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EE3033-HYBRID ENERGY TECHNOLOGY

UNIT-I
POWER CONVERTERS AND ANALYSIS OF SOLAR PV SYSTEMS

1. Define stand alone PV system.

e A standalone solar PV system is a system that uses solar photovoltaic (PV) modules to
generate electricity from sunlight and does not rely on the utility grid or any other source of
electricity.

e It provides power for various applications, such as lighting, water pumping,
ventilation, communication, and entertainment, in remote or off-grid locations where grid
electricity is unavailable or unreliable.

e A stand alone photovoltaic (PV) system is an electrical system consisting of array of one
or more PV modules, conductors, electrical components, and one or more loads.

2. List the types of solar PV systems.
There are three main types of solar PV systems: (a)grid-tied(b)hybrid and (c)off-grid.

3. Draw the block diagram of solar PV systems.

PV Array E- Charge DC Load
Controller

iy

Battery > Inverter

v

AC Load

4. How to select the inverter in solar PV systems?

Efficiency of the inverter signifies the percentage of DC power from the solar panels that is converted to
AC power. It is usually the primary consideration for selecting an inverter. Higher the efficiency, lower the
.0sses associated with the inverter. The inverter must have an efficiency of = 95 % at full load.

5. What is array sizing?

Array sizing is important aspect in PV system design. Designing a PV array has various criteria and
onstraints which include the site layout conditions, local shading issues, linear shading issues, inverter

oltage and current ratings, site solar irradiation etc.

1. Draw the schematic diagram of standalone solar photo voltaic system. Explain their functions.

¢ A standalone solar PV system is a system that uses solar photovoltaic (PV) modules to generate
electricity from sunlight and does not rely on the utility grid or any other source of electricity.

¢ A stand alone photovoltaic (PV) system is an electrical system consisting of an array of one or more PV
modules, conductors, electrical components, and one or more loads.
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A standalone solar PV system typically consists of four main components:

Solar PV modules or arrays that convert sunlight into direct current (DC) electricity.

A charge controller or a maximum power point tracker (MPPT) regulates the voltage and current from
the solar PV modules to the battery and the load.

Abattery or a battery bank that stores the excess electricity generated by the solar PV modules during
the day and supplies it to the load when needed, especially at night or during cloudy weather.

An inverter that converts DC electricity from the battery or the solar PV modules to alternating current
(AC) electricity for AC loads.

An off-grid or Stand Alone PV System is made up of a number of individual photovoltaic modules (or
panels) usually of 12 volts with power outputs of between 50 and 100+ watts each.

These PV modules are then combined into a single array to give the desired power output. A
simple stand alone PV system is an automatic solar system that produces electrical power to charge
banks of batteries during the day for use at night when the suns energy is unavailable.

A stand alone small scale PV system employs rechargeable batteries to store the electrical energy
supplied by a PV panels or array.

Stand alone PV systems are ideal for remote rural areas and applications where other power sources
are either impractical or are unavailable to provide power for lighting, appliances and other uses.



¢ In these cases, it is more cost effective to install a single stand alone PV system than pay the costs
of having the local electricity company extend their power lines and cables directly to the home as
part of a grid connected PV system.

* Batteries — Batteries are an important element in any stand alone PV system but can be optional
depending upon the design. Batteries are used to store the solar-produced electricity for night time or
emergency use during the day. Depending upon the solar array configuration, battery banks can be of
12V, 24V or 48V and many hundreds of amperes in total.

* Charge Controller - A charge controller regulates and controls the output from the solar array to
prevent the batteries from being over charged (or over discharged) by dissipating the excess power
into a load resistance. Charge controllers within a standalone PV system are optional but it is a good
idea to have one for safety reasons.

* Fuses and Isolation Switches - These allow PV installations to be protected from accidental
shorting of wires allowing power from the PV modules and system to be turned “OFF” when not
required saving energy and improving battery life.

¢ Inverter - The inverter can be another optional unit in a standalone system. Inverters are used to
convert the 12V, 24V or 48 Volts direct current (DC) power from the solar array and batteries into an
alternating current (AC) electricity and power.

* Wiring - The final component required in and PV solar system is the electrical wiring. The cables
need to be correctly rated for the voltage and power requirements.

2. With suitable analysis how to design and size solar battery system?

* The battery type recommended for using in solar PV system is deep cycle battery.

* Deep cycle battery is specifically designed for to be discharged to low energy level and rapid
recharged or cycle charged and discharged day after day for years.

* The battery should be large enough to store sufficient energy to operate the appliances at night and
cloudy days.

* Batteries store excess energy created by Solar PV system to be used at time when there is no Sun
energy.

* A battery is much like a piggy bank. The battery's capacity for holding energy is rated in amp-
hours: 1 amp delivered for 1 hour = One Ampere-Hour. Battery capacity is listed in amp hours at a
given voltage, e.g. 220 amp-hours at 6 volts. For example, 220 amp-hour battery will deliver 11 amps
for 20 hrs. This rating is designed to compare different batteries to the same standard and is not to
be taken as aperformanceguarantee.

Batteries are electro-chemical devices sensitive to climate, charge/discharge cycle history,
temperature, location and usage patterns. Batteries can discharge rapidly and yield more current
than the charging source can produce by itself.
To find out the size of battery, calculate as follows:
1. Calculate total Watt-hours per day used by appliances.
2. Divide the total Watt-hours per day used by 0.85 for battery loss.
3. Divide the answer obtained in item 2 by 0.6 for depth of discharge.
4. Divide the answer obtained in item 3 by the nominal battery voltage.
5. Multiply the answer obtained in item4 with days of autonomy (the number of days that you need the
system to operate when there is no power produced by PV panels) to get the required Ampere-hour
capacity of deep-cycle battery.

Battery Capacity (Ah) = Total Watt-hours per day used by appliances x Days of autonomy

(0.85 x 0.6 x nominal battery voltage)




3. Briefly explain the working principle of Grid tied SPV system.

® Agrid connected PV systemis one where the photovoltaic panels or array are connected to the
utility grid through a power inverter unit allowing them to operate in parallel with the electric
utility grid.

+ [n a grid connected PV system, also known as a "grid-tied”, or “on-grid” solar system, the PV solar
panels or array are electrically connected or “tied” to the local mains electricity grid which feeds
electrical energy back into the grid.

* The main advantage of a grid connected PV system is its simplicity, relatively low operating and
maintenance costs as well as reduced electricity bills.

* Since grid tied systems feed their solar energy directly back into the grid, expensive back-up
batteries are not necessary and can be omitted from most grid connected designs.

® Also, as this type of PV system is permanently connected to the grid, solar energy consumption and
solar panel sizing calculations are not required, giving a large range of options allowing for a system
as small as 1.0kWh on the roof to help reduce electricity bills, or a much larger floor mounted array
that is large enough to virtually eliminate electricity bills completely.

® Grid connected PV systems always have a connection to the public electricity grid via a suitable
inverter because a photovoltaic panel or array (multiple PV panels) only deliver DC power. As well
as the solar panels, the additional components that make up a grid connected PV system compared
to a standalone PV system are:

e Inverter - The inverter is the most important part of any grid connected system. The inverter
extracts as much DC (direct current) electricity as possible from the PV array and converts it into
clean mains AC (alternating current) electricity at the right voltage and frequency for feeding into
the grid or forsupplyingdomesticloads.

Electricity Meter — The electricity meter also called a Kilowatt hour (kWh) meter is used to record
the flow of electricity to and from the grid. Twin kWh meters can be used, one to indicate the
electrical energy being consumed and the other to record the solar electricity.

AC Breaker Panel and Fuses — The breaker panel or fuse box is the normal type of fuse box provided
with a domestic electricity supply and installation with the exception of additional breakers for
inverter and/or filter connections.
» Safety Switches and Cabling - A photovoltaic array will always produce a voltage output in sunlight

so it must be possible to disconnect it from the inverter for maintenance or testing. Isolator switches
rated for the maximum DC voltage and current of the array and inverter safety switches must be
provided separately with easy access to disconnect the systen.

4. List out the functions of charge controller in PV system.

The solar charge controller is a device used to control the solar panel to charge the battery and at

the same time give the load control voltage to the voltage sensitive device.

A solar charge controller is fundamentally a voltage or current controller to charge the battery and keep
electric cells from overcharging. It directs the voltage and current hailing from the solar panels setting off
to the electric cell. There are three different types of solar charge controllers, they are:

1.
2.
3.

Simple 1 or 2 stage controls
PWM (pulse width modulated)
Maximum power point tracking (MPPT)

The most essential charge controller basically controls the device voltage and opens the circuit, halting
the charging, when the battery voltage ascents to a certain level. More charge controllers utilized a
mechanical relay to open or shut the circuit, halting or beginning power heading off to the electric
storage devices.



Generally, solar power systems utilize 12V of batteries. Solar panels can convey much more voltage than
is obliged to charge the battery. The charge voltage could be kept at the best level while the time needed
to completely charge the electric storage devices is lessened. This permits the solar systems to work
optimally constantly. By running higher voltage in the wires from the solar panels to the charge
controller, power dissipation in the wires is diminished fundamentally.

The solar charge controllers can also control the reverse power flow. The charge controllers can
distinguish when no power is originating from the solar panels and open the circuit separating the solar
panels from the battery devices and halting the reverse current flow.

Solar panels
}"':—,L;ﬁr Controller

o Thesolar charge controller regulates and controls the charging and discharging conditions of the
pattery, and controls the power output of the solar cell components and the battery to the load according
fo the power requirements of the load. It is the main control part of the entire solar power supply system.

. Load over current and short-circuit protection: After the load current exceeds 10A or the
oad is short-circuited, the fuse is blown and can be used after replacement.

. Overvoltage protection: When the voltage is too high, the output is automatically turned off to
protect the device from damage.

. Lightning protection: In the event of a lightning strike, the varistor can prevent lightning
strikes and protect the controller from damage.

. Reverse battery connection protection: The battery "+" and "-" polarity is reversed, and it
ran continue to be used after correction.

. Battery open circuit protection: If the battery is open circuit, if the solar battery is charged
normally, the controller will limit the voltage across the load to ensure that the load is not damaged. If at




hight or when the solar battery is not charged, the controller itself cannot electricity, there will be no
movement.

. Overcharge protection: When the charging voltage is higher than the protection voltage, the
battery is automatically disconnected to charge the battery. After that, when the voltage drops to the
holding voltage, the battery enters the floating charge state. When the recovery voltage is lower than the
[loating charge, the floating charge is turned off and enters the equalizing charge state.

. Over-discharge protection: When the battery voltage is lower than the over-protection
voltage, the controller automatically turns off the output to protect the battery from damage; after the
battery is recharged, it can automatically restore the power supply.

» The solar charge controller is typically rated against Amperage and Voltage capacities. Select the
solar charge controller to match the voltage of PV array and batteries.

* For the series charge controller type, the sizing of controller depends on the total PV input current
which is delivered to the controller and also depends on PV panel configuration (series or parallel

ronfiguration).According to standard practice, the sizing of solar charge controller is to take the short
circuit current (Isc) of the PV array, and multiply it by 1.3

Solar charge controller rating = Total short circuit current of PV array x 1.3

5. List the types of solar PV systems and explain in detail.

¢  Grid-connected solar photovoltaic (PV) systems, otherwise called utility-interactive PV systems,

ronvert solar energy into AC power.

¢  Stand-alone or off-grid PV systems can be either DC power systems or AC power systems. In both
systems, the PV system is independent of the utility grid.

¢ Solar PV systems are integrated with other power sources, such as diesel generators or renewable
sources like wind, to implement the hybrid PV system.

[A]PVDirectSystem

These are the simple most of solar PV systems, with the fewest components : the Solar Panels and the load.
Because they don't have batteries and are not hooked up to the grid, they only power the loads when the
sun is shining, They are appropriate for a few applications e.g. water pumping or attic ventilation fan.

[B]Off-GridSystem
Also referred to as stand-alone systems, it is designed to be independent of the power grid. Batteries are

nsed to store energy when the sun is not an available during cloudy days or at night. This type of system
will require regular attention to battery electrolyte levels and terminal corrosion.
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Independence from the utility grid

Rate increases, blackouts, or brownouts do not apply

In remote areas, it is cost effective than extending a grid

Encourages energy efficiency

Batteries require maintenance and has limited life

More components means more complexity

Batteries decrease system efficiency

It is more expensive than a grid-direct system

When the batteries are fully charged, potential power from the PV array is not utilized

If the PV system fails, back-up electricity is required to run load

Most off-grid systems use a backup generator for non-sunny days. They are expensive, noisy, dirty,

and require fuel and regular maintenance
[C]GridTiedSystem
A grid-connected solar photovoltaic (PV) system, otherwise called a utility-interactive PV system,
converts solar energy into AC power.
The solar irradiation falling on the solar panels generates photovoltaic energy, which is DC in
nature. Using a DC-DC converter, the total photovoltaic DC voltage from the solar panels is raised to
a higher DC level.
A DC-DC converter is not an essential part of a grid-connected solar PV system, but it can control
the variations in the photovoltaic system and regulate DC voltage.

. The inverter in a PV system converts the DC voltage (either the DC voltage from the solar panels or
the DC-DC converter output voltage) into AC voltage.

» As this AC voltage is integrated into the grid, the inverter converts the photovoltaic energy into AC
power with a frequency that matches the utility grid. The voltage and power quality requirements of
the grid are satisfied by the inverter AC output.

» Usually, a metering system is installed along with the solar PV system. In residences, when the PV
system power is capable of supplying the complete load, utility grid power is not consumed.

» When PV power is scarce, the remaining power is consumed from the grid. If the PV power
generated is in excess, it is supplied to the grid. The solar PV system supplies power only when the
grid is energized.

» These are most common type of PV systems. They are also known as on-grid, grid-tied, grid-

intertied, or grid-direct systems.

System components comprised of the PV array and inverter. Grid-connected system is similar to

regular electric powered system except that some or all of the electricity comes from the sun. The

drawback of these battery less systems is that they provide no outage protection—when the utility
grid fails, these systems cannot operate.)



Grid-Intertied Solar Without Battery Back-up
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. Increased design flexibility because the system does not have to power all of the home's loads

. It is less expensive compared to stand-alone or grid-tied with battery backup systems

. It requires the least amount of maintenance

. If the system produces more than the loads need, then the extra energy is exchanged with the
utility grid

. Grid-direct systems have a higher efficiency because batteries are not part of the system

. Higher voltage means smaller wire size

. Electricity costs are fixed for the life of your system

. There is no power to the home when the grid goes down

[D]Grid-tiedwithbattery-backupsystem:
This type is very similar to an off-grid system in design and components, but adds the utility grid, which
reduces the need for the system to provide all the energy all the time.

Grid-Intertied With Battery Back-up
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» grid-tied-with-battery-backup

« Designated loads have power when the grid goes down

» Batteries require maintenance

» Requires rewiring circuits from main service panel to a separate subpanel
» More components mean more complexity

« Batteries decrease system performance because of their efficiency losses

« More expensive than a grid-direct system
« Typically only provides modest backup - usually not all of the loads are backed up



[E]Hybridsystem.
Hybrid system tries to combine multiple sources of power to maximize availability of power. It may source
energy from sun, wind or diesel generator and back it up with battery.

+ Multiple sources of generation allows for complementary sources and backup. For instance, when
it is sunny out the PV array will charge the battery; if it is cloudy and windy, a wind turbine can
charge the batteries

» Array size and battery bank capacity can typically be reduced and not having to oversize for
periods of no sun

+ More complex system design and installation

+ Multiple power sources can increase upfront expenses

+ Wind turbines and generators require regular maintenance.

UNIT-IV
ANALYSIS OF POWER CONVERTERS FOR HYBRID ENERGY SYSTEMS
PART-A

1. State the merits of PWM inverters.

» PWM enables the control of the average and/or RMS inverter output voltage. So it can regulate
against load changes and DC supply voltage changes.

» By controlling the width of the chunks taken out of the output voltage over each cycle, the output
voltage waveform can be shaped to minimize output harmonics. This ensures that the output voltage
waveform has low harmonic distortion (i.e. is close to being a sine wave) with only minimal extra
filtering.

« PWM allows the above benefits to be gained while operating the inverter semiconductors in switch

mode rather than in linear mode. This minimizes the heating in these devices and maximizes inverter
efficiency.

1. Efficiency: PWM inverters are known for their high efficiency, which means they can convert DC
power to AC power with minimal energy loss.

2. Voltage Control: PWM inverters can control the output voltage by adjusting the width of the pulses,
allowing for precise voltage regulation.

3. Low Harmonic Distortion: They produce low harmonic distortion in the output waveform, making
them suitable for sensitive electronic equipment.

4. Cost-Effective: PWM inverters are often more cost-effective compared to other types of inverters,
making them a popular choice for various applications.

5.  Compact Size: They can be designed to be compact in size, making them suitable for space-

constrained applications such as solar power systems and electric vehicles.

2. How grid integrated system for solar PV differs from wind energy system?

Small-scale electricity production, such as solar photovoltaic (PV), is usually connected to the low
voltage distribution grid while wind turbines are connected to the medium voltage distribution grid or
regional transmission grid.




3. What is the significance of matrix converter?

Matrix converters (MCs) are AC-AC power conversion topologies widely explored and applied in the
industry for their attractive features of sinusoidal input and output currents, considerable size
reduction, and reliable operation due to the omission of bulky passive components.

4. What are the major problems associated with grid interaction of wind energy systems?

Transient Stability and Power Quality Problems: >
* During a transient fault in the power network, the rotor speed of the wind generator goes very
high, active power output goes very low, and terminal voltage goes very low or collapses.
* The intermittent nature of wind power can impact grid stability, causing frequency deviations and
voltage fluctuations. The intermittent nature of wind power, stemming from varying wind speeds,
can significantly influence grid stability.

5. What is bidirectional Inverter?
The bidirectional inverter can convert the alternating current from the mains or generator into
direct current to charge and store the battery.
A bidirectional inverter is a device that can convert direct current (DC) power into alternating

current (AC) power and vice versa. This means it can convert power from a battery or other DC power
source into AC power for use in a home or on the grid, and it can also convert AC power from the grid
into DC power to charge a battery or for other DC applications. Bidirectional inverters are commonly
used in renewable energy systems, electric vehicles, and energy storage systems to manage the flow
of power between different sources and loads.

PART-B

1. Design circuit diagram of a power electronic circuit to interface wind electrical system to the
grid.
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()A variable speed wind turbine configuration with power electronics conversion corresponds to the
full variable speed controlled wind turbine, with the generator connected to the load or to the grid
through a power converter as shown in fig.

(if)The grid-connected inverters will inject the active power to the grid with minimum total
harmonic distortion (THD) of output current and voltage.

(iii)The grid voltage and inverter output voltage will be synchronized by zero-crossing circuit. The
generator can be self-excited asynchronous generator (SEIG), or permanent magnet synchronous




generator (PMSG). The stator windings are connected to the load or to the grid through a full-scale
power converter.

(iv)Some variable speed WTSs are gearless. In these cases, a direct driven multi-pole generator is
used.

Power electronic converters for wind turbine system:

(i)JA permanent magnet generator has no excitation control and output voltage is proportional to the
rotor speed. Therefore, in control of wind turbine, the rotor speed is obtained via the output voltage
measurement. The earliest and still most widely used power electronic circuit for this application
uses an AC/DC/AC technology in which the variable frequency, variable voltage from the generator is
first rectified to DC and then converted to AC and fed to the grid or load.

(ii) The continuous variation of wind speed will result in a DC link voltage varying in an uncontrolled
manner. In order to get variable speed operation and stable dc bus voltage, a boost dc-dc converter
could be inserted in the dc link].

As there is active power flows uni directionally from the PMSG to the dc link through a power
converter, only a simple diode rectifier can be applied to the generator side converter in order to
obtain a cost-efficient solution.
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2. Discuss the control strategy used in grid interactive inverters.
» 60% of Energy consumption is from fossil fuel resulting an emission of 6.5 billion tons of CO2 into
atmosphere - environment pollution, global warming — Fossil fuel sources like coal, oil etc. are getting
depleted day by day —
» Distributed generation with renewable sources (solar cells, wind power etc.) may be a solution to
these problems — Since power content of these sources are varying and to make voltage, frequency
etc., acceptable to the present transmission system Grid interactive inverters are essential.



+ The control strategy adopted here decouples the active and reactive power loops, thus achieving
desirable performance with independent control of active and reactive power injected to the grid. The
startup transients are also controlled by the implementation of this particular control method.

+ The main objectives of implementing this control strategy are to control the active and reactive
power injection to the grid independently and to maintain pure sinusoidal form of grid current.
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and reactive power injection

If grid connected inverter injects active power only, the reactive power required
by the load should be supplied by the AC source leading to a poor power factor
at the source side
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3. Design the circuit of matrix converter? Explain that operation and analyze it in detail. Also
briefly state its advantages and limitations.

MATRIX CONVERTERS
. A matrix converter is defined as a converter with a single stage of conversion.
. It utilizes bidirectional controlled switch to achieve automatic conversion of power from AC to AC.
. It provides an alternative to PWM voltage rectifier double sided.
. Matrix converters are characterized by sinusoidal waveforms that show the input and output
switching frequencies.
. The bidirectional switches make it possible to have a controllable power factor input.
. Its voltage ratio that is output to input voltage is limited.
] |
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*+ It contains four bi-directional switches with each switch having the ability to conduct in both
forward blocking and reverse voltage.
* Space Vector Modulation SVM:
* SVM refers to a method of algorithm used to control the PWM. It creates AC waveforms that drive
AC motors at various speeds.

* The switches are under control to ensure that no two switches in the same leg are ON at the same
time. Simultaneous ON states could result in the DC supply shorting.

* This leads to eight switching vectors where two are zero and six are active vectors for switching.

The matrix converter has several advantages over traditional rectifier-inverter type power frequency

ronverters,

* It provides sinusoidal input and output waveforms, with minimal higher order harmonics and no
sub harmonics.

» it has inherent bi-directional energy flow capability; the input power factor can be fully controlled.

* it has minimal energy storage requirements, which allows to get rid of bulky and lifetime-limited

energy-storing capacitors.

But t] . has al fisadvant
. it has a maximum input output voltage transfer ratio limited to @ 87 % for sinusoidal
input and output waveforms
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Fig.2.1 Circuit scheme of a three phase to three phase matrix converter.
a.b.c are at the input ternunals. A.B.C are at the output ternunals.

Basic Ideas

U Switching pattern and commutation control must avoid line to line short circuits at the input

. Switching pattern and commutation control must avoid open circuits at the output

. Each output phase can be connected to any input phase at any time

. Switch duty cycles are modulated so that the “average” output voltage follows the desired

reference (for example a sinusoidal reference)



. Modulation is arranged so that the “average” input current is sinusoidal when the input voltage,
putput reference and output current are sinusoidal
Input
filter
N RS ™
1L ‘\_\ ‘\ \\\
3-phase , v - - “
supply ] N N
y N ™
“\ ‘\\
Bi-
directional
switch
Load .
Variable frequency
Variable voltage
3-phase output

Modulation Control

A number of modulation strategies have been proposed. All of them allow flexible control with the
following features:

» Continuous control of output voltage amplitude from zero up to a maximum limit.

» Continuous control of output frequency up to a maximum feasible limit of approximately 1/10 of the
switching frequency.

» Control of input displacement factor: unity, leading and lagging regardless of output power factor DC-
AC and AC-DC conversion is an inherent feature by setting either the input or output frequency to zero.

Example Switching Pattern
Possible arrangement

Illustrative Output Waveforms (Fin > Fout)

Switching frequency = 1/T,
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D) MMauix converter

4. With suitable analysis, explain the operation of bidirectional converter. Mention its advantages
and limitations.

. A bi-directional DC-DC converter provides the required bidirectional power flow for battery
charging and discharging.

. The duty cycle of the converter controls charging and discharging based on the state of
charge of the battery and direction of the current.

. A Bi-directional converter is something where power can flow at both direction.

. That means we can feed power to the load and the load can also feed the power back to the
source.

. A bidirectional DC to DC converter is a power electronic device that can convert DC power

from one voltage level to another in both directions.

. This means it can convert power from a higher voltage to a lower voltage (buck mode) and
from a lower voltage to a higher voltage (boost mode).

. Bidirectional DC to DC converters are commonly used in applications where power needs to

flow in both directions, such as in energy storage systems, electric vehicles, and renewable energy
systems.

. They are essential for efficiently managing power flow between different energy storage
devices and the electrical grid.
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. Bi-directional converters are suitable for dc power flow in both directions.

. Mostly used in energy storage in battery bank, renewable energy systems etc.

. There are two types,

. Isolated DC-DC Converters

. Non Isolated DC-DC Converters

. Isolated DC-DC Converter: Advantages :

. Isolated DC-DC converters have high voltage isolation from several hundreds to thousand

volts depending on the type of standard .

. Output can be configured to be either positive or negative or floating ground for various
equipment.

. Non isolated DC-DC Converter:

. Anon-isolated dec-dc converter has a dc path between its input and output, the input and the

putput of a non-isolated converter share the common ground.

. Step up voltage is done without transformer.

. Advantages:

. Circuit is simple

. Reduced switching losses and number of switches.
. Circuit helps to reduce ripple content.

. peak to peak Voltage and current are low.

. Non isolated de-dc-dc can be classified as Buck mode and Boost mode
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. Bi-directional DC to DC converters Advantages:
. Energy efficiency: Bi-directional DC to DC converters can help improve energy efficiency by

allowing power to be transferred in both directions.

. Increased flexibility: Bi-directional DC to DC converters offer greater flexibility in power
distribution and management. They can be used to connect different DC voltage sources with different
voltage levels, enabling power transfer in either direction as needed.

. Improved system reliability: By allowing power to flow in both directions, bi-directional DC
to DC converters can help improve system reliability. This is because they can provide a backup power
source if the primary source fails.

. Reduced system complexity: Bi-directional DC to DC converters can help reduce system
complexity by eliminating the need for separate converters for power flow in different directions.

. Control complexity: Bi-directional DC to DC converters require complex control systems to
manage power flow in both directions, which can increase system complexity and cost.

. Voltage stability: Bi-directional DC to DC converters may have stability issues with respect
to voltage regulation and power flow management.

5. Design AC-DC-AC converters.

The general configuration is shown in the Fig.

It consists of the following components:



. Wind generator.
. Rectifier.

Pl SR ST S
t1T -Ratdhakd .

Grid-connected wind energy system through AC/DC/AC converter.

The generator may be DC, synchronous (wound rotor or permanent magnet type), squirrel-cage wound
rotor, or brush-less doubly-fed induction generator. The rectifier is used to convert the variable voltage

variable frequency input to a DC voltage.

This DC voltage is converted into AC of constant voltage and frequency of desired amplitude. The inverter
will also be used to control the active/reactive power flow from the inverter. In case of DC generator, the

converter may not be required or when a cyclo-converter is used to convert the AC directly from one

[requency to another.

A forced-commutated three-phase controlled rectifier is required to obtain a desired voltage in the
DC-link for different flywheel speeds and different wheel motor loads .
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¢ The AC/DC converter must behave like a voltage boost in order to work as a forced-commutated
rectifier. In other words, the DC-Link voltage must be larger than the peak DC voltage generated by

the rectifying diodes in passive mode.
¢ The inductance performs the boost voltage operation in combination with the capacitor and acts at




the same time as a low-pass filter for the AC line current.

Modern power electronics depend heavily on DC/AC converters because they make it possible to
convert DC sources to AC, which is the norm for the majority of electrical applications.

These converters are crucial for a number of applications, including motor drives, uninterruptible
power sources, electric cars, and renewable energy systems.

The main parts such as circuit topologies, modes of operation, pulse-width modulation (PWM)
strategies, and performance metrics of these converters are all covered in this chapter.

There are two types of inverters- Voltage source inverters (VSI) and current source inverters (CSI).
In VSIs, the desired AC output voltage waveform is produced by the inverter while the input DC
voltage remains constant.

However, the desired AC output current waveform is produced by CSIs, which use a constant input
current.

Since, VSIs and CSlIs are duals, it is possible to understand how they function by comparing their
respective dualities in voltages and currents. First, we go through the fundamentals of VSIs.



UNIT-V
CASE STUDIES FOR HYBRID RENEWAELE ENERGY SYSTEMS

PART-A

1 .Draw the basic block diagram of hybrid energy systems

—— 2 — Load
Py Power
Panel - L‘u;v¢':-tcl' (Motor + on-board
= clectronics)

—m= Controller

2. List the different types of hybrid energy systems.

. Photovoltaic + Wind.

. Photovoltaic + Hydraulic.
. Hydraulic + Wind.

. Solar Thermal + Biomass.

3. What is the need for hybrid energy systems?

Hybrid systems can increase the amount of dispatchable renewable energy generation as well as the
reliability of rural energy access. A hybrid energy system combines multiple types of energy generation
and/or storage or uses two or more kinds of fuel to power a generator.

4. Draw the PV characteristics of solar PV system and mark the maximum point.
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5. Applications for hybrid energy systems.
Hybrid systems can be used over numerous places for different usages.

+ Automotive: When it comes to automotive, hybrid systems can be used along with internal
rombustion systems. Hence when there is the availability of sunlight to be used as a source of energy, one
can avail the option, and on the other hand, one can also switch to the internal combustion system as
required.

. Manufacturing process: Different manufacturers and companies can use solar panels as the main
power supply for their units. Most industries these days require a heavy amount of power supply, and by
using a hybrid system, one can get relaxation from the dependence on the grid.

. Smart grids: Smart grids are one of the most used grid systems these days. Usage of the hybrid
system in such power grids is very common. Since the smart grids use digital and newer technology to
auto-regulate the system, the usage of a hybrid system to keep switching between the sources of energy

becomes essential.

PART-B

1. Design circuit diagram of Solar-Wind-Fuel Cell-Diesel Hybrid Energy source and explain in

detalil.

Hybrid Energy Systems

A hybrid energy system usually consists of two or more renewable energy sources used together to provi

ncreased system efficiency as well as greater balance in energy supply A hybrid system can combine wind, so
with an additional resource of generation or storage. They may range in size from relatively large island grids ¢

many megawatts to individual household power supplies on the order of one kilowat.
Hybrid power systems that deliver alternating current of fixed frequency are an emerging technology fo

supplying electric power in remote locations. They can take advantage of the ease of transforming the A
power to higher voltages to minimize power loss in transferring the power over relatively long distances. Large
systems, nominally above 100 kW, typically consist of AC-connected diesel generators, rensoabks,
loads, and occasionally include energy storage subsystems.Below 100 kW, combinations of both AC

and DC-connected components are common as is use of energy storage. The DC components could|inclt
diesel generators, renewable sources, and storage. Small hybrid systems serving only DC loads, typically le
than 5 kW, have been used commercially for many years at remote siteg for

telecommunications repeater stations and other low power applications.

In general, a hybrid system might contain AC diesel generators, DC diesel generators, an AC distributio
ystem, a DC distribution system, loads, renewable power sources (wind turbines, or photovoltaic powe
ources), energy storage, power converters, rotary converters, coupled diesel systems, dump loads, I
anagement options, or a supervisory control system. Hybrid systems might also include biomass ¢
ydroelectric generators. A schematic of the possibilities for hybrid systems is illustrated in the following figure.



Chutch

Shaft Bus
Diesel Engne AC Machine DC Machene

AC o
AC GEYNERATORS Bus é.‘: DC GENERATORS
ST s Tl
PV Amray with MPPT | Rectfiee [ PV Amay
Dwsel Generators Diesel Generators
Bidracsonal
Convaner
AC LOADS OC LOADS
Prmaoey Prma
Detembie | <a— Siechons Detomabie
Opsonal Conveniar Optrcaal
Dump Dxuamp
—

DC Sworage

Fig. 25. Hybrid energy storage system

Examples of hybrid systems Wind-solar hybrid system

As the wind does not blow all the time nor does the sun shine all the time, solar and wind
poweralone are poor power sources. Hybridizing solar and wind power (min wind speed 4-6m/s)
sources together with storage batteries to cover the periods of time without sun or wind provides a
realistic form of power generation. The system creates a stand-alone energy source that is both
dependable and consistent which is called the solar-wind hybrid system. Generally, these solar wind
hybrid systems are capable of small capabilities. The typical power generation capacities of solar wind
hybrid systems are in the range from 1 kW to 10 kW.Major components of solar-wind hybrid power
plant are Solar PV modules, Wind turbine Regulation and conversion units, Inverters and electronic
controllers, Battery Bank Generator (if required).

Working
The hybrid solar wind turbine generator uses solar panels that collect light and convert
t to energy along with wind turhines that collect energy from the wind.

. Solar wind composite power inverter has inputs for both sources, instead of having to use two
nverters and it contains the required AC to DC transformer to supply charge to batteries from AC generators.
. Hence the power from the solar panels and wind turbine is filtered and stored in the battery bank.
. For the times when neither the wind nor the solar system are producing, most hybrid systems

provide power through batteries and/or an engine generator powered by conventional fuels, such as diesel.

. If the batteries run low, the engine generator can provide power and recharge the batteries.
. Adding an engine generator makes the system more complex, but modern electronic
rontrollers can operate these systems automatically.
. An engine generator can also reduce the size of the other components needed for the system.
. Keep in mind that the storage capacity must be large enough to supply electrical needs during
/ non charging periods
e /L\ M o
g T =
T T'T B




Fig. 26. Wind-solar hybrid system

Wind-hydro hybrid system

Hydropower generation is to convert potential energy in water into electrical energy by means of hydropowe
generators. As a renewable and clean energy source, hydropower accounts for the dominant portion of electric
generated from all renewable sources. In many locations of the world, hydropower is complementary with win:
power, while the seasonal wind power distribution is higher in winter and spring but lower in summer and fall,
hydropower is lower in the dry seasons (winter and spring) but higher in the wet seasons (summer and fal
Thus, the integration of wind and hydropower systems can provide significant technical, economic, an
systematic benefits for both systems. Taking a reservoir as a means of energy regulation, “green” electricity can

he produced with wind-hydro hybrid systems.
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Fig. 27. Wind-hydro hybrid system
Wind-hydrogen system

Hydrogen is an energy carrier and can be produced from a variety of resources such as water, fossil fuels, &
piomass. As a fuel with a high energy density, hydrogen can be stored, transported and then converted ir

electricity by means of fuel cells at end users. It is widely recognized that wind power, solar power and othe
renewable energy power generation systems can be integrated with the electrolysis hydrogen production|syst
to produce hydrogen fuel. The largest wind to- hydrogen power system in the UK has been applied to a buildir

that is fuelled solely by wind and “green” hydrogen power with the developed hydrogen mini grid system
technology. In this system, electricity generated from a wind turbine is mainly used to provide to the building

and excess electricity is used to produce hydrogen using a state-of- the-art high-pressure alkaline electrolyser.

e Compressor
Converter

Wind

Turbine

Fig. 28. Wind-Hydrogen system Wind-diesel power generation system
Wind power can be combined with power produced by diesel engine-generator systems to provide a|stak
upply of electricity. In response to the variations in wind power generation and electricity consumption, diese



generator sets may operate intermittently to reduce the consumption of the fuel. It was reported that a|viakt
wind—diesel stand-alone system can operate with an estimated 50-80% fuel saving compared to power|sup|
from diesel generation alone. Till now, many new techniques have been developed and a large number of win
diesel power generation systems have been installed all over the world. According to the proportion of wind us
n the system, three different types of wind-diesel systems can be distinguished: low, medium, and hig
penetration wind-diesel systems. Presently, low penetration systems are used at the commercial level, whert
solutions for high penetration wind-diesel systems are at the demonstration level. The technology trends inclu
the development of robust and proven control strategies F

ACbus DCbus
[ B}
R = il
AC/DC machine Storage/Battery
Wind turbine/s
Diesel power generator Power Load

Fig. 29. Wind—diesel power generation system

2. Switched configurations of diesel -PV Hybrid systems.

Hybrid/diesel-electric propulsion is the technology where a diesel internal combustion engine
[ICE) drives a generator to produce energy for an electric motor in a vehicle. The use of a hybrid system is

nostly the cause of a high demand for electronic usage other than the electronic motor in a vehicle.

[t is also popular for vehicles when entering emission restricted areas and using only the battery energy
for short periods of time. A hybrid propulsion system is not to be confused with afull electric

propulsion system, where there are not any fuel powered generators present.

Hybrid/diesel-electric propulsion is used in many different vehicles. In all hybrid systems there is an

nternal combustion engine, generator, battery pack and an electric motor.

Hybrids use energy efficiently by turning the internal combustion engine off when the demand for
electricity is low or when the battery is fully charged. Such systems are known as start-stop systems. The
nternal combustion engine in hybrid systems are not geared and only have one operating speed, this

‘esults in a well optimized engine due to the isolated condition.

In some regions of the world, there is an insufficient or no power supply at all. Therefore, diesel
penerators are often used to provide electricity.
Due to the increasing costs of diesel and its transport to often remote areas as well as the declining prices




for PV technology, the demand for PV diesel hybrid solutions in these areas is increasing.Such a hybrid
system consists of one or more diesel generators, a PV system and an intelligent control system.
This control system ensures that the diesel generator is deployed in the event of an output drop of the PV
system, thus contributing sufficiently to improving stability of the grid.
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The advantages compared to a pure diesel generator are not only lower fuel
rosts and reduced risk due to greater planning reliability, but also environmental protection due to lower CO2
emissions.

3. Show the power electronic system used for hybrid solar photo voltaic and wind energy system.

The overexploitation of non-renewable fossil resources has led to dangerous warming
of our planet due to greenhouse gas emissions. The main reason for this problem is the increase in global
energy demand. The rising prices of oil and gas have pushed governments around the world to turn to
-enewable energy, especially solar and wind power. However, exploitation of these two sources
ndividually is not always easy because of their intermittent and irregular characters. Therefore, the
obvious solution is the hybridisation of these two sources, which, when used alongside other systems such

hs batteries, increases the reliability, availability, and efficiency of these renewable sources.
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The performance of solar photovoltaic systems (SPVSs) and wind energy conversion systems (WECSs) is
mainly based on environmental factors, i.e., irradiation/temperature and wind speed, respectively. The
electric production of SPVSs and WECSs cannot be accurately predicted because the availability of these
quantities is very intermittent and irregular in nature, and therefore, it is not possible to use one of them
to continuously generate electrical power.

Therefore, a hybrid renewable energy system (HRES) with a combination of different types of renewable
energies such as solar, wind, and hydro would be a good solution for continuous power generation.

he technological evolution of power electronics has considerably boosted the use of renewable energies

by improving their quality and efficiency. Several authors have discussed the different topologies of

converters used in photovoltaic and wind systems and have classified them into the following four large
families

AC-DC converters;
1. DC-DC converters;
2. DC-AC converters;

3. AC-AC converters.
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4. Whatis the purpose of PWM techniques?

The main reason for using PWM is that it allows for controlling the average amount of power delivered to

A load or the output. They are also used for voltage regulation and modulation in communications.



A common control method in power electronics for managing the output voltage of converters,
particularly DC/AC inverters, is pulse width modulation (PWM). The basic concept behind PWM is to
adjust the output pulse width in order to regulate the average output voltage. With PWM, a fixed DC input
voltage source can produce a sinusoidal output waveform with variable frequency and amplitude.

PWM methodologies in inverters provide fine control over the output voltage waveform in VSIs, enabling

accurate voltage regulation as well as current regulation. With the usage of PWM, it is also possible to
control the output waveform's harmonic distortions which ultimately leads to improved power quality
and lowering system losses. In contrast to the fundamental square-wave modulation techniques, PWM in
nverters offers advantages in terms of improved control over output voltage, frequency, and harmonics.

The common PWM methods, as well as their impacts on inverter performance, harmonic content, and
distortion, are covered in single-phase inverters and three-phase inverters in the section below.

Types of PWM Techniques

PWM comes in a variety of forms for single-phase inverters. These cleverly designed procedures take into
account the inverters' activity in only permitted switching states in order to prevent any potential

damage. To prevent the source from bEiT\ﬁ shorted, for instance, the switches in the same leg of VSIs are
hever switched on. The typical PWM methods for full-bridge single phase inverters are listed below

Single-Pulse Width Modulation
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Figure 24: Single Pulse Width Modulation Gating Signals Generation
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Figure 25: Single Pulse Width Modulation Output Waveform

Figure 24 illustrates the single-pulse width modulation; a straightforward PWM approach that includes
rreating gating pulses with adjustable width and position. When the modulation index M, which is the
-atio of the reference signal Ar to the maximum value of the carrier signal Ac, varies, the position and
breadth of this pulse inside each half-cycle also changes, or modulates.




Figure 25 depicts a single-phase full-bridge inverter. A carrier signal is compared to a reference signal to
produce gating pulses for switches T1 (and T2), referred to as g1, and T3 (and T4), referred to as g4 as
ndicated in Figure 24. The positive magnitude of reference and carrier signal determine g1, while g4 is
determined by their negative magnitudes. Figure 25 displays the output voltage as a result.

The third harmonic is prominent in this PWM. The distortion factor (DF) is defined as the ratio of the root
mean square of harmonics to the fundamental component, with second-order attenuation (division by the
square of each harmonic order). It takes into consideration the fact that the output filter would more

effectively attenuate harmonics. DF grows as M decreases, implying lower output voltages. Finally, an
acceptable value of M is approximately 0.8, where the DF is the smallest.

Multiple-Pulse Width Modulation
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Figure 26: Gate Signal Generation in Multiple-Pulse Width Modulation
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Figure 27: Output Voltage in Multiple-Pulse Width Modulation



A train of pulses can be produced in each half-cycle of the output voltage to lower the output harmonic
rontent. As illustrated in Figure 26, several gating pulses can be created by comparing a reference signal
to a triangle carrier signal. As with single pulse width modulation, g1 is determined by a single sinusoidal
romparison, and g4 is determined by a comparison with 180° out of phase. The number of pulses in each
half-cycle is determined by the carrier frequency. Furthermore, the frequency of the reference signal
nfluences the frequency of the output signal. Finally, the modulation index regulates the output RMS
voltage. Figure 27 depicts the resultant output voltage waveform.

When compared to single-pulse width modulation, the DF for multiple-pulse width modulation is

substantially lower. However, switching losses rise as the number of switching cycles increases.

Sinusoidal Pulse Width Modulation (SPWM)
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Figure 28: Gate Signal Generation in Sinusoidal Pulse Width Modulation
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Sinusoidal Pulse Width Modulation (abbreviated as SPWM) is a more complex type of PWM. In
Figure 29, SPWM generates a pulse train for each gating signal g1 and g4 by comparing a sinyisoi
reference signal with a triangular carrier signal. Each pulse's width fluctuates in proportion to the
amplitude of a reference sine wave at its center. The reference signal frequency determines the
putput signal frequency in SPWM. Furthermore, the peak amplitude of the reference signal
nfluences the modulation index M, which controls the output RMS voltage. The number of pulges
n each output signal cycle is determined by the carrier frequency. It is worth mentioning that np tw
switches in the same bridge arm conduct at the same time. Figure 29 depicts a typical output violta

waveform in SPWM. When compared to single and multiple-pulse width modulation methods,
SPWM delivers greater harmonic rejection capabilities with much lower order harmonics and DF.

Other SPWM variations exist, such as where the carrier signal is only applied during the first and
ast 60-degree intervals of half cycles, which improves the output harmonic qualities.

Selective Harmonic Elimination (SHE)
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Figure 30: Typical Output Waveform for 3, 5", and 7" Harmonic Elimination with SHE Modulation
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Figure 31: Gate Signal Generation in SHE Modulation

Selective Harmonic Elimination (SHE) is a PWM method for removing certain harmonics from the
utput waveform. Even harmonics are naturally present in the output; as a result, SHE seeks t0¢
educe the odd harmonics in the single-phase inverter output. SHE entails calculating a series pf
onlinear equations using sinusoids in order to obtain the ideal gate switching angles, such as a1,

2, a3, oN. In general, N half-c %/cle pulses (switching angles) are necessary to alter the fundamental
omponent and eliminate N-1 harmonics. N nonlinear equations are solved to find the switching

ngles. Figure 30 depicts a typical output waveform with the removal of 3rd, 5th, and 7th
armonics. Figure 31 depicts the frequency spectrum corresponding to the produced output signal
igure 30.

Three-Phase Inverters

Three-phase inverters can be thought of as three single-phase inverters, with the output of each
single-phase inverter shifted by 120-degree. Thus, the PWM methodologies discussed above for
single-phase inverters are still applicable. In SPWM, for example, three sinusoidal references
produced 120-degree apart are compared with the carrier signal to provide the appropriate gating
signals for the phase.

There are various innovative ways for three-phase inverters that leverage their unique structure.

Third-Harmonic PWM

1.2 T
] -——-
— ~ 4+
1 e
VA N
/ ' N \
’ s 1 A '\.\
/ ] b A
/ ," 1 ~ \
0.5 7 T Bra Y
/¢ ' N\
fr ' A |
G 1 ~ [\
fr 1 VA
I Al
0 . A /
. ® o
1 \™ s
i \ ‘\ yy
\ 2
1 LS !
-0.5 " — /’. /J’
[] \ \\ Vi /z
1 \
[ AN » . S
1 \ ’
1 -
1 N - /
- — —
127 : ~___




—— Third-harmonic injection
- - - Fundamental
Third harmonic

Figure 32: Reference Signal Generation in Third-Harmonic PWIM

The reference signal in the third-harmonic PWM for three-phase inverters is made up of the
fundamental signal as well as its third harmonic, as shown in Figure 32. The third harmonic
component in the neutral terminal is effectively canceled when a third harmonic component is
present in each phase. By offering a fundamental component that is around 15.5% greater than

f sinusoidal PWM, third-harmonic PWM offers superior dc supply voltage consumption than
inusoidal PWM.

Space-Vector Modulation

SVM is an advanced pulse width modulation (PWM) technology that is typically employed in

igital modulating technique that generates PWM load line voltages that are on average equal
iven (or reference) load line value. SVM has received significant popularity in a variety of
pplications, including motor drives, renewable energy systems, and uninterruptible power sup
ecause of its ability to maximize inverter performance.

omplex plane known as the o-f plane by SVM, and the proper switching states are determined to
ield the required voltage vector.

th¢

hree-phase inverter systems. It has advantages such as higher source usage and lower harmonic
hen compared to other approaches such as 180-degree conduction, SPWM, and so on. SVM is ¢

to a

plies

The fundamental distinction between SVM and traditional PWM approaches is in the mathematica
ormulation and production of switching patterns. The output voltage is represented as a vector in ¢
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DIFFERENT TYPES QF BIOMASS AND THEIR COMPOSITION

Biomass Type Fixed Water Ash Vaolatile
Carbon | Content | Content | Matter
(%0) (%0) (%0) (%0)

1.Wood(dry) 145 7.8 0.2 775

2.Sugarcane 111 10.4 1.8 76.6

3.Coconut shells 2.0 44 3.1 70.5

4 Musturd husk 220 5.6 3.9 68.5

5.Bamboo whole 15.2 13.0 0.8 71.0

6. Wheat straw 16.3 10.1 6.4 67.2

7 Ruce straw 14.4 7.6 18.6 394

8 Rice husks 17.2 10.6 16.1 56.1

9.Miscanthus grass 14.0 114 2.7 71.9

10.Buffalo gourd 123 10.0 4.2 735

11 Eucalyptus bark 151 12.0| 4.2 68.7

12.Wood residue 12.2 26.4 4.0 574

13.Sawdust 9.3 349 0.7 551

14 Fir mull restdue 6.5 62.9 0.2 304

15 Forest residue 7.3 56.8 1.4 RE I

16. Fumniture waste 118 121 | 32 72,9

17.Wood agri-tesidue | 12.7 303 23 xR

18.Biomass nuxmure 16.5 8.8 11.4 3.8

19 Mixed waste paper | 6.8 8.8 7.6 768

20.Land-clear wood 7.0 492 8.4 35
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