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Introduction

The simplest definition of energy is the
one according to which energy is a
particular property of objects and
systems that is described as conservable
scalar physical quantity. Energy is
widely found in nature in a variety of

formes.

Thus, according to several criteria,
we deal with potential and kinetic energy, thermal and magnetic energy, nuclear and
chemical energy, magnetic and mass energy and, most importantly for people as

consumers of energy, we also talk about electric energy.

This list of forms of energy is far from being complete. However, the point is that
electricity is a form of energy and, as any other form of energy, it can be converted
into a different form, and it can be obtained, as a result of transformation, from a
different form of energy, virtually without loss of energy, according to the law of

conservation of energy.

In order to transform one form of energy into another, certain devices are necessary.
For instance, in order to produce energy from water, a dam is needed. Dams turn
gravitational potential energy of moving water into kinetic energy, and by means of

an electric generator, this kinetic energy is turned into electric energy.
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A similar process is implied by the generation of electricity from wind power, except
that in this case water is replaced by wind, and instead of dams we deal with wind

turbines.

Batteries, at their turn, are able to turn chemical energy into electricity. But unlike
dams or wind turbines, batteries have the advantage of being designed also to store

energy in the form of electrochemical energy.

Storing electricity is, indeed, an issue, particularly with respect to renewable power

systems that rely on somewhat elusive sources of energy, such as the sun or the wind.

These intermittent sources of energy are subject to weather conditions and, as a
consequence, people, as consumers of electricity, are also subject to such an

environmental aspect.

The thing is that when it comes to renewable power systems, we can benefit from peak
periods, when the amount of electricity produced is higher than the amount we
actually need in order to be able to use the appliances commonly found in any home.
The rest of the energy generated by such systems is to be lost, unless devices for

storing that excess of electricity are available.

This book will show you how you can store energy and the many benefits of using
energy storing techniques to your benefit. It will also show you how you can build

your own batteries to save even more money.

Storing energy can help you save money and is a step in the right direction when
trying to save the limited amount of resources that are available. Another benefit of
storing energy is that you can sell energy back to the government or to other

companies.
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Everyone needs to work together to do their part in helping to save the planet.
Learning how to store and sell energy is one of the best places to start. The benefits of

storing energy are great not only for the planet, but also for your pocketbook.

Taking the time to read this information to learn more about energy and how we use
it as well as the other greener options that are available is one step closer to becoming

self-sufficient in case the need ever arises.

The Change Challenge

One of the many issues with human
kind is their unwillingness to change.
However, as evolution has shown,
change becomes necessary at times.
Over time, humans have created

traditions and a set way of doing

things.

However, evolution requires
change over time. We must be able to adapt to the earth as it changes around us.
Currently, we are using natural resources at a rapid pace, which is resulting in

damage to the earth.

The earth offers a complex group of bio-systems that can and has been disturbed by
the reckless and excessive use of natural resources. Our greediness is starting to have

an effect on the world around us.
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Consider the weather patterns that we have been seeing in the recent years. Our

weather is becoming bigger.

The natural disasters such as the hurricanes, tornadoes, and tsunamis are a result of a
disruption of the volatile eco systems of the world. While not all of this caused by our
use of natural resources, a lot of it can be blamed on the way we are using these

valuable sources the earth has to offer.

We are seeing the glaciers melt at a fairly quick rate. This is going to raise the water
levels of the oceans on a global basis. When the water is higher, devastating changes
in the climate will take place. This includes more floods, tsunamis, hurricanes and
tornadoes. We are already starting to see the effects of the melting glaciers, imagine

what it will be like in a hundred years.

Additionally, the population of the world is growing exponentially. Asia is one place
in the world that is growing at a very fast rate. This population growth leads to more

and more fossil fuels and construction materials being necessary.

A solution must be found and implemented in order to help save the fragile
ecosystems around the world. There have been solutions found, but none have been
implemented at a high enough level. The reason for this is because people are
reluctant to change.

There have been solutions found, but the huge demand for fossil fuels, (oil, coal, and
natural gas) is so great and there is so much money involved that using new solutions

is being pushed further and further back.

The problem with this is that if we continue to use fossil fuels at this same rapid pace
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we are going to wreck the ecosystems of our planet, likely in ways that are irreversible.

The United States of America is the richest country in the world. It is also one of the
most wasteful. The consumption of fossil fuels in the United States is the result of
wasteful transportation that is wasteful combined with electric power generation that

is inefficient.

Americans are used to a high standard of living and are stuck in their wasteful ways,

making change to a more efficient system that much more difficult.

There is a complete lack of policies regarding energy control. This has resulted in a
monopoly over the oil industry. In addition, it is difficult to implement a new industry
quickly and funding to accelerate renewable and sustainable energy technologies is

not considered.

The mindless use of fossil fuels has to stop and is going to require that everyone from
politicians through the general public work together. Children need to be taught the
harmful effects of continuing to use these natural resources in this way.

Every effort should be made to promote the use of renewable energy technologies in

order to help save planet earth for future generations.

The damage to the earth's ecosystems can no longer be ignored or put off for the
future. The damage is of immediate concern. Scientific studies have shown that in the

past 100 years the ozone has depleted by nearly 40 percent.

There are also reports showing that greenhouse gasses have altered weather patterns

throughout the world. Unfortunately, the majority of people throughout the world
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and especially the people in the United States are not educated about these facts and

remain unaware of the disaster that is waiting for future generations.

Most people remain blissfully unaware of the fact that the situation is quite serious
and that change needs to start happening now. Many people think that there is
nothing that they can do alone to help, so they continue on the same destructive path.
However, there are things that a person can do in their own lives to help conserve

energy.

How we Use Electricity Today

When it comes to electricity, most people do not give it a second thought. We come in
our house and flip on our lights. We turn on the television or the computer and are
instantly entertained. We even read books through electronic devices. Electricity is

something that we all take for granted each and every day.

Currently, the majority of our electricity comes from burning fossil fuels such as coal,
natural gas, and oil. This production of electricity works by using the energy created

from the fuels combustion to create a flow of electricity. This type of energy use has



STORING ENERGY GUIDE 2016

created a big problem in the world as these resources are non- renewable and are

eventually going to all be gone.

The consumption of electricity today is quite overwhelming and new fuel sources
must be found in order for us to keep using our computers, air conditioners,

televisions, and everything else that we have come to know and love.

The United States is second in energy consumption in the world. In energy use per
capita, the United States ranks 7th, behind several small countries and Canada. Most
of this energy consumption comes from fossil fuels.

In 2010, the EIA reported that 25% of the energy used in the United States came from
petroleum, with natural gas and coal use at 22% each. 8.4% of the energy comes from

nuclear power.

Unfortunately, renewable energy sources only supply about 8% of the energy
consumption in the United States. The majority of energy supplied by renewable
resources comes from hydroelectric dams. Solar energy, geothermal power, and wind

energy make up the rest of the eight percent.

Over the years, the consumption of energy in the United States has grown at a faster
rate than production. This has resulted in the United States relying on imports to meet

the energy needs of the people in the country.

Types of Electric Production

When it comes to how electronic devices work, it may seem almost magical to most

people. Electrons move at such a high speed and the effects of electricity are invisible,
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which make it hard to imagine what is actually happening.

Electricians and electric engineers have to study for a long time in order to fully
understand the details of their work. However, the basic concept of how electricity
works is a bit easier to understand. Simply put, electricity is just the movement of
charges.

Electricity as we know it is made by converting a form of energy into a flow of
electrons. There are several types of power plants that are used to make electricity and

the source of the energy will depend on the type of plant.

For example, at a kinetic generating power plant the water or wind is the source of
energy. This energy goes through a turbine and then to the drive shaft. It is then put
through a generator and sent to the electric power grid. Motion is the key to kinetic

generating power plants.

A thermal generating power plant will use heat from fuel the same way that the
kinetic plant used water or wind. Thermal generating power plants can use all types
of heat sources in order to create energy. This includes heat from the sun. Solar energy

is a form of thermal energy that can be used to create electricity.

In every type of power plant a generator is used. Generators are used to exploit the
relationship between electricity and magnetism. In a large alternating current
generator an outer shell made of powerful magnets will rotate around the armature,
which remains stationary. This armature is wound with heavy water. As the magnets

move they create an electric current in the wire.

The most important thing to remember about electricity is that it is not harvested or

10
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mined, it has to be manufactured. Storing electricity in large quantities is not easy, but
in small amounts it is possible.
Most electricity is manufactured as it is demanded. Power plants have to be able to

keep up with the demand.

Most power plants in the United States and in the United Kingdom have a very high
rate of reliability. Consider how often your power goes out. This shows how reliable
the power grids really are. It is this reliability that many of us simply take for granted
and have come to expect. This is one of the reasons that changing the future of energy

use is difficult.

Here is a closer look at the different types of power plants that are used throughout

the world.

Thermal Generating Plants

A thermal generating plant uses the energy from heat to produce electricity. Water
will be heated in a large boiler until it turns into steam of a high temperature. The
steam will then be sent through a turbine. A turbine consists of several fan blades that
are attached to a main shaft. When the steam moves the blades the shaft will start to
spin. The shaft is attached to the generator through a rotor. The generator then creates

electricity.

Fossil Fuel Plants

Fossil fuel plants are the most common types of energy producing plants. The reason

for this is because they are fairly reliable and any problems that arise are typically

11
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confined to a relatively small area.

Fossil fuels are the remains of animals and plants that lived a long time ago. These
remains have been exposed to high temperatures for millions of years under the
ground and this pressure has transformed them into different forms of carbon

including oil, natural gas, and coal. Fossil fuels can easily be stored in mass quantities.

There have been hundreds of years of research into developing fossil fuel energy
plants. There are many electric utilities that run from these fossil fuel plants and have
for decades. These plants are now typically fully paid for, which make them very
profitable to run. The fossil fuel plants being paid for means that the utility companies
make more money. This also helps keep the cost of electricity lower for their
customers.

However, fossil fuel plants are part of the environmental problem. These plants are

12
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not very friendly towards the environment. Not only do they use resources that
cannot be renewed, but they also produce nitric oxide and sulphur dioxide which

pollutes the air. This requires scrubbers that are extremely expensive.

Another environmental impact of these types of energy plants is the pollutants that
can be carried from the wastewater from the steam. This can enter the watersheds of
the area and create environmental problems for the ecosystems throughout the area.
Even when there is good pollution controls in place there are still numerous waste
materials that are produced. The current main concerns are the ash and carbon

dioxide gas that are produced from the plants.

One of the biggest problems with fossil fuel plants is the fact that they use resources
that cannot be renewed. These fuels took millions of years to be created and they are
going to run out eventually. Extracting the fuels creates many types of environmental
issues. In addition, oil spills in the ocean and the strip mining of coal create

catastrophic impacts for the ecosystems that they destroy.

The fossil fuel plants are currently producing the majority of the energy that is used.
This needs to change soon as the environmental impacts alone are so great.
Additionally, these resources are not going to last forever, which means that we need

to start thinking about other sources of renewable energy.
Cogeneration

Most power plants cannot use oil because it has become so expensive. As a result, both
natural gas and coal are being used as a cheaper option. Both of these types of fuels

are being used in a more efficient matter in what is called a cogeneration plant.

13
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This type of plant is not a new idea, but simply takes advantage of the way most large
electric users operate. There are many factories that utilize steam for their production
process. The utilities will make steam and sell it to these customers and also use it to

run their generators.

Instead of simply exhausting the wasted steam once it passes through the turbine, a
co-generator is used to pipe the wasted steam into a commodity that can be sent to
consumers located nearby. This is called a top-cycle cogenerator. A bottom cycle co-
generator works in the reverse and uses the wasted steam to help drive turbines.

Reusing steam can raise the efficiency of a cogeneration power plant by over 50%.

There have been new developments for these types of plants using new designs and
materials. The new designs help increase the reliability and help control both the

atmospheric and thermal pollution that is created from this type of energy production.

When these new technologies are part of the plants from the beginning, the
installation is less expensive. Some examples of technologies being used include Zero
Discharge, Selective Catalytic Reduction, and Circulating Fluidized bed boilers are all
treatment systems that help control some of the environmental problems of this type

of energy production.

Biomass Plants and Combined Cycle Plants

There are natural gas plants that produce electricity without using steam. These plants
burn the natural gas to power the generator. A gas-turbine generator is extremely
popular because it can be started fast and responds quickly to surges in demand for

electricity. This is one example where the increase in demand for electricity has caused

14
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production that was not thought through carefully.

A newer type of plant called a combined cycle plant has been created to make the
natural gas plant a bit more efficient. The combined cycle plant will channel the hot
exhaust from the gas turbine into a boiler. This boiler then creates steam that is used

to turn an additional rotor.

Additionally, these plants are now being created in a way that they can burn biomass.
Biomass is the waste wood or other type of plant material. A biomass plant in Florida
uses the waste from a sugar cane plant during part of the year and waste wood during

the season where the sugar cane is being grown.

15
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Nuclear Plants

A nuclear plant works in almost
the same way that a fossil fuel
plant does. Of course, there are
significant differences in the way

that energy is created.

Instead of burning fossil fuels, a

nuclear power plant
generates steam using atomic
fission. Atomic fission creates the steam that powers the generators, the same as in

other types of thermal plants.

A nuclear power plant does not need to refuel very often and during normal operation
the emission of air-borne particles and greenhouse gasses are minimal. This makes
nuclear power plants attractive to those that are worried about air quality. The waste
water from a nuclear power plant is much hotter than the waste water from fossil fuel

plants and a cooling tower is used to help with this issue.

In the United States the drive to move towards nuclear power faltered as the general
public became concerned about the economic, environmental, and safety issues that
these plants portray. The cost of construction for this type of plant grew substantially

as more safety mechanisms were required.

16
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There have been some unexpected issues that have risen at nuclear power plants
including the fact that boiler tubes start to wear out before they should. Nuclear
engineers argue that these problems simply require small technical fixes. Currently,

engineers are working on new plant designs with further safety features.

People that are opposed to this type of power plant argue that using plutonium and
uranium comes with too many risks and problems. They state that the risks outweigh

any benefit that this form of energy may have.

Another issue that has yet to be solved is the fact that there is no good way to dispose
of the fuel cores and other accessories that are contaminated. These materials can
remain dangerous for many thousand years. Currently, they are being buried in areas
that are considered to be geologically stable. However, this plan is extremely

controversial.

Another problem nuclear power plants face is high profile accidents. The accident in
1979 at 3 Mile Island as well as the 1986 Chernobyl incident did nothing to help the

argument for this type of energy producing plants.

The most recent Tsunami in Japan that flooded the nuclear power plant did not help
the argument for nuclear power plants. While nuclear power is responsible for
approximately 22% of the energy created in the United States, the future of these

plants remain uncertain.
Kinetic Generating Plants

Wind and water can also be used to change energy into electricity. Wind mills and
hydroelectric plants use kinetic energy instead of using heat energy. Kinetic energy is

energy created from motion. The wind or water is used to spin a turbine. This turbine

17
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then spins the generators rotor.

There is no fuel being burned, which means there is no air pollution from these plants.
Both water and wind are renewable energy sources. There is a long history of using
these resources in order to create energy. However, there are some issues that come

with this type of energy.

Hydro-electric Plants

Currently, there are two types of hydro-electric power plants in service. The first type
is called a run of river plant. This plant uses the energy from a current that is fast
moving in order to turn the turbine. Water flow can vary greatly in rivers and the
amount of rain fall affects the current of the river. For this reason, there are not very

many sites that are suitable for this type of plant.

The majority of hydro-electric plants will use some type of reservoir to make up for
times of drought. These reservoirs are also used to help boost the pressure of water in
turbines as well. These reservoirs are man-made and take up a lot of area. The lakes
are often combined with great recreational facilities. A large dam is required to control
the flow of water and these are good for controlling flooding in the area as well. For
this reason, the common assumption has been that the benefits of these reservoirs

outweighed the costs.

The costs associated with building these large reservoirs is the loss of the land that is
now submerged in water. The dams displace people as well as destroying the wild
life habitats of the area.

In addition, if one of the dams bursts, it can be disastrous. Some of the environmental

18
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issues can be avoided by designing the reservoir thoughtfully.

Fish ladders can be used in order to allow fish to travel around the dam is one example
of an environmentally thoughtful design. However, there are other issues that have

risen and there are protests that have risen against these types of power plants.

Pumped Storage is another type of hydro-power. There are some plants that will take
advantage of time frames where energy demand is low and pump the water into a
reservoir. When the demand for power goes up this water can be channeled through
a turbine to create electricity. This is one way that the efficiency of the plant can be

increased.

Wind Power

A wind farm does not need a reservoir and does not create any type of air pollution.

A small wind mill can be used to provide power to your own home.

19
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However, air does not carry as
much energy as water does so
there is a lot more needed in

order to spin the rotors.

In order to operate a

commercial wind farm there

needs to be at least a few very
large wind mills or several
small wind mills to harness

enough energy. The construction cost of a wind farm can be quite high.

One of the main problems with wind farms is that there are not very many suitable
locations for them. Winds have to blow predictably in order for this type of energy to
be utilized. Even in places where the wind blows on a predictable basis the windmills
will often need to have special gears to keep the rotor turning at a constant speed

despite the speed of the wind.

Another issue that many people have is the fact that they feel that the installation of
these large windmills can turn a beautiful ridge into a steel forest that is quite ugly.

They also feel that this can be detrimental to bird life.

Alternative Generation

There are many types of alternative energy technologies that are currently under

development and have been for decades.

20
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These types of power plants use equipment that is not traditional in order to produce
electricity. Advocates for this type of technology believe that the political and
technical situation will finally start to bring these alternate sources of energy into the

market place.

Geothermal Power Plants

Molten rock, radioactive decay, and pressure deep under the crust of the earth make
it extremely hot. One of the natural phenomenon's that shows this heat that is
available under the ground is geysers that erupt. These geysers send hot water and

steam high into the air.

There are also hot springs that show just how much heat and energy can be found just
in the ground. Power engineers have been looking into natural sources of hot water

and steam for many years.

Using this natural thermal energy a geothermal plant can provide electricity with very
low levels of pollution. There are many varieties of plants along with the product from

the geothermal site that can be used for electricity production as well as heating.

One of the main issues with the geothermal power plant is finding suitable sites for
them. However, technological innovations are being made that make finding other
sites more practical.

Additionally, tapping into these geothermal resources can result in natural geysers
being “turned off' and this is something that needs to be taken into consideration

when planning this type of plant.

21
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Solar Power

Photo voltaic or Solar Cells are the generator of electricity, meaning that they do not
need a generator in order to work. Solar cells are typically arranged in panels and take
advantage of light's ability to cause current flow in certain substances. Cells are wired

together and the current then flows from the panel as the sunlight hits it.

There is no pollution created by operating these types of cells. In addition, scientists

predict that this fuel supply will be around for at least the next 4 billion years.

One problem with solar panels is the cost to make them as well as the fact that they
do not work when the weather is bad or during the night. There have been
manufacturing issues as well as the fact that not all light that strikes the panel is

converted to electricity.

However, harnessing the power of the sun offers a powerful driving force to create

better, cheaper, and more efficient ways to use this type of energy.

22
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Fuel Cells

Fuel cells work by combining
chemical substances to create
energy. This sounds like it is
similar to how a battery works,
but the difference that the fuel cell

is powered by a continuous flow

of fuel. For example, fuel cells
used on the
United States Space Shuttle combined oxygen and hydrogen to produce electricity

and water.

The cost of making a fuel cell has been relatively high, making them unsuitable for
installing on a large basis. However, there is a modular technology available that can
be added in small increments. The research for this type of technology is showing
promise, with a test installation showing production of 200kw using the gas that was
created in a wastewater treatment plant. Japan has started using fuel cells for central

power.

Decentralized Generation

Ultimately, the usefulness of using photo-voltaic and fuel cells may not be in creating

large centralized generating plants.

23
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In the years before the large networks of spanning wires, a small generating station
located on the premises made more economic sense for many industrial power users
and business owners. As equipment and motors were improved and a new energy

supply was created, many homes and businesses began to use electricity.

During the 20th century, the smaller generating companies began to consolidate and

the independent plant started to disappear.

Economically, it made more sense to buy power from a utility that was centrally
located rather than generate it on location. Large companies started to connect and

create systems that shared their reserve capacity.

The use of energy may start to see a change in the 21st century. Technological advance
in generating electricity are starting to improve. In addition, concerns for the

environment are on the rise.

The concept of using a centralized generating station is being questioned. In many
cases it is not economical to heat a home and business from a central location. An
individual furnace will provide the heat for different buildings. Fuel can be provided

by different types of distribution systems.

Additionally, improvements in technology and design of both fuel cells and photo-
voltaic could change the way that people receive energy. As the cost for designing and

making these cells improve, the use of them will increase.
Storing Electricity

One of the main things that make electricity different from other types of energy is the

fact that it cannot be stored and simply accessed as needed in large amounts. The

24
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unique feature of electricity requires that many different controls and reserve
capacities must be used in order to keep the system stable while also meeting the

fluctuating and ever changing demand.

System Ratings

Installed systems as of November 2008

: a
10 T
-
&
e
s 1
=
=
@
2 01
o t
-§ CAES Compressed air
K] EDLC Dbl-layer capacitors
a Flywheels
0.01 Lead-acid
Lidon Lithium-ion
Na-S  Sodium-sulfur
Ni-Cd  Nickel-cadmium
0.001 Ni-MH Nickel-metal hydride
ESA: el
/ VR Vanadium redox
Sfisctiory Stvage Assockatior Zn-Br  Zinc-bromine
0.0001
0.001 0.01 01 1 10 100 1000 10,000

Rated Power (MW)

There are several ways that electricity can be stored. Most of these storage techniques
are for small amounts of energy and can be used for electronic purposes.

However, these techniques are not great for providing for entire electricity needs.
Here are some of the different storage techniques that are currently developed or in

the process of being developed and improved.

25
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SMES (Superconducting Magnetic Energy Storage)

This is a system that can be used to store energy. It works by using a magnetic field
that is created through the flow of a direct current created in a superconducting coil
that is cooled to a temperature that is lower than the critical superconducting

temperature.

Typically, SMES has three parts, which consist of the superconducting coil, the
conditioning system, and the cryogenically cooled refrigerator. The coil is charged
and afterwards the current does not decay and the energy can be stored for an

indefinite amount of time.

When the energy is needed it can then be released into the network through
discharging the coil. The power system will transform the alternating current power

into a direct current or vice versa.

The inverter/rectifier makes up for around 2 to 3% energy loss for each direction. Out
of all the methods for storing energy, SMES loses the least amount of electricity during
the process. The round trip efficiency of the system is greater than 95%, which makes
the system extremely efficient as far as energy storage systems are concerned.

One of the biggest problems of this type of energy storage is the fact that the
superconducting wire cost a lot and the refrigeration process takes a lot of energy. For

this reason, SMES is typically only used for energy storage in short durations.

Most commonly, SMES is used to help improve the quality of power. If utilities used
SMES it would only be used as a diurnal storage device and charged from the base

load of power that occurs at night and would help meet the peak load times during
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the day.

The main advantage of using SMES over other types of storage devices is the fact that
the time delay between the charge and discharge is very short. The power that is
stored is available almost immediately and can put out a high amount of power for a

short amount of time.

The other big advantage of this type of storage is that it loses less power than the other
storage methods that have been found because the currents of electricity have almost
no resistance. In addition, the main components of an SMES storage system remain

motionless, which means that these storage devices are highly reliable.

Currently, SMES storage units are available for commercial use. These units are very
small and there are larger units being tested. There are technical challenges to using
this type of storage method. The large size of the mechanical structure that is needed
for this type of storage poses a problem for many places. There are manufacturing

issues as well.
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The first manufacturing issue is the fact that the superconductors that can be used for

the bulk cable are typically delicate, which makes it difficult to create.

The second issue is a matter of infrastructure. The wire has to be kept in a vacuum

flask containing liquid nitrogen.

One of the main reasons that this type of electric storage has not been utilized and
researched more is because of the high cost of maintaining the operation of the
devices. Additionally, there are normal conductors that are being developed that offer

adequate techniques for electricity storage.

Battery Storage

A battery uses electrochemical cells
to change chemical energy that is
stored in the cells of the battery into
electricity. A  primary battery
contains a chemical that will hold the
charge and then starts to dissipate as

the energy is used.

These types of batteries cannot be

used for storing excess energy and do not have the ability to be recharged.
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Primary batteries have been designed to be used once and then simply discarded. This
type of battery is used in all types of electronic devices such as remote controls and

toys.

There is a range of standard sizes that primary batteries come in such as AAA through

CandD.

The primary factor that affects the life of a primary batter is that while they are used
they become polarized. This simply means that the hydrogen will accumulate at the
cathode and reduce how effective the cell is. A chemical depolarization method is

used to help extend the life of a battery.

Another type of battery is the secondary battery. Secondary batteries are more

environmentally friendly as they can be recharged.

When an electric charge is applied to the battery the chemicals are then restored and

the battery returns to the previous state.

The battery will then hold the stored energy once again. There are six common types

of secondary batteries that are currently available.

Most of the common batteries that are found within a home and can be recharged are

made with alkaline, nickel cadmium, or nickel metal hydride.
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Storage
Technologies

Main Advantages
(relative)

Disadvantages
(Relative)

P urn p e d Storage

High Capacity, Low Cost

Special Site Require
ent

CAES

High Capacity, Low Cost

Special Site Require
e nt, Need Gas Fuel

Flow Batteries: PSB

High Capacity,

Low Energy Density

Densities, Efficiency

VRB Independent Power and
ZnBr Energy Ratings
Metal-Air Electric Charging is
Vi High E Densit:
€ry Hligh Energy bensity Difficult
NasS
High Power & Energy
Densities, Production Cost, Safety . .
High Efficiency Concerns (addressed in
design)
Li-ion High Power & Energy
Densities, High Efficiency High Production Cost, .
Requires Special Charging
Circuit
Ni-Cd High Power & Energy

Other Advanced

High Power & Energy

High Production Cost

010 |0 |0 O

Low Energy Density, High
Production Cost

Batteries Densities,
High Efficiency

Lead-Acid Low Capital Cost
Limited Cycle Life when ()
Deeply
Discharged

Flywheels High Power Low Energy density

SMES, DSMES High Power

E.C, Capacitors

Long Cycle Life, High
Efficiency

Low Energy Density

o

Lead Acid: the lead acid battery has been around since 1859 when Gaston Plante, a
French physicist invented it. This is considered the oldest kind of rechargeable or
secondary battery. The lead acid battery has a low ratio of energy to weigh and a low

ration of energy to volume.
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This means that a lead acid battery can supply a high surge current which means that

the batteries can maintain a large ratio of power to weight.

These features combined with the low cost make the lead acid battery very attractive
for use in motor vehicles because they can produce the high current that is required

for a starter in an automobile.

During the discharge state the lead acid battery plates, both positive and negative,
become lead sulfate. The electrolyte loses the sulfuric acid and turns into mostly
water. When the lead acid battery is charged it contains positive plates made of lead

oxide and negative plates of elemental lead.

The charging process uses forcible removal of the electrons from the positive plate

and forces them to be introduced to the negative plate.

The main use for lead acid batteries is for motor vehicles. These batteries are not
designed to be used for a deep discharge. They are created with thin plates to create
a larger surface area and have a maximum current output. The battery is charged by

use of the alternator in the vehicle.

Additional uses for lead acid batteries include using it in gel form for hospital
equipment, computer backup systems, security systems, and in wheel chairs. The gel

form holds a charge for longer than the liquid form.
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Lithium Ion: The lithium ion battery is often
referred to as a Li-ion battery or LIB. This type of
batter refers to a family of rechargeable batteries
where lithium ions will move from the negative
electrode to the positive electrode when

discharged and then move back when the battery

is being charged.

The electrode material used in this type of battery is made intercalated lithium
compound. There are non- rechargeable lithium batteries and they use a metallic

lithium instead.

The history of the lithium ion battery dates back to the 70s, when first proposed by
M.S. Whittingham. He was working for Exxon at the time. The proposed battery used

by Whittingham used lithium metal and titanium sulfide as the electrodes.

Lithium-ion batteries are extremely popular for use in electronic devices. This type of
battery is one of the most popular forms of battery used in portable electronic devices.
One of the main reasons for this popularity is the fact that they offer a top energy

density.

These batteries also do not have an effect on memory and when they are not in use

they have a slow charging loss.
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Aside from being used in electronic devices, the battery is gaining in popularity for
use in electric vehicles, for military applications, and for use in aerospace applications.
Research is being done on more applications and uses for this type of battery. The
research for uses of lithium ion batteries is focused on the durability, energy density,

cost, and safety.

The performance, chemistry, cost, and characteristics of lithium ion batteries vary
through the different types. The majority of lithium ion batteries that are used in
handheld electronics are typically based with lithium cobalt oxide. The reason for this

is because of the high energy density.

However, there are safety concerns with this type of battery, especially if it is
damaged. Lithium nickel manganese cobalt oxide, lithium manganese oxide, and
lithium iron phosphate all offer a lower energy density along with longer lives. These

types are also much safer.

These types of lithium ion batteries are being used more and more in electric tools and
for medical equipment as well as in other roles. Lithium nickel manganese cobalt

oxide is one of the leading contenders to be used in automobiles.

One of the main benefits of using lithium batteries is the fact that they can store more
energy in relation to their size than other types of batteries. In addition, these batteries
can be recharged more times than other types of batteries and the charge will last for

a lot longer. One downfall of lithium ion batteries is that they cost a bit more.

33



STORING ENERGY GUIDE 2016

Lithium Polymer: this is a relatively new

battery type and there has not been a lot of

: : -y Ao
testing conducted on it. The lithium polymer W\ ee‘gg;@p\
S \\ 2™
battery can be used in similar ways as the \\_\\\_\ =
lithium ion battery. .
When the testing is completed on this type N\

of battery this type of battery will cost a lot

less than the lithium ion battery.

One of the biggest advantages of this type of battery is that manufacturers can shape
this battery almost any way that they want to. This fact alone is extremely beneficial,
especially to companies that are making mobile phones and other electronic devices.
Mobile phone manufacturers are continuously trying to make phones that are smaller
and lighter, and the lithium polymer battery can be extremely beneficial for this

process.

The lithium polymer battery may also be used in the next generation of electric
vehicles. While the cost of an electric car is somewhat higher than those that run on
petrol, this cost could start to come down with an increase in production and new
technological advances in the development of batteries. The lithium polymer battery

is currently being used by Hyundai for some of their hybrid motor vehicles.
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Nickel Cadmium: The technology for this type of
battery has been around for quite a while. This
type of battery is perfect for times when
rechargeable batteries are not available. The
nickel cadmium battery is capable of discharging
large amounts of energy, but do not have the

mass energy ratio that is seen in lithium batteries.

This type of battery was invented in 1899 and has
a terminal voltage of about 1.2 volts. This amount
does not decrease until the discharge is almost

completed.

There are a wide range of sizes and capacities of

nickel cadmium  batteries available. In

comparison with other types of rechargeable batteries that are available nickel
cadmium batteries have a good life cycle and capacity. They also offer quality
performance at a relatively low temperature. These batteries also work well with high

discharge rates.

At one time sealed nickel cadmium batteries were used widely in portable
photography equipment, power tools, for emergency lighting, in flashlights, and were
commonly used in portable electronic devices. However, the environmental impact of

disposing these batteries has led to a decrease in their use.
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Nickel Metal Hydride: this type of battery is very similar to the nickel cadmium
batteries. They use positive electrodes made of nickel oxyhydroxide, the same as the
nickel cadmium cell battery, but instead of using cadmium for the negative electrodes
they use hydrogen absorbing alloys. The nickel metal hydride battery has replaced
the nickel cadmium battery in many types of applications, most notably in small

rechargeable battery applications. AA batteries are commonly this type of battery.

In 2010, nearly 22% of rechargeable batteries that were sold in Japan were nickel metal
hydride. The first nickel metal hydride batteries were introduced to the market for
consumer use in 1989. This was after the technology had been researched and

developed for over two decades.

One of the problems with the nickel metal hydride battery is the fact that it can easily
be overcharged. The best way to charge this battery type is by using a trickle method.
The trickle method uses a fixed current that is low. It is a good idea to set a timer when

charging this type of battery.

Another charging option that is faster than the trickle method is by using a charger
that knows when to turn off or turns off automatically when it senses that the battery

is fully charged.

Nickel metal hydride batteries can be found in stores in the sizes of AA and AAA.
There are adapter sleeves available that allow the AA size battery to be used for
applications that require a C or D. C and D sizes are available in some places, but are

usually just the AA core wrapped in an external shell.
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These types of batteries do not cost a lot and the performance is similar to that of a
primary alkaline battery. Typically, a nickel metal hydride battery will be used for

things like digital cameras or other devices that have a high drain rate.

It is important to note that some devices have been designed to run with a primary
alkaline battery may not work appropriately when a nickel metal hydride battery is

used in its place.

However, this is quite rare and the
majority of devices will work just fine
using this type of rechargeable battery
in place of the nickel metal hydride

battery. ne

Low Self Discharge: this type of

battery is relatively new.

Currently the low self-discharge
battery is available in both AA and
AAA sizes.

One of the biggest advantages of using this type of battery is the fact that they do not
lose their charge as fast as some of the other types of batteries do when they are not

being used.

The low self-discharge battery is quite useful in devices that you do not use on a

regular basis, but has to be ready and working when you need to use it.
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Reusable Alkaline: the reusable alkaline battery was first introduced in 1992 to be
used as an alternative to the wasteful disposable batteries. The goal of this type of
reusable alkaline battery was to be a low cost power source for regular consumer
goods. There were attempts made to use these batteries for wireless communications

and in the defense and medical fields.

However, the big breakthrough for their use did not arrive. The reusable alkaline
battery currently only occupies a very small market and is somewhat limited to use

in flashlights and portable entertainment devices.

It is somewhat regrettable that this type of battery lacks market appeal because the
cost for creating this battery is only a bit higher than the cost for making primary cell
batteries and it would be greatly beneficial to the environment to have fewer batteries

being thrown away each year.

One of the problems with recharging regular alkaline batteries is that they can only
be charged effectively if they are discharged to less than half of their capacity. In
addition, the number of recharges that an alkaline battery has is limited based on the
depth of the discharge. There are typically only a few cycles of recharges available.

Reusable alkaline batteries are designed to be charged repeatedly.

However, even with the new design there is still a loss of charge every time these
batteries are recharged. This means that there is a limit to the number of times this
type of battery can be charged; this limits the life span of the rechargeable alkaline
battery greatly.

There are several advantages of the rechargeable alkaline battery. First, the cost of this

type of battery is relatively inexpensive. This battery can be used as a direct
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replacement for other primary or non-rechargeable batteries.

These batteries are more economical than primary batteries as they can be used more
than once. The discharge of the alkaline battery is low and energy can be stored for as
long as ten years when the battery is not in use. In addition, these batteries are

maintenance free there are no memory and no need for cycling.

The main disadvantage of the rechargeable alkaline battery is that it has a limit current
handling. It is only available for light duty applications such as flashlights and
portable home entertainment devices. The other issue with this battery is that it has a

limited cycle life, it is best to recharge the battery before it gets too low for best results.

Flywheels

One of alternative ways to battery storage is through the use of flywheels. Flywheels
can be used to store a small amount of electricity. These devices are created using a
steel cylinder that is hollow attached to a motor that is set on low friction bearings.

This is then spun in a chamber in order to minimize friction.

The flywheel spins continuously to store energy. In order to release the energy from
the flywheel the rate of the spinning is slowed down.

A flywheel can be optimized for a large output in a short amount of time or to put out
a low amount of energy for a longer amount of time. Currently, the flywheel is mainly
used as a way to bridge a gap in service while another emergency generator is brought

up to work.
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Thermal Electricity Storage

Thermal electricity storage is a combination of different technologies that are used to
store energy for use at a later time. This type of energy storage is often used to adjust
for differences in the demand for electric usage during high use times and low use

times.

The electricity is stored inside a reservoir that is either made of ice or water and is
kept at a temperature that is different from the air outside. When the temperature is

changed the electricity is discharged.

There are many power plants that use this type of energy storage facility and have the
capability of transferring the holding component to receptacles that are insulated to

keep the energy for longer.

There are several forms of thermal storage available for use. One of the most popular
types of energy storage is a pumped hydro scheme. This type of storage system uses
motors to pump water into a reservoir. Typically, the reservoir is a dam that is located
in an upland valley.

When the demand for electricity is at its peak the water will go back down and drive
the generators in order to supply the generators with the energy needed to produce

the needed electricity. When the demand is low the reservoir will fill back up.

In the year 2003 there was more than 90 GW of pumped storage operating throughout
the world. This accounts for about 3% of the capacity globally. During this time
pumped hydro schemes were the most widespread and popular forms of energy

storage systems being used on power networks.
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Another type of thermal energy storage is solar energy storage. A practical solar
storage unit will be able to store enough energy for a few hours up to a day's worth
of energy. There are a growing number of thermal storage units available that are
seasonal thermal stores. These units are used to store energy from the summer to be

used for space heating during the winter months.

Molten salt is now being used as a way to maintain a high temperature thermal
storage unit. These are used along with concentrated solar power to use for later

generation of electricity.

This allows solar power to provide electricity continuously, making it usable as a base
load energy source. Molten salts include calcium nitrate, lithium nitrate, sodium
nitrate and potassium nitrate. These molten salts can absorb the heated energy from
the water and then be transferred back into energy as it is needed.

Another form of thermal energy storage is in concrete, hot rocks, pebbles, and the like.
While water has a very high thermal capacity at about 4.2 J, this is one of the highest

heat capacities available.

However, concrete has about a third of this. One of the benefits of using concrete for
thermal energy storage is that it can be heated to a much higher temperature, up to
1200 degrees Celsius. This means that the volumetric capacity of concrete is higher

overall.

Using concrete for thermal energy storage could be utilized by homes as an insulated
cube that is around 2.8 m would be able to provide enough storage for a single home
to store about half of their heating demand. Essentially, this method could be used in

order to store extra PV heat or wind energy to be used at a later time.
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European homes are often equipped with thermal storage heaters that run on
electricity. These are typically made out of a high density brick made from ceramic
that is heated to a very high temperature using electricity. The ceramic block is well

insulated and then releases the heat over a number of hours.

Storing energy is one of the most important aspects of developing renewable energy
resources for modern use. Commercially, there are several types of energy storage
systems in use today. These storage units can be categorized as thermal, biological,
chemical, electrical, and mechanical.

Renewable energy has to be stored in order for it to be useful. Wind does not blow at
all times, so there needs to be a way to store the energy when the wind is blowing so
there can be enough energy to use at times when the air is calm. The same can be said
for solar energy. The sun does not shine during the night and when days are cloudy

people will still need to use electricity.

Each of the current storage techniques has both pros and cons. One of the most
difficult aspects of energy storage is the cost. Most energy storage units come at a
relatively high cost. However, for a person that is looking to store energy to run the
electricity in just there home, it is possible to make a storage unit that can be used

instead of relying on energy from a large centralized unit.

There are several different ways to make a personal storage unit for electricity. There
are benefits of using these storage units, such as being able to sell back the excess
energy to the government or utility company as a way to save and possibly make

money.
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Energy Conservation Basics

When considering storing electricity it is important to first look at the basics of energy
conservation. The first concept that a person must fully understand is that energy
cannot be created or destroyed. This means that energy is always around it simply
changes its form. There are a number of different forms of energy such as electrical

energy, chemical energy, kinetic energy, and mechanical energy.
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The main issue that arises when storing energy is the loss of energy that occurs during
the process. This rate of losses determines how efficient a storage technology is. When

it comes to being a good storage technology there are many factors to consider.

Some of the properties to consider when choosing an electricity storage method are
the costs, ratings, and the size and weight of the storage unit. In the end the storage

unit needs to be able to meet the demand and need.

For regular electronic devices battery storage will typically work. Batteries put out a
set amount of electricity, which is perfect for devices that are small. However, storage
for electric loads to be used for a home or area, there will be times where a high
discharge is needed and other times when lower levels will be utilized. For this reason,

a storage method that allows for this is necessary.

Here is a chart that compares the advantages, disadvantages, along with the power

and energy applications of the different storage technologies that are available.

Storage Advantages ofDisadvantages Energy of Power
Technology this  type of of this type applications applications

Storage Unit Storage Unit
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Li-ion High power High cost of Possible to useReasonable and
density production Needs a |but not quite |possible
High energy special circuit for economical or
density Very  [charging practical
efficient
Ni-Cd Highly efficient Reasonable for[Reasonable and
High energy this possible
density application
High power
density
Advanced High power High cost of Possible,  butCapable and
batteries density production not quitefreasonable
High energy economical or
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Cond Acid Hioh efficiencv
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E.C.
High efficiency Low energy density Reasonable for Capable and
Capacitors
Long life cycle the application rasonable
As this chart shows there are many different types of storage devices that a person
could utilize. The main problem with the storage devices that are currently available

is that most of them are not cost effective. The cost to create the storage device often

outweighs the benefits that a person would have from using the device.

In addition, many of the storage units take up a lot of room, which a lot of people may
not have. However, there is some storage devices that can be created and used that
will help lower the cost of your energy bill and that can be used effectively and
efficiently. It is important to research the different energy storage options that are

available to find one that will work best for your particular situation.

Creating your Own Energy Storage Device

There are many different ways that you can create your own energy storage device.
Many people are considering energy storage devices for the home as a way to save on

energy costs.

Utilizing green energy such as solar and wind energy can help offset heating and

cooling costs, not to mention are much better for the environment.
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One of the other benefits of creating your own energy storage device is the fact that if
you have excess energy you may be able to sell it back to the government or utility
company, offsetting your energy costs even more. Here are a few different ways that

you can create an energy storage device for your home.

Wind Power

Wind offers a great source of renewable energy that a person can implement into their
home. Creating your own wind energy storage device will take a bit of work and

dedication, but storing the energy provided by the wind can be extremely beneficial.

Wind energy can be used in combination with your current electricity system. In order
to harness wind energy you are going to need a windmill. This includes a generator
and blades. The energy that is harnessed can be stored using several types of energy

storage devices.

In order to create a generator for wind energy you are going to need a stator. The
stator consists of a steel core located on a plastic ring. There are coils of copper wire
that surround the core. The copper wire is what will be used to generate the electricity.

Three types of wire sizes are used, 0.6 mm, 0.8 mm, and 1 mm.

The next item that is necessary is the magnetic hub. This consists of a ring of magnets
in a plastic hub. The magnets will pass near the coils, which pushes a current through
the copper coils. A stainless steel shaft is used to help the hub spin. Flat and bumped

stator rings are used to protect the stator from becoming damaged.

After you have created the windmill to generate the energy, you will need a way to
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store it. Since wind is not available constantly or at a steady rate, you are going to

have to have the resources available to store the energy created to be used as needed.

The wind blows when and where it wants, which is why it is important to research
where to best place a windmill. Remember, wind energy is great for many reasons,

but it is not the ideal source of renewable energy for everyone.

It is important to choose a system for wind energy that will exceed your estimated or
current usage of energy. You must know how much energy that you are going to be
able to generate with the windmills that you have created. If you cannot live without
electricity for long periods of time, it is important to consider storage for far more

power than what you typically use.

One of the most economical choices for storing wind energy is by using a deep cycle
battery. Most deep cycle batteries are made out of lead acid and are very similar to
the batteries that are used in cars. The reason that the battery has to be a deep cycle
battery is that it has to be able to be charged and discharged over and over again at
over 80 percent capacity.

The battery will need to be placed in a safe place. It has to be away from temperatures
that are extreme and it must remain accessible so it can be properly maintained. The

battery should not be used near living spaces or by electronics.

The reason for this is because these batteries have dangerous chemicals in them and
they give off a high amount of oxygen and hydrogen. Depending on how much
energy you are going to use and store, you may need to have more than one battery

to use for storage.
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Once you have found an appropriate place for your batter you are going to need to
find a charge controller. Charge controllers are used to regulate the energy flow from
the wind generator to the battery. There are charge controllers available that come
with protection from power loads. This can help extend the battery life. The cost and

the features of charge controllers vary greatly.

Next, you will want to pick your power conditioning equipment. This will include an
inverter that can change the direct current to alternating current. Alternating current
is necessary for use in homes. This equipment will also control the frequency and the

voltage of the electrical current that is being used.

You will also want to install a metering system to keep track of the amount of energy
and voltage that you use. The metering system will also need to keep track of how
charged your battery is. If your home remains connected to a grid from the power
company, the utility company may require you to have a separate meter for your wind

energy consumption.

There are some electric companies that allow you to use net metering. This means that
your current electric meter will record the amount of energy that you use and then

will run backwards when energy is sent back to the grid from your power source.

There are many advantages of using wind energy. The first is quite obvious and it is
that wind is a renewable resource. We are never going to run out of wind. The air is

always going to be moving around us creating energy that can be harvested.

Another great advantage of wind energy is the fact that it is green. This means that it

is an energy source that does not produce any type of greenhouse gas. In fact, the
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environmental impact of wind farms is minimal.

One thing that people should consider, when thinking about creating a wind energy
storage unit is the fact that wind is free to use. The initial set up and cost may be

substantial.

However, once the equipment is in place and the initial costs are paid, the energy
source can supply you with electricity at no additional cost. There is very little
maintenance required for wind turbines. Typically, the turbines need to be checked
out about twice a year to keep them running properly and producing the most amount
of energy.

While the benefits of harnessing and using wind energy are great, there are some
disadvantages of this type of energy as well. The obvious first disadvantage is the fact
that the wind does not always blow. You cannot just make the wind blow when you

are in need of electricity.

For this reason, wind energy is not completely reliable. However, using solar, wind,
and hydroelectric energy can provide a person with a reliable system of clean energy
that can be used to generate electricity for the home almost for free once the initial set

up costs are met.

Another problem is that there are not very many good wind sites. Most of the sites
that are ideal for harnessing wind energy are not very close to where the electricity is
needed. The infrastructure that is required to carry wind energy across long distances

is expensive.
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Solar Energy

Solar energy is considered to be the holy grail of all the renewable energy sources that
are available. Considering that scientists believe that the sun will be providing us with
light for at least another four billion years, this type of energy is ideal for use. The one
big problem with solar energy is the issue of how to store it. In order to have electricity
during the night and on days where the sun does not shine, solar energy has to be

stored.

One of the ways that scientists are trying to store the energy from the sun is by using
the heat that the sun generates. Heat can be stored efficiently, consider the thermos
that you keep your coffee in. A thermos can store close to the amount of energy that
is stored in the average battery of a laptop. Using thermal storage for solar energy is

the most ideal form of storage.

One of the ways to create a storage system for solar energy in your home is to create
a packed bed. Packed beds can be very small or very large, depending on the amount

of stored energy that is needed to heat, cool, and generate electricity for the home.

There are three types of solar panels that are typically used for collecting solar energy.
They are passive collectors, focusing collectors, and flat-plate collectors. These plates
all convert the radiation of the sun into energy. The heat from the sun can also be
turned into energy if it is collected. Storing heat can be done in several ways including

by making a packed bed.

To make a packed bed a person will simply create a frame out of whatever material

they have, such as two by fours. Inside the frame, place stones or cement blocks.
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The packed bed could also be filled with water. The main purpose of the packed bed
is to collect the heat from the sun. The bed should be insulated so that once the heat
hits the bed it remains there. This is why using rocks is a good idea as they can store

heat for a very long time.

These types of storage units can be used as they are needed, such as when the sun is
down at night or during a cloudy day. Energy from the sun can also be used to heat a
home. To heat a home using solar energy there is a lot of energy needed. Large solar
panels will need to be installed. Typically, a heat of fusion unit will be used for storage.
However, water tanks and packed beds can be used to help store the solar energy as

well.

Hydroelectricity

One of the main ways that energy is stored throughout the world is through pumped
hydro storage. Water acts as a very good storage device for energy. The reason for this
is because it can be heated to temperatures that are quite high and the heat and steam

produce energy quite easily.

Pumped hydro storage uses two dams that are placed at a specific height difference.
When the demand for electricity is high the water from the higher dam will be

released. When the demand is lower, water is pumped back into the higher dam.

While a pumped hydro storage unit works well for large centralized utility
companies, it is typically not very practical for an individual to use this type of electric

storage device at home. Building a dam is likely not possible for most people.
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However, this type of energy storage may be utilized for farming by using irrigation
ditches to control the flow of water and thus the flow of power.

Perhaps one of the best ways to store electricity is the flywheel. Kinetic energy is used
in order to store electricity in the flywheel. This type of device is not new as it has

been used for many other applications such as in transportation.

The concept of a flywheel is fairly simple. The wheel must be accelerated at a high
speed and by keeping the wheel at this speed kinetic energy is created. All of the extra
energy that is created is then used to charge the flywheel. When energy is needed

from the storage the speed of the rotation is slowed down.

There are many benefits of using a flywheel as a storage device, especially over a
battery. The main advantage is the fact that there are no chemicals used for flywheels.
Another benefit is the fact that the flywheel is not affected by the discharging and
charging cycles, which means that they will last for a much longer time. In addition,

a flywheel can provide a fast response to electricity needs.

One of the main problems with flywheels is that they are quite large and the constant
motion can be quite loud. It is possible to make a smaller flywheel for use in other

applications, but when considering it as a way to store electricity for the home.

The basic flywheel can be made quite simply. In order to make a flywheel you will
need a rotary table, pieces of birch plywood, a chisel, a drill, a router cutter, a milling
machine, and cellulose paint.

The first step is to take the chisel and peel away the first few layers of the birch
plywood. The ply should be about 1.75 mm thick. Place the wheel pattern on the wood

and then place the entire set on the rotary table and use a ply disk to in order to drill
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a hole directly in the middle. A milling machine can be used to impress the pattern

onto the board.

On one side of the spokes of the flywheel make a radial cut. Do the same thing on the
other side. After you cut the sides remove the triangle piece. Next, taper the spokes
by putting up the sides of the table. Use the router cutter to curve the spokes corners.

Finally, use the cellulose paint to paint the wheel.

This flywheel can then be attached to a motor and used to maintain a rotational energy
and store energy that can be used at a later time. Flywheels can be used to store many
different types of energy sources including green energy sources such as wind and

solar.

Other Types of Energy Storage

There are other ways of storing energy from primary sources that are not in the
electricity form. The first way is called compressed gas storage. This type of storage
can store amounts of energy that are similar to those stored in a pumped hydro plant.
Similar to the pumped hydro plant, the compressed gas storage plant has been created

in order to help handle heavy usage loads.

A compressed gas storage unit stores extra power by pushing air through a reservoir.
The reservoir is most often located underground for safety reasons.

When the energy is needed compressed gas is used in order to spin the turbines that
then drive the generators. The main advantage of this type of storage is that it can be

started quite quickly and that they are easy to control.
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Another type of non-electric storage is liquid air storage using cryogen. The idea
behind this type of storage system is to use the excess energy to compress dry air to
create a liquid that is called cryogen. The cryogen can then be stored in a tank that is
well insulated. This equipment that is needed for this type of storage is well

understood and has been in use routinely for the past 50 years.

This type of plant would be safe and quite small. There is no high pressure storage
systems needed and the entire process operates at low temperatures. There are plans
for a pilot plant to be in operation sometime in 2012. Highview Power Storage is

developing this method of storage.

Another type of storage that is available is metallic energy storage. In 2005, Dave
Beach and Solomon Labinov conducted research that shows that one way of storing
energy and releasing it is through powdered metal. This method offers a non-

polluting and viable option for storing energy.

Metals such as aluminum, boron, and iron, can all be safely stored and then moved at
room temperature if they are coated with oxide. The metals will burn if they are
heated to 250 degrees C. The combustion temperature is 800 degrees C, allowing the
metals to be burned in a conventional engine.

The speed of combustion can be controlled and will form clusters using the
nanoparticles. The burnt particles can be retrieved and then recycled using hydrogen.
They can then be burnt again. The entire process does not pollute and there are not

waste products.

Methanol offers another way to store energy that can be easily transported. This is an

alternative to using hydrogen. While methanol is more toxic than hydrogen, it is easier
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to store and transport in its liquid form. Methanol can use the same transport system

that is currently in place for oil, unlike hydrogen.

Other benefits of using methanol include the fact that the majority of technology to
use it as a fuel is already in existence. Similar to hydrogen, methanol can be used in
fuel cells directly to create energy. In addition, a combustion engine can be altered in

order to run using it.

How to build your own batteries Safety

and Maintenance

If we have already decided what battery we are to employ within the homebuilt

renewable power system, some other issues are to be handled with.

For instance, we always have to supervise the charging process, due to the fact that
overcharging determines loss of water - at it is the case with lead-acid batteries - on
short term, and the shortening of the life span, on long term.

Since it is extremely inefficient and almost impossible to supervise the battery in

person, charge regulators or controllers must be employed.

Charge regulators don not only prevent the shortening of the life span, but they also
represent a guarantee that the battery performance will not be affected. However, it's

not just the charge and discharge cycles that must be monitored.

Other performance parameters should be observed all the same. Modern control
devices supervise, for instance, depth of charge, or rate and sate of charge and

discharge. Voltage and current, as well as Ah released or consumed by the battery
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must also be monitored.

As a safety issue, preventing overcharge remains, however, the most important,
mostly if wee talk about employing a battery within a solar power system, and
particularly if no charge controller is used and if the battery is supplied directly from
the PV module. Due to the fact that overcharging causes overheat, we deal with the

risk of explosion.

As an experiment or, at least as a curiosity, you should definitely try to build a battery
at home. Even if this battery will not be powerful enough to sustain a wind or solar
power system, the building process itself will prove that virtually all important
elements of such systems can be made at home and on a low budget, since almost
every component of the battery can be improvised or, at least, obtained for free or for

a low price.
Deep-cycle battery construction

What you need:
* Sulfuric acid
* Gloves
* (lassjar
* Lead plates, 21/2 mm thick
* Nylon
* Scissors
* Knife or shears
* 6-inch lead tabs

* DC power source
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Step 1:
Pour the sulfuric acid carefully into the glass jar, filling it between half and two-thirds

full.

Step 2:
Cut a sheet of lead that is between one and 2.5 millimeters thick into 10 plates, using
a knife or trimming shears that are just the right size to fit within the circumference of

your jar. Cut two more pieces into tabs six inches long.

Step 3:

Cut a piece of nylon into 18 strips that are the same size as your lead plates using
Scissors.

Step 4:

Stack the lead and nylon on to of one another, placing two nylon strips in between

each plate. This will help create enough spacing in between the plates.

Step 5:
Lower and insert the plates into the jar of acid -- they need to barely fit into the jar,

being able to stand vertically in the jar on their own.

Step 6:
Cut two slots into the lid of the jar that are six inches in length using your knife. Slide
the metal tabs in and out through the slots and confirm they will fit before closing the

lid on the jar.

Step 7:
Insert the lead tabs back into the slots within the jar. Make sure they touch the lead
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plates in the jar along the sides.

Step 8:
Connect a DC power source to the battery, connecting the positive clamp to one tab
and then the negative clamp to the other. Remember which tab is connected to which

clamp to identify the battery's positive /negative terminals.
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Step 9:

2016

Turn on the power source and set its voltage to 2.15 volts. Wait four hours for the

- amount of

OH"

increasing

—

- Tissue Paper

Salt
Bridge

__| amount of

At

increasing

Water cell batteries

source to charge the battery.

There are many uses for

homemade water cell
batteries. They are great for
Emergency home lighting, as
well as running small motors

etc.

First we can start off with the
basics, small and simple, but
fun experiments to get you
familiar with the subject. A

much more sophisticated and

powerful system can be made using car batteries or PVC type.

Your Fuel will be nothing but rain water mixed with a small solution of Clorox Bleach
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that you can buy at any store. Just like when you fill your car up with gasoline, you
fill your batteries up with water. It's a great and powerful system for indoor and

outdoor night lighting. These batteries will last a life time.

You can buy old car batteries at any automotive Junk Yard or build your own PVC
tube type. Do not try to charge these batteries. If you are going to use 12 volt Car
batteries, then be very careful, because there is acid inside of them. Drain acid out in

a safe place away from animals and humans.
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Aluminu DC Volt

m Bar Meter .
— T 1 Copper pipe

E olass

Glass is fi Ile th tap w%ter with 1/4 teaspoon of Bleach.

B
In the picture below, you sheuld ge f about 1.5 volts DC with a small milliamp current.
The more Bleach you use the more amperage you will get, but the faster the metals
will corrode. The idea is to make your batteries where they only need to be refueled

once every 3 months or so, and the metal will corrode very little.

To do this you will need to use a teaspoon of bleach to every gallon of water. But this
will not be enough amperage to do anything with so what you must do is add many

cells together in series.

Just as you would with Flashlight batteries. When you refuel, each cell must be turned
over to let the old water solution out. You can refuel up to 6 months if you use regular

tap water with a pinch of bleach.
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But again the less bleach the more cells you will need to add to get the voltage and
amperage you want for your particular needs. The Aluminum and copper will last a

very long time, but the Aluminum will corrode faster than the copper.

To keep your battery system working at it's best, it is suggested that you take out and
clean the metals with water and lightly sand the copper ones and then replace them
back into the containers every 3 to 6 months. We estimate both metals to last about 4

to 5 years and maybe longer.

Aluminum can be a bit expensive, but you can cut your cost by using Old Aluminum
cans. The aluminum can will be the Negative DC and the copper pipe will be the

Positive. you will get a much more powerful cell using the can as so.

Notice: Coke cans are clear coated on the inside, you will have to use Hydrochloric Acid to remove the coating. Be careful!

Solder wire's to can and copper pipe

-
-/

—J

Put Black Tape around pipe at
gntrance of can so copper pipe wall
nottouch can

Use clear silicon sealer on
SIDE VIEW Aluminum copper pipe so pipe will not
Coke Can touch side of can and short
out cell

TOP VIEW

=t

Aluminum Coke Can Cell
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Aluminum Can Batteries / Cells

Output
about 24 vdc

Top View Drain holes

This is a top view of a rotatable wood box assembly. When it is time to change water
(Fuel), you simply turn box over and all the water will drain out (of course, each can

must be glued with silicon, on the bottom of each can to the bottom of each box).

Or the box can be stationary. With a small slit space on both sides of the box toward
the bottom, you can get to each can. And pull out a small 1/4” cork stopper from each

can to let the water drain out.

_|_ —
b g e .3 -b-_ (o] : dlh‘ﬁ- = = o] - T = r/
+ =
= =] =] = = = = [L=1]

Side View Good for about 12 %% wvolts de

The drawings below show each can, or battery cell, hooked up in series. Just like a
store bought dry cell battery, when you connect the batteries in series from positive
to negative, the voltage is increased.

When you connect your battery cells in parallel the voltage stays the same but the

amperage (Power) is increased!
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For parallel connections, connect each cell + to + and - to -.

To increase the amperage as well as the voltage, connect 6 cells or more in series which

will count as one battery, which equals 6 vdc x 100 milliamp.

Build 5 more of these batteries and then connect them in parallel this will give you
more amperage. You will then have 6 volts dc x 600 milliamps!

Make sure that each cell does not touch the other (Aluminum to Aluminum) when
you are connecting them in series or parallel or they will short out.

Or use 8 can cells to =12 vdc

#1 d2vDC
#ﬂ, D s
e 12vDC
-_—
o Qut put is 12 VDC and amperage is doubled!

Basically what we are doing here is using water as a fuel to generate electricity with 2
different type of metals causing a chemical reaction in each cell. If you use these
batteries out side in the summer in direct sun light you will get even more amperage.
Most everything you will need can be purchased at any hardware store. The nice thing
about using an Aluminum can is, you can get them Free just by going on the side of

the roads and collecting them. If you buy your Aluminum be prepared, it is not cheap.

For extremely high amperage cells using only 16 cans, use Pure Clorox bleach in each
cell can. You will get a lot of power for a short time. (about 48 hrs). The metals will
corrode fast but in some emergency cases you may need it. A Long Lasting, Yet

Powerful Battery!
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The closer the copper pipe is to the aluminum or zinc, the more amperage and voltage
you will get. A good way to make this type of cell is to use thin copper foil or sheeting,

which you can purchase at any Art Store, or check with your local hardware store.

If they do not have it they can order it for you. If you are still having trouble finding
a good Copper or Aluminum supplier check the web. I would simply type in, Copper

Sheeting, or Copper foil. You may also want to try copper supplies.

At any rate, you can still use the aluminum can technique, but this time you will need
to cut off the tops of all the cans, then you can use acid to remove the inner can clear
coating or sand it by hand using a wood Dow rod and a small piece of sand paper
glued or taped to the end of the dow rod, you can then sand by hand or you can

connect the wood dow rod to an electric drill.
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You will now need to cut your copper foil to fit inside of the can, and then apply
spacers or plastic sheet spacers about 1/8” thick, or 1/8” space in between the copper
and the aluminum. The closer the better! Wood spacer could be used also and glued
into place. Then simply connect each cell in series and fill each can up with tap water

or pure water mixed with a touch of bleach or chlorine.

Top \ lew

1 Aluminum Can or Aluthinum Sheeting

/ \
/ \
et st \

/ \. "1

\\
N
/

Fill with water "

Copper Sheeting Plastic or wQr4_ 1 S spacers

ore v oltage, More Amperage

sl |

You can use Liquid Plumber which you ¢an-purchase in most stores.
1

It is an acid that is used to eat through hair that is clogged in you Drain pipes. You
can use Liquid Pluﬁ{b@ﬂblééch as well as any type of acid such as the acid

you find in lemons ef¢. You can try making different cells using these acids full
strength as well as deluting them with water. But your main goal is to use 1 part acid

to 10 parts of water.

Always use a plastic face mask helmet and rubber gloves when handling acid. Again
you will need to delute the acid in the water. Never Pour Water into the Acid, pour

the Acid into the water. Read all warnings on the acid label that you purchase!
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When you use Acid it will corrode the electrodes about the same as using Clorox. We

recommend using Clorox Bleach.Please Keep all of these Chemicals out of the reach

of Children.

PVC Pipe Batteries

Making PVC Pipe Battery Cells is a little more expensive but well worth it. It is more
convenient and produces a lot more power.There are two ways you can do it using

the Aluminum as your negative electrode.

You can use aluminum cans soldered together and placed inside of the PVC pipe or
you can use expensive Aluminum Rod or bar that you can buy from any hardware

store.

We suggest using the Aluminum Cans. The Cells can be as tall as you like 3 foot to 8
foot. But we prefer 24 cells at 6 foot. They can be mounted across a garage wall and

each one will have an on off valve located at the bottom of each PVC Cell.

Each drain will be connected to a PVC 2” or so Drain Pipe which can be drained and
directed to the out doors. The on and off valves you can buy at any hardware store

they are PVC and are Cheap.
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+
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PV C Pipe

Water Drain

L

——)

Side view of Completed Cell

PVC CAPS

2016

= ——1—

Copper Pipe

Aluminum Cans, Soldered
or riveted together, or make small
—cfifs in the top and bottom of cans and
slit them together.
Just like you
would 2 pices of
paper, then glue iy
them. | \

Aluminum Cans < uppeyr e

—

s R | I TOP VIEW OF CELL

Side view of inside of Cell

Cut the Bottoms and tops off of Aluminum Coke Cans.You can Solder them together

or cut small slits in each can so they can be joined together then you can glue them

with silicon, if you glue on the outside of each can then make sure you allow enough

space for the can assembly to fit into the PVC pipe.

Make sure all can are touching. You may have to sand the printing ink off of the tops

of them, Just make sure they are all making a good electrical connection.

Now that you have learned some basics on how to make a homemade battery, the

following will show you how to make an even more powerful cell battery, using

copper and aluminum sheeting foil or 1/8” thick or less sheeting.
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Simply cut as many copper, aluminum and cloth sheets as you can and then piece
them together. It is best to drill or punch 2, 1/4” holes into the exact same areas on all
of the materials, so you can use 2 wood Dow rods as guides. Cut a 14” x 12” piece of
Mplywood and then drill 2 holes for your Dow rods to go into and glue them into

place using glue that can withstand water.

Now place your copper plate down first over the Dow rods and onto the base of the
plywood, then 2nd, place your cloth spacer on top of the copper and through the Dow
rods. 3rd, place your aluminum sheet over top of the cloth spacer as you did the

copper piece.

Simply repeat this over and over until you have about 100 pieces all stacked. Now
wrap cloth string around the entire battery to secure it well, Now solder and or use
bolts to connect all the copper leads and then do the same for the aluminum leads.

And you are done, the battery is ready to be placed in a water container and immersed

in water.
i
0 Copper a| 10| Aluminu Cloth |,
“"
Sheet m ° Sheet o Spacer o
12~ - e e
Front View
3 A Sandwhich them together very tightly!
bl(lt‘[ View But keep Ythem as ﬂ:ﬂ,e as you can
| Copper W Add hundreds of cells, think BIG!
Q< _] Ravex = The more cells you add the more
( ] amperage you will have, which means the
T } / H more lights you can run in your home
— ' = gle...
N = |
[ ] —

~ Ahmmmum or Zinc foil or plates
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Why Store Electric Energy?

Storing electricity is extremely important in order to ensure that the supply of
electricity remains reliable. By storing energy companies can keep up with the
demand when it is high. Utilizing excess energy when demands are low is essential

in keeping up with the energy consumption for the world.

In the United Kingdom the reliability of the supply is currently at 99.99% and in the
United States the reliability rate is at 99.97%. This rate is extremely good when
considering that the system has to be properly managed in order to understand when

and where the spikes of use may occur.

Introducing other types of energy sources into the system can create issues with
estimations. For example, if a neighborhood decided to add solar panels to all of the
homes in the area, their use of electricity from the company would go down. This
means that the power company would then need to store less energy for use during

peak times.

However, if these homes that use solar panels for energy are hit with several cloudy
days in a row, they may use the power grid for backup. This would create a spike in

the energy consumption that the power grid may not be prepared for.

The power grid must have a good system of storage in place in order to ebb and flow
with the usage of its consumers. As a consumer we sometimes take for granted how
reliable our energy system really is.

When our power goes out it is easy to become disgruntled as we have come to rely on

our energy sources so heavily.
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Using storage devices offers a way to help balance out the power supply. Utility
companies benefit greatly from the use of these electric storage devices as these units

are what help them maintain their reliability.

Homeowners can also benefit from using power storage systems. Generators can

create energy should the power go out in the home for a long amount of time.

Using a green energy system such as solar panels or wind energy offers a great back
up plan to relying on the utility company. Another great benefit of utilizing green

energy in the home is the fact that the cost of your energy bills will be lower.

It is possible to use solar energy or wind energy to heat and cool your home. You can
also remain a part of the power grid as well. This way if you run out of saved energy

you will be backed up by the power plant.

If you have excess energy you can feed it back into the grid and lower your energy
costs and possibly even be paid by the government or the power company for use of

the energy that you have generated.
Green Energy and Why We Need It

When it comes to energy, we all need to really stop and think about where our
electricity comes from. In the United Kingdom nearly two thirds of electricity is

generated by burning fossil fuels.

This is similar in the United States. Burning fossil fuels is bad for many reasons. First,
fossil fuels are non-renewable, which means that we are going to run out of them at

some time, likely in the near future.
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Another issue is the environmental impact that burning fossil fuels has. Burning these
fuels releases carbon dioxide into the environment, which is the gas that is most

responsible for the changes in the climate that we are seeing every year.

Nuclear power currently supplies about a third of the power in the United Kingdom
and a bit less in the United States. While nuclear power is more efficient, it comes with

its own severe environmental impacts as well as dangers.

It is for these reasons that green energy sources must be considered. There are several
methods of green energy that could be used and must be researched more so they can
start to be used on a larger scale.

Wind energy uses the wind to move a turbine that then can provide electricity. There
are more wind farms popping up in the United Kingdom and throughout the United

States. Wind energy is one of the fastest growing natural energy resources.

While there are issues with using wind energy, such as the inconsistency of wind

patterns, the benefits of this type of energy far outweigh the negatives.

Solar power is beginning to get more and more attention. The main issue with solar

power is trying to figure out the best storage method for this energy.

Using solar power means that there has to be enough energy stored to power a home
during the night and on days that are cloudy. However, solar energy offers one of the

best natural resources because it is not going anywhere.

Hydro power uses water to create energy. This type of power has been use for well

over a hundred years. The main problem with using hydro power is the lack of water
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sources to provide the necessary type of power needed to create electricity.

Wave Power is another energy source that could be further looked into. Using the

waves and tides from the oceans and sea for energy is being researched.

Geothermal energy comes directly from the earth. There are some areas where steam
rises directly from the ground and can then be used to run a steam turbine to directly
produce electricity.

In other areas, water can be pumped into the earth down to the hot rocks below the

surface. The rocks heat the water to create the steam needed to produce electricity.

Biomass uses agricultural waste or plants that are specially grown in order to create
fuel that can be used to run a small power station. When a plant is growing it absorbs

carbon dioxide.

The carbon dioxide is released back into the atmosphere when the plants are burned.
Since this gas was already in the atmosphere before the plant started to grow, there is

no extra carbon dioxide being put into the air as a result of biomass.

Incinerating waste is another way that energy can be created. There is a large amount
of waste being created and space at landfills is quickly diminishing. Burning this

waste can offer another way to produce needed energy.

The main problem with this is that there could be harmful toxins being released into
the air as the waste is burned. While the waste is already there, so this is considered
to be a green energy form, the fact that when landfills are burned you do not really

know what is burning causes concern.
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Green energy has come a long way in the past few years, but there is still a really long
way to go. The amount of energy that is used around the world is growing and is only
going to continue to do so. This means that finding new ways to create energy and
store energy are becoming absolutely necessary.

The earth simply will not be able to keep up with the current consumption of fossil

fuels and other non- renewable energy sources.

There are many options available and hopefully more will become available soon.
People are going to have to be willing to accept new forms of energy and also be
willing to implement the necessary changes in order for these green energy concepts

to continue to grow and become more efficient.

This will require individuals to start really thinking about where their energy comes

from and how to make the whole process more efficient.

If more people would just start thinking about energy consumption, changes would
be easier to obtain and maybe the environmental impact that we have had could be

stopped and possibly reversed.

Final Thoughts

Clean energy advocates in Europe have long considered the feed-in tariff a solution
to the industrial world's fossil fuel dependency. Now, the United States and Canada

are starting to catch on as well.

Feed-in tariffs (FITs) guarantee that anyone who generates electricity from a

renewable energy source - whether they are a homeowner, small business, or large
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electric utility - is able to sell that electricity into the grid and receive long-term
payments for each kilowatt-hour produced. Payments are set at pre-established rates,
often higher than what the market would ordinarily pay, to ensure that developers

earn profitable returns.

The FIT is credited for the swift deployment of wind and solar power among world
renewable energy leaders Denmark, Germany, and Spain in the last ten years. Similar
policies have since been adopted by many other countries, leading the FIT to become

the most prevalent tool for promoting renewables.

The United States of America has no feed in tariff policy. However, each day that
passes without a unified energy policy is another day that chance slips through the

fingers of the American market.

The solar radiation resources available in the darkest corners of the US are 50% higher
than the best that the world market leader, Germany, has to offer. Thousands of
investors are waiting patiently for the market to move in a direction that makes solar

a profitable venture.

Since the market is so broken and scattered, there is trepidation for investors to enter
the market. Either they are holding back, or they are chasing hot spots (usually

counties or specific states like California).

Until the USis able to adopt a coherent renewable energy strategy that isn't dependent
on tax breaks, the market will remain underdeveloped.
Also, since chasing the most unstable and fractured market in the world for up to date

information is a task better left to someone else, we would like to introduce you to
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www.dsireusa.org where all information concerning programs in the US is contained.
Hopefully the political process will be more open to renewables, but until then we

will be waiting patiently.
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