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Overview of Distributed Energy Resources: Types,
Benefits, Characteristics, and Applications.

Introduction

Distributed Energy Resources (DERs) are small-scale power generation technologies that are
located near the point of use and are typically integrated with the electric grid. DERs can be
used to supplement or replace traditional centralized power generation sources, such as large
power plants, and they offer many benefits, including increased energy independence, lower
costs, and reduced greenhouse gas emissions.

Few Types of Distributed Energy Resources

« Solar Photovoltaic (PV)
e Wind turbines

o Batteries

o Fuel cells

e Combined Heat and Power (CHP)
e Microgrids

o Biomass
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Solar Photovoltaic (PV)

Solar photovoltaic, often referred to as solar PV, is a technology that uses solar cells to convert
sunlight directly into electrical energy. Solar PV cells are made of semiconductor materials
such as silicon, which absorb photons of light from the sun and release electrons, creating a
flow of electricity.

Solar PV systems consist of multiple solar cells, which are interconnected and mounted on a
structure called a solar panel. The solar panels are typically installed on rooftops or on the
ground, and they can be arranged in arrays to generate larger amounts of electricity.
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When sunlight hits the solar panels, the solar cells convert the sunlight into direct current (DC)
electricity. This electricity is then sent to an inverter, which converts the DC electricity into
alternating current (AC) electricity, which can be used to power homes and businesses. The
AC electricity is then sent to the electrical grid or to a battery bank for storage.

Solar PV technology is a clean, renewable energy source that does not emit greenhouse gases
or other pollutants. It has become an increasingly popular source of energy for homes,
businesses, and utility companies around the world, as the cost of solar PV has decreased
significantly in recent years.

Steps involved in Power generation from Solar Photovoltaic

1. Collection of Sunlight: Solar PV modules or panels are installed in a location where
they can receive direct sunlight for maximum efficiency. Sunlight is composed of
photons which carry energy. When photons from the sun strike the solar panel, they are
absorbed by the semiconductor material and their energy is transferred to the electrons
in the material.

2. Conversion of Sunlight into Electricity: The semiconductor material in the solar cell is
usually made of silicon, which is a conductive material. When the photons are absorbed,
the energy they carry excites electrons in the semiconductor material, causing them to
flow in a particular direction. This movement of electrons creates an electric current,
which is collected by metal contacts on the solar cell and transferred to wires.

3. Conditioning of Electricity: The electricity generated by the solar panels is in the form
of direct current (DC), which is not suitable for use in most homes and businesses.
Therefore, the DC electricity must be converted into alternating current (AC) using an
inverter. The inverter converts the DC electricity into AC electricity that can be used
by the electrical grid or by appliances in homes and businesses.

4. Distribution of Electricity: Once the electricity has been converted into AC, it is
transmitted to the electrical grid or to a battery bank for storage. If the electricity is
being sent to the grid, it is distributed to homes and businesses through power lines. If
the electricity is being stored in a battery bank, it can be used at a later time when there
is no sunlight.
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The process of generating power from solar photovoltaic involves collecting sunlight,
converting it into electricity, conditioning the electricity, distributing it to the electrical grid or
a battery bank, monitoring and maintenance, net metering, and environmental benefits. Solar
PV technology is an important and rapidly growing source of renewable energy that has the
potential to meet a significant portion of our electricity needs in the future.

Wind turbines

Wind turbines are large machines that are designed to capture the kinetic energy of the wind
and convert it into electrical energy. They consist of three main components: the tower, the
blades, and the generator.

The tower is a tall, slender structure that supports the wind turbine and raises the blades high
above the ground. The height of the tower is important because the higher the blades are, the
more wind they can capture.

The blades are attached to a hub that is connected to a gearbox, which increases the speed of
the rotation. The blades are usually made of lightweight materials such as fiberglass or carbon
fiber, and they are designed to be aerodynamic, so they can capture as much wind as possible.

The generator is located inside the nacelle, which is a box-like structure that sits atop the tower.
The generator is connected to the gearbox, and it converts the rotational energy of the blades
into electrical energy.

Steps involved in Power generation from Wind turbines

1. Collection of Wind Energy: Wind turbines are installed in locations where there is
sufficient wind to turn the turbine blades. The blades of the turbine are designed to
capture the kinetic energy of the wind and turn it into rotational energy.
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2. Conversion of Wind Energy into Mechanical Energy: The rotational energy from the
blades is transferred to a shaft, which turns a gearbox that increases the speed of the
rotation. The gearbox then turns a generator, which converts the rotational energy into
electrical energy.

3. Conditioning of Electricity: The electricity generated by the wind turbine is in the form
of alternating current (AC) which needs to be conditioned before it can be used. This is
done through a power conditioning unit, which conditions the electricity to the
appropriate voltage and frequency.

4. Distribution of Electricity: Once the electricity has been conditioned, it is transmitted
to the electrical grid or to a battery bank for storage. If the electricity is being sent to
the grid, it is distributed to homes and businesses through power lines. If the electricity
is being stored in a battery bank, it can be used at a later time when there is no wind.

5. Monitoring and Maintenance: Wind turbines require monitoring and maintenance to
ensure optimal performance. This includes regular maintenance of the turbine blades,
gearbox, generator, and other components to ensure that they are working properly and
efficiently.

6. Environmental Benefits: One of the main advantages of generating power from wind
turbines is that it is a clean, renewable energy source that does not emit greenhouse
gases or other pollutants. Wind turbines help to reduce our reliance on fossil fuels and
can help to mitigate climate change.

The process of generating power from wind turbines involves collecting wind energy,
converting it into mechanical energy, converting the mechanical energy into electrical energy,
conditioning the electricity, distributing it to the electrical grid or a battery bank, monitoring
and maintenance, and environmental benefits. Wind power is an important and rapidly growing
source of renewable energy that has the potential to meet a significant portion of our electricity
needs in the future.

Fuel Cells

Fuel cells are devices that convert the chemical energy of a fuel, such as hydrogen or methane,
directly into electrical energy through an electrochemical process. Unlike traditional
combustion-based power generation, fuel cells generate electricity through a chemical reaction
that does not involve burning, making them a clean and efficient form of energy.

Fuel cells consist of two electrodes, a positive electrode (anode) and a negative electrode
(cathode), with an electrolyte in between. The fuel is introduced into the anode, where it is
separated into protons and electrons. The protons pass through the electrolyte to the cathode,
while the electrons flow through an external circuit, creating an electrical current. The oxygen
introduced into the cathode reacts with the protons and electrons to form water and heat.
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There are several types of fuel cells, including proton exchange membrane (PEM) fuel cells,
solid oxide fuel cells (SOFCs), and molten carbonate fuel cells (MCFCs). Each type has its
own advantages and disadvantages, and they can be used in a variety of applications, from
small portable devices to large power plants.

Fuel cells have several advantages over traditional combustion-based power generation,
including higher efficiency, reduced emissions, and quieter operation. They can also be used
as a backup power source or to power remote or off-grid locations. However, fuel cells still
face challenges such as high cost, limited durability, and the need for infrastructure to supply
and distribute fuel.

Steps involved in Power generation from Fuel cells

1.

Fuel Preparation: The first step is to prepare the fuel for use in the fuel cell. The type
of fuel used depends on the type of fuel cell being used. For example, hydrogen is
commonly used as a fuel for PEM fuel cells.

Fuel Cell Stack: The fuel is then introduced into the anode of the fuel cell stack, which
is made up of multiple fuel cells connected together. The fuel cells contain an
electrolyte that separates the anode and cathode, and they have catalysts that promote
the electrochemical reaction.

Electrochemical Reaction: When the fuel is introduced into the anode, it is separated
into protons and electrons. The protons pass through the electrolyte to the cathode,
while the electrons flow through an external circuit, creating an electrical current. The
oxygen introduced into the cathode reacts with the protons and electrons to form water
and heat.

Power Conversion: The electrical current produced by the fuel cell stack is direct
current (DC). In order to be used to power electrical devices or be sent to the grid, it
must be converted to alternating current (AC) using an inverter.

Utilization: The AC electricity is then used to power electrical devices or sent to the
grid for distribution.

Waste Heat Utilization: Fuel cells also produce waste heat, which can be used for
various purposes such as space heating or water heating.
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The overall process of power generation from fuel cells is highly efficient and environmentally
friendly, as it does not involve combustion and produces fewer emissions than traditional
power generation methods. However, fuel cells still face challenges such as high cost, limited
durability, and the need for infrastructure to supply and distribute fuel.

Batteries

Batteries it back into electrical energy when needed. They consist of one or more
electrochemical cells that convert stored chemical energy into electrical energy through a redox
reaction.

The basic structure of a battery includes two electrodes, a positive electrode (cathode) and a
negative electrode (anode), and an electrolyte that allows the flow of ions between the two
electrodes. When the battery is connected to a device or circuit, the electrons flow from the
negative electrode to the positive electrode through an external circuit, generating an electrical
current.

There are many types of batteries, including lead-acid batteries, nickel-cadmium batteries,
lithium-ion batteries, and many others. Each type has its own advantages and disadvantages in
terms of cost, energy density, cycle life, safety, and environmental impact.

Batteries are used in a wide range of applications, including powering electronic devices,
vehicles, and renewable energy systems. They are also used for backup power, to provide
power in remote or off-grid locations, and in energy storage systems to balance power supply
and demand.

Batteries play a critical role in modern society, providing portable and reliable power for many
applications. However, they also have limitations in terms of energy density, cost, and
environmental impact, and researchers are continually working to improve their performance
and develop new and more sustainable battery technologies.

Steps involved in Power generation from batteries

1. Charging: The first step in power generation from batteries is to charge the battery. This
involves connecting the battery to a power source, such as a charging station or a solar
panel, and allowing it to charge until it reaches its full capacity.

2. Discharging: Once the battery is fully charged, it can be used to generate power. When
the battery is connected to a device or circuit, the stored chemical energy is converted
back into electrical energy and delivered to the device or circuit. The amount of energy
that can be delivered depends on the capacity of the battery and the power requirements
of the device or circuit.



www.open2hire.com

3. Power Conversion: The electrical energy produced by the battery is direct current (DC).
In order to be used to power electrical devices or be sent to the grid, it must be converted
to alternating current (AC) using an inverter.

4. Utilization: The AC electricity is then used to power electrical devices or sent to the
grid for distribution.

5. Recharging: When the battery is discharged, it can be recharged by connecting it to a
power source and repeating the charging process.

The overall process of power generation from batteries is efficient, portable, and flexible.
Batteries can be used in a wide range of applications, from powering small electronic devices
to providing backup power for homes and businesses. However, batteries have limitations in
terms of energy density, cost, and environmental impact, and their performance can degrade
over time with repeated charging and discharging cycles. Therefore, battery technology is
continually being improved to increase energy density, reduce cost, and minimize
environmental impact.

Combined Heat and Power

Combined Heat and Power (CHP), also known as cogeneration, is a method of generating
energy that simultaneously produces electricity and useful thermal energy (heat or cooling)
from a single fuel source. The heat produced during electricity generation is typically wasted
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in conventional power generation systems, but in CHP systems, it is captured and used for
heating or cooling purposes, which can significantly increase the overall energy efficiency of
the system.

In CHP systems, a fuel source, such as natural gas or biomass, is burned to generate electricity
through a generator or turbine. The waste heat produced during the electricity generation
process is captured and used to provide heat or cooling for nearby buildings or industrial
processes. This can be done through the use of heat exchangers, absorption chillers, or other
thermal energy recovery systems.
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CHP systems can be used in a wide range of applications, from small-scale residential or
commercial systems to large industrial or utility-scale systems. They can be particularly
beneficial in applications where there is a high demand for both electricity and thermal energy,
such as hospitals, universities, data centers, and industrial facilities.

The benefits of CHP include increased energy efficiency, reduced greenhouse gas emissions,
improved energy security and reliability, and lower operating costs. However, there are also
challenges associated with CHP, such as the need for a suitable fuel source, the high capital
costs of installation, and the technical complexity of integrating CHP systems with existing
energy infrastructure.

Overall, CHP is a promising technology that can provide significant benefits in terms of energy
efficiency, cost savings, and environmental sustainability, particularly when combined with
other clean energy technologies such as renewables and energy storage.

Steps involved in Power generation from Combined Heat and Power

1. Fuel Combustion: The first step in power generation from CHP is to burn a fuel source,
such as natural gas or biomass, to generate heat and power.

2. Power Generation: The heat generated during the fuel combustion process is used to
produce electricity through a generator or turbine.

3. Thermal Energy Recovery: The waste heat produced during the power generation
process is captured and used for heating or cooling purposes, such as space heating or
cooling, water heating, or industrial processes. This can be done through the use of heat
exchangers, absorption chillers, or other thermal energy recovery systems.

4. Power Conversion: The electrical energy produced by the generator or turbine is direct
current (DC) and must be converted to alternating current (AC) using an inverter before
it can be used to power electrical devices or be sent to the grid.

5. Utilization: The AC electricity is then used to power electrical devices or sent to the
grid for distribution.

6. Heat Rejection: The remaining waste heat that is not recovered for heating or cooling
purposes must be rejected to the environment through a cooling system, such as a
cooling tower or air-cooled heat exchanger.

The overall process of power generation from CHP is highly efficient and can achieve energy
efficiency rates of up to 90% or higher. CHP systems can be used in a wide range of
applications, from small-scale residential or commercial systems to large industrial or utility-
scale systems. The benefits of CHP include increased energy efficiency, reduced greenhouse
gas emissions, improved energy security and reliability, and lower operating costs. However,
the challenges associated with CHP include the need for a suitable fuel source, the high capital
costs of installation, and the technical complexity of integrating CHP systems with existing
energy infrastructure.
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Microgrid

A microgrid is a small-scale, self-contained power grid that can operate independently or in
conjunction with the main power grid. It typically includes a variety of distributed energy
resources (DERs) such as solar photovoltaic panels, wind turbines, battery storage systems,
fuel cells, and generators, along with advanced control systems and software that allow the
microgrid to operate autonomously and optimize the use of its resources.
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Microgrids can provide a range of benefits, including increased energy security and reliability,
reduced greenhouse gas emissions, and lower operating costs. They can be particularly useful
in remote or islanded communities, where access to the main power grid may be limited or
unreliable, or in critical infrastructure applications such as hospitals, data centers, and military
bases.

The key components of a microgrid include:

Generation Sources: This includes various sources of energy such as solar, wind, fuel cells, and
generators.

Energy Storage: This includes batteries or other storage devices to store excess energy for use
during times of high demand.

Control Systems: This includes advanced software and control systems that monitor and
manage the flow of energy within the microgrid, optimize the use of resources, and ensure
reliable and stable operation.
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Switchgear and Protection: This includes hardware components that connect and isolate the
microgrid from the main power grid, and protect the system from power surges and other
electrical disturbances.

Microgrids can operate in a variety of modes, including grid-connected mode, islanded mode,
and hybrid mode, depending on the availability of the main power grid and the energy
requirements of the microgrid. They can also be designed to provide various services, such as
peak shaving, load balancing, and voltage regulation, to help support the stability and reliability
of the main power grid. Overall, microgrids are a promising technology that can provide a
range of benefits in terms of energy efficiency, cost savings, and environmental sustainability.

Steps involved in Power generation from Microgrids

The steps involved in power generation from microgrids depend on the specific configuration
of the microgrid and the type of energy resources used. However, the basic steps involved in
power generation from microgrids are as follows:

1. Energy Generation: Energy is generated from a variety of sources such as solar, wind,
fuel cells, and generators, and is sent to the microgrid.

2. Energy Storage: Excess energy is stored in batteries or other storage devices for use
during times of high demand.

3. Energy Distribution: The energy generated and stored is distributed to the loads in the
microgrid, such as homes, businesses, and other facilities.

4. Energy Management: Advanced software and control systems are used to monitor and
manage the flow of energy within the microgrid, optimize the use of resources, and
ensure reliable and stable operation.

5. Switchgear and Protection: Hardware components are used to connect and isolate the
microgrid from the main power grid, and to protect the system from power surges and
other electrical disturbances.

6. Energy Sharing: If the microgrid is connected to the main power grid, excess energy
can be sold back to the grid, providing a source of revenue for the microgrid operator.

Overall, the key advantage of microgrids is their ability to operate independently or in
conjunction with the main power grid, depending on the needs of the microgrid and the
availability of energy resources. Microgrids can provide a range of benefits, including
increased energy security and reliability, reduced greenhouse gas emissions, and lower
operating costs. They can be particularly useful in remote or islanded communities, critical
infrastructure applications, and other situations where access to the main power grid may be
limited or unreliable. However, microgrids also require advanced control systems and software,
and may be more complex and expensive to install and operate than traditional power
generation systems.
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Biomass

Biomass is organic matter that comes from living or recently living organisms, such as plants,
trees, crops, and waste materials from agricultural, forestry, and industrial processes. Biomass
can be used as a source of energy, either directly or by converting it into other forms of energy
such as electricity, heat, and fuels.
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Biomass can be used in a variety of ways, including:

Combustion: Biomass can be burned to produce heat and/or electricity. This is typically done
in a boiler or furnace, which converts the biomass into steam that can drive a turbine to generate
electricity, or into heat that can be used for space heating or industrial processes.

Gasification: Biomass can be converted into a gas, known as syngas, by heating it in the
presence of a controlled amount of oxygen. The syngas can then be burned to generate
electricity or used as a fuel in vehicles or industrial processes.

Anaerobic digestion: Biomass can be broken down by bacteria in the absence of oxygen,
producing a biogas that can be burned to generate electricity or used as a fuel. This process is
commonly used to treat organic waste materials such as sewage and agricultural waste.

Biofuels: Biomass can be converted into liquid fuels, such as ethanol and biodiesel, that can be
used as a substitute for gasoline and diesel fuel in vehicles.
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Biomass is a renewable and sustainable source of energy that can help to reduce greenhouse
gas emissions and dependence on fossil fuels. However, the environmental impact of biomass
depends on how it is produced and used, and the availability of biomass resources can vary
depending on local conditions and land use practices.

Steps involved in Power generation from Biomass

1. Feedstock collection: Biomass feedstocks, such as agricultural residues, forestry
residues, energy crops, and municipal waste, are collected and transported to the power
plant.

2. Feedstock preparation: Biomass feedstocks need to be prepared for use in the power
plant, which typically involves drying, shredding, and grinding to reduce the size and
moisture content of the feedstocks.

3. Combustion or gasification: Biomass can be burned in a boiler or furnace to produce
steam that drives a turbine to generate electricity. Alternatively, biomass can be gasified
to produce a gas that can be burned to generate electricity or used as a fuel in other
applications.

4. Energy conversion: The heat generated by combustion or gasification is used to produce
steam, which drives a turbine to generate electricity.

5. Emissions control: Emissions of pollutants such as particulate matter, nitrogen oxides,
and sulfur dioxide are controlled using technologies such as electrostatic precipitators
and selective catalytic reduction.

6. Waste disposal: Residues from the combustion or gasification process, such as ash, are
collected and disposed of in an environmentally responsible manner.

Overall, biomass power plants can provide a reliable and renewable source of electricity, and
can help to reduce greenhouse gas emissions and dependence on fossil fuels. However, the
environmental impact of biomass power generation depends on the sustainability of the
biomass feedstocks used and the emissions control technologies employed. Additionally,
biomass power generation can be more expensive than other forms of renewable energy, such
as wind and solar power, and may face challenges related to fuel availability and supply chain
logistics.

Characteristics of Distributed Energy Resources

1. Decentralized: DERSs are typically located close to the point of use, which can help to
reduce losses associated with transmission and distribution of power over long
distances.

2. Modular: DERs are often modular in nature, which means that they can be easily scaled
up or down to meet changing demand or supply conditions.

3. Diverse: DERs can include a wide range of technologies and resources, including solar
and wind power, energy storage, microgrids, fuel cells, and combined heat and power
systems.
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4. Variable: Some types of DERs, such as solar and wind power, are variable in nature,
which means that their output can fluctuate depending on weather and other conditions.

5. Interactive: DERs are often designed to interact with the power grid in a bi-directional
manner, allowing them to both consume and produce power as needed.

6. Intelligent: DERs can incorporate advanced control and optimization technologies,
such as demand response and energy management systems, which can help to improve
their performance and efficiency.

7. Distributed ownership: DERSs can be owned and operated by a range of stakeholders,
including individuals, businesses, and communities, which can help to democratize the
energy system and provide greater local control over energy resources.

Benefits of Distributed Energy Resources

1. Improved reliability and resiliency: DERs can increase the reliability and resiliency of
the power grid by providing local sources of power that can continue to operate during
grid outages or disruptions.

2. Reduced greenhouse gas emissions: DERs, particularly renewable energy sources such
as solar and wind power, can help to reduce greenhouse gas emissions and mitigate the
impacts of climate change.

3. Lower energy costs: DERs can help to lower energy costs by providing local sources
of power that reduce the need for transmission and distribution infrastructure and the
associated costs.

4. Increased energy efficiency: DERs, such as combined heat and power systems and
energy storage, can help to increase energy efficiency by reducing waste and optimizing
energy use.

5. Improved power quality: DERs can help to improve power quality by providing local
voltage support and frequency regulation, which can help to reduce power outages and
other disruptions.

6. Enhanced grid flexibility: DERs can provide grid operators with increased flexibility
and control over the power grid, allowing for more efficient and effective management
of energy resources.

7. Support for local economies: DERs can provide economic benefits to local
communities by creating jobs, reducing energy costs, and increasing energy security.

Applications of Distributed Energy Resources

1. Residential and commercial buildings: DERs such as rooftop solar panels, energy
storage systems, and combined heat and power systems can be used to provide power
and heat to homes and businesses.

2. Industrial and institutional facilities: DERs can be used in industrial and institutional
facilities to provide backup power, reduce energy costs, and improve reliability and
resiliency.
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Microgrids: DERs can be used to create microgrids, which are small-scale power
systems that can operate independently of the larger power grid. Microgrids can be used
to provide power to remote or isolated communities, or to provide backup power during
grid outages.

. Transportation: DERs can be used to power electric vehicles, including cars, buses, and
trains, using renewable energy sources such as solar and wind power.

Grid support: DERs can be used to provide grid support services, such as voltage
regulation, frequency control, and demand response, which can help to improve the
stability and efficiency of the power grid.

Renewable energy integration: DERs can be used to integrate renewable energy
sources, such as solar and wind power, into the power grid by providing storage and
other grid support services.

In conclusion, Distributed Energy Resources (DERs) are decentralized and small-scale

energy resources that can include a variety of technologies, such as solar and wind power,
energy storage, microgrids, fuel cells, and combined heat and power systems. DERs offer a

range of benefits, including improved energy efficiency, greater energy security and

resilience, and reduced greenhouse gas emissions. However, their deployment can also face

challenges related to technical, economic, and regulatory factors, which must be addressed in
order to fully realize their potential. Overall, DERs have the potential to play a key role in the
transition to a more sustainable and decentralized energy system that is focused on efficiency,

flexibility, and resilience.



