominal d=0.6

2. Inductor Ripple Current, Al

Vo

AT, = (0.2 —0.4) X Lput_maz X o= 0.8 (3.3)
3. Selection of L,
d(1—d) xV,
Al > ——F-—° 4
2 (3.4)
4. Selection of Output capacitance
[out,ma:p X d
= — =22 F .
Cout fs % AV; OO/’L (3 5)

3.5 Design of Bidirectional Buck boost converter
to battery & Cascaded bidirectional converter

The component parameters are designed and simulated in Matlab and are
redesigned to achieve the desired output. The control system for both the converters

are designed and simulated for the closed loop operation using PI controller.

3.5.1 Design of Bidirectional Buck boost Converter

Desired output , V,=24 V Nominal input ,V;,= 48 V
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Forward operation (Buck mode)

Desired output , V,=24 V Nominal input ,V;,= 48 V

1. Duty Cycle (d)

2. Selection of inductor

Al = (0.1=0.2) x Ly =254

dx (Vin — V5)
L=——=05mH
F.x AL 0.5m

Backward operation (Boost mode)

Desired output , V,= 48 V Nominal input ,V;,= 24 V

1. Duty Cycle (d)
Vin X 1)

d=1-
v,

=0.6

2. Selection of inductor

d x Vi,

[ = - "
stAIL

=0.5mH

3. Selection of Output capacitance

I
Al = —° —925A4
=14

I, xd
Cowt = ———— = 2200uF
' xAY, a

(3.9)

(3.10)

(3.11)

(3.12)

(3.13)

3.6 Design of Grid connected H bridge inverter

The H bridge inverter with its controller is designed and simulated to get a

synchronized output ready to be fed back to the utility.
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3.7 Switched Capacitor Interleaved Bidirectional
Converter

The Switched Capacitor Interleaved Bidirectional Converter can supply the
constant dc bus voltage due to its broad voltage-gain range. Additionally, a three-
phase interleaved structure built on switched-capacitor cells significantly lowers the
voltage stresses across the power switches and the current ripple on the LVS. The
input and output of the switched-capacitor interleaved bidirectional (SCIB) con-
verter have an absolute common ground. Therefore, a wide range of voltage gain,
decreased current ripple and voltage stress on the power switches, and good topol-

ogy scalability are the primary benefits of the SCIB converter.

L C Qs|— Thigh
o 2k o
Dy
lq pD oF
B K O S o
_ ; | . TTTL |
- |+ Lg_l .

6 Ciry=—
=15 L L TFT_ ] oL |
+ L] T

_glo D4 ;|-
Ulow QJ D, Chz
5 o

Fig. 3.5: SCIB Converter configuration
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Fig. 3.6: Double loop control diagram. (a) Step-up mode (b) Step-down mode
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A basic buck/boost network (L, @1, Q4 & Chy) and two extended buck/boost
networks (Lg, @2, Cy and Qg) make up the SCIB converter’s configuration. Power
switches Qs, @7, Cha and Ls, Qs, Co, Qs, Cr3, energy storage/filter capacitance Cjyy,
on the LVS. The SCIB converter allows for bidirectional power transfer between the

HVS and LVS by operating in either the step-up or step-down mode.

3.7.1 Modes of operation

Thigh

iy (}hm

Fig. 3.7: Current-flow paths in the step-up mode

Ly e Ol
T T

(d)

Fig. 3.8: Current-flow paths in the step-down mode

3.7.2 Design

1. Selection of inductance of the inductors L1-L3

Uowd 00S
Ly=Ly=Ls= ﬁ (3.14)
s L
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2. Selection of capacitance of the capacitors C and Cy

(]- — dboost)]L2

c, > TAlL Ao (3.15)
1—d 008 I
Cy > (fAbUCtng = 238, H (3.16)

3. Selection of capacitance of the capacitors Cj; and Cjo

Ch1 and C}, are identical to C7 and Cy |, respectively, to take the effect of

asymmetry out of the equation. Therefore,

Cl = CQ = Chl = Chg = 270/LF (317)

4. Selection of capacitance of the capacitors Cjs

Similar calculations can be used to determine the capacitance of capacitor Cj3

(1 - dboost)lhigh
fsAUhigh

Chy > = 238uH (3.18)

3.8 Proposed system modification

110VMDC1
Switched =
MPPT 48V LVDC Capacitor 240 V MDC2 -
»| Controlled e > =
Boost i Intereaved 320 V HVDC
PV Array BDC >
A
PV_I PV_V
Yv v
230V AC
MPPT C]'gssd INVerter  f—
control 2
L

u?
Batter Bidirectional Closed
] Gm— Converter (— g
control 1 Cllgssd

control 3

Fig. 3.9: Proposed System modification

The modified system is proposing four different level DC buses i.e 48
V (LV), 110 V (MV) , 240V(MV), 320 V (HV) and an AC bus (230 V, 50 Hz)
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in the hybrid nanogrid. The modified system replaces the cascaded buck boost
bidirectional converter with Switched capacitor interleaved bidirectional converter
inorder to reduce ripples & voltage stress and to improve the efficiency & voltage

gain.

The output of the PV is boosted to 48 V, the low voltage DC bus and also
charge the battery. This is fed as the input to the switched capacitor interleaved
bidirectional converter which gives out three levels of DC voltages for two MV and
one HV buses. The high voltage act as input to the single phase H bridge inverter
that produces 230 V AC and will feed the grid.

3.9 Conclusion

The complete proposed system is initially individually developed and simu-
lated and then incorporated together to achieve the different DC Voltage buses and
the AC bus in phase I. Then, the proposed system is modified with new converter

and is checked for improvements in phase II.
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Chapter 4

Simulation

4.1 Introduction

Matlab Simulink is used for simulation. The math computing environment
and proprietary multi-paradigm computer language MATLAB were created by
MathWorks. MATLAB is an acronym for ”"MATrix LABoratory.” Matrix manipula-
tion, function and data plotting, algorithm implementation, user interface creation,

and interfacing with other programming languages are all possible with MATLAB.

Although MATLAB is mainly designed for numeric computation, symbolic
computation capabilities are accessible through an optional toolbox that uses the
MuPAD symbolic engine. Graphical multi-domain modelling and model-based de-
sign for embedded and dynamic systems are added by an additional package called

Simulink.

4.2 PV MPPT Boost Converter

The output of the PV is fed as the input to the boost converter which boosts
the input voltage to required LVDC bus voltage i.e 48 V. The gate pulse from
the Incremental conductance algorithm control the PWM generator of the Boost

converter switch.
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Fig. 4.1: PV MPPT Boost Converter

4.2.1 MPPT Control

1 [ function y = MYMPP(u,i,uo,io,D)
2 m=a.4;
3 du=u-uo;
4 di=i-io;
5 d=0.88085;
6 if du==8
7 if di==e
8 m=0;
] else
18 if die
11 m=D-d;
12 else
13 m=0+d;
14 end
15 end
16 else
17 if difdu== -(i/u)
18 m=0;
19 else
28 if di/fdu> -(i/u)
21 m=D-d;
22 else
23 m=0+d;
24 end
25 end
26 end
27 y o= m;
28 = end

Fig. 4.2: Incremental Conductance algorithm

The PV module’s output is always fluctuating. An MPPT is used with
the DC-DC converter to get the maximum power out of the panel. The Matlab
embedded block is then modified by adding the MPPT algorithm to create the
MPPT block. The output of the MPPT, i.e the duty cycle is fed to the mosfet
of the DC-DC boost converter, while the output of the PV module’s current and
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voltage are passed into the Matlab embedded block.

The P-V curve’s slope is picked up by the incremental conductance algorithm,
and the P-V curve’s extreme is utilized to find the MPP. For MPPT, this algorithm
employs the incremental conductance dI/dV and the instantaneous conductance
I/V. The MPPT function block’s output, a duty cycle, is passed to the PWM

generator to produce the gate pulse for the boost converter’s mosfet.

4.3 Bidirectional buck boost converter

If irradiance in the PV is greater than 400 W/m?, then simulataneously the
DC bus is powered with 48 V boost output and at the same time the battery is
charged. The 48 V is bucked to charge the battery. If irradiance in the PV is less
than 400 W/m?, then the boosting operation stops and the 48 V LVDC bus is fed
from the battery after boosting the battery output to 48 V by the bidirectional
converter. So the forward mode of the bidirectional buck boost converter is buck
mode and the backward mode is boost mode. Thus the BDC act as buck when
irradiance in the PV is greater than 400 W/m? and as boost when it is less than

400 W /m?2.

|
SO Irradiance

(W/m2)1

LH

[/

wf
= ‘

L]

]

Fig. 4.3: Battery bus with bidirectional buck boost converter and its control

Battery voltage and the required cut off voltage is given to a PI controller

to produce the reference current. This reference current is compared with the
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battery current and duty cycle is generated. From this duty cycle, PWM pulses
are generated, which is given to the upper MOSFET switch during buck operation.
During boost mode, 48 V reference is compared against the LVDC bus volatge with

a PI controller which generates the required duty cycle.

4.4 Cascaded Bidirectional buck boost converter

Mastel 5

Fig. 4.4: Battery bus with cascaded bidirectional buck boost converter

"|;"F

Fig. 4.5: Cascaded bidirectional buck boost converter control

The Cascaded Bidirectional buck boost converter act as boost in forward
operation with the lower mosfets acting as switch while it act as buck converter in
backward operation mode with the upper mosfets as switch. The forward and

backward mode is controlled by the irradiance value. It requires two PI controllers
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for this operation. The output of this converter is two DC buses 110 V (MV) and
320 V (HV).

4.5 Grid connected single phase H bridge Square

wave Inverter

‘} AN
E
v
)"
)
ﬂ

el e

Fig. 4.6: Grid connected single phase H bridge square wave Inverter with its control

This Voltage source inverter is fed with a 320V DC and is converted to 230 V
AC. This generates a square AC wave of 230 V RMS value which is synchronised
with the grid voltage and current using the control circuit. The grid voltage i.e
230 V, 50 Hz AC is given as input to the control circuit. It passes through the low
pass filters to filter out the higher order harmonics, which is then fed to the Phase
locked loop(PLL). A control system that produces an output signal whose phase is
correlated to the phase of an input signal is known as a phase-locked loop (PLL).
A phase detector and a variable frequency oscillator operate in a feedback cycle
to form the PLL. Voltage-controlled oscillators (VCO) are so named because the
frequency and phase of the oscillator are proportionally regulated by the applied
voltage. In order to maintain the phases matched, the oscillator generates a periodic
signal with a specific frequency, and the phase detector compares the phase of that

signal with the phase of the periodic signal input. Maintaining the same input and
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output frequencies also entails maintaining the input and output period in lockstep.
Consequently, a phase-locked loop can monitor an input frequency in addition to
synchronising signals. Using a PI controller, the sine of the phase angle output
is multiplied by the peak value of the grid current before being compared with
the inverter current and fed back into the low pass filter. The H bridge inverter’s
switching pulses are produced in the subsequent part of the control circuit. For
this, sinusoidal PWM is employed. To create the switching pulses, the output from
the PI controller is compared with the triangular wave. This causes S1 and S4 to
be turned ON simultaneously for the positive half of the cycle, while S2 and S3 are
used for the negative half. As a result, the grid output and square AC output will

be synchronised.

4.6 Grid connected single phase H bridge sine

wave Inverter

[
T

Fig. 4.7: Grid connected single phase H bridge sine wave Inverter

A 320V DC is fed into this voltage source inverter, which produces 230 V AC.
By employing the control circuit, this generates a square AC wave with a 230 V
RMS value that is synchronised with the grid voltage and current. The input to
PLL is the inverter voltage. A phase-locked loop is a type of control system that
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Fig. 4.8: H bridge sine wave Inverter control

generates an output signal whose phase is associated to the phase of an input sig-
nal. (PLL). The PLL is composed of a phase detector and a variable frequency
oscillator that work in a feedback loop. The word ”voltage-controlled oscillator”
(VCO) refers to an oscillator whose frequency and phase are proportionally con-
trolled by the applied voltage. The oscillator produces a periodic signal at a certain
frequency, and the phase detector checks the phase of that signal with the phase of
the periodic signal input in order to keep the phases aligned. The input and output
period must be kept in lockstep in order to retain the identical input and output
frequencies.Inverter current and PLL output is used for the transformation of in-
verter current in the abc frame to the dq frame using the park transformation. As
the dg-frame only needs two compensators, this conversion decreases the number of
compensators needed. Additionally, because the reference signal in an abc-frame is
sinusoidal, you cannot utilise PI controllers as your compensator and must instead
develop compensators that accurately follow your reference signal, which can be
challenging as system complexity rises. A PI controller can be utilised as a com-
pensator because controlling in a dg-frame is the same as managing DC quantities.
Two PI controllers receive the converted dq frame values and compare them to the
reference dq values.After that, the PI's regulated output is once more transformed
to the abc frame, which creates the pulses needed to turn the inverter. For the
positive half of the cycle, S1 and S4 are simultaneously switched ON, whilst S2 and
S3 are employed for the negative half. The output of the grid and the output of

the sinusoidal AC inverter will thus be synced.
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4.7 Switched capacitor interleaved bidirectional
converter

The SCIB converter simulation is shown below. The study is made easier by pre-
suming that each component is ideal. Voltages across capacitors are constant, and
the on-state resistance RDS of the power switches as well as the corresponding se-
ries resistance of the inductors and capacitors are disregarded. The primary power
switches ()1 — @3 and the freewheeling diodes D, — Dg of ()4 — Qg are used when the
SCIB converter is operating in step-up mode. The duty cycles of the gate signals
S1 — S3 are assumed to be Dy = Dy = D3 = dpgost, phase-shifted by 120° in turn.
The primary power switches ()4 — (s and the freewheeling diodes Dy — D3 of Q1 — Q3
are used when the SCIB converter is in the step-down mode. The duty cycles for the
gate signals Sy — Sg are dy = dg = dg = dpycr, and ds = dy = 1 — dpye, respectively.
S4, S6, and S8 are also phase-shifted by 120° in turn. Ss, S7 are complementary to
Se, Ss.

Fig. 4.9: Switched capacitor interleaved bidirectional converter

In open loop system, inorder to produce the gate signals for the power switches
in both bucking and boosting modes of operation, the absolute value of the trian-

gular pulse is compared to the fixed duty cycle. Additionally, a 120° phase change
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Fig. 4.10: Open loop control of SCIB converter in buck mode

is applied in turn to the necessary switches using a transportation delay block. The
phase delay is used to determine the time delay for the pulses to be used in the

transportion delay block in Simulink.
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Fig. 4.11: Open loop control of SCIB converter in boost mode

In contrast to an open loop control system, where the duty cycle was fixed, a
closed loop control system compares the absolute value of the triangular pulse to
the duty cycle generated by the PI controller to produce the gate signals for the
power switches in both step up and step down modes of operation. The double
loop control system is used to produce the duty cycle from the PI controller. For
step-up mode, the PI controller compares the HV bus voltage to the required HV
voltage, and then uses an additional PI controller to compare the output of the
former PI to the current from the HV bus. To maintain the bus voltage constant,

the PI controller will produce the duty cycle.

In the step-down mode, the same procedure is followed, but in this instance,

the reference value and comparing values will be of the LV bus.
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Fig. 4.13: Closed loop control of SCIB converter in boost mode
4.8 Conclusion

The simulation of the proposed system and modified system are carried out
in Matlab and the results are analysed to find the ripple, voltage stress, THD etc.

The two results are compared.
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Chapter 5

Results and Discussions

5.1 Introduction

This section incorporates the results of the proposed system and modified

system simulation with different levels of irradiation to the PV.

5.2 Results with Cascaded buck boost bidirec-
tional converter

The conventional cascaded buck boost converter is designed to get the 3 dif-
ferent levels of DC voltages. The bus currrents are also analysed. When the irrada-
tion is changed every one minute in the simulation there is disturbance and it takes
around 3 ms to get back to stable condition. The AC generated from the HVDC
of the converter is analysed for THD and found to be around 5.77% as shown in
fig. 5.9. The voltage stress across the switches are also found to be high.The AC
inverter output is found to be synchronized with the grid output, in case of both H

Bridge square wave and sine wave inverters.
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Fig. 5.4: Voltage across switches S3,54
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Fig. 5.5: AC grid Voltage

H Brige Inverter output
1

0.4

0.45

0.5

| | 1 1 1

0 0.05 0.1 0.15 0.2 0.25 03 0.35 0.4 0.45 0.5
Time (seconds)
Fig. 5.6: H bridge Square wave Inverter output Voltage
Dept of EEE, TKMCE, Kollam 47



An AC — DC Hybrid Nanogrid System with Switched capacitor interleaved
bidirectional converter

Voltage(V}
o

[ 005 o1 015 02 025 o3 035 04 045 05

Fig. 5.7: Synchronised AC grid voltage and inverter voltage with square wave in-
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Fig. 5.8: Synchronised AC grid current and inverter current with square wave in-

verter
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Fig. 5.9: Synchronised AC grid voltage and inverter voltage with sine wave inverter
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Fig. 5.10: THD Analysis of AC sine wave inverter output
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5.3 Results with Switched capacitor interleaved

bidirectional converter
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Fig. 5.15: Synchronised AC grid voltage and inverter voltage
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Fig. 5.16: THD Analysis of AC sine wave inverter output
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5.4 Conclusion

The output DC voltages and the 230 V, 50 Hz AC voltages are found to
be maintained irrespective of the change in irradiance condition. The H bridge
inverter voltage and current is also found to be synchronised with the grid voltage

and current respectively, while using both the converters.

Table 5.1: Comparison of Converter output quality
Type of Ripple Factor THD(%)

Converter MV DC1 | MV DC2 | HV DC | 230 V, 50 Hz AC

Switched Capacitor
Interleaved 0.94 0.89 0.64 4.45

Bidirectional Converter

Cascaded Buck Boost
Bidirectional 1.6 1.2 0.86 5.77

converter

Switched Capacitor Interleaved BDC is discovered to reduce the ripple factors
of the output DC buses compared to Cascaded Buck boost BDC. While compared
to the earlier conventional converter, the THD (Total Harmonic Distortion) is also

lowered with the use of the SCIB converter.
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Chapter 6

Conclusion

The PV battery storage based AC-DC hybrid nanogrid system with four different
DC voltage buses and an AC bus for supplying AC loads and grid using cascaded
buck boost bidirectional converter is designed and simulated in MATLAB. Open
loop & closed loop simulation of switched capacitor interleaved bidirectional con-
verter is also simulated.The PV battery storage based AC-DC hybrid nanogrid
system with four different DC voltage buses and an AC bus for supplying AC loads
and grid using switched capacitor interleaved bidirectional converter is designed and
simulated. The performance of the system with cascaded buck boost bidirectional
converter and SCIB Converter are studied and compared. The ripples and THD in
the system is found to be reduced with SCIB converter and thus efficiency is im-
proved. The voltage stress on switches range from 200 V in the lower converter and
above 320 V in the second level cascaded converter in the conventional converter.
At the same time, the voltage stress on all the switches in the SCIB converter is
found to be approximately one-third of the HV bus voltage. Thus, the voltage stress

is also improved with the new converter.
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