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EE 3033 Hybrid Energy Technology
UNIT 1 - INTRODUCTION TO HYBRID ENERGY SYSTEMS
Part A

1. Define hybrid energy systems.

o Hybrid energy systems combine two or more energy sources (e.g., solar, wind,
diesel, battery storage) to provide a reliable, efficient, and sustainable power
supply.

. What are the advantages of hybrid energy systems?
Increased reliability and energy security.
Reduced greenhouse gas emissions.
Improved efficiency through optimal resource utilization.
= Lower operational costs over time.
List the types of hybrid energy systems.
= Solar-Wind-Diesel.
Wind-Biomass-Diesel.
Micro-Hydel-PV.
Solar-Fuel Cell.
= QOcean and geothermal energy systems.
List the main components of a solar-wind-diesel hybrid energy system.
= Solar PV panels.
Wind turbines.
Diesel generator.
Battery storage system.
= Power conditioning units (inverters, charge controllers).
= Energy management system.
. What is the role of an energy management system (EMS) in hybrid energy systems?

o The EMS optimizes the operation of the hybrid system by managing energy flow
between sources, storage, and loads to ensure efficiency, reliability, and cost-
effectiveness.

. Why are hybrid energy systems needed?
To overcome the intermittency of renewable energy sources, improve reliability, reduce
dependency on fossil fuels, and optimize energy generation.
. What are the environmental benefits of renewable energy?
= Reduced greenhouse gas emissions.
= Lower air and water pollution.
= Conservation of natural resources.
= Mitigation of climate change.

Explain the operating principle of a solar photovoltaic (PV) system.




Answer: Solar PV systems convert sunlight into electricity using the photovoltaic effect,
where photons from sunlight knock electrons into a higher state of energy, creating an
electric current.

. What is the role of fuel cells in hybrid energy systems?
Fuel cells generate electricity through electrochemical reactions (e.g., hydrogen and
oxygen), providing a clean and efficient energy source that can complement other
renewable energy systems.
. What are the impacts of renewable energy generation on the environment?

Positive Impacts: Reduced air pollution and greenhouse gas emissions.

Negative Impacts: Land use changes (e.g., solar farms, wind turbines), impact on wildlife
(e.g., bird collisions with wind turbines), and resource use for manufacturing (e.g., rare
earth metals for solar panels).

Part B:

1. Explain the need for hybrid energy systems and discuss their advantages and disadvantages.
2. Classify hybrid energy systems and explain any two types in detail.

3. Discuss the environmental aspects of renewable energy and its impacts on the environment.

4. Explain the present Indian and international energy scenario of conventional and renewable
energy sources.

5. Explain the operating principles and characteristics of solar photovoltaic (PV) systems and fuel
cells.

6. Discuss the importance of hybrid energy systems and their role in sustainable development.

UNIT 2 ELECTRICAL MACHINES FOR WIND ENERGY CONVERSION SYSTEMS
(WECS)

PART - A
1. What is the role of an induction generator in a WECS?

An induction generator converts mechanical energy from the wind turbine into electrical energy.
It is commonly used in wind energy systems due to its simplicity and robustness.

2. What is a Squirrel Cage Induction Generator (SCIG)?

A SCIG is a type of induction generator with a rotor made of laminated iron cores and aluminum
or copper bars short-circuited at both ends, resembling a squirrel cage. It is widely used in fixed-
speed wind turbines.

3. What are the advantages of a SCIG in WECS?




o Simple and robust construction.

o Low maintenance requirements.

o Cost-effective for fixed-speed applications.
4. What is a Doubly Fed Induction Generator (DFIG)?

A DFIG is an induction generator where both the stator and rotor windings are fed with
AC power. It is used in variable-speed wind turbines for improved efficiency and control.

5. What is the main advantage of a DFIG over a SCIG?

A DFIG allows variable-speed operation, which improves energy capture efficiency and
reduces mechanical stress on the wind turbine.

6. What is the role of power electronics in a DFIG system?

Power electronics (e.g., converters) control the rotor current and voltage, enabling
variable-speed operation and grid synchronization in a DFIG system.

7. What is a Permanent Magnet Synchronous Generator (PMSG)?

A PMSG is a synchronous generator that uses permanent magnets on the rotor to produce
a magnetic field. It is used in direct-drive wind turbines for high efficiency and reliability.

8. What are the advantages of a PMSG in WECS?

o High efficiency and power density.

o No need for external excitation.

o Suitable for direct-drive systems, reducing mechanical losses.
9. What is the difference between a SCIG and a PMSG?

o SCIG uses a squirrel cage rotor and requires an external power source for
excitation.

PMSG uses permanent magnets on the rotor and does not require external
excitation.

10. Why is a PMSG preferred for direct-drive wind turbines?

e Answer: PMSGs eliminate the need for a gearbox, reducing mechanical losses,
maintenance, and overall system complexity, making them ideal for direct-drive
applications.

PART -B

1. Explain the construction, principle of operation, and analysis of a Squirrel Cage Induction
Generator (SCIG) used in WECS.




2. Describe the construction, working principle, and advantages of a Doubly Fed Induction
Generator (DFIG) in WECS.

3. Explain the construction, operation, and advantages of a Permanent Magnet Synchronous
Generator (PMSG) in WECS.

4. Compare SCIG, DFIG, and PMSG in terms of construction, operation, and applications in
WECS.

5. Discuss the role of power electronics in DFIG-based WECS.

6. Explain the working principle of a PMSG in direct-drive WECS and its advantages over geared
systems.

UNIT 3 POWER CONVERTERS AND ANALYSIS OF SOLAR PV SYSTEMS
PART - A

1. What is a power converter in an SPV system?
A power converter is an electronic circuit that modifies voltage, current, or frequency to
ensure efficient power transfer between solar PV panels and loads or the grid.

2. What is a line commutated converter (inversion mode)?

A line-commutated converter operates in inversion mode when it converts DC to AC and feeds
power into the grid. It relies on the grid voltage for commutation and is commonly used in high-
power applications.

3. What is the function of a boost converter in a solar PV system?
A boost converter is a DC-DC step-up converter that increases the low voltage from the solar
panel to a higher voltage required for battery charging or inverter input.

4. How does a buck-boost converter work in solar PV systems?
A buck-boost converter can increase (boost) or decrease (buck) the input voltage, making it
useful for regulating voltage levels in PV applications.

5. What factors influence inverter selection for a solar PV system?

Power rating of the load

Type of load (purely resistive or inductive)

Grid-connected or standalone application

Efficiency & THD (Total Harmonic Distortion) of the inverter

6. What is battery sizing in a solar PV system?
Battery sizing is the process of calculating the capacity (Ah) and number of batteries required
to store sufficient energy for backup, ensuring reliable operation during non-sunny hours.




7. What is array sizing in a solar PV system?
Array sizing determines the number of solar panels needed to generate sufficient power based
on the load demand, battery capacity, and available sunlight.

8. Draw the basic block diagram of a solar PV system.
A typical solar PV system block diagram consists of:

e Solar panel — Charge controller — Battery (for storage) — Inverter — Load/Grid.
9. What are the types of solar PV systems?

« Stand-alone PV system (off-grid, uses battery storage)
e Grid-connected PV system (directly supplies power to the grid)
e Hybrid PV system (combination of solar and other energy sources)

10. What is a stand-alone PV system?
A stand-alone PV system operates independently from the grid and relies on battery storage
to supply power when solar energy is unavailable (e.g., in rural electrification).

PART -B
1. Describe the operation of boost and buck-boost converters used in solar PV applications.

2. What are the different types of solar PV systems? Explain the working of a stand-alone PV
system.
Draw and explain the block diagram of a solar PV system with different components.
Explain the procedure for battery sizing and array sizing in a solar PV system.
Explain the working of line-commutated converters in inversion mode for solar PV systems.
Discuss the factors affecting the selection of an inverter for a solar PV system.

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

1. Define a power converter.

A power converter is an electrical device that transforms electrical energy from one form to
another, such as converting AC to DC, DC to AC, or modifying voltage and current levels to suit
specific applications

2. What is a stand-alone converter?

A stand-alone converter operates independently of the utility grid, supplying power directly to
isolated loads, commonly used in remote or off-grid renewable energy systems.

3. Differentiate between uncontrolled rectifiers and PWM inverters.




Uncontrolled rectifiers convert AC to DC without regulating the output voltage, typically using
diodes. PWM (Pulse Width Modulation) inverters convert DC to AC with controlled output
voltage and frequency by adjusting the width of the voltage pulses.

4. What is a bi-directional converter?

A bi-directional converter allows power flow in both directions, enabling energy transfer from
source to load and vice versa, essential in applications like battery charging and regenerative
braking.

5. Define a grid-interactive inverter.

A grid-interactive inverter synchronizes with the utility grid to supply power, allowing for
seamless integration of renewable energy sources and facilitating net metering.

6. What is a matrix converter?
A matrix converter is a type of AC-AC converter that directly converts input AC power to output

AC power of desired voltage and frequency without an intermediate DC link, using an array of
controlled switches.

7. List one merit and one limitation of matrix converters.

Merit: Compact size due to the absence of bulky energy storage components. Limitation:
Complex control algorithms and sensitivity to input voltage variations.

8. Why are PWM inverters preferred in hybrid energy systems?

Answer: PWM inverters offer precise control over output voltage and frequency, high
efficiency, and reduced harmonic distortion, making them suitable for integrating various energy
sources in hybrid systems.

9. What is the role of a boost converter in hybrid energy systems?

A boost converter increases the input DC voltage to a higher level, enabling compatibility
between different energy sources and storage systems within a hybrid setup.

10. Define a grid-tied inverter.

A grid-tied inverter connects renewable energy systems to the utility grid, converting DC power
from sources like solar panels to AC power synchronized with the grid's voltage and frequency.




Explain the working and applications of AC-DC-AC converters in hybrid energy systems.
Describe the operation of a bi-directional DC-DC converter and explain its role in hybrid
energy systems

Discuss the working principle of grid-interactive inverters with a neat block diagram. Explain
how synchronization is achieved with the utility grid

Explain the matrix converter: construction, working, merits and demerits. Compare it with
traditional AC-DC-AC systems.

Analyze the merits and limitations of various converters used in hybrid energy systems

With neat diagrams, explain the working of PWM inverters and their application in hybrid

systems.

UNIT V CASE STUDIES FOR HYBRID RENEWABLE ENERGY SYSTEMS
PART - A

1. What is a hybrid energy system?

A hybrid energy system combines two or more renewable or non-renewable energy sources to
generate electricity, ensuring better reliability, efficiency, and reduced emissions.

2. Mention two advantages of Diesel-PV hybrid systems.

1. Reduced diesel fuel consumption.
2. Improved reliability and longer generator life due to load sharing with PV.

3. Define performance analysis in hybrid systems.

Performance analysis evaluates how efficiently a hybrid system generates and delivers power
based on parameters like reliability, energy yield, load matching, and fuel savings.

4. What is Levelized Cost of Energy (LCOE)?

LCOE is the average cost per unit of electricity generated over the lifetime of the system,
accounting for installation, operation, maintenance, and fuel costs.

5. List two components of a Wind-PV-Fuel Cell system.

1. Wind turbine
2. Fuel cell (as a backup or auxiliary power source)

6. Name two applications of Micro-hydel-PV hybrid systems.




1. Rural electrification in hilly and remote areas
2. Off-grid power supply for agricultural or community loads

7. What are the types of hybrid systems based on configuration?

1. Series hybrid systems
2. Parallel hybrid systems
3. Combined (or complex) hybrid systems

8. Give two reasons for using Biomass—Diesel-Fuel Cell hybrids.

1. Utilization of local biomass resources
2. Enhanced power reliability and emission reduction

9. What is the role of control systems in hybrid energy setups?

Control systems manage energy flow, source switching, storage control, and load balancing to
ensure optimal and safe operation.

10. Mention one challenge in implementing hybrid systems.
High initial capital cost and complexity in system integration and control.

PART -B

Explain the range and types of hybrid renewable energy systems with suitable examples.

. Perform a cost analysis and performance evaluation of a typical Wind-PV-Fuel cell hybrid
system.
Describe the design and working of a Diesel-PV hybrid system with case study reference

. With a neat diagram, explain the integration of a Micro-hydel and PV hybrid system. Discuss
its feasibility in rural electrification.
Discuss a case study involving Biomass-Diesel-Fuel Cell hybrid system. Highlight technical,

economic, and environmental aspects.

Write a comparative analysis of various hybrid energy system configurations based on technical
performance and economic feasibility.




