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CHAPTER 1

INTRODUCTION TO RENEWABLE ENERGY RESOURCES

Dr. G. Ezhilarasan, Professor
Faculty of Engineering and Technology, Jain (Deemed-To-Be University), Bengaluru,
Karnataka, India
Email Id- g.ezhilarasan @jainuniversity.ac.in

Energy is defined as the ability or capability to do labor. There are many different types of
energy, such as nuclear energy, electric power, thermal energy, electron density, kinetic energy,
and more. All types of energy are connected to motion. Any person or item in motion, for
instance, has Kinetic Energy attached to it. The first rule of thermodynamics, or even the
principle of the conservation of energy, states that energy can only be transformed from one
source to another and cannot be generated or destroyed. There are two main types of energy:
conventional energy sources and non-conventional energy sources. Energy has a significant role
in many aspects of life, not only the economic system. Because this energy is essential for
practically all human requirements, it is accurate that it is being depleted over time.
Nonconventional energy or renewable energy sources refers to those energies which are
continually created in nature. Depending on their origins, they come in a variety of forms. On the
other hand, conventional energy is dependent on fossil fuels, which may soon become extinct.
The issue of how to preserve these resources has become crucial since the energy sources will
soon run out. Conventional sources of energy, sometimes referred to as non-renewable sources
of electricity since they are available in a limited amount and have been used by people for a
long time, are also known as. These non-renewable energy sources include coal, petroleum, and
other decomposing materials that require hundreds of years to produce. As a result, once they are
exhausted, they are unable to be produced at a rate that can keep up with their rate of use. There
are two further categories that may be used to categorise conventional energy sources: corporate
sources of energy and non-commercial sources of energy[1], [2].

Commercial Energy Sources

Commercial sources of energy are those whose cost of usage must be covered by the customer.
Coal, petroleum, oil, oil and gas, and power are a few examples. Coal: There is no doubt that
coal is the most important source of energy. When dead plant material decomposes into peat (an
accumulation of partly decomposed organic material or vegetation), which is then transformed
into coal by pressure and temperature over millions of years, coal is formed. Carbon is the
primary component of coal. Other elements including hydrogen, ammonia, Sulphur, and oxygen
are present in varying concentrations|[3], [4].

Oil and Natural Gas: Oil is regarded as liquid gold, while natural gas is among the most
important energy sources in the world. When microscopic plants and animals die, they get buried
at the ocean's bottom behind many layers of sand & mud, where they are subjected to heat and
pressure. This is how oil is created. It is extensively used in buses, cars, ships, and aero planes.
When layers of rotting animal and plant debris are subjected to high pressure and heat for



Conventional and Renewable Energy Resources

thousands of years under the Earth's surface, natural gas is created. It is utilized for many things,
including producing energy, warmth, and food.

Electricity is a kind of energy wherein the electrons (electric charge) travel in a single direction.
Nuclear power, renewable energy sources, and fossil fuels (coal and hydrocarbons) may all be
used to generate electricity (solar, wind, or hydropower). Electricity is a widely available energy
source that is often employed in both household and business settings. Most electrical
equipment, such as refrigerators, air conditioners, TVs, and washing machines, need electricity.

The following are the main sources of power generation. Nuclear Energy Power from Water
Thermal Strength Thermal Power: At numerous power plants, thermal power is produced using
coal and oil. The process of converting fuel into heat produces thermal power. Thermal
generators and furnaces that are specially made are used to produce it. In a thermal power plant,
fuels are burned to produce steam and to boil water. The created steam subsequently turns a
turbine that is coupled to an electrical generator[5], [6].

Hydroelectric Power: Dams built above flowing rivers, such as those in the Bhakra Neelum
Project and Damodar River Project, are used to generate or create hydroelectric power. Water in
motion produces energy that may be further harnessed and ultimately converted into electricity.
When the reservoir is emptied, the water runs via a turbine. The generator generates power while
the turbine rotates the water.

Nuclear Power: Fuel for nuclear power plants is made of less costly uranium and plutonium
than coal. Nuclear fission, nuclear fusion, plus nuclear decay processes provide the largest bulk
of the energy generated by nuclear power. Knowledge of Non-Conventional Energy Sources
Non-conventional energy sources are those that are continually regenerated by natural
phenomena, and are also known to as renewable sources of energy. The non-conventional
sources of energy are not readily depleted and may be produced continuously for endless usage.
Additionally, these energy sources are less expensive and do not harm the environment or the
nearby areas. Wind energy, tidal power, solar energy, geothermal power, and biomass energy are
a few instances of non-sources of power. They may be created or generated by natural processes
at a rate higher than or equivalent towards the rate of their consumption, which is why they are
also known as renewable sources of energy. Non-commercial sources of energy are typically
ones that are freely accessible and do not require users to pay a fee for their use. Firewood,
straw, dried dung, and other non-commercial energy sources are a few examples.

The energy created or generated by sunshine is known as solar energy. The photovoltaic cells
were exposed to the sun depending on the kind of energy that has to be created or generated. For
cooking and water distillation, solar energy is often used. Energy created or generated by using
the wind's force is known as wind energy. It is extensively used for running water tanks for
irrigation. The second-largest generator of wind energy worldwide is India.

Tidal Energy: The energy created or generated by using the tidal waves of the sea is known as
tidal energy. Tidal energy is yet untapped as a non-traditional source of energy since there isn't
any technology available that is both affordable and effective[7]-[9].

Advantages of Non-Conventional Energy over Conventional Energy

Nonconventional energy, often known as renewable energy, is a locally accessible source that
has a big influence on the local and provincial economic sectors. Regarding its future and its use
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in science and other applications, there is also a vast area of study in the nonconventional energy
source sectors. Nonconventional energy-based power plants don't have very high fuel costs,
making them considerably more accessible to consumers and businesses. In addition to helping
to reduce pollution and create a sustainable environment, alternative sources has a low energy
density. It just needs a brief gestation time and little investment.

Deep Natural Gas

Unconventional gas includes deep natural gas. Deep natural gas was found in deposits from least
4,500 metres (15,000 feet) underneath the Earth's surface, as opposed to ordinary gas, which is
often found at depths of only a few thousand metres. Although methods to extract it have
recently been discovered and improved, searching for deep natural gas isn't always economically
feasible.

Shale Gas

Another kind of non-conventional deposit is shale gas. Shale is indeed a sedimentary rock with
minute grains that does not break down in water. Shale is allegedly so impermeable even marble
is seen as "spongy" in contrast, according to some experts. This impermeable rock may
"sandwich" a layer containing gas between sheet metals of it. Because it requires horizontal
drilling and hydraulic fracturing, often known as fracking, to obtain, shale gas is regarded as an
unconventional resource. A high-pressure water stream cracks up rock during the fracking
process, and then small grains of sand, crystal, or silica are used to "prop" that rock open. Gas
may now exit the well more easily as a result of this. Drilling into to the earth horizontally
involves drilling straight down, followed by drilling or sideways perpendicular to the Earth's
surface.

Tight Gas

Tight gas is indeed an unconventional natural gas that is impermeably trapped underground
inside a rock formation, making it very challenging to remove. Gas extraction from "tight" rock
formations often involves pricy and challenging techniques like fracking and acidizing.
Fracturing and acidizing are comparable. A substance is put into to the natural gas well, often
hydrochloric acid. The tight rock that would be obstructing the passage of gas dissolves inside
the acid.

Coalbed Methane

Another kind of unconventional natural gas includes coalbed methane. Coalbed methane is often
found along subterranean coal seams, because its name suggests. Traditionally, as a waste
product from the mining of coal, natural gas was purposefully released out of the mine and onto
the environment. Methane from coalbeds is now collected and used as a source of electricity.

Gas in Geo-pressurized Zones

Geo-pressurized zones are yet another source of unconventional natural gas 10,000-25,000 feet
(3,000-7,600 metres) below the surface of the Earth, geopressurized zones develop. These zones
develop when clay layers quickly build up and compress on top of permeable materials like sand
or silt. Natural gas gets deposited under extremely high pressure through into sand, silt, or even
other absorbent material underneath because it has been driven out of the compacted clay.
Although geo-pressurized regions are particularly challenging to mine, they could hold a
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significant quantity of natural gas. The Gulf Coast area of the United States has the highest
concentration of geo-pressurized regions.

Methane Hydrates

Another kind of unconventional natural gas is methane hydrates. Methane hydrates have just
lately been found in Arctic permafrost and marine sediments. Low temperatures (about 0°C, or
32°F) and high pressure are the conditions under which methane hydrates occur. Methane
hydrates were discharged into the atmosphere when the climate changes. Methane hydrates may
hold twice as much carbon compared to all of world's coal, oil, and conventional natural gas
combination, according to the US Geological Survey (USGS). Methane hydrates are formed on
the continental margin of ocean sediments when bacteria and other microbes descend to the
ocean bottom and decay there. The sediments' contained methane has the power to "cement"
loose sedimentary rocks into place and maintain the stability of the continental shelf. The
methane hydrates, meanwhile, disintegrate as the water temperature rises. This releases natural
gas and results in undersea landslides. Methane hydrates develop in permafrost habitats when
pools of water freeze and intermolecular interactions form unique "cages" around each methane
molecule. The gas is held at a significantly greater density than it would have in its gaseous
condition because it is caught inside a frozen lattice of water. Methane seeps from the ice cages
when they thaw. Methane hydrates are released from both permafrost and marine sediment layers
as a result of the present phase of climate change, which is global warming. Methane hydrates
contain a tremendous amount of potential energy. However, techniques for collecting them are
devised with the utmost care since they are such delicate geological formations, susceptible of
disintegrating and disturbing the natural conditions surrounding them.

Drilling and Transportation

Normal cubic metres or standard cubic feet are used to measure natural gas. The world's known
natural gas reserves were estimated by the US Energy Information Administration (EIA) to be
about 6,289 trillion cubic meters in 2009. (tcf). Having 2,686 tcf in reserves in 2011, or 40% of
all reserves worldwide, the Middle East has the majority of the world's reserves. With 1,680 tcf
in proved reserves during 2011, Russia is second in line. Over 4% of the world's natural gas
reserves are found in the United States. The EIA estimates that 112,920 billion standard cubic
feet of dried natural gas were used globally in 2010. (bcf). The United States used the most oil of
any country that year, a little over 24,000 bcf. Most often, vertical drilling is used to obtain
natural gas from of the Earth's surface. The well can only extract as much gas as it can from such
a single vertical drilling. Acidizing, horizontal drilling, and hydraulic fracturing are methods to
boost a well's access to more gas and hence its production. These procedures, nevertheless, could
have detrimental effects on the ecosystem.

Fracking, also known as hydraulic fracturing, uses high-pressure streams of water, explosives,
sometimes sand to break apart rock formations. The rocks are propped open by the sand,
allowing the gas to escape and also be transported or stored. Fracking, however, uses a
significant amount of water, which may drastically lower a region's water table and harm aquatic
ecosystems. If improperly handled, the process may leak and pollute subterranean water supplies
utilised for drinking, personal hygiene, industrial usage, and agricultural use. The process also
commonly creates extremely toxic and radioactive wastes. Fracking may also result in minor
earthquakes. Even while the majority of these tremors are much too small to be noticed on the
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surface, some geologist and environmentalist have issued warnings that they might destroy
buildings or subterranean networks of pipelines and wires.

Fracking has received criticism and has even been outlawed in certain places because of these
harmful environmental repercussions. Fracking offers a profitable commercial opportunity and a
consistent supply of energy in other places. A well's surface may be expanded by horizontal
drilling without having to create several pricey and ecologically delicate drilling sites. Drilling
may be guided to go horizontally after being directed to descend vertically from the surface of
the Earth. By doing so, the well's productivity is increased without the need for additional
drilling locations on the surface. In order to dissolve any rock that could be obstructing the flow
of gas from the natural gas well, acidizing is the process of decomposing acidic components and
injecting them there.

Energy sources and their Availability

Today, every nation relies on a range of sources to meet its energy demands. These sources may
be divided into two categories: commercial and noncommercial. The noncommercial sources
comprise wood, animal waste, and agricultural wastes, whereas the commercial sources comprise
fossil fuels (coal, oil, and oil and gas), hydropower electricity, and nuclear power. Most of the
energy needs are provided by commercial sources in industrialized nations like the United States,
however in industrially underdeveloped nations like India, the usage of commercially and non-
commercial resources is about equal.

Conventional energy sources
Fossil fuel

Energy Fossil fuels include coal, petroleum, and natural gas since they were created via the
decomposition of long-buried plant and animal remains. These are non-renewable energy sources
that, once used up, cannot be quickly replaced. They have a finite amount of reserves, which are
highly valued. To ensure that they endure a long time, use them with carefully and care. These
also contribute to the contamination of the environment on a worldwide scale. In the days before
industrialization, wood served as the main source of energy. Coke and coal replaced it. In the
early decades of the 20th century, coal use peaked. At that time, oil was developed and quickly
displaced both wood and coal as the primary fuel source. Wood is no longer thought of as a
typical supply. Most wealthy nations have already reached a steady level of hydroelectricity.

Coal

India is now the third-largest producer of coal in the world. The most prevalent fossil fuel in
India is coal, which has long been the country's principal source of energy. With roughly 71 MT
(million tonnes) in the early 1970s to 407 MT during 2005-06, coal production has grown (MOC
2007). Since industrialisation, coal has been the most widely used source of energy despite its
low quality and high proximate composition. Oil has replaced coal as the primary source of
energy in the past three decades because it is easier and more environmentally friendly to
produce meaningful energy from oil. Carbon, hydrogen, and oxygen molecules make up the
complex combination known as coal. Coal also contains trace levels of nitrogen and sulphur
compounds. In Bihar, South Bengal, Orissa, and Uttar Pradesh, it is mostly accessible. The
largest coal mines in our nation are in Bihar, at Jharia and Bokaro, and in North India, at
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Raniganj. Due to its usage in manufacturing, transportation, and the production of electric power,
it is regarded as the foundation of the energy sector.

Petroleum Qil

Oil provides 40% of the world's energy demands; it is a crude oil that is black in color, thick, and
smells bad. Petroleum refers to rock oil. It is often discovered trapped in rocks underneath the
earth's crust. The crude oil is a complex blend of several solid, aqueous, and gaseous
hydrocarbons together with traces of water, salts, and earth. It comes from natural oil wells and
is produced.

Natural Gas

It is a fossil fuel, natural gas. Natural gas comes from ancient plants, animals, and microbes,
much as other fossil fuels such as coal. There are a variety of hypotheses that attempt to explain
when fossil fuels are created. The most popular explanation holds that they develop
underground, in harsh environments. Layers of soil, silt, and even rock are progressively
deposited over the decomposing remains of plants, animals, and microbes. The organic material
is compacted over a period of millions of years. The temperature of the organic material rises as
it penetrates farther below the crust of the Earth. The organic matter's carbon bonds disintegrate
as a result of compression and a high temperature. The result of this biochemical breakdown
becomes natural gas, or thermogenic methane. Methane is comprised of carbon and hydrogen
and is likely the most prevalent organic substance on Earth (CH4). Near oil resources are often
discovered natural gas reserves. Natural gas reserves found at the Earth's surface are often
dwarfed by neighboring oil reserves. Natural gas is more abundant than oil in deeper deposits
because they were created at greater temperatures and pressures. Natural gas that is pure may be
found in the deepest reserves.

However, the formation of natural gas need not occur very deep down. Methanogens, which are
little microbes, may also produce it. Methanogens are organisms that live throughout the
intestines of animals, including humans, and in low-oxygen regions close to the Earth's surface.
For instance, decaying materials found in landfills are broken down by methanogens producing
biogenic methane. Methanogens is indeed the process through which methanogens produce
methane, a component of natural gas. Despite the fact that the majority of biogenic methane is
lost to the environment, new methods are being developed to capture and use this potential
source of energy. Natural gas created deep under the Earth's surface known as thermogenic
methane has the potential to escape into to the atmosphere. Some of the gas may ascend through
porous rock and other permeable materials before dissipating into the atmosphere.

However, the majority of thermogenic methane which rises to the surface collides with
geological structures that prevent it from escaping. Sedimentary basins are the name given to
these geological formations. Large natural gas reserves are trapped in sedimentary basins. A hole
(sometimes referred to as a well) has to be bored through the rock to enable the gas to escape and
also be gathered in order to access these natural gas reserves. Natural gas-rich sedimentary
basins may be found across the globe. Natural gas may be found in the arid deserts of Saudi
Arabia, the muggy tropics of Venezuela, and the icy Arctic of a U.S. state of Alaska. Basins are
mostly found in the states surrounding the Gulf of Mexico, notably Texas and Louisiana, in the
United States outside of Alaska. North Carolina, South Dakota, plus Montana, three northern
states, have recently built sizable drilling operations in geological formations.
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Types of Natural Gas

"Conventional" natural gas is readily available and inexpensive to extract. Underneath
impervious rock, conventional gas gets trapped within permeable material. Other geological
environments' natural gas is not always as accessible or useful to extract. "Unconventional" gas
is what this gas is. To increase the availability and economic viability of this unconventional gas,
new technologies and procedures are constantly being developed. Gas that was formerly
regarded as "unconventional" may eventually become such. When organic matter breaks down
without oxygen present, a form of gas known as biogas is created. Anaerobic decomposition
occurs in landfills and other places where organic waste, including such animal feces, sewage, or
industrial leftovers, is rotting organically. Biogas is a biological substance that originates from
living or non-living plants or animals. This substance may be burned to provide a renewable
energy source, including such forest leftovers. Although biogas may be purified and utilized as
an energy source, it contains less methane that natural gas.

Recent trends in Power Generation

Electrical energy is essential for a nation's economic progress. In nature, energy may take many
various forms, but electrical energy is by far the most significant. The utilisation of electrical
energy has permeated every aspect of life in today's contemporary civilization. A network of
electrical parts used to produce, provide, transmit, and utilise electrical energy is known as an
electric power system. Therefore, the grid is crucial in ensuring a consistent supply to all of our
nation's regions. All five of the nation's regions are connected by a grid, which has now been
unified into one power system, one country, and one frequency within India. Even when they
only have 11KV available on the producing side, it is not enough to transfer the power. So, in the
HVAC and HVDC transmission systems, we aim for transmission wherein high voltages are
growing. Then, by lowering the voltage levels, we transfer the electricity to the consumers. India
has recently dramatically boosted its coal and renewable energy production. In order to limit
loss, such as I2 R losses and corona, they use high voltage transmission.

In India, high voltage transmission is available up to 765KV. With the addition of SCADA
systems, this communication became quite sophisticated. With just two PCs in the control room,
where all accessible data is sent into them, the SCADA system simplifies the man's job. The
production and transmission of energy in India has seen a significant transformation in recent
years. The power production industry has been through significant shifts over the last few years
that are expected to influence it for many years to come. The apparent replacement for coal,
which is unmistakably on the decrease, is natural gas. Renewable energy's economic viability has
long been in doubt, although this appears to be shifting lately. If the developments we are seeing
in new sources would be any indication, there may be changes in what people refer to as
mainstream sources of electricity. For instance, solutions have been identified for several issues
that they have always had with renewable energy on demand. Companies that produce electricity
must think carefully about how to remain ahead of the curve otherwise they will be surpassed by
time. We at ARANER are interested in the developments in the power generating sector,
particularly with regard to efficiency. The energy industry will be disrupted by smart storage and
renewable energy, and locally owned energy production will grow. Efficiency gains will come
from decentralized networks and sophisticated automation supported by digital technology. End
consumers will have greater input in formerly one-sided energy transactions thanks to outcome-
based regulatory mechanisms.
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Energy Storage Will Disrupt Consumption Patterns

The prognosis for energy output in the E& U sector has altered as a result of the decline in battery
costs. Energy storage, when combined with Distributed Energy Resources (DERs), is ready to
provide reliable energy flow at cheaper costs, unrestricted by the pulls and pushing of power
needs. The need for coal and natural gas will decline, while the output of renewable energy will
increase, thanks to low-cost energy storage. It will serve as a benchmark for cutting-edge energy
storage technologies and their application. Energy supply and demand will be independent. As a
result, E&U businesses won't have to increase capacity to meet demand during peak hours and
may instead concentrate on the types of energy production that are most affordable. Tesla is now
vying to dominate the energy storage industry. According to the firm, it is presently working on
11,000 energy storage facilities in Puerto Rico alone. AES Corporation and Siemens teamed
together to create Fluence, a new energy storage business, earlier in the year and. The business
will provide clients with energy storage solutions for things like micro grids and islands,
renewable energy integration, including energy cost management.

Renewable Energy Will Take Center Stage

In the E&U sector, renewable energy technology and businesses have already started the
disruptive process. Traditional E&U firms will expand their investments in renewable energy
sources in an effort to stay competitive and relevant. The MidAmerican Energy Company
intends to provide all of its clients with renewable energy. In 2004, the company's generating
capacity was reliant on coal to the tune of 70%. About 40% of the power capacity is now
provided by wind, whilst coal's share has decreased to around 30%. Setting up company own
wind and solar farms will boost the level of competition for businesses like Google, Amazon,
Iphone, and Walmart. There are several benefits to doing this, including becoming green,
financial savings, and more control over energy needs, to mention a few. These businesses will
ultimately emerge as providers of alternative energy that will capitalise on the quickly expanding
clean energy industry. These "go green" champions, which include both huge corporations and
start-ups, want to change how energy is generated and who owns it in order to reshape the energy
market.

Self-generating Communities Will Flourish

The use of community-owned renewable generating and storage will increase as renewable
energy choices become cheaper. These communities might be real (cities, towns, and campuses)
or virtual (peer-to-peer groups trading and sharing energy resources). Residents throughout
Germany who use solar energy may organize into communities and trade excess energy among
themselves thanks to Sonnet Energy. As new-age businesses grow and provide imaginative
products, they are inventive in how they approach this trend. They might use this difficulty as an
opportunity to develop new partnership-based business models. A notable illustration of this
strategy is the collaboration between Google and Germany's major utility E.ON to grow the
original's solar energy business.

More ‘Power’ to the Customer

By 2020, the smart home industry, which is mostly driven by smart metres, will be valued USD
138 billion. With single-switching systems amongst home devices, users will be able to control
energy expenses and monitor energy usage in real-time. To respond to the increased consumer
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demands for flexibility, the empowered core audience will need redefining company structures.
Upwards of 7.8 million houses in the UK and 3 million households in the US are served by the
digital service provider HomeServe for energy services on such a monthly subscription basis. It
employs third-party providers to deliver outstanding customer service and straightforward
payment mechanisms while not owning any energy assets. The biggest investor for solar farms in
the UK, Octopus, provides power that is entirely sustainable and has straightforward pricing
without binding agreements. The firm has used technology to develop a more efficient business
model that gives customers more power.

Adoption of Outcome-based Regulatory Structures Will Increase

In contrast to "cost of service" approaches, regulators in the US are moving toward Performance
Based Regulatory (PBR) frameworks. They want to encourage operational and technological
improvements that include customer happiness, dependability, safety, the environment, plus
social duties. Additionally, this strategy will change consumers' responsibilities from being
simply "rate-payers" to strong entities with greater influence over the energy transaction. In
reality, the PBR approach is already being actively adopted by 13 states in the U.S. Innovation
would be essential to integrating data sets across older systems, using analytical frameworks, and
automating processes to deliver such results, helped by digital transformation.

Consuming Natural Gas

Although it requires millions of years for natural gas to generate, its energy alone has recently
been used. Chinese engineers constructed bamboo tubes to utilise the natural gas that was
leaking from the Earth about 500 BCE. These pipes carried the gas that heated the water. British
businesses supplied natural gas for light houses and streetlamps throughout the late 1700s.
Today, there are innumerable industrial, commercial, household, and transportation uses for
natural gas. Natural gas may be up to 68 percent cheaper than electricity, according to the US
Department of Energy (DOE). The most common uses of natural gas in residential dwellings are
for cooking and heating. Home appliances including stoves, air conditioning units, space heaters,
outdoor lighting, garage heaters, and laundry dryers are all powered by it.

Additionally, natural gas is employed more widely. It is a very effective and cost-effective
method of powering water heaters, heating systems, dryers, and stoves in commercial
environments, such as restaurants and retail centers. In industrial settings, natural gas is also
utilised for cooking, heating, and cooling. The refinement of metals, stone, clay, and petroleum
are just a few of the operations that utilise it, along with waste treatment, food processing,
including food preservation. For use in place of gasoline in automobiles, trucks, buses, and other
motorized vehicles. Presently, there are more than 150,000 natural gas vehicles (NGV) in the
United States and more about 5 million globally. Even though NGVs initially cost much more
gas-powered cars, they are indeed the cleanest-running cars in the world and cost less to refuel.
Nitrogen oxides, cadmium, nickel, and other dangerous chemicals are released by gasoline and
diesel-powered automobiles. NGVs, on the other hand, may emit trace quantities of butane or
propane, but they also emit 70% fewer carbon monoxide through into environment. Electricity is
also produced from natural gas using the cutting-edge fuel cell technology. Fuel cells use
electrochemical processes to create electricity rather than burning natural gas to do it. Without
any additional byproducts or emissions, these processes result in the production of water, heat,
and energy. In order to implement this technology of power production to electric items at a
reasonable price, scientists are currently studying it.
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Natural Gas and the Environment

Before being utilised, natural gas often has to be treated. Natural gas may include a number of
substances besides methane when it is recovered. In a natural gas well, you could find water,
ethane, butane, methane, pentanes, hydrogen sulphide, sulphur dioxide, water vapour, and
possibly helium and nitrogen. The methane is treated and separated from the remaining
components before being utilised as energy. Our houses' energy-producing gas is virtually
entirely methane. Natural gas is a fossil fuel that may be used to produce energy. In fact, it burns
the cleanest of all fuels and produces the least amount of pollutants. Whenever fossil fuels are
burnt, a variety of substances, chemicals, and solid particles may be released (or emission). With
very complex chemical structures and significant concentrations of carbon, nitrogen, and
sulphur, coal and oil are examples of fossil fuels. When burnt, they produce a lot of air pollution-
causing pollutants, including as sulphur dioxide and nitrogen oxides, which are then carried into
the atmosphere by the wind.

The chemical structure of methane in natural gas, in comparison, is straightforward: CH4. It
solely releases carbon dioxide and water vapour when burnt. When they breathe, humans exhale
the very same two elements. The term "greenhouse gases" refers to a group of gases that includes
carbon dioxide, water vapour, ozone, and nitrous oxide. Global warming and the rising levels of
greenhouse gas emissions in the atmosphere have potentially catastrophic environmental effects.
Burning natural gas certainly produces greenhouse emissions, but it does so at a rate that is over
30 percent lower than that of oil and 45 percent lower than that of coal.

Safety in Natural Gas

Drilling for natural gas may result in leaks, like with any extractive operation. The leak might be
dangerous right away if the drill strikes an unanticipated high-pressure pockets of natural gas or
if the well has been damaged or ruptures. Natural gas somehow doesn't usually result in an
explosion or burn since it evaporates into the air so fast. But the leaks also pose a threat to the
environment since they let dirt and oil into the neighborhood. The chemicals employed in
hydraulic fracturing have the potential to damage nearby drinking water supplies and aquatic
ecosystems with extremely radioactive elements. People may need to temporarily leave the
region due to the uncontrolled methane leak into the air. Leaks might develop gradually over
time as well. Cast iron was a common material for distribution pipes up until the 1950s, although
it enables a significant proportion of natural gas to escape. Following years of freeze-thaw
cycles, high overhead traffic, and tensions from the soil's natural movement, the cast iron pipes
start to leak. More than 30% of the methane production in the US natural gas distribution
industry are caused by leaks from all these distribution pipes. To avoid leakage, modern
pipelines are manufactured from a range of metals and polymers.

Compressed Natural Gas

In its pure form, natural gas is colorless and odorless. When the gas is pushed into the local
distribution system of pipes, chemicals (odorants) are purposefully added to give it a unique,
strong scent that is comparable to rotten eggs. The smell suggests that there may be a gas leak of
compressed natural gas (CNG). If the car has a manual shut-off valve, proprietors should close it
if they smell this lingering stench emanating from it. They should next get in touch with an
experienced repair shop and ask for advice on what to do next. Be aware that while the fueling
nozzle is being attached or disengaged during the refilling process, a faint odor may be noticed.
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This is typical, and after feeding is finished, it should shortly disappear. Since natural gas is
lighter than the air, it will often rise to the surface and disperse safely from automobiles parked
outside; nevertheless, natural gas leaks inside an enclosed garage might be dangerous since there
is little room for the gas to disperse. Keep away from the area and call your fleet manager as well
as fire safety authorities if you smell rotten eggs emanating from your garage. Additionally,
CNG is kept under extremely high pressure, which creates distinct safety concerns than gasoline
or diesel do. While performing repairs, repair facilities must take care to secure CNG cylinders
and adhere to industry-standard safety protocols. The high-pressure gas seems unlikely to be
dangerous when cars and fueling facilities are in good working order and are properly
maintained.

Liquefied Natural Gas

LNG is indeed a cryogenic liquid that is kept at a temperature of around -260°F. An LNG leak is
challenging to find since LNG is odourless in its normal condition and doesn't include an
odorant. Because of this, electronic methane sensors are used in LNG cars and garages to detect
leakage. When a vehicle first leaks cold natural gas, the vapours are heavier than air and may
stick to the ground or collect, posing a fire risk in addition to an asphyxiation risk in confined
places. Gas detectors should have been positioned near the floor and ceiling in locations where
gasoline or LNG vehicles are kept for these reasons. Facilities for LNG storage or vehicle repair
should have floor- and ceiling-level ventilation installed to exhaust any possible leaks. LNG-
filled tanks, as opposed to CNG-filled tanks, may periodically release natural gas if kept unused
for something like a long time. LNG containers are normally designed to maintain a tank of fuel
of LNG without discharging for a week or longer. The pressure in the tank will increase as the
fuel heats up and the LNG starts to evaporate, causing the relief valve to close and "vent" excess
natural gas. In order to accept any vented LNG safely, LNG cars should indeed be parked either
outdoors or in a building with adequate ventilation. In order to prevent the requirement for
venting, LNG should also be utilised in situations when the vehicles were used often.
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The term "electrical grid system" refers to a network of transmission voltage levels where
numerous producing units are connected. Various problems that develop in the power system
may be resolved by linking various power producing facilities. A grid's organization, or "network
topology," may change based on the characteristics of the demand and generation, the budgetary
restrictions, and the standards for system dependability. The geology and land supply often
dictate the physical layout. However, since the safeguards and operations of the whole system
grow increasingly intricate, linking many producing stations spread out across different locations
is quite costly. However, the linked grid connecting power plants is still required by the current
power system due to its many advantages over the power plants that operate separately. The
linked grid system has a few benefits, which are stated below one by one. The dependability of
the electrical system is considerably increased by the linked grid. The network (grid) will split
the load of that producing plant in the event of any generating station failure. The main benefit of
a grid system is increased dependability[1], [2].

The configuration allows for the interchange of a plant's peak load. If a generator is operating
independently and the peak demand exceeds the capacity of the generator, then must impose
partial load shedding on the system. However, when we link the producing station to a grid
system, the station's additional load is carried by the grid. There is no requirement to increase the
capacity of that specific generating plant or to implement partial load shedding. A generating
authority may sometimes have a large number of outdated, inefficient producing stations that
they are unable to operate continuously from a business standpoint. The generating authority
may operate these outdated, inefficient plants for a brief period of time to fulfil the extra demand
of the network if the total load on the system exceeds the capacity of the grid. The authorities
may use the outdated and ineffective plants to some degree while avoiding total inactivity in this
manner|[3], [4].

More users are covered by the grid than are by a single producing unit. Therefore, a grid's load
demand volatility is far less than a single producing plant's. This indicates that the load placed on
the producing station by the grid is quite steady. We may determine the generating station's
installed capacity based on the constancy of the load so that the plant can operate at close to full
capacity for a considerable portion of each day. As a result, producing power would be cost-
effective. Each producing station linked to the grid may have its variety factor increased thanks
to the grid system. Because the highest demand on the grid that the producing station shares is
far lower than the maximum demand that would be placed on the generating station if it operated
independently, the diversity factor is enhanced.
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Needs of Interconnected Power Stations
Following are some reasons why a power system network needs to link its power stations:

The design enables the peak load of a power station to be switched. When operating a single
producing station, operators must apply partial load shedding upon that system if peak demand
exceeds the generation station's capacity. However, by linking the power plants in a network of
power systems, we may exchange the loads and stop the partial load shedding. In the case of the
interconnected power station, electricity may be provided from another linked station in the
event of a defect or breakdown, increasing the dependability of the power system network[5],
[6].

By linking them, various producing stations may operate more affordably. Interconnection, for
instance, may increase the efficiency and cost-effectiveness of the operation of thermal and
hydroelectric power stations. When water is in short supply, for instance during the rainy season,
the hydroelectric plant is utilized as a baseload stations whereas the thermal plant is employed as
a peak load station due to the hydroelectric plant's low cost of operation. The thermal power
plant handles baseload as well as the hydroelectric power station handles peak load whenever
water is scarce, which is common during the summer. The reserve capability of the system, load
factor, and operational efficiency are all boosted by linking the energy plants in such a power
system network.

Interconnected Power Stations

Let's imagine a situation in which a load is linked through two power plants. Power plants Sl
and S2 are responsible for providing the load through transmission lines 1 and 2, while 11 and 12
in Figure 2.1 represent the corresponding currents on the line. A connection that allows Ii to flow
connects the power stations S1 and S2.

Interconnector L A D
Y l i

Line 2

Figure 2. 1: Illustrates the schematic diagram of interconnected two power station

Delivering Equal Power in Interconnected Power Stations
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The active component of a currents I1 and 12 must be identical for both transmission lines 1 and
2 to provide the same amount of electricity at the same voltage level. The reactive components of
current would have to be identical in order to keep the total current that flows across
transmission lines 1 and 2 at a minimal value. We need a regulatory mechanism to make this a
reality in daily life. This regulating device must be put in the interconnector of linked power
plants as well as at the sending end of the each transmission system. Voltage dips in a line as
well as the interconnector may be compensated for by the regulating device that they will attach
to the sending end from each transmission system and within the interconnector.

Power Generation Planning
Load Forecasting

Every economy's highly technologically sophisticated industry depends on electricity. Electricity
is the foundation of almost all contemporary activities. Globally, demand for and use of electric
energy have grown throughout the years. The creation, transmission, and distribution of
electrical energy are still time-consuming and expensive processes. Therefore, efficient grid
management is crucial for lowering energy production costs and increasing capacity to satisfy
the rising demand for electric energy. As a result, good load demand planning, a sufficient
maintenance frequency for producing, transmitting, and distributing lines, and appropriate load
distribution via supply lines are all necessary for successful grid management. In order to
improve the effectiveness of the planning process throughout the power production sectors,
precise load forecasting will go a long way. Several computational and statistical strategies have
been used to develop prediction models in order to increase the accuracy of Electrical Energy
Demand (EED) forecasting. Three EED forecasting methodologies—correlation, extrapolation,
and a hybrid of the two—can be grouped together. Using extrapolation methods (trend analysis),
trend curves are fitted to historical primary data regarding electrical energy consumption in a
manner that mimics the trend's rate of increase. Here, the estimated trend curve function at the
desired future point is used to determine the future value of power consumption. Despite how

simple it is, sometimes its outcomes are quite accurate[7], [8].

Contrarily, correlation methodologies (end-use and economic models) link the system load to
various societal and economic variables. However, the methods make sure that perhaps the
analysts are able to identify any relationships between the patterns of load rise and other
quantifiable elements. The predicting of economic and demographic considerations, which is
more difficult than the load estimate itself, is where the disadvantage rests. Correlation strategies
often make use of economic and demographic variables such population, construction permits,
temperature, employment, ventilation, knowledge of the air conditioning system, weather
information, building structure, and business. However, some academics divide EED forecasting
models into two categories:

Engineering approaches and data-driven (artificial intelligence) Techniques, both extrapolation
techniques (same as correlation the techniques). However, no particular approach is seen to be
consistently more effective from a scientific standpoint. Electricity or energy providers employ
the load forecasting approach to foresee the amount of power or energy required to maintain the
balance between supply and demand. For a utility company's operational and managerial burden,
predicting accuracy is very important. The majority of forecasting methodologies rely on
numerical methods or Al algorithms like regression, neural networks, and fuzzy logic. Short-
term (a few hours), medium-term (a few weekends to a year), or long-term load forecasting are
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all possible (over a year). For medium- and long-term forecasting, end-use and econometric
approaches are utilised. For short-term forecasting, similar-day approach, different regression
methods, time series, artificial neural, statistical learning algorithms, and fuzzy logic have indeed
been developed. The outcomes may be divided into many categories based on the time-series
forecasting: Seasonal the use of certain utilities fluctuates from season to season. Trend — on

certain occasions, and Random[9], [10].

Storage of electrical energy is impossible. Each time there is a need for it, it must be produced.
Therefore, it is essential for the electric power companies to anticipate the demand on their
systems beforehand. Load forecasting is the term used to describe this forward-looking load
prediction. Planning a power system requires it. Planning for the expansion of the power system
begins with a prediction of expected future load needs. The trend toward decoupling the power
grid is gaining momentum. The demand on network design, management, and operations is
steadily rising for the many industrial sectors (generation, transmission, and distribution). A
suitable model for predicting the electric power demand is necessary for the operation and
planning of an electricity company business. An electric utility may reach decisions on electricity
generation and procurement, load shedding, voltage regulation, network reconfiguration, and
infrastructure development with the use of load forecasting. The method of estimating future
electric load using historical load, environmental, and present and predicted meteorological data
is known as electric load forecasting. Several models have been designed during the last several
decades to more precisely predict electric load. The deregulation of the power sector has
presented several new difficulties for those who participate in the electrical market.

Wind power, electric load, and energy price forecasting have grown to be significant issues in
power systems. Various methods are used to anticipate wind power, energy prices, and electricity
consumption in accordance with market demands. Due to the tremendous volatility of power
prices, there is a considerable market risk associated with trading. Price projections are employed
by market players in their operation planning processes since future pricing in competitive power
markets are unknown. The study of the behavior of the electricity system under a number of
posited contingency scenarios is also necessary to assure the secure functioning of the system at
some point in the future. Demand forecasting is a crucial component in the creation of any
models for energy planning, particularly in light of the modern power system's evolving
structure. Depending on the level of preparation and precision needed, the demand will take
different forms. The following three kinds of load forecasting may be made according to the time
zone and planning strategies:

Short-term load forecasting: This technique typically covers time periods of one hour to one
week. It may help us make judgements that can prevent overloading and help us estimate the
load flow. The management program of daily operations with unit commitment uses short-term
forecasting to give mandatory information.

Forecasting of medium-term load: This method's forecasting timeframe ranges from one week
to one year. For various processes within a power firm, projections for varied time horizons are
crucial. Fuel supply planning and unit management both require medium-term forecasting.
Forecasting long-term load: This method's forecasting time is greater than a year. It is used to
provide management of electric utility companies with a precise forecast of future requirements
for growth, equipment acquisition, or personnel hire. The prediction for various time horizons
has to be used to carry out various procedures inside a utility firm. These projections behave
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differently as well. For instance, it could be able to forecast the future day's load with only an
accuracy of 1% to 3% in a certain area. Furthermore, because the prediction for long-term
forecasting may be inaccurate, it is almost difficult to anticipate the peak load of the following
year with the same accuracy. However, it is feasible to generate the probability distribution load
for the peak prediction for the next year using meteorological information from the past. The so-
called "weather normalized load," which would occur under average yearly peak weather
circumstances or even worse than average peak poor weather for a specific location, may also be
predicted, according to industry practice. Weather normalized load is the amount of load that has
been determined for typical weather conditions. In addition, most forecasting methodologies
include statistical or artificial intelligence techniques including regression, machine learning,
fuzzy logic, and expert systems.

Forecasting is a Stochastic Problem

Forecasting is not deterministic in nature; rather, it is a stochastic task. Forecasting lacks the
quality of certainty. The output of the a forecasting process should have a probabilistic shape
since forecasters were dealing with unpredictability; examples include forecasts under various
scenarios, probability density functions, prediction intervals, and quantiles of interest. In reality,
many decision-making systems cannot employ probabilistic inputs, hence the most popular
forecasting output type is still a point prediction, such as the predicted value of a stochastic
process in the future.

All Forecasts are Not Accurate

Because of the stochastic nature of forecasting, the response variable is never entirely predicted.
Other variables that might result in inaccurate estimates include bad data, improper
methodology, subpar software, etc. The forecaster's responsibility is to use best practices to avert
these difficulties.

Some Forecasts are Useful

Accuracy and defensibility are indeed the two elements of usefulness that are most often used in
the utility sector. The calculation of accuracy may be done using a variety of peaks (such as
monthly, seasonal, or yearly peaks), energy, or a combination of the two. Interpretability,
traceability, and repeatability are a few examples of defensibility. Depending on the specific
business requirement, the aforementioned elements need to be given varying degrees of priority.
For instance, we might place greater emphasis on defensibility than correctness in order to
comply with regulations. As a result, statistical methods such as numerous linear regressions are
often chosen over black box methods such as artificial neural networks.

Forecasts can be improved

Since projections are never 100% accurate, there is always room for improvement, at least in
terms of accuracy. Increasing utility is, generally speaking, the goal of prediction improvement.
More precise guidelines that may be followed for possible improvement include:

a) Error distribution: Nobody likes to make unexpectedly large mistakes. Forecasts are more
useful when the variation or range of the mistakes is reduced since it lowers the level of
uncertainty. In order to reduce the spread, a firm may sometimes even sacrifice the core trend of
the mistake (such as MAPE) (e.g., standard deviation of APE).
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b) Interpretability of mistakes: For instance, long-term load forecasting may sometimes produce
some major inaccuracies owing to uncertainty in long-term weather and economic projections.
Next, forecasters should assist business users in comprehending the contributions of modelling
error, weather forecast mistake, and economic forecast error to the error. The interpretability and
usefulness of predictions are both improved by identifying the causes of mistake.

c¢) Resources needed: To create a prediction, we really always have a limited amount of labour,
technology, and data. The business side may benefit if we can make the forecasting process
simpler by lowering the demand on these resources. The future would never repeat past precisely
as predicted by our models because predicting is uncertain. The discrepancies vary in size from
time to time and from tiny to huge. There is no assurance that a forecaster will continue to
achieve the same accuracy in the future, even if they have been able to do so during the prior
several years. In order to sell their services or products, consultants and vendors may make
customers promises of accuracy that is unrealistic. One of the worst practices, since customers
will ultimately find that the error is higher than was promised.

Forecasting Load

The maturity level of power load forecasting has been attained. Since the rebuilding of power
systems, projections from the short term (a few minutes, hours, or days in the future) to the long
term (up to 20 years in the future) have become more crucial. Since many nations privatized their
power networks and adopted isolationism lately, electricity has evolved into a valuable
commodity with a market price. Forecasting loads is a difficult job. First, due to the complexity
of the load series and the various layers of seasonality present, the load at quite a given hour
depends on the load at that same hour the day before as well as the load at that same hour that
day with the same value the week before. Second, a number of significant external factors,
particularly those connected to the weather, must be taken into account. Numerous models and
approaches, including autoregressive models, dynamic linear or quadratic models, fuzzy
interpretation, fuzzy-neural models, Box and Jenkins transfer functions ARMAX modeling
techniques, neural network (NN), etc., may be used to handle these problems.

Price Forecasting

In the electrical market, loads and prices are linked activities, and errors in load forecasting will
trickle down to price forecasting. The pricing of electricity has unique properties. It is so
particular because of at least three key characteristics. One among them is its non-storability,
which implies that prices are highly influenced by the demand for electricity. Another trait is the
power price's seasonal behavior at several levels (daily, weekly, and yearly seasonality), and the
third is its dubious transportability. The hourly price series exhibit traits including volatility, non-
stationary qualities, multiple seasonality, spikes, and high frequency in today’s modern most
competitive power markets. Market power, which represents a random occurrence, as well as
unforeseen events like transmission congestion, transmission contingencies, plus generation
contingent liabilities may all result in a price rise. Other variables that may have an impact on it
include fuel costs, the cost of operating generating units, the state of the weather, and, perhaps
most conceptually, the equilibrium between the supply and demand of the whole system.
Applications of forecasting electricity prices may be divided into three categories according to
time horizons: short-term, medium-term, and long-term. Market players must anticipate short-
term pricing, primarily one day out, in order to maximize their earnings in spot markets.
Accurate medium-term pricing projections are also required for productive bilateral contract
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discussions between suppliers and consumers. Long-term pricing estimates have an impact on
choices regarding transmission improvement and expansion, augmentation of the generating,
design of the distribution system, and regional energy exchange. Both statistical and non-
statistical approaches are used to address these problems. The three primary kinds of statistical
approaches are time-series models, econometric models, and intelligent system techniques.
Equilibrium analysis & simulation techniques are not statistical methodologies.

Forecasting Wind Power

A significant portion of the electrical energy utilized comes from wind energy, which in certain
utility regions even surpasses the basic network load. This suggests that wind is increasingly
important for supplying electricity and achieving a balance between consumer demand and
energy output. The main obstacle to the grid integration of renewable power is its
unpredictability. The result in Figure 2.2 cannot be confirmed at any certain moment due to its
reliance on the weather. Simple perseverance techniques, traditional linear statistical models like
Moving Average (MA), Auto-Regressive Moving Average (ARMA), and the Box-Jenkins
method is proposed based on Auto-Regressive Integrated Moving Average (ARIMA) or monthly
average ARIMA models, as well known as SARIMA models, may all be used to resolve these

problems.
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Figure 2.2: Illustrates the factor of load forecasting issues.

Challenges in Load Forecasting

Forecasting is based on anticipated circumstances, such the weather. Unfortunately, the weather
may be unexpected at times, and forecasts may thus be inaccurate when the actual weather varies
from what was anticipated. Additionally, the weather in various places may vary, which would
undoubtedly impact the need for power. This might have a negative effect on revenues,
particularly if the utility increases production to meet an anticipated high demand but discovers
that actual use is substantially lower than projected after employing costly techniques like fossil
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fuel generators, etc. The majority of seasoned utility forecasters use manual techniques that
depend on in-depth knowledge of a variety of contributing elements based on impending events
or a specific dataset. The volume and complexity of forecasts are growing, making it
unsustainable to rely only on human forecasting. Therefore, utilities must seek for solutions that
can provide findings properly and minimize issues that may arise if knowledgeable forecasters
retire or leave their jobs. Customers that use various kinds of meters, particularly smart and
classic metres, as well as those who pay various rates, exhibit distinct consumption patterns. In
order to create distinct forecast models for each of the metering devices and then combine them
to get the final forecast number, the utility must be aware of this. Otherwise, they will get a
prediction that is incorrect. Obtaining reliable information on consumer behavior is challenging
because of changing variables like pricing and the demand that results from such changes. The
complicated nature of loads, which may change based on the seasons and the overall
consumption for two identical seasons, makes load forecasting a challenging undertaking. It may
be challenging for forecasting models to adequately account for the many complicated elements
that influence power consumption. Additionally, it could be challenging to predict demand
accurately based on variables like temperature fluctuation, humidity, and other aspects that affect
consumption. If the utility does not comprehend and choose an appropriate error margin in short-
term load forecasts, they may incur losses.

Load Duration Curve

The definition of the load duration curve is indeed the curve between the load and time where the
ordinates indicating the load are displayed in the sequence of decreasing magnitude, with both
the biggest load at the left, fewer loads towards the rights, as well as the lowest loads there at
time radical right. In Figure 2.3, the load duration curve is shown.
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Figure 2.3: Illustrates the load duration curve with variation of time in hours.

The data on this curve is identical to that on the load curve. The highest peak locations are
chosen, and a curve is drawn to link them, creating the load duration curve. The daily load
duration curve is indeed the curve that represents the load over the course of a day's 24 hours.
The yearly load curve is the name given to the load duration curve that is drawn for a whole year.

kwh consumed in a given period of time

Average Demand =
g hour in the time period
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area under the load duration curve

Average Demand =
g base of the load duration curve
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The load linked to a power plant varies by understanding what a variable load is. Typically,
people only turn on the lights, fan, TV, and other equipment in the house when we are present.
However, everything is turned off when we leave the house. The burden has thus changed. This
occurs in every household, as well as several other places including schools, hospitals, buildings,
industries, and businesses. The load on a power plant fluctuates from time to time as a result of
erratic consumer demand, and is referred to as the station's variable load. A power plant is made
to accommodate the customers' load needs. A load here on station that is consistent in size and
continuous in duration would indeed be ideal from the perspective of the equipment required and
operating procedures. However, in reality, the station never experiences such a consistent load.
Depending on the needs of their activity, customers may need a small or big block of electricity.
As a result, the load demand with one consumer may vary from that of another customer at any
given moment. As a consequence, the power plant's load sometimes changes[1], [2].

Effects of variable load

A power plant's changing load brings several complexities into its operation. The following are a
few significant implications of fluctuating demand on a power plant:

Need of additional equipment

A power plant must have extra equipment due to its changing load. As an example, think about a
steam power plant. The plant's raw resources include air, coal, and water. The supply of the
materials must be adjusted appropriately in order to provide variable power. For example, if the
plant's need for electricity rises, the flow of coal, air, plus water towards the boiler must also rise
to match the new level of demand. As a result, more equipment needs to be set up in order to do
this task. In actuality, a lot of equipment inside a modern power station is dedicated only to

adjusting raw material delivery rates in line with the plant's power demand(3], [4].
Increase in production cost

The cost of producing electrical energy rises due to the plant's fluctuating load. An alternator
performs at its highest level of efficiency close to its rated capacity. When the plant is under low
loads, a single alternator would perform poorly in terms of efficiency. So that the majority of the
alternators may be run at almost full load capacity, in real fact, a variety of alternators of varied
capacities are installed. The price per kW of a capacity of the plant initially rises with the usage
of more producing units, as does the amount of floor space needed. This causes the cost of
producing energy to rise.
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Important Terms and Factors

The variable load issue has made the following phrases and elements of power plant engineering
more prevalent:

Connected load

It is the total of all the equipment's continuous evaluations that is linked to the supply system. A
power plant provides electricity to a large number of users. Each customer has particular
equipment set up in his space. The "connected load" of the customer is equal to the total
continuous ratings of each of the equipment on their property. For example, the connected load
of a consumer equals 5 100 + 500 = 1000 watts if indeed the consumer includes connections for
five 100-watt lights and a power point that is 500 watts. The linked load to the power plant is the
total connected loads of any and all users.

Maximum demand

It represents the power plant's highest load demand for a certain time period. The power plant's
load fluctuates from to time to time. The greatest demand is the sum of all requests that have
happened during a certain time period (let's say a day). In light of this, and with reference to load
curve, the power plant's highest daily demand is 6 MW, which occurs at 6 PM. Due to the fact
that not all users turn on their connected loads to the system at once, maximum demand is often
lower than the connected load. The ability to estimate maximum demand is crucial for figuring
out the station's installed capacity. The stations must be able to accommodate the highest
demand[5]-[7].

Demand factor

1. Tt is the ratio of the power plant's greatest demand to its connected load,
2. Demand factor = Maximum demand/Connected load.

Demand factor value is often smaller than 1. It is predicted since the power plant's maximum
demand is often lower than the connected load. Demand factor = 80/100 = 08 if the power plant's
maximum demand was 80 MW and the connected load equals 100 MW. Knowing the demand
factor is essential for figuring out the plant equipment's capacity.

Average load

Average load or average demand refers to the average of the loads that occur on the power plant
during a certain time period (day, month, or year).

no.of units genreated in a day
24 hours

no.of units genreated in a month
number of hours in a month

Daily average load =

Monthly average load =

no.of units genreated in a year
8760 hours

Yearly average load =
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Load factor
The term "load factor" refers to the ratio of average load to highest demand for a specific time.

average load

Load factor =
f maximum demand

If the plant is in operation for T hours,

average load xT ~ Units generated inT hours

Load factor = - = -
f maximum demand *T  maximum demand * T hours

If indeed the time period under consideration is a day, month, or year, the load factor might be
daily, monthly, or yearly. Because of average load is less than the greatest demand, the load
factor is never more than 1. The total cost per unit produced is significantly influenced by the
load factor. The power plant's load factor determines how much it will cost per unit of energy
produced.

Diversity factor

The variety factor, i.e., the ratio of the total of all individual maximum demands to the total
demand on the power plant.

Sum of individual maximum demand

Diversity factor = - -
maximum demand on power station

A power plant provides electricity to a variety of users whose peak loads often don't happen at
the same time. As a result, the total maximum demand placed on the power plant is never more
than the total maximum demands of the users individually. Naturally, the diversity factor will
never be less than 1. The cost of producing electricity decreases as variety increases.

Plant capacity factor

It is the ratio of actual energy production to the highest amount of energy that might have been
generated in a particular time frame,

Actual energy produced

Plant it tor =
ant capacity factor maximum demand that could have been produced

_ Average demand *T _ Average demand

plant capacity * T~ plant capacity
Thus if the considered period is one year,

annual kW h output

annual plant capacity factor = plant capacity + 8760
The plant's reserve capacity is indicated by the plant capacity factor. A power plant is built with
some reserve capacity to handle future increases in load demand. As a result, the facility's
installed capacity is always a little bit greater than the standard demand for the unit.



Conventional and Renewable Energy Resources

Reserve Capacity = Plant capacity — Max. Demand.

It's noteworthy to note that reserve capacity may be determined by the difference between
payload capacity and plant capacity factor. The value of the load factor and plant generating
capacity will be the same when the greatest demand here on plant is equivalent to the plant's
capacity. The plant won't have any spare capacity in this scenario.

Plant use factor

It is the ratio of energy produced in kWh to the product of the plant's capacity and the number of
hours this was running,

Station output in kWh
plant capacity * hours of use

Plant use factor =

Types of loads:

A load on the system is indeed a device that draws electricity from of the electric power grid.
The load might be capacitive, inductive, resistive, or a mixture of these (like an electric bulb).
The many load types on the electricity system include:

Domestic load

Lights, fans, freezers, heaters, televisions, tiny motors for crop irrigation, etc. are examples of
domestic load. The majority of home load happens only during a few periods of the day (i.e., 24
hours), for example, lighting load happens at night and domestic appliance load happens only
within a few hours. As a result, the load factor ranges from 10% to 12%.

Commercial load

This kind of load includes things like restaurant electric appliances, shop lights, and fans. In
comparison to the domestic load, this sort of load is present for a longer period of time
throughout the day. Due to the substantial usage of air conditioners as well as space heaters, the
business load varies seasonally.

Industrial load

The demand for load by industries makes up industrial load. The kind of industry determines the
size of the industrial load. Small-scale industries need loads of up to 25 kW, medium-scale ones
need loads of between 25 kW and 100 kW, and large-scale ones need loads of more than 500
kW. In general, industrial loads really aren't weather-dependent[9], [10].

Municipal load

Street lights, electricity needed for water delivery, and drainage functions make up the municipal
load. The amount of street illumination is almost consistent throughout the night. For water
delivery, electric motor-driven pumps push water to above tanks. Pumping is done at the off-
peak time, which is often at night. This increases the electricity system's load factor.
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Electric Energy Conservation & Management

Since the last several decades, renewable energy sources including solar, wind, and biomass
energy, among others, have replaced traditional fossil fuel sources as the primary means of
generating energy. In addition to the expansion of the energy industry, there has also been a
corresponding expansion of enterprises and organizations, which has sparked fierce rivalry in the
market for raising environmental standards and lowering greenhouse gas emissions, carbon
footprint, and global warming. Energy management is a method that allows a company or
industry to successfully regulate the amount of energy it produces, as well as how to monitor,
control, and preserve as much energy as possible while still producing enough to fulfil client
demand. Cost savings are a significant consideration when it comes to energy conservation, in
addition to resource conservation and climate preservation.

The cost should indeed be decreased without affecting the way the task is done. Therefore, profit
should be increased by reducing expenses. Energy conservation management refers to the
administration of procedures and guidelines intended to cut down on energy use. The
management of energy conservation may be done in one of two ways. First, by reducing
consumption, fewer energy-dependent services and commodities may be utilised. Second, energy
efficiency might be improved to give the same services with much less energy use. Energy
conservation management is a crucial means of reducing the cost of energy as a consequence of
rising energy consumption caused by expanding populations and rising per capita energy
demand. This procedure may lessen the need for new power plant construction, lower the price
of importing more energy across international boundaries, and make it easier to deal with severe
energy shortages. Some of these problems are often addressed by energy conservation rather than
by merely boosting energy output from already used industrial methods.

The consumer, industrial, and domestic sectors are a few of the primary sectors where energy
conservation management is crucial. In Western nations, a significant portion of energy
consumption is attributed to the transportation sector. In this industry, regulating energy
conservation may include taking steps like raising taxes on cars that burn a lot of fuel per mile,
funding research to develop engines with improved energy efficiency, or enticing people to buy
more locally grown food. Energy-efficient building design, better ventilation during the summer,
the decrease of air conditioning consumption, and the use of motion-sensitive lighting are some
strategies that might be implemented throughout the industrial sector to promote energy saving.
Energy conservation in the residential sector is often driven by the desire to lower home energy
costs. Installing energy-efficient electrical equipment, enhancing loft insulation, or introducing
double-glazed windows are examples of common strategies to decrease household energy
demand. Energy conservation management is prompted by environmental concerns, especially
those related to the combustion of fossil fuels and the accompanying air pollution. Energy
conservation and the crucial methods of clean power and environmental energy are likely to be
included in a comprehensive energy strategy. As a result, a sustainable energy strategy may call
for both a decrease in energy use and the discovery of new energy sources. The idea that
advancements that enhance energy efficiency would tend to raise rather than decrease total
energy use is one of the main problems with energy conservation management.

Principles governing energy management

Control the energy function's expenses rather than the energy's Btu. Controlling the overall cost
rather than simply the Btu of energy is advised because the total cost is more directly tied to the
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interests of the company because energy always delivers a service and is transformed into a
useful function. The second rule is to manage energy costs as a product expense rather than as a
component of production or general overhead. The pricing system should include energy
functions so that the precise effects of each function may be assessed. The third rule is to only
regulate and measure the primary functions, which make up 20% of all expenses yet account for
80% of all functions. The last premise emphasizes that establishing controls and getting results
should be the focus of an energy management programmer. To get the intended outcomes, each
stage of the procedure should be watched carefully. With both the exhaustion of natural
resources, moving to better solutions like smart grids and smart meters helps reduce the amount
of energy utilised. Energy Management Systems (EMS) are also used to further boost the
efficiency of the power systems. To control energy use, it comprises of a number of policy
frameworks, methods, and procedures. As a result, EMS increases profitability by lowering
expenses and improving system performance.

The government has announced a number of programmers to begin the push of energy
management and conservation, taking into mind the potential of energy conservation. The
government is trying to build ultra-supercritical thermal power plants, which again will employ
indigenous technology and assist lower carbon emissions, in addition to pushing the use of
renewable energy sources like solar and wind. It is planned to be constructed in Chennai and
should be finished by 2024. At an operational temperature of 710 degrees Celsius and a steam
pressure of 310 bars, the facility will produce 800 MW. Through different laws like the Act on
Energy Conservation of 2001, equal effort is being made to address the demand side. The Energy
Conservation Act is supported at the federal level by the Bureau of Energy Efficiency (BEE),
which was established in 2002. The Ministry of Power has partnered with BEE on a vast variety
of programmers, including labelling appliances and energy saving in sectors like lighting in
homes, businesses, and other structures. With both the Standards and Labelling initiative, which
was introduced in 2006, the Bureau gave clients the option to save money and energy while also
preserving the environment.

The major objective is to lower the appliance's energy use without sacrificing quality of service.
Energy Conservation Building Codes (ECBC), which establishes minimum energy requirements
for commercial complexes with such a linked load of 100kW, are among other programmers. A
demand side management (DSM) programmer was also started for the municipal, agricultural,
small- and medium-sized business (SME) and DISCOM sectors. Due to the agricultural sector's
continued strong GDP contribution, it is crucial to instill energy efficiency in this industry. The
programmer was applied in Urban Local Bodies (ULBs) in addition to Agriculture to
significantly reduce electricity use. Another crucial component of the plan was to improve the
DISCOMs' capability to carry out efficient energy conservation and management activities. To
evaluate energy utilization and the technological gap, energy efficiency had also been
implemented in 25 SMEs. Since the XII plan has begun, 100 projects from 5 SMEs are eligible
for demonstration. In 32 states, State Designated Agencies (SDAs) were established to execute
the Energy Conservation Act, and the Power Department funded these organizations to improve
their energy conservation procedures.

Energy and sustainable development

A general definition of sustainable development is to live, produce, and consume in a way that
satisfies present needs without jeopardizing the ability of future generations to satiate their own
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needs. It has evolved into a crucial tenet of 21st-century policy. Worldwide, the idea must be
applied at the world, national, and local level, according to politicians, businesspeople,
environmentalists, economists, and theologians. Naturally, it is far more difficult to really put it
into practise and in detail.

The term "development" in an international context refers to raising standards of living,
particularly in the world's less developed nations. The goal of sustainable development is to
accomplish improvement while preserving the ecological processes that support life. Progressive
companies strive to report a positive triple bottom line locally, i.e., a positive impact on the
community's economic, social, and environmental well-being.

After the International Commission on Environment and Development's landmark report, the
idea of sustainable development gained widespread acceptance (1987). The extent and
unevenness of economic development and population increase were, and continue to be, putting
unprecedented strain on our planet's lands, waterways, and other natural resources, prompting the
United Nations to establish the commission. Some of these pressures are so intense that they put
some local populations' very survival in jeopardy and, in the long run, can trigger catastrophic
global events. Populations will eventually be pushed to change their way of life by ecological
and economic forces, particularly in terms of production and consumption. Nonetheless,
foresight, planning, and political (i.e., community) will can lessen the negative economic and
social effects of such transitions.

Examples of these problems are energy resources. All economies depend on a reliable energy
supply for things like lighting, heating, communications, computers, industrial machinery,
transportation, etc. In industrialized economies, the gross national product is 5-10% of energy
purchases. Nonetheless, in certain developing nations, the price of energy imports may have
exceeded the total exports; such economies provide a financial obstacle to the sustainable growth
of society. Over the course of the 20th century, the global energy consumption increased more
than tenfold, primarily due to the addition of nuclear power and the usage of fossil fuels (such as
coal, oil, and gas) to generate electricity. Further increases in global energy consumption are
anticipated in the twenty-first century, largely due to increased industrialization and demand in
formerly underdeveloped nations, which are exacerbated by glaring inefficiencies across the
board. Whatever the energy source, efficient energy production and utilisation are very
necessary.

Since there is not a large pace of new fossil fuel formation, the available stocks are ultimately
limited. The most recent surveys determine where and how much of these stocks are present. By
mass, coal is without a doubt the most prevalent type of fossil fuel, with oil and gas far behind. A
resource's reserve lifespan can be calculated by dividing the known accessible amount by the rate
of current use. According to this definition, coal has a lifespan of a few centuries, compared to
the typical lifespan of oil and gas resources, which is only a few decades. Economics forecasts
that when a fuel reserve's life span decreases, its price will rise. As a result, there will be less
demand for the fuel, and sources and substitutes that were previously more expensive will join
the market. The original source typically lasts longer as a result of this process than an initial
calculation would suggest. In actuality, other other elements are at play, particularly international
relations and political policy. But, the fundamental geological fact still stands: there are only a
finite number of fossil fuel reserves, making the current patterns of energy consumption and
growth unsustainable over the long run.
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Also, the use of fossil fuels and nuclear power results in emissions, which increasingly dictate
the basic restrictions. One such example is the atmosphere's rising CO2 content. In fact,
according to an ecological knowledge of our planet's lengthy history over billions of years, there
was an excess of carbon in the atmosphere at first, so it had to be stored underground to create
the oxygen-rich atmosphere we have today.

Hence, it is crucial to increase the supply of renewable energy sources and to use energy more
effectively, as shown by the arguments of: (i) the limited nature of fossil and nuclear fuel
materials, (ii) the harm of emissions, and (iii) ecological sustainability. If the full external costs
of getting the fuels and paying for the harm caused by emissions are internalised in the price,
such findings are supported by economics. Such fundamental studies may come to the
conclusion that the use of efficient energy consumption and renewable energy is less expensive
for society than the conventional use of fossil and nuclear fuels.

The harmful impacts of burning fossil fuels on the ecosystem also mean that existing patterns of
consumption are not long-term sustainable. The concentration of CO; in the atmosphere has
increased dramatically, especially as a result of CO> emissions from the burning of fossil fuels.
The majority of scientists agree that if this continues, it will intensify the greenhouse effect] and
cause significant climate change in less than a century. This could have a significant negative
impact on food production, water supply, and people through floods and storms, for example
(IPCC). Almost 150 national governments signed the UN Framework Convention on Climate
Change, which established a framework for collective action on the issue, realizing that this is a
global issue that no one nation can solve on its own. Unfortunately, progress is painfully slow,
not least because governments in industrialised nations are reluctant to upend their constituents'
way of life. Nonetheless, it is already well-established that potential climate change and related
sustainability challenges are one of the main factors influencing energy policy.

Global resources

With these objectives and using the most energy-efficient contemporary machinery, structures,
and modes of transportation, E =2 kW per person is a reasonable target for energy utilisation in
a contemporary civilization with an adequate way of life. Such a goal is consistent with an
energy policy of "contract and converge" for global equity since the amount of energy available
globally would be roughly equivalent to the current global average usage, but it would be used to
support a significantly higher standard of living. Is this even theoretically conceivable with
renewable energy.

An average energy flux from all renewable sources of around 500 W traverses or is available to
each square metre of the habitable surface of the earth. This contains a general estimate for solar,
wind, or other renewable energy sources. Assuming appropriate techniques, 2 kW of power can
be generated from a 10 m by 10 m area if this flux is harnessed at just 4% efficiency. Residential
towns' suburban sections have population densities of roughly 500 per square kilometre. The
whole energy requirement of 1000 kW km?2 at 2 kW per person could theoretically be met by
utilising only 5% of the local land area for energy production. As they can be extracted, used,
and stored in an appropriate form at reasonable costs, renewable energy sources can therefore
support a high level of life. However, this is only true if the institutional and technical
frameworks are in place. This book takes into account both the scientific underpinnings of a wide
range of potential methods and an overview of the institutional elements at play. The task for
implementation then falls on everyone.
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"Energy obtained from natural and consistent flows of energy happening in the local
environment" is what renewable energy is defined as. Solar (sunlight) energy is a prime example,
where "repetitive" refers to the 24-hour main period. No matter if there is a gadget to intercept
and use this power, the energy is already flowing or currenting through the surroundings. Such
energy could also be referred to as sustainable or green energy.

Non-renewable energy: Energy derived from immobile energy reserves that are underground
and do not surface unless activated by human interaction. Nuclear fuels and fossil fuels like coal,
oil, and natural gas are two examples. Keep in mind that the energy is originally an isolated
energy potential, and thus for practical purposes, some external action is necessary to start the
flow of energy. To avoid using the cumbersome word 'non-renewable', such energy supplies are
dubbed finite supplies or Brown Energy (Figure 3.1).
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Figure 3.1 represent the contrast between renewable (green) and finite (brown) energy
supplies.

Energy sources

The final primary sources of usable energy are the following five:

1. One the Sun.
. The Sun, Moon, and Earth's gravitational potential and motion.
3. The earth's cooling, chemical processes, and radioactive decay all contribute to
geothermal energy.
4. Nuclear reactions that humans have caused.
5. Chemical processes involving minerals.

Sources 1, 2, and 3 constantly produce renewable energy (aquifers). Fossil fuels, heated rocks,
sources 4 and 5, as well as other sources, provide finite energy. The two most important sources
for the world's energy supply are 1 and 4. The fifth group, which includes dry cells for primary
batteries, is somewhat unimportant but helpful.
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Environmental energy

The energy flows that are continuously travelling as renewable energy through the Planet. For
instance, at sea level, the total solar flux absorbed is around 12 1017 W. Consequently, each
individual on Earth receives roughly 20 MW of solar energy, which is equivalent to ten very
large diesel power generators and may provide the whole energy demand of a community of
about 50 000 people. A very helpful and simple number to remember is the maximum solar flux
density (irradiance) perpendicular to the sun beam, which is around 1 kW m2. Generally
speaking, a person can intercept such an energy flux without suffering harm, but any increase
starts to result in tension and trouble. It's interesting to note that power flux densities below 1 kW
m?2 start to make it impossible for an adult to move around in the wind, water, or waves.

Yet, as specific sites can have remarkably diverse surroundings and opportunities for capturing
renewable energy, the overall facts are of little use for practical engineering applications. Clearly
flat areas lack opportunities for hydropower but may have wind power, like in Denmark. Yet,
nearby areas, like Norway, might have enormous hydro potential. Although deserts at the same
latitude lack biomass energy sources (and forests shouldn't be cut down to create new deserts),
tropical rain forests may have them. So, it is necessary to connect actual renewable energy
systems to the specific local environment energy flows that are present in a given area (Figure
3.2)’
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Analysis of the entire energy system is necessary, and supply and end-use should not be
separated. Sadly, specific energy requirements are frequently overlooked, and supplies are not
properly matched to end use. Thus, energy waste and unprofitable operation typically follow. For
instance, it is reckless to produce grid-quality electricity from a fuel, waste the majority of the
energy as thermal emissions from the boiler and turbine, distribute the electricity in loss cables,
and then dissipate this electricity as heat if the primary domestic energy requirement is heat for
warmth and hot water. Regrettably, such wasteful behavior and contempt for available resources
are common. Direct heat production and local distribution would result in more cost- and energy-
effective heating. CHP, or combined heat and power, is a superior option for combining the
production of heat with the generation of electricity (electricity).Calculations of system
efficiency can be quite illuminating and can identify avoidable losses. The ratio of a process's
usable energy output to its entire energy input is how we define "efficiency" in this context. Take
into account electric lighting created with lamps and "traditional" thermally generated power.
Electricity generation is 30%, distribution is 90%, and incandescent lighting (energy in visible
radiation, typically with a light-shade) is 4-5% efficient. 1-1.5% of the total is efficiency.
Compare this to the cogeneration of useful heat and power (efficiency: 85%), the distribution of
lighting using contemporary low-consumption compact fluorescent lights (CFLs), and the

lighting efficiency of 22%[1], [2].

The overall efficiency has increased by more than tenfold to 14-18% currently. Notwithstanding
higher per-unit capital costs, the more efficient system will have a lower total life cycle cost than
the traditional because I less fuel and generating capacity are required, (ii) there are lower per-
unit emissions costs, and (iii) equipment, notably lamps, live longer. Energy management is
crucial to boosting overall effectiveness and minimizing financial losses. No energy source is
cost-free, and renewable energy sources are typically more expensive in reality than one may
anticipate. Hence, there is no justification for wasting energy in any way. Efficiency when using
a finite[3], [4].

Energy currents

It is crucial that the local environment already has a significant amount of renewable current.
Trying to develop this energy stream especially for a specific system is not a smart idea. When
estimating the number of pigs needed to produce enough dung to generate enough methane to
power an entire city, alternative sources was once mocked. Yet, it is clear that biogas (methane)
generation should only be taken into account as a by-product of an established animal industry,
not the other way around. Similar requirements must be met for a biomass energy station in order
to avoid significant transportation inefficiencies. In order to determine precisely what energy
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flows are present, it is necessary to monitor and analyses the local environment over an extended
period of time. Before the flow via DEF is, the energy current ABC must be evaluated.

Quality of supply

Although frequently addressed, the quality of a power source or reserve typically goes
undefined. The percentage of a form of energy that can be used to perform mechanical work is
how we define quality. As a result, electricity is of excellent quality since an electric motor can
transform more than 95% of the energy it receives into mechanical effort, such as lifting a
weight, while only losing 5% of its energy as heat. Given that only around 33% of the calorific
value of the fuel can be converted into mechanical work and that approximately 67% of the fuel
is lost as heat to the environment, the quality of nuclear, fossil, or biomass fuel used in a single
stage thermal power plant is moderately low.The fuel's quality is raised to about 50% if it is
utilized in a combined cycle power plant (for instance, a methane gas turbine stage followed by a
steam turbine). It is feasible to analyses such factors in terms of the thermodynamic variable
energy, defined here as 'the theoretical maximum amount of work obtainable, at a specific
environmental temperature, from an energy source.

Dispersed versus centralized energy

The energy flux density at the initial transformation is a clear distinction between renewable and
finite energy sources. In contrast to finite central sources, which have energy flux densities that
are orders of magnitude higher, renewable energy typically comes at roughly 1 kW m2 (for
example, energy in the wind at 10 m sl). For instance, gas furnace boiler tubes can transfer 100
kW m2 with ease, whereas a nuclear reactor's first wall heat transfer rate needs to move several
MW m2. Therefore, supplies from finite sources must have a significantly lower flux density at
the point of application after distribution. End-use loads for renewable and finite supplies are
thus comparable, with the notable exception of metal refining. In conclusion, it is more
convenient to create and distribute finite energy centrally and at a high cost.The most cost-
effective places to create renewable energy are in remote areas because it is expensive to
concentrate. When referring to an electrical grid, it is said that the renewable generators are
"embedded" into the (distributed) system. Use of renewable energy has the potential to boost the
rural economy's growth and cash flow. Using renewable energy thus encourages rural
development as opposed to urbanization[5], [6].

Situation dependence

Since the capacity of the local environment to supply the energy and the appropriateness of
civilization to take the energy differ widely, no single renewable energy system is universally
applicable. Prospecting for renewable energy in the environment is just as important as
prospecting for oil in geological formations. Energy needs studies for the local community's
home, agricultural, and industrial needs are also important. Afterward, specific end-use
requirements and nearby renewable energy resources can be matched, subject to financial and
environmental limitations. Renewable energy is comparable to agriculture in this way. Some
soils and settings are better suited for certain crops than others, and the market demand for the
produce will rely on specific needs. Making simple worldwide or national energy plans is
impossible as a result of this "situation dependence" on renewable energy. The use of solar
energy in southern Italy should differ significantly from that in Belgium or even northern Italy.
Farmers in Missouri could find corn alcohol fuels useful, but not in New England. Planning for
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renewable energy might be done at a size of 250 km, but not 2500 km. regrettably, today's highly
developed, huge urban cultures are not well equipped for such flexibility and variety.

Prospecting the environment

Since the capacity of the local environment to supply the energy and the appropriateness of
civilization to take the energy differ widely, no single renewable energy system is universally
applicable. Prospecting for renewable energy in the environment is just as important as
prospecting for oil in geological formations. Energy needs studies for the local community's
home, agricultural, and industrial needs are also important. Afterward, specific end-use
requirements and nearby renewable energy resources can be matched, subject to financial and
environmental limitations. Renewable energy is comparable to agriculture in this way. Some
soils and settings are better suited for certain crops than others, and the market demand for the
produce will rely on specific needs. Making simple worldwide or national energy plans is
impossible as a result of this "situation dependence" on renewable energy. The use of solar
energy in southern Italy should differ significantly from that in Belgium or even northern Italy.
Farmers in Missouri could find corn alcohol fuels useful, but not in New England. Planning for
renewable energy might be done at a size of 250 km, but not 2500 km. regrettably, today's highly
developed, huge urban cultures are not well equipped for such flexibility and variety. It is
possible to track the wind speed at a potential generating location for several months and
compare the results with information from the closest official base station[7], [8].

It might therefore be able to extrapolate using many years' worth of base station data. Obtaining
data that are unrelated to standard meteorological measures could be challenging. In instance,
flows of biomass and waste materials frequently haven't been evaluated or taken into account for
energy generation. Prospecting for renewable energy sources typically needs specialised
techniques and tools that require substantial financial and human resources. Thankfully, there is
a wealth of fundamental knowledge due to the connections with meteorology, agriculture, and
marine research.

Matching supply and demand

The overall demand and supply must be combined after the quantification and analysis of the
distinct dynamic characteristics of end-use needs and environmental supply choices. Following is
an explanation of this:

Within the capabilities of the renewable energy devices and systems, the maximum quantity of
environmental energy must be utilized. The resistance to energy flow at D, E, and F should be
minimal. This has the primary benefit of reducing the size and quantity of generating equipment.

Demand-supply negative feedback control is not advantageous because it wastes or leaks usable
energy which means that the equipment's capital value is not completely utilized. Only in an
emergency or after all potential end uses have been met could such a control be applied. Take
note of the negative aspect.

The installation of significant energy storage, such as thermal capacity for heating or pumped
hydro, can increase system efficiency and enable a higher percentage of renewable supply. The
grid becomes a "virtual store" when energy is exported from and imported into it.
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Displays the most effective approach to use renewable energy (e). Here, a variety of end uses are
available and can be swapped or altered so that, at any one time, the total load equals the supply.

Several of the end-use components, such as pumped water storage and variable voltage water
heating, may be self-adjustable. Feedforward control is necessary for these systems this is
positive feedforward control because the end-use load rises as the renewable energy source does.

Employed or harnessed, then, with the store being equivalent to fuel, control methods are
identical to traditional methods with finite sources. The main drawbacks are the high relative
storage capital costs and the challenge of adapting traditional control techniques to small-scale
and remote operation. Hydro storage is often only considered for generation at more than 10MW,

at a micro hydro size of 10 kW, the mechanical flow control devices become cumbersome and
expensive. The damage reservoirs do to the environment can be a drawback of hydro storage.lIt is
also conceivable and might become more significant to store energy following energy
transformation, such as when producing hydrogen or charging batteries, especially in tiny
systems. Already, thermal storage is widespread[9], [10].

Load management: End-use parallel setups can be switched and managed to give the supply the
ideal overall load. The approach can be used on a small or big scale, but it may be most
beneficial when a wide variety of local end uses are available. When used to renewable energy
sources, load control has several benefits:

If parallel outputs are opened and closed to accept whichever input energy flow is available, no
environmental energy needs to be wasted. The expensive equipment is also put to good use.
Priorities and requirements for various end-use types can be incorporated in a wide range of
control modes (for example, low priority uses can receive energy at a low cost as long as they
can be turned off by feed forward control; electrical resistive heaters may receive variable
voltage and thus variable power). End-uses with storage capability can be switched to give the
benefits of storing energy. The advantages of using electronic and microchip control are low
cost, dependability, and incredibly quick and accurate functioning. For autonomous wind energy
systems, feed forward load control may be highly beneficial. When wind speed varies
substantially, the wind turbine needs to adjust its rotational frequency to maintain peak
performance. In order to quickly and accurately control many parallel electrical loads without
significantly increasing cost or physical complexity, electronic-based feed forward control is
most practical.

Social implications

Social structures and lifestyle patterns have been significantly impacted by the Industrial
Revolution in Europe and North America as well as industrial expansion worldwide. Most of this
transformation has been fueled by the influence of evolving and new energy sources. Hence,
there has been and will continue to be a long-standing connection between coal mining and the
growth of industrialized nations. In the 1950s, as many nations gained their independence from
colonialism, relatively affordable oil sources became available in the non-industrialized nations.

Dispersed living

The discussion covered renewable sources' low energy flux densities. Renewable energy is
difficult and expensive to concentrate since it enters the environment dispersed. Finite energy
sources, in contrast, are energy reserves that can be cheaply concentrated at the source and
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expensively dispersed. Thus, electrical distribution systems from nuclear and fossil fuel sources
tended to radiate from central, dense distribution hubs, often with a capacity of around
1000MWe. On these grids, industry has grown, with heavy industry located closer to the
locations of intensive supply. Domestic populations have increased in response to job
opportunities in business and industry. The connections between coal mining and steel
manufacture, oil refining and chemical engineering, and the availability of gas supplies and
urban complexes have all had similar implications.

According to this physical analysis of the impact of the primary flux density of energy sources,
broad use of renewable energy will benefit dispersed communities more than concentrated ones.
In such cases, embedded, smaller-scale generation powers the electricity networks, with power
flows fluctuating in both directions based on local production and demand. Maximum population
density for communities reliant on renewable resources was estimated to be 500 people per
square kilometer. This is significantly higher than the population density for rural villages (100
persons per square kilometer), and it is consistent with the populations of the principal
administrative and commercial centers in rural areas. Consequently, the progressive adoption of
sizable renewable energy supply could provide respite from the dense metropolises of over
urbanization while avoiding the need for unacceptably low population densities. Increased
security for a country whose energy comes from these indigenous and diverse sources is another
benefit.

Pollution and environmental impact

It is possible to categories harmful emissions as chemical (such as those from fossil fuel and
nuclear power plants), physical (such as acoustic noise and radioactivity), or biological (such as
pathogens) emissions. Such pollution from energy generation is primarily caused by the use of
"brown" fuels, such as fossil and nuclear. In contrast, renewable energy is always derived from
energy flows that are already environmentally friendly since the energy is then released back into
the environment, only very minor thermal pollution can happen. The amount of material and
chemical pollution in the air, water, and trash is often very low. One exception is incomplete
biomass or waste combustion, which causes air pollution when brown energy is used to produce
the materials and build renewable energy devices, there is some environmental contamination,
although it is little over the course of the equipment's lifetime.

Essentials of fluid dynamics

Many forms of renewable energy come from the air and water moving naturally. As a result, the
cornerstone of meteorology as well as hydro, wind, wave, and some solar power systems is the
transfer of energy to and from a moving fluid. These applications include hydropower turbines as
examples. We must first comprehend the fundamental principles of mechanics as they relate to
fluids, particularly the laws of conservation of mass, energy, and momentum. Both liquids and
gases are referred to as fluids because they, unlike solids, do not maintain their equilibrium when
subjected to shearing forces. Gases are easily compressed, whereas liquids have volumes that
only minimally change with temperature and pressure, according to the hydrodynamics of
matter. According to the perfect-gas law, pV = nRT, the volume of a gas varies inversely with
pressure and directly with temperature. However, density change is minimal for air flowing at
speeds of 100 ms or less and not subject to significant imposed pressure or temperature
fluctuations, which is the case for the renewable energy systems quantitatively examined in this
book. It is not applicable to the examination of gas turbines, for which you need consult
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specialised texts. As a result, moving air is referred to as having the fluid dynamics of an
incompressible fluid throughout this article. Many significant fluid flows also are steady,
meaning that they do not change over time from one area to another. So, it is helpful to see a
collection of lines that are parallel to the velocity vectors at each position.

Another distinction is between turbulent and laminar flow. Consider the smoke rising from a
taper that is shouldering in quiet air. The smoke rises in a neat, laminar stream close to the taper,
with the trajectories of nearby smoke particles running parallel. When the flow moves away from
the taper, it becomes turbulent and chaotic, with individual smoke particles interacting with one
another in three dimensions. Subject to frictional resistance brought on by the velocity changes,
turbulent flow roughly resembles a steady mean flow. But even in turbulence, streamline-
bounded stream tubes with clear boundaries continue to contain the airflow.

Pollution and environmental impact

It is possible to categories harmful emissions as chemical such as those from fossil fuel and
nuclear power plants physical such as acoustic noise and radioactivity, or biological such as
pathogens emissions. Such pollution from power generation is primarily caused by the use of
"brown" fuels, such as fossil and nuclear. In contrast, renewable energy is always derived from
energy flows that are already environmentally friendly since the energy is then released back
into the environment, only very minor thermal pollution can happen. The amount of material and
chemical pollution in the air, water, and trash is often very low. One exception is incomplete
biomass or waste combustion, which causes air pollution. When brown energy is used to produce
the materials and build renewable energy devices, there is some environmental contamination,
although it is little over the course of the equipment's lifetime.

Black bodies, emittance and Kirchhoff’s laws

A black body is an idealized surface that completely absorbs all incident radiation, both visible
and invisible. The name refers to the fact that surfaces with the color "black" absorb all visible
light. It should be noted, however, that black bodies absorb light at all wavelengths, including
invisible light. Hence, a black body has total absorptance of 1, so it likewise has = 1 for all.
Nothing is capable of absorbing more radiation than a black body of comparable dimensions
exposed to the same incident radiation.Kirchhoff also demonstrated that no object can emit more
radiation than a black body of a similar size and temperature. The difference between a surface's
RFD and a black body's RFD at the same temperature is the surface's emittance.

Properties of ‘transparent’ materials

Transmittance is equal to 1, reflectance is zero, and absorptance is zero in an ideal transparent
substance. Nevertheless, in reality, "transparent" materials (like glass) have a grazing incidence
of 09 at angles of incidence with the norm of 70 and a quickly decreasing and increasing
incidence as angles of incidence approach 90. The reflectance of a substance is dependent on
both its refractive index and the angle of incidence with the normal, per Maxwell's
electromagnetism equations. For the majority of typical glasses at incidence angles under 40 (the
crucial range in practise), 008 for visible light.
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Heat transfer by mass transport

Heat transfer through the movement of fluid mass is known as free and forced convection he
thermal reactions between a moving fluid and a (solid) surface are then taken into account in the
analysis. However in many real-world situations, energy is transferred by a moving substance
without taking into account heat transfer over a surface, as when hot water is pumped through
with a pipe from a solar collector to a storage tank.

Heat exchangers

Without allowing the fluids to mix, a heat exchanger effectively transfers heat from one to the
other. The most typical example is undoubtedly the so-called "radiator" used in cars to extract
heat from the engine cooling water.The majority of solar water heaters use a parallel fluid circuit
through the collector and a heat exchanger inside the storage tank to convert the heat that has
been collected into potable water. The workings of a counter-flow heat exchanger are, as stated
in engineering handbooks, there are generally a wide variety of intricate designs, such as the
shell-and-tube design.

Solar radiation

In a wavelength range between 0.3 and 25 meters, solar radiation has a maximum flux density of
around 10 kW m2. The visible spectrum is a part of this, which is referred to as short wave
radiation. This flux ranges in inhabited regions from roughly 3 to 30MJ m2 dayl, depending on
the location, the time of day, and the weather. The Sun's 6000 K temperature rise controls the
spectrum dispersion. This energy flux is of extremely high thermodynamic quality and comes
from a source with a temperature that is significantly higher than that of typical engineering
sources. The flux can be used for photochemical and photo physical activities, such as
photovoltaic and photosynthesis as well as thermal applications.At significantly lower
temperatures than the Sun's 6000 K surface temperature, the Earth's atmosphere, at around 230
K, and its surfaces, at about 260-300 K, are in equilibrium. The Earth's atmosphere and surfaces
therefore release outward radiant energy fluxes on the order of 1 kW m2, however these occur in
an infrared wavelength range between about 5 and 25 m, known as long wave radiation, with a
peak at about 10 m (see Wien's law, As a result, it is possible to treat the short and long wave
radiation areas as being fairly separate from one another, which is a powerful analytical
technique in environmental science.

This chapter's primary goal is to determine how much solar radiation will likely be present at a
given location, angle, and time to be used as input by a solar device or crop. Explaining the
physics of the atmospheric greenhouse effect and global climate change, whose prevention
favors renewable energy, is a secondary goal. First, we talk about the amount of radiation that is
present outside of the Earth's atmosphere. Latitude and atmospheric properties, such as infrared
radiation absorption by water vapor, carbon dioxide, and other similar molecules, determine how
much of this radiation reaches a device the measurement of solar radiation and the trickier issue
of how to use other meteorological data to infer a solar measurement are briefly covered in the
two final parts.

Components of radiation

The solar extraterrestrial beam radiation is solar radiation that strikes the atmosphere from the
direction of the Sun. At the Earth's surface, below the atmosphere, the radiation will be visible in
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the direct beam from the direction of the Sun's disc as well as in other directions as diffuse
radiation. Be aware of the constant at least 10% diffuse irradiance from the molecules in the
atmosphere, even on a cloudless, clear day. Only the radiation from the beam may be focused,
which is the practical difference between both components. Hence, on a clear day, the ratio of
the beam to total irradiance is approximately 0.9; on a day with no clouds at all, it is zero.

Air-mass-ratio

The direct beam's distance through the atmosphere is influenced by the observer's height above
sea level, the zenith angle, and the angle of incidence to the atmosphere we take into account a
clear sky devoid of clouds, dust, or air pollution. It is fair to take into account the mass of
atmospheric gases and vapors encountered rather than the ill-defined distance because the top of
the atmosphere is not clearly defined. A standard mass of gas will be encountered for the direct
beam travelling through the atmosphere at normal pressure and normal incidence. The increased
mass encountered in comparison to the usual path when the beam is at zenith angle z is known as
the wind (or air-mass), and it is denoted by the sign m (Figure 4.1).

Normal incidence:

URK peth Atmosphere: clear sky
Path
increased by Zenith angle
a factorm -
Sea level -

Figure 4.1:Air-mass-ratio m = sec z
Atmospheric absorption and related processes

A complex series of events take place as the solar short wave radiation travels through the
Earth's atmosphere. The interactions include absorption, which is the transformation of radiant
energy into heat and the subsequent re-emission as long wave radiation; scattering, which is the
wavelength-dependent change in direction, usually results in no additional absorption and the
continuation of the radiation at the same frequency; and reflection, which is wavelength-
independent. Presents an overview of these procedures.

The following can serve as a summary of the impacts and interactions that take place:

Reflection. 30% of the alien sun intensity is often reflected back into space (0 = 3) on average. A
tiny fraction of the reflection is caused by the Earth's surface (specifically snow and ice), with
the majority coming from clouds. The albedo, or reflectance, fluctuates depending on the
atmosphere and angle of incidence. Midday short wave solar radiation has a flux density of 1 0
13 kW m2 and 1 kW m?2 in clear conditions.

Climatic change

The greenhouse effect, and long wave radiation. The received power is R210GO if the
extraterrestrial solar irradiance (also known as the solar constant) is GO, the average albedo from
space is 0, and the radius of the Earth is R. This is equivalent to the power that the Earth system
emits when its emittance is equal to one and its mean temperature is Te, as seen from space. As
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geothermal and tidal energy effects are minimal at thermal equilibrium, R2 10G0 = 4R2 T 4 e
(4.16), and with 0 = 03, Te 250 Kie Te 23 C. As a result, the Earth's long wave radiation in space
roughly has the spectral range of a black body at 250 K. At this temperature, the highest spectral
distribution occurs at 10m, and it does not coincide with the sun distribution.

There is little doubt that since the industrial revolution of the 18th century, the quantity of
greenhouse gases in the earth's atmosphere has increased significantly. This is demonstrated by
measurements of gas trapped in polar ice and long-term records of remote meteorological
stations. Particularly, the use of fossil fuels, which boosted CO> levels from 280 to 360 ppm by
2000 (IPCC 2001). Since then, the rate of growth has persisted. The theoretical analysis in the
IPCC reports explains how "thickening the blanket" in this way raises the Earth's average surface
temperature (also known as "global warming"). The complexity of atmospheric chemistry,
ecology, and climate (with its natural variations on timescales of days, seasons, years, and
centuries) imply that the increase in temperature is unlikely to be inversely correlated with a rise
in GHG concentration. The IPCC provides a thorough analysis of the uncertainties involved.

Although some of this effect has been offset by other factors, such as an increase in aerosols in
the atmosphere, much of which is also due to human activity, the authoritative review estimates
that collectively the increase in GHG concentrations between the years of 1750 and 2000 has had
an effect equivalent to an increase of 25Wm2 in solar irradiance. Houghton provides the best and
most accessible scientific explanation of this impact and its repercussions.

The greenhouse effect is primarily fueled by some GHGs. The fundamental physics states that
infrared radiation is absorbed when electromagnetic radiation reverberates with the molecules'
inherent mechanical vibrations. More vibrational modes and a higher likelihood of absorption at
any given radiation frequency are associated with more complex compounds. According to
Ramaswamy (2001), the impact per unit of mass also varies with gaseous density, secondary
reactions, and time spent in the environment. Hence, adding 1 kilogram me of CH4 (5 atoms per
molecule) to the atmosphere has the same effect on greenhouse gases over 100 years as adding
21 kg of CO; (3 atoms per molecule). The term "global warming potential" (GWP) refers to this
ratio; for instance, the GWP of CH4 is 21. Similar to how CO?2 is (by definition) 1.000 and most
hydrofluorocarbons (used as alternatives for ozone-depleting chemicals) have GWPs over 1000,
N20 has a GWP of 310. The Kyoto Protocol uses numbers for a 100-year time horizon; the
quantities stated here are for that time period. The measurement of GWP is complicated since it
depends on the amount of the gases already present and their duration in the atmosphere (for
example, methane "decays" quicker than CO2); the IPCC finds that CO2 is the primary
anthropogenic (human-influenced) greenhouse gas, accounting for around 60% of the 25Wm?2 of
radiative forcing, with CH4 (at 20%) coming in second place. This is after taking into account
the different changes in concentrations of the various GHGs.

According to the IPCC's authoritative analysis of the pertinent scientific literature, if current
GHG emission patterns continue, the world would see an average temperature increase of 1.5—
5C by the year 2100, which will have a significant impact on rainfall and sea level. An
"increased greenhouse effect"-induced man-made climate change could have devastating effects
on water availability, the built environment, agriculture, public health, and all types of biological
ecosystems (IPCC 2001).
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CHAPTER 5
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The heating of water and air is a clear application for solar energy. For comfort, homes in chilly
climes require warm air, and hot water is required for washing as well as other domestic chores
everywhere. For instance, nearly 30% of the energy used to heat buildings in the UK and around
20% of the energy used to heat fluids to "low" temperatures of less than 100 C are two examples.
Due of this, the production of solar water heaters has established itself as a viable sector in
several nations, particularly Australia, Greece, Israel, the United States, Japan, and China.
Despite the fact that a lot of hot water is used in industry for process heat, the vast majority of
rooftop solar water heaters are for domestic premises.When insolation is captured and used by
solar energy systems without considerable mechanical pushing and blowing, the system is
referred to as passive. The solar system is said to be active if the solar heat is captured in a fluid
typically water or air and then transported by pumps or fans for usage. This chapter focuses on
active solar water heaters since they are widely used, allow for real-world experiments in the
classroom, and can be analyzed to give a step-by-step understanding of the foundations for both
active and passive applications[1], [2].

Active systems with forced circulation

Because the collectors can only heat a small amount of water, it should be transferred to an
insulated box for storage. A day's worth of hot water can be stored in tanks with a quantity of
between 100 and 200 liters for home systems. Only a tiny pump with a pumping rate that causes
the water to warm up by 5 to 10 degrees Celsius as it passes through the collector in sunlight is
required for forced circulation. If a fixed-speed pump is utilized, the design temperature rise will
only be accomplished for one set of conditions because this incremental temperature increase
depends on the solar irradiation G and the inlet temperature T1. Nonetheless, because they are
the most affordable, single-speed pumps are frequently employed. The pumps can be supplied by
a small photovoltaic panel next to the collection or, in some configurations, by mains energy. If
the collector output temperature is less than around 5 C higher than the water at the top of the
tank, a simple pump controller shuts off the pump. This avoids wasting energy on the pump and,
in particular, the foolishness of losing heat from collector at night and during inclement

weather[3], [4].

Forced circulation has the benefit of making it simple to switch an existing water heater system
to solar input by connecting collectors and a pump. Also, the system is probably more effective
because the storage tank does not necessarily need to be higher than collectors. The system's
need on energy for the pump, which can be costly or unreliable, is a drawback. Forced
circulation solar water heating is the standard for larger installations and in colder regions, such
as the majority of Europe. Hot-water tanks are integrated into structures below the roof is not
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very big. Nevertheless, this is only desirable if the volume drawn off is much smaller than the
entire volume of the tank; this may be useful in colder areas. Some systems are made to
encourage stratification, so that the hottest liquid available is drawn off. One clever solution for
doing this is to have the hot water enter through a vertical pipe with temperature-sensitive valves
spaced vertically up it; water will therefore only flow into the tank at the level where its
temperature surpasses that of the water already in the tank.It is not necessary for the fluid to
contain potable water if the collector circuit heats the tank using an internal heat exchanger.
Instead, the fluid might be no potable and inhibited from freezing. The coldest water at the
bottom of the tank may get heat through an internal heat exchanger, such as a coil of pipe,
"preheating" the source of hot water and reducing the need for additional heating methods, such

as thermal boilers and electric "immerse" heating[5]—[7].
Principles of renewable energy

The first two are technical issues that are covered by the type of renewable technology in the
main chapters. The third query concerns general planning, social responsibility, and sustainable
development challenges. However cost-effectiveness greatly depends on: an Understanding the
unique scientific principles of renewable energy maximizing the economic, social, and
environmental benefits while minimizing losses at each stage of an energy supply chain. Like-
for-like comparisons with fossil fuels and nuclear electricity, including externalities into account.

PV Energy

Direct conversion of solar energy into electricity is accomplished by photovoltaic (PV) systems.
Fig. 5.1 depicts the block diagram of a typical PV system.

1. It is made up of the following components:

2. The PV system: Its job is to transform solar energy into electricity. It is the system's core
component.

Battery storage: The electric energy generated by the array needs to be partially stored, often
using batteries, in order to be available at the absence of solar radiation. The battery storage is
thus the second major component.

3. Circuits for power conditioning the generated electricity needs to be conditioned employing
DC/DC conversions and DC/AC inverters depending on the kind of load.

The solar modules that make up the PV array are. Each module has a grid of solar cells that are
linked in parallel and series to fulfil the terminal requirements of the entire generator. As a result,
the solar cell serves as the foundation of the PV generator. This component serves as the
fundamental solar energy converter (Figure 5.1).
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Figure 5.1 represent the general photovoltaic system.
The Solar Radiation

As the source of power for the PV generators, one must be able to define solar radiation. The
sun, a black body with a surface temperature of roughly 6000 K, emits electromagnetic
radiations. This is due to the sun's internal nuclear process, which is turning hydrogen into
helium. The sun has a radius of 109 meters. The solar constant (SC), where 1 astronomical unit
equals 1 AU equals 1.496 1011 m, is the total radiation power received from the sun on a unit
area perpendicular to the sun's rays at the mean earth-sun distance. With SC 14 1.353 kW/m2,
the solar radiation strength at different distances is represented in terms of SC[8], [9].

The sun's radiation spans a broad band of wavelengths, from deep ultraviolet to far infrared,
much like the radiation from a black body he horizontal axis denotes the wavelength in mm, and
the vertical axis denotes the spectral irradiance I(1). The incident solar power/m2 /dl 14 [W/m2
/mm] is equivalent to the incident solar power I(I) where dl is the corresponding wavelength
range in mm. It obvious where the maximum spectral irradiance is located—at 1 14 0.5 mm.Due
to the existence of air in the atmosphere, the spectral irradiance falls. The solar radiation is
scattered and absorbed by the air molecules. O, H>O, and CO; have various absorption bands.
It's vital to note that the solar irradiance reflects the dashed line's representation of black body
radiation at w6000 K.The Air Mass Zero, where one AMO equals one SC equals 135.3 mW/cm2,
is the solar power intensity without the influence of the atmosphere or the ground surface. The
first air mass perpendicular to the earth that the solar power crosses is known as air mass 1, or
AMLI. Its value, 92.5 mW/cm2, is the area there under spectral irradiance curve. The optical path
per units of the air mass will be longer if q is the angle of incidence with respect to the surface of
the earth. Air mass AM 1/4/ (cos q)[9].

The incident solar radiation “insolation”
The insolation, or real incident solar energy, fluctuates depending on:

1. Where you are on the earth due of the inclination of the earth's spin axes; and the time of
day.

The time of day because of the rotation of the earth

The yearly month due to the earth's rotation around the sun.

The incident angle

The existence of clouds and their consequences on the environment

AR
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As an examples the insolation in watts per square metre for each hour of the day, with the
insolation peaking at noon. In addition, Fidisplays the annual insolation for Kansas City at
latitude with January having the lowest insolation and July having the highest. Full measured
Insolation Data can be obtained in a specific location on the planet.

Properties of Semiconductors for Solar Cells

The characteristics of semiconductors for solar cells. As the active component, semiconductors
are used to make solar cells. Because there is a direct correlation between the performance
characteristics and the material properties, one must have a full understanding of the operation of
solar cells in order to maximize their characteristics. A group of substances known as
semiconductors exhibit electrical conductivity between insulators and metals. As a result, doping
and light can be used to modify their electrical properties. They can be categorized in terms of
their chemical structure in several forms, including fundamental forms like Si and Ge, compound
forms like AIIl BV and AII BVI, or molecular forms like organic semiconductors or the hybrid
metal-organic molecules known as perovskites. All semiconductors share unique characteristics
that control their performance. The following subsections will go through the main
characteristics influencing their optical as well as electrical behavior. The atomic structure of the
materials is their primary characteristic. It significantly affects how well they perform. Each
substance can have one of three different atomic arrangements:

1. Crystalline, when the atoms are arranged in a three-dimensional grid in perfect order.
Amorphous, where the material's atoms are randomly arranged in comparison to their
original locations in a single crystal

3. When a substance is polycrystalline, it consists of crystallographic grains that are
connected by grain borders.

The Energy Gap Eg and Intrinsic Concentration N

A semiconductor has an empty conduction band and a valence band loaded with electrons.An
energy gap separates the two bands. Eg. It falls between a few tenths and a few electron-Volts.
GaAs' energy gap is 1.45 eV, compared to silicon's 1.1 eV. According which depicts an
elementary semiconductor with four covalent connections connecting each atom to its neighbors,
saturated covalent links are what distinguish elementary semiconductors.The parent atoms are
what hold the valence electrons together and share them with the adjacent atoms. They are not
able to conduct electricity and are fixed locally. We must release valence electrons from such
materials in order to make them conduct electricity. You can accomplish this by working hard
enough to dissolve the link. Heating, exposing the material to the proper light, and doping the
material with the right impurities can all have an impact on this work.

Any semiconductor material that operates at normal temperature generates heat, which causes
bonds to break thermally. A free hole and a free electron result from the breaking of a bond. Both
can carry electricity through the substance.The energy gap is the minimal energy needed to
rupture a bond and produce an electron hole (eeh) pair, the energy gap separates the free
electrons from the free holes. The holes with positive charges occupy the authorised electronic
states in the top of the valence band with an effective density of states Nv, while the electrons are
in the conduction band, where they are occupying their lowest allowed energy levels with an
effective overall density of Nc. When the material is pure and the temperature is T > 0 K, it has
an intrinsic electron concentration of ni and a thermally produced electron-hole concentration of
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ni, where ni is the intrinsic concentration. It has a relationship to Eg and T because Eg=kBT and
n2 I 14 NcNv exp. Thermal energy at room temperature (T 14 300 K) is 25.6 meV, or kBT. Ni
equals 1.5 1010 cm3 at 300 K for silicon (Figure 5.2).

Valence
electrons

Atom core

Figure 5.2 represent the covalent bonds in elementary semiconductors.
The Dark Pen Junction Diode

In essence, the structures used in commercial solar cells are pen junction diodes designed to
capture solar light. One must first examine the pen junction diode in order to comprehend the
solar cell's basic operating principles. Either holotype pen connections, heterotypic junctions, or
even many junctions are used to construct solar cells.The heterotypic is made of two different
materials, whereas the holotype is made of just one material. The guiding ideologies are the
same. We therefore limit our analysis to homo connections. A pen diode serves as the solar cell
in complete darkness, and its dark features define the boundaries of its lighted characteristics. An
illuminated solar cell functions fundamentally as a dark biased pen diode or a short circuit cell
under light.

Formation of a Field Region in a Pen Junction

The metallurgical junction forms a space charge zone, whereas the rest of the diode remains
neutral under no bias, as can be demonstrated both theoretically and experimentally. Around the
metallurgical junction, this layer is created by the migration of holes from the p-side to the n-side
and electrons first from n-side to the p-side. They leave behind acceptor and donor ions that have
not been neutralized. There is no net current of either kind because of the opposing forces that
the electric field associated with the charges creates for the onward migration of holes and
electrons. Depending on the doping concentrations NA and ND, the width of this field area under
no bias is on the order of a few tenths of a micrometer. This internal or built-in electric field has
a potential difference attached to it.

The term "built-in" refers to the fact that the inhomogeneity of the material, rather than an
external electric source, is what generates this electric field. This built-in potential difference is
known as the contact difference of potential, highlighting the fact that such potential differences
are created when two dissimilar materials are brought into close proximity, as in the formation of
a pen junction, which is thought to occur when p- and n-type materials are brought into close
proximity. Potential 4's contact difference can be expressed by A potential barrier exists between
the two sides of the pen junction due to the contact difference of potential 4. As a photoelectric
generator, the solar cell's electromotive force is precisely proportional to 4. The cell's open-
circuit voltage rises as 4 increases. Hence, the NA and ND doping concentrations must be as
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high as possible. Also, by choosing a material with a greater Eg and hence a lower ni, the
number 4 can be raised. For the solar cell to function, the field area is crucial. Like a chemical
battery, it derives the induced emf of the cell.

The Pv Arrays

For AM1 illumination, a single solar cell has a driving voltage of roughly 0.55 V and a current
density of roughly 35 mA/cm2. Voltage, current, and power requirements are higher for
conventional loads. As a result, we must combine the solar cells in order to meet the load's
requirements for a specific operating voltage, current, power, and kind of current—either DC or
AC. Normally, batteries are used to power the DC loads. As a result, their voltages, which are the
typical battery voltages of 6, 12, 24, or 48 V, are known. Depending on how much power the
load uses, the load current varies greatly. The loads for PV systems with batteries are the batteries
themselves, hence the current needed is equal to the nominal current flowing of the batteries. In
essence, the solar cells can be coupled to suit a variety of load requirements for current, voltage,
and power. A big solar cell array is divided into smaller arrays known as solar cell panels, which
are made up of modules, to create the solar cell arrays. Modules are then assembled into a sizable
array. Under usual test settings with AM1, a module has 12- V, 6-A current, and 72-W power. A
minimum of 24 cells must be connected in series to produce 12 V because each cell produces 0.5
V. The dependable module comprises 36 cells rather than 24 because the solar cells must drive
the load even at solar radiation levels below AM1. Solar cells with a surface area of 6 A/30 mA
14 200 cm?2 and a diameter of 15 cm or 6 in cells can provide the 6 A needed to meet the current
demand.

The Solar Cell Array

The array is made up of solar modules that are connected in a specific way to meet the voltage,
current, and power requirements. If the array voltage is Va, the array current is Ia, and indeed the
array power is Pa, the number of modules needed and their circuit configuration can be
calculated. Can design an array, and an output power of w0.5 kW peak using the circuits with
the characteristics. The number of modules linked in series and the number of modules linked in
parallel. The total number of modules is then modules. A protection diode can be connected in
series with the array to allow current to flow only to the load and prevent back current.

The Flat Plate Modules

Solar cells must be encapsulated in order to be protected from environmental effects and to
provide mechanical support for easy handling. Moisture must be hermetically sealed out of the
terrestrial modules. The encapsulation must meet the following requirements:

Provide rigid support for mechanically weak solar cells.

Protect the solar cells from moisture by hermetically sealing them.

Solar radiation transparency.

Withstand environmental effects such as temperature cycling, wind forces, rain, and hail.
Be dependable for a long period of time in order to be economically viable (more than 10
years).

6. Aslow-cost as possible.

A
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7. Temperature cycling that causes thermo mechanical stresses on solar cells and
interconnectors.

8. Be efficient in terms of area.

9. Conduct the heat generated by the solar cells.

10. Easily manufactured through simple processes.

Failure Modes of the Modules

To improve module reliability, one must identify the various failure modes that result in deficient
modules. During field operation, the solar module is subjected to severe environmental effects.
These effects may result in module failures. Knowing these failure modes and their causes
allows us to improve module construction, module materials, and assembly processes to produce
high-reliability modules. Many investigations were conducted to determine these failure modes.
These failures, according to this overview and other related literature, are as follows:

Flaw in module design.

Huge temperature excursions of a cyclic nature

. High wind speeds.

10. Moisture-resistant no hermetic seal.

11. Inefficient assembly processes.

12. Encapsulation materials that are not thermally matched.

1. Interconnect contacts and fractured metal interconnects

2. Shattered cells

3. Module eva encapsulate discoloration, snail forming, and delamination.
4. Dielectric breakdown and potential-induced degradation.

5. Rusting.

6. Craftsmanship.

7.

8.

9

Qualitative Analysis for the Novel npn Solar Cell Structure

The traditional structure of a solar cell is planar. The efficiency of the solar cell decreases as the
path length of the minority carriers decreases to less than the required light absorption depth.
This is practically possible when heavily doped only one silicon is used, which is a relatively
low-cost material. A proposed approach to this issue is to use the npn solar cell structure as a case
study, which shows the detailed npn structure with the values of its technological and physical
parameters. Light incident on the top surface is absorbed in the active material, generating
electrone hole pairs that are collected by the vertical and lateral pen junctions surrounding the p
substrate silicon material. As a result, the diffusion length can be reduced. The structure could be
built at a low cost using an available commercial highly doped silicon wafer (Figure 5.3).
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Figure 5.3: Represent the A two-dimensional cross-sectional view of the proposed npn solar
cell structure.

Construction of npn Solar Cell Structure Using Athena

In SILVACO, the npn structure is created using the Athena process simulator. This process
simulator allows you to create the structure virtually as if you were fabricating it on a starting p
wafer. The starting p substrate is heavily doped, with doping levels in the 1018 cm3 range. The
fingers with specific widths are then produced by digging deep trenches. The n emitter is then
created by diffusion. The sidewalls are then metalized with the appropriate metal. An aluminium
metallic contact is made on the wafer's back side. The base width of the fingers must be less than
or equal to the depletion layer of the carriers in the base region.The following summarizes the
code's flow. First, the meshing definition in the x and y directions is written. At first, only half of
structure can be included in the process simulation. The entire structure is then defined using
mirror's capability.

The Simulation of the Effect of Different Emitter Sidewall Surfaces on the Electrical
Performance

In SILVACO, the npn structure is created using the Athena process simulator. This process
simulator allows you to create the structure virtually as if you were fabricating it on a starting p
wafer. The starting p substrate is heavily doped, with doping levels in the 1018 cm3 range. The
fingers with specific widths are then produced by digging deep trenches. The n emitter is then
created by diffusion. The sidewalls are then metalized with the appropriate metal. An aluminum
metallic contact is made on the wafer's back side. The base width of the fingers must be less than
or equal to the depletion layer of the carriers in the base region.The following summarizes the
code's flow. First, the meshing definition in the x and y directions is written. At first, only half of
the configuration can be included in the process simulation. The surface treatment on Voc is then
defined using the mirror's capability. Voc is clearly increased when the n sidewall surface is
passivated with SiO,. The reason for this is that the gradient of the excess whole distribution is
reduced by the SiO; passivation. As a result, the reverse peak current decreases, increasing Voc.
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Solar energy is a low-density power supply that requires vast areas for exploitation when
compared to other renewable energy sources (RES). Furthermore, solar photovoltaic (PV)
technology has enormous potential for deployment in areas with high levels of global solar
radiation per year. However, one of the barriers to the development of solar power is the
inconsistency and variability of solar irradiation, which can differ geographically from one site to
the next. Choosing an appropriate site is a critical step in developing a viable utility-scale solar
PV project. However, utility-scale PV is defined as large-scale PV projects with a capacity of at
least 5 MW.A common question in solar energy research is: What is the best location for utility-
scale solar PV. The first step towards ensuring a cost-effective and high-performance solar
project is to conduct a comprehensive solar site analysis. In general, the process must take into
account decision criteria along with restriction factors that must be evaluated based on their
positive or negative impacts on the performance and cost of the generated electricity.
Furthermore, knowing the potential sites is just a strategic first step in predicting annual power
plant output as well as financial viability.

GIS is a powerful tool for consulting, analyzing, and editing data, maps, and spatial information.
GIS has grown in popularity in recent years as a tool for various site selection studies,
particularly for energy planning. Creating a decision support model that incorporates GIS and
multiple criteria can aid in determining the best location for solar energy. As a result, improving
the performance of solar PV projects is critical for maximizing generated output power, lowering
project costs, and assisting in the planning of future infrastructure projects.The methodologies
used to solve the problem with decision criteria are displayed, along with a grid-connection
option in various contexts. Grid-connected solar PV systems are linked as well as deliver power
to the public electric grid. Such systems can be distributed (serving a specific grid-connected
customer) or centralized (acting as a centralized power station and feeding into an electricity
network)[1], [2].

Geographical Information System

GIS has proven its ultimate potential for utilizing geographical information to create a spatial
decision support system. The integration of GIS with other techniques provides policymakers
with a better understanding of how to improve their selection and optimize their options by
taking into account various subjective and conflicting criteria.A GIS-based MCDM tool is
commonly used in spatial analysis to find the best sites for various applications such as landfill
site selection urban planning and renewable energy sites the two fields brings their benefits
together and can provide a finer lens and more reliable decision for optimal solar site selection.
Studies that used GIS-based MCDM for utility-scale solar PV site suitability in various regions.
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The Geographic Information System (GIS) is a computer medium (hardware and software) for
analysing, editing, consulting, storing, and disposing of spatial data in order to solve complex
planning problems [69]. The GIS is an excellent tool for strategic planning of solar energy
development projects due to its high level of maturity and advanced embedded tools.Building the
decision for utility-scale solar PV power plant site selection on extensive data, particularly from
GIS, provides significant benefits, including Improve solar project performance by ensuring
adequate solar irradiation and a comfortable air temperature. When the project is installed on flat
ground, facing south, and without a large shadow, the site orientation can be optimized.
Reducing transportation, power transmission, and production losses by considering sites near
these utilities and nearby urban areas, which are the main consumption points. Minimize the
effects on the environment, society, and infrastructure. Exclude protected areas and inappropriate
sites from the study areas.The discovery of potential solar sites can aid in the development of
new infrastructure, such as transportation and transmission lines, to be located near these sites in
order to promote the use of free energy. GIS-based approaches are detail-oriented, replicable
across regions, and can be automated for less palm computing. They are, however, time-
consuming and require a lot of compute resources[3].

Dealing With Uncertainties in Photovoltaic Site Selection

There is ambiguous and incomplete information in many real-life situations due to measurement
errors and conceptual inaccuracy; these limitations must be considered, particularly in the GIS-
MCDM analysis. The large study area, as well as the large number of alternative sites, may have
significant uncertainties that should be considered. Validating the data with ground monitoring
equipment could help to reduce uncertainty. Several aspects of uncertainty exist during the solar
PV site selection process, with uncertainty in solar irradiation estimation being one of the major
sources of general energy production uncertainty.Making accurate data compositions is critical
for reducing uncertainty in the solar resource estimate and, as a result, increasing confidence in
the project's power estimate. On the other hand, two types of uncertainty could be combined with
the decision-making process: (1) uncertainty associated with the ambiguous regarding the
description of the semantic meaning of the statements and events, and (2) uncertainty associated
with the decision situation's limited data and errors within. However, the criteria weights (DM
preferences) and criteria values (criteria maps) are the main sources of uncertainty in MCDM
tools To deal with uncertainty in the DM evaluation in classic AHP, for example, fuzzy AHP
was chosen to elicit the decision criteria weights in this incorporation of GIS with AHP for site
selection as

Comparisons of different methodologies in the same environment may provide insight into the
criteria influences and outcomes. Furthermore, wherever the uncertainty in results is designated
as a function of the uncertainty of the input, a framework for MCDA can be developed by using
a simulation method, such as Monte Carlo, to generate probability distributions of the inputs.
The sensitivity analysis focuses on how the uncertainty in the model input factors affects the
uncertainty in the output. As a result, the impact of varying criterion weights on MCDA model
output is without a doubt the most commonly used form of analyses in GIS-based multicriteria
modelling[4], [5].

Solar irradiation is an important factor in large-scale PV solar power projects. Significant
amounts of solar energy contribute significantly to the production of more electrical power from
resources. Demonstrates the top ten criteria taken into account in the criteria for selected solar
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PV site suitability studies. Furthermore, proximity to power lines and substations ensures
adequate grid accessibility while avoiding the high cost of establishing new lines and minimizing
power loss in transmission. Flat terrain is required for large-scale PV farms under the orography
criteria, so high slope areas are impractical for such projects due to low economic feasibility.
However, different slope degrees have already been considered in the literature, with the
majority of them focusing on 3%e10% to exclude extremely steep areas.

Forecasting of Intermittent Solar Energy Resource

Over the last decade, the market for photovoltaic (PV) and wind energy systems has grown to 50
GWp of PV plants and 62.7 GW of wind turbines installed in 2015 (an increase of 25% and 20%,
respectively, over 2014). At the end of 2015, total capacity in Europe and the world for PV was
94.6 and 227 GW, respectively, and 141.7 and 432.56 GW for wind energy plants.As the amount
of electricity produced by PV and wind energy systems grows, it becomes increasingly important
to integrate these two intermittent and stochastic renewable energy systems (ISRES) into power
grids.

One of the major challenges for future global energy supplies is to maintain safety while
incorporating a high proportion of renewable energy sources. The stochastic and intermittent
behavior of solar and wind resources causes numerous problems for power grid operators, which
will be discussed.These issues can be addressed in part by incorporating energy storage devices
and smart grids into the electrical network, as well as developing and improving production
forecasting methods. In the second paragraph, the importance of forecasting for solar and wind
production will be discussed, and it will be demonstrated that the development of such methods
is critical for good management of energy flows over electrical networks and for energy
storage([6], [7].

The production/consumption balance: a difficult task Even with conventional energy
production means

When electricity is generated, it must be used immediately before it is sent to the electrical
network. The energy manager must have all of the resources necessary to generate electrical
energy and must, in particular, maintain a precise balance with both electricity generation and
demand. This power balance must be maintained at all times in a power system, i.e., the
electricity demand must be balanced by the electricity generation at all times. The electrical
network must operate at a stable frequency (50 Hz, sometimes 60 Hz); thus, production systems
must always adapt to the power consumption in the electrical stations or the dispatching center.In
normal mode, the production is always equal to the consumption, and the electricity frequency
fluctuates slightly around the reference frequency.

If there is a sudden decrease in electrical production due to the loss of a means of production (or
if a cloud's shadow moves across a PV plant or the wind speed drops in front of the turbine), this
balance is broken and the frequency falls below the reference frequency. In these circumstances,
either a rapid increase in the produced electrical power by a connected production means (taking
into account the ramp rate e rate of power rise) or the addition of a new production means is
required (according to the start-up time). However, an energy plant's power ramp rate and
starting time are not instantaneous.Because of the long run-up time, the activation of a new
production system should be anticipated; only a hydraulic plant starts quickly, followed by a
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light-fuel turbine; combustion engines (fuel or gas) require approximately 45 minutes before
producing electricity.

Intermittence of Renewable Production and Impact on the Electrical Grid Management

Wind and sun are variable and unpredictable energy sources. They have an ongoing impact on
the planning and operation processes. Wind and solar variability each have distinct
characteristics and time frames Wind and solar sources' variability and unpredictability are
important because penetration levels are high[8]-[10].

Wind and solar resource uncertainty and variability pose challenges for grid operators. To
balance the system, this variability necessitates additional and complex actions. ISRES
integration into an electricity systems increases the complexity of grid management Greater
system flexibility is required to accommodate to provide variability and the relationship between
layer and loads.When renewable electrical power is less than or more than the power demand,
other generation units must compensate, implying that the global production system should
operate with a sufficient reserve margin (sensor devices already in operation but in part-load
operation) although most traditional generation units require a significant start-up time. This
enables the system to compensate for generation loss when necessary

The addition of solar or wind systems to the electrical grid introduces two types of constraints.
Some source-related constraints: The power is not guaranteed due to the intermittent and
stochastic behavior of the source, necessitating the continuous provision of other means in
reserve capable of compensating for variations in power and reacting immediately (in increasing
or decreasing their production in a short time). Solar and wind energy are not always available
when they are needed, and they are sometimes present when the network does not. In this case,
their output is excessive. The conventional energy system (as a fuel motor) operates in part-load
mode in order to respond quickly to a quick variation of intermittent wind energy (then, with a
low efficiency and an increase in fuel consumption per kWh produced and kWh production cost)

Some technical limitations: Because wind and PV systems have no inertia, they are sensitive to
voltage and frequency drops, which reduce production and exacerbate incidents. Furthermore,
they do not contribute to the "system service," or the stability and quality of the electrical
network (voltage and frequency regulation, switch-on in autonomous mode, or black-start)
[19e21. Electrically, these systems behave similarly to passive generators. Then, to maintain the
voltage and frequency regulation provided by conventional electrical plants, some conventional
production means with inertia must work continuously.ISRES penetration rate, i.e. the power
generated by ISRES in comparison to total electrical consumption, must be limited to ensure
electrical grid stability and supply security. Some feedback in Denmark indicates that for
penetration rates of up to 20% or 30%, stability issues may arise. A French directive caps the
active power generated by these plants at 30% of total active power.Other countries, such as the
Canary Islands, use the same maximum penetration rate of random renewable electrical systems
(Spain). This ISRES power limitation necessitates the development of methodologies for
determining renewable energy absorption capability as well as a thorough understanding of
produced and devoured energy fluxes at various temporal horizons.
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Cost of Intermittency

ISRES power variations are problematic for several reasons: because purchase electricity
contracts are set up in advance, because backup generators must be stopped or switched
depending on ISRES production variations, and because some of them must operate even when
not producing to compensate for short production variations; all of these factors contribute to the
cost associated with variability.Furthermore, ISRES production remained unclear until the last
minute, and because electricity trading occurs the day before delivery, the differences between
forecasted and actual production must be balanced on short notice, which is also costly. To adapt
to the constraints imposed by renewables variability, electrical systems must incorporate
additional flexibilities (new operational practises, storage, demand-side flexibility, flexible
generators, and so on).

The costs of integration are described as "an increase in power system operating costs," "the
additional cost of accommodating wind and solar," and "the additional investment and operation
costs of the non-ISRES components of the electrical system when ISRES power is integrated.

Forecasting and Influences on Production Cost

ISRES energy forecasting reduces the uncertainty associated with variable renewable energy
generation. It enables grid operators to commit or recommit generators more efficiently in order
to take into account changes in ISRES generation and respond to extreme events (ISRES
production or load consumption that is unusually high or low, reducing curtailment). Forecasts
allow for a reduction in the amount of operating reserves required for the system, lowering the
costs of system balancing. Forecasting error is a significant factor in integration costs and a lack
of good forecasting necessitates the use of larger energy reserves, which cannot be used for other
purposes.Grid operators can schedule and operate other generating capacity more efficiently with
such forecasts, reducing fuel consumption, operation and maintenance costs, and gas emissions
when compared to simply letting variable generation "show up."

Forecast Accuracy Evaluation

Before delving deeper into the various ISRES power forecasting approaches, it is necessary to
understand how their performance is measured. In the case of forecasting, evaluation is very
specific: For example, it can be used as a guiding self-assessment technique during the
development of a forecasting model, leading to improvements in the processing chain; it may
also serve as a technique to determine parameters optimizing the values given by either a training
set) for certain types of model structures; when studying other models, it aims to make
comparisons; and in operation, it allows tracking how the model behaves in real conditions.
Because there are various types of forecasts, evaluation must be tailored to each type of outcome.

This performance comparison is difficult due to a variety of factors such as different time
horizons, different time scales of predicted data, and the variability of meteorological conditions
from one site to the next. It involves comparing forecasted outputs y (or predicted time series)
with observed data y (or observed or measured time series), which are also measured data linked
to a measure's error (or precision).Several graphic tools can be used to estimate the model's
adequacy with experimental measurements a time series of predicted data compared to measured
data allows for a more visual representation of forecast quality. For example, high forecast
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accuracy is observed in clear-sky conditions and low forecast accuracy in partly cloudy
conditions.

Scatter plots of predicted data over measured data reveals systematic bias and deviations based
on solar irradiance conditions and provides access to the range of deviations associated with
forecasts.In time series forecasting problems, the NN model is equivalent to a nonlinear AR
model. The number of past input values p can be calculated using the auto-mutual info technique
in the same way that the AR model can. The model establishment requires special consideration.
Indeed, an overly sophisticated model (too many neurons) may overfat the training data. To
control the NN complexity, various techniques such as pruning or Bayesian regularization can be
used. To estimate the NN model's parameters, the (approximation to Newton's method) learning
algorithm combined with a max fail parameter before stopping the training is commonly used.
The max fail parameter is analogous to a regularization tool that limits the number of learning
steps after a specified number of failed predictions: its goal is to control model complexity.

The Future of the Renewable Energy Forecasting

Machine learning methods produce the best results for now casting, whereas NWP methods
produce the best results for longer horizons. However, it is reasonable to expect that in the
future, some improvements will make the predictions more accurate. It is difficult to imagine a
major breakthrough in very short-term prediction (infra-hour): sky imagers and ad hoc prediction
methods already provide very good results today.

Now-Casting

Even though they produce excellent results, all methods based on the use of regression trees or
similar methods (boosting, bagging, or random forest) are rarely used. It is difficult to draw
conclusions at this point, but these methods are likely to become a reference in terms of
irradiation prediction within the next 5 years. K-NN is undoubtedly an alternative to all of the
preceding methods, but this must be demonstrated. Actually, ranking machine learning methods
is extremely difficult, though SVR, regression trees, boosting, bagging, and random forest appear
to be the most efficient. To address this issue, some authors are not afraid to combine single
predictors. There are numerous solutions that incorporate predictors. ANN is frequently used to
build predictors.

Systematically, an ensemble of predictors outperforms a single predictor, but the best
hybridization methodology is not well defined. More research is needed to propose a more robust
method, or perhaps to prove that all methods are equivalent. It is not currently demonstrated!
There are several methods for estimating solar radiation. Some are frequently used, such as
ANN, ARIMA, and nave methods; others are becoming more popular, such as SVM, SVR, and
k-mean; and others are rarely used (boosting, regression tree, random forest, etc. Three methods
are likely to be used in the coming years: SVM, regression trees, and random forests, because the
results obtained so far are very promising. Deep learning, a branch of machine learning based on
a set of algorithms that attempt to model high-level abstractions in data by using model
architecture, with complex structures or otherwise, composed of multiple nonlinear
transformations, is undoubtedly the type of prediction models that will be studied extensively in
the near future. This research area is relatively new, and there is limited experience, but in the
future, this type of methodology may outperform traditional methods, as is already the case in
other predicting domain names (air quality, wind, economy, and so on). As a result, forecasts
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obtained through various methods can be calculated to meet various needs. The question then
becomes, how they will be put together. The answer is clearly not simple, as the various
forecasts produced differ on numerous points. Furthermore, some of them will be associated with
confidence intervals, which should be combined as well.

Major Sectors of Primary Energy Use

Electrical power, transportation, heating and cooling, industrial, and other uses of primary energy
sources include cooking. According to IEA data, electricity demand nearly tripled from 1971 to
2002 and quadrupled by 2011. This is not surprising given the ease with which electricity can be
transported and used.Although primary energy use in all sectors has increased, their relative
shares have decreased with the exception of transportation and electricity that the global share of
primary energy used for electricity production increased from around 20% in 1971 to around
40% in 2011. This is due to the fact that electricity is quickly becoming the preferred energy
source for all applications.

In 2011, the power sector accounted for nearly 42% of total CO2 emissions. Emissions could be
reduced by increasing the use of renewable energy sources. All renewable energy sources
combined accounted for approximately 20% of global electricity production. Wind and solar
power technologies have greatly improved and become more cost effective over the last two
decades. As a result, their share of electricity production has been rapidly increasing. Over the
last decade, wind power capacity has increased at a rate close to 30% per year, while solar
photovoltaic power capacity has increased at a rate close to 50% per year, resulting in wind and
solar providing a combined 2% of all electricity generation in the world in 2011, with nearly all
of it coming online in less than two decades. Because solar and wind technologies are now
mature, replacing fossil fuels with renewable energy (RE) for electricity generation must be an
important part of any strategy for reducing CO; emissions into the atmosphere and combating
global climate change.

Essentials of fluid dynamics

Many renewable energy resources arise from the natural flow of air and water. Hence the
movement of energy to and from a moving fluid is the basis of climatology and of hydro, wind,
wave and some solar power systems. Examples of such uses include hydropower turbines.

To comprehend such systems, we must start with the basic laws of mechanics as they apply to
fluids, especially the laws of conservation of mass, energy and momentum. The term fluid
comprises both liquids and gases, which, unlike solids, do not remain in equilibrium when
subjected to shearing forces. The hydrodynamic distinction between liquids and gases is that
gases are easily compressed, but liquids have volumes altering only slightly with temperature
and pressure. Gaseous volumes fluctuate directly with temperature and inversely with pressure,
essentially as the perfect-gas law pV = nRT. Nonetheless, for air, moving at speeds <100 ms—1
and not exposed to major forced fluctuations in pressure or temperature, density change is small;
this is the situation for the solar panels investigated quantitatively in this book. It does not apply
to the analysis of gas turbines, for which professional texts should be read. Therefore, throughout
this article, moving air is supposed to mimic the fluid dynamics of an incompressible fluid. This
substantially simplifies the study of most renewable energy systems.
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Several significant fluid flows are also continuous, i.e. the particular sort of flow pattern at a
point does not fluctuate with time. Hence it is beneficial to envision a set of lines, termed
streamline, parallel with the velocity vectors at each point.A further contrast is between laminar
and turbulent flow For example, watch the smoke rising from a smoking taper in still air.
Towards the taper, the smoke rises in an ordered, laminar, stream, with the paths of surrounding
smoke particles parallel. Farther from the taper, the flow becomes chaotic, chaotic, with
individual smoke particles melding in three dimensions. Turbulent flow approximates to a
constant mean flow, subject to friction force induced by the velocity changes. Yet, even under
turbulence, the airflow remains inside well-defined (though imaginary) stream tubes, as limited
by streamline.

Buildings and other solar thermal applications

Solar heating has many additional applications than the heating of water; the most important,
utilizing the theory of heat transport and storage already. We introduce main principles only and
give guidance to specialist sources for detailed knowledge.Keeping buildings warm in winter,
and cool in summer, accounts for up to half of the energy requirements of many nations even
modest contribution to this load, by planning or remodeling buildings to make use of solar
energy, abates nationally important amounts of fuel per year. The design and construction of
energy-efficient, solar-friendly structures that has become an essential component of modern
architecture (although tragically some very energy-inefficient buildings are still produced.For
best results, the design requires an integrated approach, taking account of not only the solar
inputs and their interaction with the building envelope, but also the internal heat transfers in the
building, not least those gains arising from the activities, equipment, plant and machines of the
occupants.

Solar heat can also be utilized to heat air for drying crops Most of the existing world grain
harvest is lost to fungal attack, which could be prevented by appropriate drying. Crop drying
needs the transport not only of heat but also of water vapor. This is even truer with the solar
desalination systems detailed including the utilization of solar heat to distil fresh (potable) water
from saline or brackish impure water.Heat engines convert heat into work (which may in turn be
converted to electricity), and can be driven by solar radiation. Indeed, since the potential
efficiency of heat engines grows with their working temperature, there are theoretical advantages
in using solar radiation, which arrives at a thermodynamic temperature. High temperatures are
obtained by concentrating clear sky insolation on a surface of area substantially less than that of
the concentrating mirror. Indeed, if the concentrators are large and the area is insulated in a
hollow, temperatures approaching but not equaling 6000 K can be produced. Such devices are
treated, and their application for thermal electricity generation and other applications producing
energy from solar heat in this way has been developed to commercial practice. However,
focusing collectors have various other uses, not least in relation with photovoltaic.

Air heaters

Hot air is essential for two purposes: warming people and drying crops. Solar air heaters are
similar to the solar water heater in that the fluid is warmed by interaction with a radiation
absorbing surface. In instance, the effects on their performance of direction and heat loss by
wind etc. are relatively comparable for both types.Two typical layouts are Remember that air
heaters are cheap since they do not have to hold a heavy fluid, may be built of light, local
materials, and do not need frost protection.
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Energy-efficient buildings

A large usage of energy in colder climates is to heat buildings, especially in winter. What a
person considers a suitable air temperature depends on the humidity, the received radiation flux,
the wind speed, clothing and that individual’s activities, metabolism and life-style. Thus, inside
(room) temperature Ty may be regarded comfortable in the range of about 15-The indoor
infrastructure should be at such a ‘comfort temperature’, whilst using the least artificial heating
or cooling Boost, even when the exterior (ambient) temperature Ta is substantially beyond the
comfort range.

Passive solar systems

Passive solar design in all climates consists of structurally arranging the lumped building mass
m, a sun-facing area A, and the loss resistance R to achieve maximum solar benefit. The first
step is to protect the structure.Proper construction (high R), including draught preventive
medicine and, if necessary, controlled ventilation with heat recovery. The orientation, size, and
position of windows should allow for a sufficient product of GA (perpendicular to the glazing)
for considerable solar heating in the winter, with shading to prevent overheating in the summer.
The windows themselves should be built with advanced multi-surface construction to provide a
high resistance to heat transfer other than short wave solar radiation.

Solar heat gain in winter is possible for passive solar buildings at higher latitudes because
insolation on vertical sun-facing windows and walls is significantly greater than on horizontal
surfaces. The sun-facing internal mass surfaces should be painted in a dark color with >08), and
the building should be designed with a large mass of interior walls and floors (large m) for heat
storage within the insulation, limiting variations in Tr. Overheating can be avoided by installing
external shades and louvres, which also provide additional thermal insulation at night.

Active solar systems

An alternate space heating strategy is to use external (independent) collectors, heating either air
or water in an active solar system. Such systems are easier to regulate than fully passive systems
and can be added to existing houses. Unfortunately, the collectors have to be large, and
retrofitting is usually significantly less satisfactory than perfect passive design at the initial
building stageln either instance a huge storage system is needed, or a large tank water; Water-
based systems require heat exchangers, (e.g. ‘radiators’) to heat the rooms, and air-based systems
need substantial ducting. A set of pumps or fans is needed to circulate the working fluid.Like
passive systems, active solar systems will perform well only if heat losses have been avoided. In
practice so-called passive houses are much improved with electric fans, controlled to transfer air
between rooms and heat tores. So the word ‘passive’ tends to be used when the Sun’s heat is fist
trapped in rooms or conservatories behind windows, even if controlled ventilation is used in the
building. ‘Active’ tends to be used if the heat is first captured in a purpose-built external
collector.

Integrated energy-efficient buildings

The study for real buildings is complicated because of the complex absorber geometry, heat
transmission through the walls, the presence of humans in the house and the large ‘free gains’
from lights etc. Individuals make independent modifications, such as opening windows or
drawing the curtains that cannot be easily predicted. Also their metabolism contributes
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considerably to the thermal balance of a ‘energy conscious’ building with 100—150 W per person
in the term boost A reasonable number of air changes (between one and three per hour) is
required for ventilation, and this will usually create significant heat loss unless heat exchangers
are added.

Computer programmers such as Energy-10 (USA) and Breeam (UK) are designed to model the
interactions between all the factors affecting the energy performance of a building and are widely
used, but it is still essential for analysts to appreciate the importance of the individual effects
through simplified, order of magnitude, calculations such as those in show some actual buildings,
designed and constructed for energy efficiency. The design concepts of many such structures go
beyond only energy efficiency and ‘solar architecture’ to sustainable design, which also
examines the sustainability of the materials used in construction and the impacts of the building
and its use on other environmental flows such as clean water. Such considerations would include
the ‘embodied energy’ of the building and also the extent of utilization of non-renewable
resources, e.g. rain-forest timber. Although professional architects may design such buildings
with a cost no more than that of ‘conventional’ buildings, it is sad that far too many modern
buildings fall far short of these criteria. Indeed in most countries, other than in northern Europe,
the building regulations do not require more than minimal energy efficiency in buildings; the
shortfall is made up at great cost to the occupants and the environment by overly large energy
inputs in the form of heating and air conditioning from non-renewable energy sources.

The Canberra house, is built for winters which are cool minimum temperatures roughly -5 C yet
sunny. This means that orientation is vital, as are overhangs to block off direct sunlight in
summer. The house is meant to optimize (passive) solar performance while being of similar
construction cost to a typical house of the same size and equivalent materials (brick); this was
achieved, with energy running costs of about 10% of those usual in the area. Glazing is
maximized on the northern ‘equatorward’ side depicted in the picture, and minimized on the
southern side. The external walls and ceiling are insulated (albeit not as much as necessary in
Scandinavia), the floor and interior walls are of The Oberlin College building, is constructed for
a more severe cold climate, and has several aspects similar to the Canberra home.

Suitable for its duty as a teaching facility for environmental studies, the building is intended to
enhance passive solar efficiency and daylighting, and observe the prominent glazed atrium.
Thermal mass in the floors and walls traps and radiates heat. Energy-efficient ventilation (e.g.
the clerestory windows, which open in summer), insulated roof structure and walls, and building
controls for lighting and glass are used. There are water-sources heat pumps for heating, cooling
and ventilation. The structure also contains photovoltaic panels in the roof (not visible in this
shot), a wastewater treatment system simulating a natural wetland, and building materials chosen
with consideration to sustainability of the building and the sources of materials.By contrast, the
Gold Coast house, mimics a classic Queenslander’ architecture, which are lightweight buildings
positioned high to capture An alternate space heating technique is to use external (independent)
collectors, heating either air or water in an active solar system. Such systems are easier to
regulate than entirely passive systems and can be added to existing houses. Unfortunately, the
collectors have to be huge, and retrofitting is usually substantially less pleasant than perfect
passive design at the initial building stage In either situation a vast storage system is needed (eg.
the building fabric, or a rocked in the basement, or a large tank water; Water-based systems
require heat exchangers,(e.g. ‘radiators’) to heat the rooms, and air-based systems need extensive
ducting. A pair of pumps or fans is needed to circulate the working fluid.
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Like passive systems, active solar systems will work successfully only if heat losses have been
avoided. In practise so-called passive dwellings are significantly improved with electric fans,
controlled to transport air between rooms and heat tores. Therefore the name ‘passive’ tends to
be used when the Sun’s heat is fist held in rooms or conservatories behind windows, even if
regulated ventilation is utilized throughout the building. ‘Active’ tends to be used if the
temperature is first caught in a purpose-built external collector.
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Many possible applications of solar heat demand bigger temperatures than those achieved by
even the greatest flat plate collectors. In example a working fluid at 500C can operate a standard
heat engine to produce mechanical work and thence (if required) electricity. Even greater
temperatures ~2000C are useful in the synthesis and purification of refractory materials.A
concentrating collector comprises a receiver, where the radiation is absorbed and to some other
energy form, and a concentrator, which is the optical system that directs beam radiation onto the
receiver, consequently it is frequently required to continually orientate the concentrator so that it
faces the solar beam. Analyses a non-tracking scenario. The aperture of the system A is really
the projected area of the concentrator facing the beam. We define the concentration ratio X to be
the ratio of the area of aperture to the area of the receiver:

For an ideal collector, X would be the ratio of the flux density at the receiver to that at the
concentrator, but in fact the flux density varies greatly across the receiver. The temperature of
the receiver cannot be increased indefinitely by simply increasing X, as per Kirchhoff’s
principles the receiver temperature Tr cannot exceed the equivalent temperature Ts of the Sun[1],
[2]. Additionally the Sun (radius Rs, distance L) subtends a finite angle at the Earth which limits
the possible concentration ratio to

Parabolic trough concentrator

The concentrator is a parabolic mirror of length 1 with the receiver running along its axis. This
produces concentration solely in one dimension, so that the concentration factor is less than for a
paraboloid dish. On the other hand, the one-dimensional arrangement is mechanically simpler.
Similarly, it is typical to have a trough collector track the Sun just in one dimension. The axis is
aligned north—south, and the trough rotated (automatically) about its axis to follow the Sun in tilt
only. The power absorbed by the absorbing tube is:

P, .=p.alDG,

Where the reflectance of such concentrator is, is the absorptance of the absorber, led is the area
and Gb is the averaged beam irradiance on the trough. The cover depicted s intended to reduce
down heat losses from the absorber. It also shuts out some alkaline direct radiation, but this is
minimal compared with the intense radiation coming from the other side. The absorbent loses
radiation only within directions unprotected by the shield[3], [4].

Social and environmental aspects
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Keeping buildings cozy during the wintertime, nor cool in summer, accounts for up to shelf of
the energy requirements of many nations Even modest contribution to this load, by planning or
remodeling buildings to make use of solar energy, abates nationally important amounts of fuel
per year, therefore also abating the accompanying greenhouse gas emissions.

The best outcomes are achieved by allowing for energy considerations the design and
construction stage—not least by suitable orientation of the building. Integration of site-specific
features in this way also makes the buildings architecturally fascinating marginal cost of such
solar features is negligible at construction of new buildings. Yet, very considerable energy gains
can be obtained by retrofitting insulation, shading, curtains, skylights, etc. to existing structures,
with the savings in fuel costs accruing to the householder. This is nearly always a paying
proposition, with payback time often only a few months, and is therefore one way in which
individual householders can both benefit themselves and contribute to national greenhouse gas
strategies and to sustainable development through the abatement of non-renewable energy
use.The paybacks for commercial buildings are often equally short, but the ‘landlord—tenant
problem’ intrudes: the landlord pays the (extra) cost of insulation or control equipment for
heating and air-conditioning so that operating the building is more energy efficient (e.g. heating
or cooling specific spaces and not treating the whole building as one unit), but the benefits
accrue to the tenant. This is an instance when action by government regulation is necessary,
hence enforcing acceptable minimum requirements for energy performance, as happens in a few
nations. Sustainable development features of buildings go much beyond energy use within the
building envelope, for example to the embodied energy utilised in the construction process
(including the energy and other resources embodied in the building components)[5], [6].

The other technologies examined in this chapter (solar crop driers, solar distillation, absorption
refrigerators, solar ponds and solar thermal power systems), although not nearly so widely
applicable as energy-efficient buildings, can all make a positive social and environmental
contribution locally. Although solar ponds accumulate significant quantities of salt, they are only
likely to be utilized in places where salt (or salty water) is already abundant, and are hence
unlikely to contribute appreciably to worsening salination of agricultural land. Sun thermal
electric power systems necessarily involve high beam radiation, which can be a concern for the
eyes of people and birds, although this is easily addressed within regular safety
standards.Consideration should also be made here of two age-old solar thermal technologies
which both eliminate the need for major fossil fuel use: clothes drying and salt manufacture (by
evaporation of salt water in vast salt pans) (by evaporation of salt water in large salt pans).It is
particularly disheartening that in many rich houses and institutions, washed clothes are always
dried by heat from electricity in clothes driers, rather than using sunshine wherever possible.
Such methods are examples of non-sustainable growth.

Photovoltaic generation

Only two ways are employed to generate meaningful electric power. The first, discovered by
Michael Faraday in 1821 and in commercial production by \1885, requires the relative movement
of a magnetic field and a conductor and consequently an external engine or turbine. The second
is photovoltaic generation utilizing solar cells (more technically called photovoltaic cells) (more
technically called photovoltaic cells.These devices produce electricity directly from
electromagnetic radiation, especially light, without any mechanical parts. The photovoltaic effect
was discovered by Becquerel in 1839 but not utilised as a power source until 1954 by Chapin,
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Fuller and Pearson using doped semiconductor silicon.Photovoltaic power has been one of the
fastest growing renewable energy technologies: annual output of cells expanded tenfold from
roughly 50 MWsin 1990 to more than 500 MW by 2003, with this growth continuing
subsequently. Demand has been spurred by the modular character, standalone and grid-linked
options, reliability, convenience of use, lack of noise and pollutants, and falling cost per unit

energy produced[7], [8].

Photovoltaic generation of power is caused by electromagnetic radiation separating positive and
negative charge carriers in absorbing material. If an electric field is present, these charges can
produce a current for use in an external circuit. Such fields persist constantly at junctions or
inhomogeneities in photovoltaic (PV) cells as ‘built-in’ electrostatic fields and provide the
electromotive force (EMF) for useful power output.

Power generation is obtained from cells matched to radiation having wavelengths from the
infrared ~10m to the ultraviolet however, unless otherwise specified, we assume cells matched
to solar short wave radiation The built-in fields of most semiconductor/semiconductor and
metal/semiconductor cells create potential differences of around 0.5 V and current densities of
about 400 A m-2 in clear sky solar radiation of 0 kW m-2. Commercial photovoltaic cells,
dependent on pricing, have efficiencies of 10-22% in typical daylight, whereas laboratory
specimens sand arrangements approach greater efficiency. The cells are frequently linked in
series and fixed within weather-proof modules, with most modules producing roughly 15 V. The
current from the cell or module is fundamentally direct current, DC. For a particular module at
an optimum fixed position, daily output depends on the environment, but may be predicted to be
about 0.5-1.0 kWh.

Output can be boosted utilizing tracking devices and sun concentrators. Junction devices are
commonly dubbed ‘photovoltaic cells ‘despite the solar energy photons provide the current, as
the voltage is already present across the junction. The cell itself provides the source of EMF. It is
vital to recognize that photovoltaic devices are electrical current sources powered by a flux of
radiation. Effective power consumption depends not only on efficient generation in the cell, but
also on dynamic load matching in the external circuit. In this aspect, photovoltaic devices are
similar to other renewable sources of power, but the precise methods may vary by using DC-to-
DC converters as ‘maximum power tracking’ interfaces.On a suitably bright site of insolation
20MJ m2 day -1, power can be produced that is substantially cheaper over longer use than that
from diesel generators, especially in remote areas where fuel supply and maintenance expenses
may be large. The end aim is to be competitive with some daytime peak grid-electricity pricing,
which is most possible if the polluting forms of generation are penalized for external expenses.

Fermi level

Since electrons rapidly enter the conduction band due to thermal stimulation, n-type materials
have higher conductivity than intrinsic materials. Similarly, p-type holes readily penetrate the
valence band. The Fermi level is an analytical and descriptive approach of understanding this It
is the apparent energy level inside the restricted band gap from which majority carriers (n-type
electrons and p-type holes) are stimulated to become charge carriers. The probability changes as
expel/kT, where e is the charge of the electron and hole, e = 161019 C, and is the electric
potential difference between the Fermi level and the valence or conduction bands, as applicable.
In the traditional, potential energy rises upward for electrons and downward for holes[9], [10].
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Junctions

Excess donor impurities may be introduced to designated portions of the p-type material, causing
them to become d e in the otherwise continuous material, and vice versa. A junction (which is
not generated by physically pressing two distinct pieces of material together!) is the area of such
a dopant shift.

Yet, suppose the connection occurred instantly in the otherwise isolated material Donor electrons
from the n-type material cross to the acceptor p-type material, and holes do the same. Eventually,
a stable state is attained. The electric field created by the buildup of opposite-sign charges on
either side of the junction balances the diffusive forces induced by the differing concentrations of
free electrons and holes. As a consequence, the Fermi level remains constant throughout the
material. Nonetheless, there has been a net charge shift at the junction, with excess negative
electrode now on the p side and positive charge on the n side.

Junction currents

Electrons and holes may be produced thermally or by light and hence act as carriers in the
substance. Minority carriers are electrostatically dragged across electrostatic gradients once they
enter the built-in field of the depletion zone. As a result, minority carriers who cross the zone
become majority carriers in the next stratum. The passage of these carriers results in the
generating current Ig, which is mostly regulated by temperature in an unlit junction. There can be
no general imbalance of current over the depletion zone at an isolated junction. From the bulk
material, a reverse combination current Ir of similar size occurs.

Solar radiation absorption

The fundamental variables for photovoltaic power production in a conventional solar cell, such
as Si material, are as follows: The solar spectrum contains frequencies that are too low for
photovoltaic production].Heat is produced by the absorption of these low frequency (long
wavelength) photons, but no electricity is produced.Excess photon energy hvEg is squandered as
heat at band gap absorption frequencies h > Eg. As a result, the optimal band gap absorption to
suit a solar spectrum for maximum power generation exists. Since the spectral distribution of
received solar energy changes with atmospheric penetration.

Maximizing cell efficiency

Several losses reduce the efficiency of photovoltaic cells; some are controllable, while others are
inherent in the system. Some boundaries are evident and can be handled individually, whereas
others are complicated and cannot be manipulated without causing interconnected consequences.
Increasing dopant concentration, for example, may have both beneficial and detrimental
consequences.Average losses in AMI irradiance for commercial Si p-n junction single-crystal
solar cells. Regrettably, there is no uniform practise for naming the loss factors. Such enhanced
efficiency comes at the expense of complexity and, as a result, the cost of manufacture. Yet,
laboratory-scale "champion" cells (which sometimes lack endurance) demonstrate the promise
for advancement in a range of solar cell technologies. The trade-off between cost, complexity,
and efficiency is a difficult business decision for both solar cell makers and consumers. In
general, there is a bias towards more efficiency, since installations with a given total power will
take up less space and cost less to carry and install. There are a few applications where
consumers demand the highest efficiency with adequate durability, essentially regardless of cost,
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such as solar vehicle racing or in space. Yet, for most space applications with plenty of space,
cost per kWh produced is a critical factor.

Collection efficiency

Collection efficiency is a nebulous phrase that various writers utilise differently. It may be used
to incorporate the losses outlined or, more often, as in this case, to electrical charge collection
following carrier creation. The fraction of radiation-generated electron-hole pairs that create
current in the external circuit is therefore described as collection efficiency. The collection
parameter for 10% overall efficiency cells is typically about 0.7. Raising this to about 0.9 would
result in cells with more than 20% total efficiency, hence collection efficiency increase is a
primary design goal.There are several variables that influence collecting efficiency, as shown
below. Back surface field is one enhancement that has not been highlighted anywhere (BSF). A
layer of higher dopant concentration is created as a second layer beyond the p-n junction, for
example, Im of p+ on p to make a 200 kV m1 junction Electron minority carriers produced in
the p layer near this p+ area arereflected down a potential gradient back to the main p-n junction
rather than up the gradient to the back metal contact. As a result, electron-hole recombination at
the rear contact is decreased. Equivalent diode-like layers, shown here as a n on p cell, may be
added on the front surface to achieve the same result for holes, as long as optical absorption is
not greatly enhanced.

Series resistance

The current from the solar cell must pass through the solid matrix to reach the contact leads. The
contact at the back can cover the entire cell, and the contribution to series, electrical 'ohmic'
resistance is very low. The top surface, on the other hand, must still be exposed to as much light
as possible. As a result, it should be protected by the smallest number of contacts. However, this
results in relatively long current paths with noticeable series resistance. Significant
advancements have been made in the formation of these contacts, such as the formation of laser-
cut channels inside which thin contacts can be formed and the arrangement of the surface layout
to reduce the top surface series resistance to 01% in a cell resistance of 20% at peak power.

Crystal growth

With polycrystalline ingots, very pure, high grade base material is produced. Impurities should
be less than one atom in 109, or 1018 atoms per m3. This initial material must be formed into
huge single crystals. This well-known crystal growth process involves dipping a tiny seed crystal
into molten, as seen in Dopants (for example, boron acceptors for p-type) are introduced to the
melt. With a bigcrystal developing from the seed, the crystal is slowly mechanically hauled
upwards. The crystal is then cut 300m thick using very precise diamond saws, as with previous
single crystal development procedures. This method may result in the loss of 40-50% of
crystalline material, which is a significant loss.

Zone 2 refinement

A rod of polycrystalline material is created. By using a radio frequency coil or ribbon growth, a
molten zone is transmitted down the road. By generating a continuous thin strip of single crystal
up to 10 cm broad and 300m thick, this approach eliminates slicing and the associated wastes.
The ribbon may be kept on heavy steel rolls and then sliced to produce cells on the surface.
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Deposition by vacuum

This approach may be employed at many phases of fabrication, such as the top metal layer of a
Schottky diode. Si vacuum deposition is challenging and seldom effective. The formation of
polycrystalline material occurs. The process's low cost may compensate for such lower
efficiency cells generated.

Slice treatment

After that, the 200-400m thick pieces are chemically etched. Diffusion of donors (e.g.,
phosphorus) forms a very thin layer of n-type material on the top surface. One way is to heat the
slices to 1000 degrees Celsius in a vacuum chamber filled with P>Os, but more often, the slices
are cooked in nitrogen with the addition of POCIl;.The grid of electrical connections may be
formed using photolithographic processes. Ti may be deposited first to produce a low resistance
contact with the Si, followed by a very thin Pd layer to avoid chemical interaction of Ti with Ag,
and then the final Ag deposit for the current carrying grid. Printing and electroplating are used in
other procedures. The critical antireflection layers are then carefully coated using vacuum
processes; nevertheless, the textured surface qualities are generated simply by chemical etching.
To get a BSF of p+ on p, the back surface might be diffused with aluminum. The back electrical
metal contact is put as a reasonably thick overall layer on top of this.

Types and adaptations of photovoltaic

While the flat plate Si solar cell has been the dominating commercial product, there are many
other varieties and architectures available. They attempt to enhance efficiency and/or reduce the
cost of electricity production through lowering capital costs.

Variations in Si material

While the flat plate Si solar cell has been the dominating commercial product, there are many
other varieties and architectures available. They attempt to enhance efficiency and/or reduce the
cost of electricity production through lowering capital costs.

Variations in semiconductor mechanisms

One single crystal. Thus far, the cells described assume a single-crystal basis material. Most of
the procedures in can generate this. Offcuts of best-grade Este material (typically Czochralski)
have been very inexpensively accessible from the microelectronics sector, encouraging its
application in solar cells. Nevertheless, with the ever-increasing expansion of PV manufacturing,
this resource is no longer adequate.It is polycrystalline. Using polycrystalline material (also
known as multicrystalline material) may result in significant cost reductions. This is not
necessarily structurally weak, but the existence of barriers between crystal grains enhances
electron-hole pair recombination. As a result, polycrystalline solar cells have lower efficiency
than single crystal solar cells. Nevertheless, R&D closed the efficiency gap, and by 2004,
polycrystalline Si accounted for half of total commercial output of solar cells. Polycrystalline
cells may be created using less expensive thin-film processes, as discussed later although the
solid state characteristics may be drastically altered.
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Three amorphous

Amorphous materials are solids with a limited range of order (glass has an amorphous structure).
Materials that are considered semiconductors may retain semiconductor characteristics in the
amorphous form under certain circumstances. Electrical resistivity may be comparable, and n-
and p-type dopants, in particular, may be introduced to induce effects similar to those seen in
crystalline materials. Typically, however, the amorphous structure provides a substantial fraction
of unsatisfied 'dangling' chemical interactions that easily operate as uncontrolled electron or hole
traps. Yet, if the material is created with a significant concentration of hydrogen, the number of
such bonds is drastically decreased. Amorphous Si (a-Si) may be utilized in thin-film solar cells
(see below), which have a total thickness of around Im (i.e. 1/100 the thickness of a single-
crystal cell). Within that 1m, the development of amorphous cells with numerous connections
enhanced efficiency by around 10% and allowed for lower-cost installations. Reduced efficiency
with age, particularly in the initial few years of operation, is a practical challenge. One benefit is
that the output of a-Si cell does not decrease with increasing temperature.

Other substrate materials

There are several multi-element materials with semiconductor junction capabilities that may be
used in solar cells. Search for them in specialist books, journals, and websites. Offers a limited
number of solar cell materials, and provides some typical parameters of p-n junction cells
constructed with the material as the bottom layer. Si is the most significant economically and
historically. Nevertheless, since crystalline Si is an indirect-gap semiconductor with a very
modest extinction coefficient, it takes at least 10 times as much crystalline Si to absorb a given
proportion of sunlight as other semiconductors such as GaAs or even amorphous Si. As a result,
a solar cell may be made with a considerably thinner layer of these other semiconductor
materials, perhaps at a lower cost of production. Amorphous Si, CdTe, and Cu(InGa)Se2 are
among the materials that have received the greatest attention for use in thin-film solar cells;
many more variants are being investigated, notably those based on mixed elements from groups
IIT and V of the periodic table, such as GaAs. None of them have as well-understood solid-state
characteristics as Si.

CulnGaSe?2 stands for copper indium selenide (CIGS). In the laboratory, thin-film cells based on
this alloy attained close to 20% efficiency. CIS (no gallium) was used before, but its
performance was hampered by its low band gap of 1.0 eV. A polycrystalline thin cell may be
formed by simultaneously evaporating Cu, Ga, in, and Se onto a neutral substrate such as Mo-
coated glass. The alloy film is p-type, and the p-n junction is produced by depositing an n-type
layer of CdS, ZnO, or another appropriate and stable material on top.

Cadmium telluride 2 (CdTe). CdTe is a straight band gap semiconductor with Eg = 15 eV, which
is close to the ideal band gap for an AM1 solar cell. It may be deposited in thin polycrystalline
films using electrodeposition or other methods, and a heterojunction with CdS can be created.
Efficiencies of 16% have been recorded, although CdTe cell performance is susceptible to
manufacturing circumstances in ways that are not completely understood, with some cells
deteriorating significantly over time while others do not.Gallium arsenide 3 (GaAs).
Heterojunctions containing GalxAlxAs are commercially available. Theoretical cell goal
efficiencies are about 25%, whereas GaAs devices have actual efficiencies of 16%. Because of
the high extinction coefficient, good control of layer depths is required, and surface
recombination might be considerable.
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Stand-alone applications

Photovoltaic modules are very dependable since they have no moving components and need no
maintenance or external inputs such as gasoline, simply a flow of solar energy. Its initial notable
applications were therefore in areas where a tiny amount of electric power was required but fuel
for traditional generators was difficult or costly to obtain. Space satellites and autonomous,
stand-alone mechanisms in remote areas such as meteorological measurement, marine warning
lights, and telecommunication repeater stations are examples of such applications (even in the
1980s, the operating cost of a boat to bring top-up fuel to a remote lighthouse every so often
months was far greater than the capital cost of the photovoltaic system!). Most stand-alone PV
systems employ a battery to store and control electricity. Storage is required when solar input
does not correspond with demand, such as for night illumination or peak power when signals are
relayed. Regulation is required, generally with the inclusion of electronic controllers, since there
would be no voltage reference otherwise. Standalone applications are often automated, are
updated on a regular basis by experienced personnel, and do not need unskilled personnel.

Since the 1970s, the wealthy have used it extensively for lighting and communications in
vacation chalets mobile homes' recreational vehicles,' yachts, and so on. PV power for pocket
calculators and other 'gadgets' has also become considerable. Such ‘markets for the affluent' have
accompanied extraordinary development in PV stand-alone electricity for residences ('solar
homes'), communities, and medical and educational institutions in underdeveloped nations,
particularly for lighting, water pumping, radio, and television. The distance from the electric grid
at which the installations are cost competitive has decreased as the cost of PV systems has
decreased. Installing car-parking meters or pathway illumination as stand-alone, solar-powered
devices, for example, is frequently cheaper and always safer than installing a connection and
metering from the grid for the modest quantities of electricity necessary. Moreover, since the
most recent electrical products, including lights, constantly utilise less power than their
predecessors, PV electricity is much more likely to be employed.

Grid-connected systems

Since 2000, distributed grid-connected systems, such as those seen in have become the most
common and fastest-growing use of photovoltaics. All of these systems use an inverter to convert
the DC energy generated by the PV array into the AC power required by the grid. Grid-
connected inverters vary from stand-alone inverters in that they employ the utility line's
prevailing line voltage frequency as a control parameter to guarantee that the PV system output
is properly synchronized with the grid. As part of this feature, PV systems must be able to
disconnect when utility power fails, so that no unexpected and possibly harmful rogue' voltage
occurs on the grid line. An MPPT is often included with the inverter. Typically, electricity may
flow either out of the building from surplus on-site PV power production or into the building
from insufficient PV generation. Both the exported and imported energy, as well as the net
energy exchange, can be metered. The financial mechanisms for import and exported electricity,
as well as for carbon credit, differ greatly by nation and utility.
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CHAPTER 8
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The majority of the increase in demand for PV has come from grid-connected installations.
Development has been hastened by government programmes, such as the solar roofs
programmes in Japan and Germany that have created a substantial market, particularly for local
PV system makers. The sun-facing roof area of the majority of European suburban homes, if
covered with photovoltaics, may be projected to produce an amount of power equivalent to 50-
100% of the household's yearly electricity use. Households with PV produce their own power
during the day (selling any surplus to the utility company) and purchase electricity from the
utility at night. As a result, the grid serves as their "store."

The government programmes mentioned have made this a reasonable financial proposition for
the householder by requiring the utility to buy such electricity at a preferential price (feed laws),
subsidising the initial capital cost of the solar array, and establishing payments for carbon-
abatement 'credits' obtained in proportion to the renewable energy generated. The modular nature
of PV generating, as well as the small weight of the modules, make such dispersed (embedded)
generation technologically feasible. The development of'structural' PV panels that can be placed
on building facades and rooftops instead of standard wall and roof materials improves the
economics and convenience of construction.Significant usage and demand for rural
electrification programmes a critical component of social and economic de elopment - has
persisted in developing nations[1], [2].

Economic advancement. The majority of PV installations in underdeveloped nations have been
of extremely low capacity (40W per'solar house'). Several similar programmes initially failed,
but seldom due to technical failure of the solar modules. Successful initiatives have been
differentiated by their attention to social as well as institutional issues such as technical
infrastructure supply, training, cultural awareness, and payment and institutional structure
design A particularly socially significant use has been in powering tiny freezers in rural health
clinics as part of the 'cold chain' for vaccinations. This has typically been effective because it is
tied to an existing (or growing) technological infrastructure.

Photovoltaics are ecologically friendly in operation, producing no pollutants or noise.
Unfortunately, their production includes certain hazardous chemicals and requires energy. The
time required for a specific PV module to produce electricity equivalent to the energy spent in its
manufacturing is determined by the site insolation and the technique of manufacture. The'simple’'
energy payback period for single-crystal silicon encapsulated modules in a normal temperate
region is roughly three to four yearsfor thin-film technologies and sunny areas, it is less. A
module's guaranteed life is normally 20 years, although most modules will live considerably
longer in reality, allowing PV to easily pay for itself in energy terms|[3], [4].
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Hydro-power

Often, the word hydro-power refers to the development of shaft power from falling water. The
power is then employed for direct mechanical applications or, more often, for electricity
generation. Waves and tides are two more forms of water power

By far the most established and commonly utilised renewable resource for energy production and
economic investment is hydropower. Since around 1880, hydroturbines have been used to
generate power, and the capacity of total global installations has expanded at a rate of roughly
5% per year. Hydropower today accounts for around 20% of global electricity production. The
output is affected by rainfall and terrain.

The relevance of hydroelectric generating in different nations and areas, where the worldwide
rise. Hydropower generates more than half of total energy in around one-third of the world's
nations. In general, the finest sites are developed first with a national scale, therefore the pace of
total generating capacity exploitation tends to decrease with time. Most of the greatest locations
in industrialised nations had already been explored by the 1940s, resulting in the high 'fraction
harnessed' percentages reported in Tables 'under construction' column, almost all of the rise in is
in emerging nations, most notably India, China, and Brazil.

Global estimates, however, may be deceptive for local hydropower planning since small-scale (1
MW to 10 kW) installations are often overlooked, despite the fact that such installations are the
most widespread. This might be because major polls did not take into account the advantages
seen by site owners, including such self-sufficiency or long-term capital assets. As a result, the
potential for hydro production from run-of-river systems (i.e., with just minor dams) is often
underestimated. Social and environmental elements are equally crucial, and they cannot be
assessed by global surveys, but only by assessing local situations. These considerations, when
combined with direct building expenses, account for the worldwide study's 'economic potential.'
With normal maintenance, hydro facilities and plants may endure for fifty years or more, with
modest rebuilding, while dams and rivers can survive for a hundred years. Extended turbine life
is attributed to continuous, stable operation that is free of excessive temperatures and other
stresses. As a result, established plants often generate power at a cheap cost (4 Eurocents/kWh),
resulting in economic advantage(5], [6].

Since hydro turbines generate power quickly, the electricity may be utilised to meet both base
load or peak demand needs on a system. Electricity generating efficiency might reach 90%.

Turbines are classified into two types:

1 Reaction turbines, in which the turbine is completely immersed in fluid and is driven by the
pressure drop across the device.

2 Impulse turbines, in which the flow strikes the rotor as a jet in an open environment, with
power derived from the flow's kinetic energy.

Reaction turbine generators might well be reversed, allowing water to be pushed to high levels
for storage and further production while maintaining an overall efficiency of over 80%.The
principal drawbacks of hydropower, especially for big systems, are linked with impacts other
than the producing equipment. These include the potential for negative environmental impact,
the effect on fish, dam silting, turbine corrosion in certain water conditions, the social impact of
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displacing people from the reservoir site, the loss of potentially productive land (often offset by
the benefits of irrigation on other land), and relatively high capital costs when compared to fossil
power plants. For example, there has been substantial worldwide discussion over the merits and
drawbacks of Egypt's Aswan Dam and China's Three Gorges project.

Delves more on each of these topics. Examines some essential features of hydropower but does
not aim to be exhaustive in such a complex topic. We focused on small-scale applications in
particular, and we urge readers to the bibliography for complete publications at established
engineering levels.

Assessing the resource for small installations

To assess the power potential of the site, only rough data with an accuracy of around 50% are
required at first. If the results of this survey are encouraging, a more in-depth research
incorporating data from several years, such as rainfall, will be required. It follows that in order to
estimate the input power PO, we must first determine the flow rate Q and the available vertical
fall H. For example, with Q =40 L sl and H = 20 m, the maximum available power at the source
is 8 kW. This may be ideal for a home supplement.

Hydroelectric systems most modern hydro-power systems

Most current hydropower systems are used to power electric generators, however certain special-
purpose mechanical systems, such as the hydraulic ram pump, are still important A
comprehensive hydroelectric system, must contain the water supply, the pipe (penstock), flow
control, the turbine, the electric generator, generator fine control, and energy distribution wire
(reticulation).The dam guarantees a constant supply of water to the system and allows for energy
storage in the basin. It may also be utilised for reasons other than energy generation, such as road
construction or water delivery. Modest run-of-river systems from a reasonably big and constant
stream may only need a low-height retaining wall, i.e. enough to keep the penstock completely
submerged, but this does not create significant storage[7], [8].

The supply pipe (penstock) is a significant building expense. It will be less expensive if it has a
thin wall, is short, and has a small diameter D, although this is seldom attainable. The diameter,
in particular, cannot be reduced due to the head loss.

As a result, if the diameter is too tiny, practically all of the power is wasted in the pipe. The
higher expense of a larger pipe must be balanced against the ongoing loss of power caused by
utilising a small pipe. Making Hf 01 Ht is a frequent compromise.The pipe material needs to be
both smooth (to avoid friction losses) and sturdy (to bear static pressures as well as the much
higher dynamic 'water hammer' forces that occur when the flow is abruptly switched on or off).
PVC plastic is ideal for the main pipe in modest installations, maybe with a short steel part at the
bottom to handle higher pressures. A screen is required at the top of the supply pipe to catch
debris (such as leaves) before it clogs the pipe.

This screen must be examined and cleaned on a regular basis. A settling chamber is required to
dump suspended particles prior to the water flowing down the pipe.As mentioned in earlier
sections, the turbine speed is intended to be adequate for the electric engine, with generation
typically at about 400 V AC. Large (megawatt) systems often include a specifically designed
generator that runs from the same shaft as the turbine, minimising power losses between the
turbine and the generator. Small systems under 10kW often use off-the-shelf motors or induction
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motors used as generators). If the turbine speed is insufficient to match the generator, gearing is
utilised. A V-belt is a popular gearing mechanism that, in extremely tiny systems, may result in
power losses of 10-20%.

Power regulation and control

Most of the information in this part is also discussed in the sections on electricity production It
is critical that the voltage and frequency of any hydro project delivering power into a utility
transmission grid match those of the rest of the system. While primary generation is usually at a
low voltage, transformers may readily raise the AC voltage to match the grid voltage and reduce
I2R losses in transmission. To preserve common grid standards and customer needs, voltage and
frequency must be managed. Traditionally, mechanical feedback systems manage the flow
through the turbine to maintain a consistent frequency (‘speed’). A Pelton wheel, for example,
causes a spear valve to move in and out of the nozzle therefore adjusting Q. The blade angles of
reaction turbines must also be adjusted. All of these mechanical systems are rather intricate and
costly, particularly for smaller-scale applications.

Stand-alone, autonomous hydroelectric systems meant to provide electricity to a town or farm
need some control as well, although the devices they must power, such as lights and tiny electric
motors (e.g. in refrigeration), can typically withstand voltage and frequency changes of up to
10%. Moreover, power electronic components such as thermistors may readily alter the currents
involved. This allows for significantly less expensive control than traditional mechanical
systems. Major fluctuations in output are achieved using an electronic load control system by
manually switching nozzles entirely in or out, or by manually adjusting the overall flow through
the turbine. An electronic feedforward control distributes the generator's output between the
primary loads (e.g., home lights) and a ballast (or 'off peak') heating circuit that can withstand a
variable or intermittent supply Since the generator always sees a constant total load (= main +
ballast), it may operate at constant power output, as can the turbine from which the electricity is
drawn. As a result, the flow through the turbine does not need to be continuously changed
automatically, which substantially simplifies its design. The electronic control box in one typical
kind of system is based on a resistor, which reacts to the difference between the real and nominal
voltage in the primary load.

The hydraulic ram pump

This mechanical hydro-power equipment is well established for home and agricultural water
pumping in distant locations with a consistent flow of low-level water. The stream flow's
momentum is employed to pump part of the water to a much higher level. A stream dropping 2
m below, for example, may be arranged to pump 10% of its flow to a height 12 m above. This is
definitely a practical method of filling a header tank for water sources, particularly in remote
locations. It's an unusual device, maybe unexpected in its efficiency but definitely exciting for
student case example.The supply water's potential energy MgH is first turned into kinetic energy,
then into potential energy mgh. A mass of water M falls through a head H and out through the
impulse valve V1 to gain kinetic energy. The procedure is as follows:
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1 When the flow speed increases due to the impact of the supply head, a considerable dynamic
pressure term for the flow through the valve appears (see Bernoulli's equation

2 Since the static pressure acting on the bottom of the impulse valve surpasses the valve's weight,
it shuts quickly.

3 As a result of the force of the water still flowing down the pipe, the water at the bottom gets
squeezed.

4 The pressure in the supply pipe quickly increases, pushing the delivery valve Vd open and
releasing a large amount of water m into the delivery section.

5 The approaching water compresses the air with in air chamber.
Social and environmental aspects

Hydropower is a mature technology that is widely used in many nations throughout the globe,
producing around 20% of the world's electric power. Hydropower contributes for over 90% of
total energy supply in at least twenty nations, including Brazil and Norway. Hydroelectric
systems are long-lasting and need little maintenance: many big and minor systems have been in
continual use for more than fifty years, and a few early installations are still operational after a
century. It’s comparatively high original capital cost has long ago been written off, thus the
levelised' cost of electricity generated from them is significantly lower than from non-renewable
sources, which need fuel investment and more regular equipment replacement[9], [10].

As external costs are internalised nonrenewable sources become even more costly. If a hydro
plant has an abundant supply of water, the flow may be managed to provide either base-load or
fast peaking power as needed; if the water supply is restricted, selling energy at peak demand is
simple and lucrative. Despite this, the initial capital cost of hydro power is always quite high,
thus 'all power producers wish they had invested in hydro-power twenty years ago, but sadly
can't afford to do so today - and they said the same twenty years ago. Hydropower system
problems are usually caused by connected dams and reservoirs, especially on large-scale
projects. Most rivers, especially big rivers with continental-scale catchments like the Nile,
Zambesi, and Yangtze, have enormous seasonal flows, making floods a common occurrence. As
a result, most major dams (those taller than 15 metres) are constructed for more than one
function, in addition to power generating, such as water storage for potable supplies and
agriculture, managing river flow and reducing floods, traffic crossings, recreational activities,
and fisheries.

Electricity powers industry and services, resulting in economic progress. Since social and
economic progress needs much more than simply electricity and water, such projects appeal to
politicians and investors wanting a centralized and hence theoretically and administratively
‘simple' road to national development. But, as the World Commission on Dams (2000) pointed
out, the vast investments and extensive implications of hydropower have made major dams, both
existing and planned, one of the most contentious topics in sustainable development. The above-
mentioned benefits of large hydro are offset by negative consequences, such as debt burden
(dams are frequently the largest single investment project in a country), cost overruns,
displacement and impoverishment of people, destruction of important ecosystems and fishery
resources, and inequitable cost and benefit sharing. For example, the building of the Three
Gorges Dam in China, which has a projected capacity of over 17 000 MW, displaced over one
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million people; nonetheless, these displaced individuals may never perceive themselves to be net
beneficiaries of greater electricity capacity and industrialization. Several dams have been
constructed on notoriously silt-laden rivers, resulting in reservoir volume decline predicted to
everybody save the builders and proponents.

Hydropower, like other renewable energy sources, reduces greenhouse gas emissions by
replacing fossil fuel that would otherwise be utilized. However, in order to save construction
time and money, decaying vegetation (mainly trees) has been left in place while dams fill up,
resulting in considerable emissions of methane, another greenhouse gas.

Similar factors have led to a near-complete halt in dam construction in many industrialized
nations, where the most technically appealing locations were constructed decades ago. Dams
have been dismantled in the United States to allow for improved ‘environmental flow' in
downstream habitats. Nonetheless, several nations have boosted hydroelectric capacity by adding
turbine generators to water supply reservoirs and, for older hydropower plants, building more
turbines and/or replacing old turbines with more efficient or bigger capacity contemporary gear.
This has a beneficial environmental effect with no additional negative consequences and is an
example of using an otherwise 'wasted' flow of energy.Similarly, the building of tiny 'run-of-
river' hydroelectric systems with only very small dams is often seen as a beneficial development;
the output of such systems in China exceeds the entire hydro-power capacity of the majority of
other nations.

Power from the wind

Wind energy extraction using sophisticated turbines and energy conversion technologies is a
well-established business. Machines with capacities ranging from tens of watts to so many
megawatts and widths ranging from around 1 m to more than 100 m are made. Conventional
mechanical-only devices have been improved for water pumping, but the main business
nowadays is power generating. In many nations with wind power potential, including as Europe,
the United States, and portions of India and China, such 'wind turbine generators' have been
acknowledged as ‘mainstream generation' for utility grid networks; other countries are gradually
developing their wind power capacity. Smaller wind turbine generators are often used for
isolated and self-sufficient electricity generation. The fast expansion of global wind turbine
energy producing capacity. Starting about 2002, considerably more power capacity has been
constructed at sea in moderate-depth offshore wind farms. Subsequent sections will demonstrate
that under a wind of speed u0 and density, a turbine absorbing a cross-section A of the wind
front will generate power equal to its rated maximum.

-

Py = = CpApuy®

Cp is an efficiency factor known as the "power coefficient" in this case. It should be noted that
the power PT is proportional to A and the cube of the wind speed u0. So, although increasing A
may result in double the power, doubling wind speed results in eight times the energy capacity.
Each machine power coefficient Cp changes with wind speed. Since wind speed distribution is
skewed, speeds less than average are more frequent at any one moment than speeds larger than
average. As a result, the optimal rotor and generator design size for a certain location is
determined by the power need, either to maximize produced energy per year or to offer frequent

power.
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The structure consisting of the rotor, its corresponding electrical generator, and other equipment
is occasionally referred to as a wind energy conversion system - WECS, although it is becoming
customary to use the word wind turbine for the whole assemblage, as in this edition. A wind
turbine's highest rated power capacity is indicated for a particular 'rated" wind speed, which is
typically about 12 m sl. Power generation of around 03 kW m2 of cross-section would be
projected at this speed, with power coefficients Cp ranging between 35 and 45%. Since the ideal
rotation rate is determined by the ratio of blade tip speed to wind speed, small machines revolve
quickly and big machines slowly. Provide summary information on wind speeds and machine
size. Machines should last at least 20-25 years and cost about E 700-1000 ($US 850-1200) per
kW rated capacity, ex-factory. Power production is comparable with the cheapest kinds of other
generating when deployed in windy regions and given partial credit for not polluting.

From about 1980, the development of solid-state electronics, composite materials, and computer-
aided design has greatly boosted manufacturing expansion. The necessity to safeguard the
machine from harm in extremely strong winds is a crucial design criteria, even though such gale-
force winds are uncommon. Wind forces tend to grow in proportion to the square of wind
speed.Since the 1-in-50-year gale rate will be five to 10 times the usual wind speed, structural
strength will need significant overdesign. Wind speed fluctuates as well, so significant fatigue
damage can occur, particularly to the blades and drive train, as a result of the frequent stress
cycles of gravity loading (about 108 cycles over twenty years of operation for a 20 m diameter,
100 kW rated turbine, less for larger machines) and wind fluctuations and turbulence. As
machines develop larger and larger, the torque on the main shaft will become a limiting
constraint.

Wind is caused by air expansion and convection when solar energy is absorbed on Earth. These
thermal factors mix with dynamic influences from the Earth's rotation to form prevailing wind
patterns on a global scale there is significant local variation induced by geographical and
environmental variables in addition to this overall or synoptic behavior of the atmosphere. Wind
speeds rise with height, and horizontal components outnumber vertical components greatly. Yet,
the latter are vital in creating gusts and short-term fluctuations.The kinetic energy contained in
the winds is around 071021 J, which is dissipated through friction, mostly in the air, but also via
contact with the earth and the water. This method dissipates around 1% of absorbed solar energy,
approximately 1200 TW 12001012 W.

Wind power's eventual global usage cannot be calculated in any meaningful sense since it is so
reliant on the development and acceptance of machines and appropriate energy end-use systems.
Without implying any substantial modifications in electrical infrastructure, official estimates of
wind power potential for the United Kingdom's electrical supply are at least 25% of total supply,
a percentage already virtually obtained in Denmark.Much more penetration might be achievable
with system upgrades, such as major load control and access to hydro storage. Autonomous
offshore wind systems offer enormous potential as oil alternatives for heating or electricity
production from diesel engines. These technologies are especially useful for distant and isolated
populations.By rotating the page, the relative air speed vr horizontal may be compared to an
aircraft wing section. When the blade disturbs the air, a force operates that may be divided into
two components. The primary factors are as follows:
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1. The dragging force FD is the component that corresponds to the relative velocity vr.

2 The force of lift FL is the component parallel to FD. The term "lift" does not always refer to
upward motion, but rather to the comparable force on an aircraft wing.

3 The airstream runs off the blade, causing rotational movement of the air. These may be seen as
separate vortices and eddies (air whirlpools) near the surface. Vortex shedding happens when
these revolving masses of air break off from the surface and migrate away from the airstream,
continuing whirling.

4 The blade movement and wind gusts upset the air, causing the flow to become irregular and
unsettled. This turbulence happens before and after the revolving blades, thus each individual
blade is often moving in the turbulence caused by other blades

5 The wind turbine adds a sense of solidity to the airstream. This is the ratio of the entire area of
the blades in the direction of the airstream at any given time to the swept area across the
airstream. Consequently, a four-bladed turbine with identical blades has twice the solidity of a
two-bladed turbine.

6 The blades' aerodynamic properties are critical; roughness and protrusions should be avoided.
The primarily two-dimensional air flow over an aircraft wing becomes three-dimensional, and
hence more complicated, for a spinning wind turbine blade.

The answers to a series of questions define the features of a certain wind turbine; Further
sections will provide theoretical rationale for these requirements:

1. Is the rotational axis parallel or perpendicular to the airstream? The former is a horizontal axis
machine, whereas the latter is often a cross-wind vertical axis machine.

2. Is the primary force lift or dra Drag machines have no parts that move faster than the wind, but
lift machines feature blade portions that move far faster than the wind speed. This is analogous to
a keeled sailboat that can sail faster than the wind.

3. What exactly is the solidity? Many turbines communicate this by stating the number of blades.
Massive solidity machines start simply and with a significant initial investment, torque, yet it
quickly reaches maximum power at a low rotational frequency.

Tiny solidity devices may need to be started, but they attain maximum power at a higher rotating
frequency. As a result, even with moderate breezes, huge solidity machines are employed for
water pumping. Since a high shaft rotational speed is required for energy production, small
solidity turbines are employed.

4. What is the turbine's purpose Mechanical power is generated by historic grain windmills and
water pumping wind turbines. The great majority of current wind turbines are designed to
generate energy; they are typically big for grid power and tiny for autonomous, stand-alone
power.

5. Is the rotational frequency regulated to be constant, or does it change with wind speed? A
wind turbine whose generator is directly linked to a powerful alternating current electrical grid
will operate at a virtually constant frequency.
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A variable frequency turbine, on the other hand, can be more effectively matched to fluctuating
wind speed than a constant frequency machine, although this needs an indirect connection
through a power-electronic interface.

6. Is the mechanical shaft connected directly to the generator, or is it connected through an
intermediary step that functions as a smoothing device? This kind of decoupling screens out
quick torque variations and enables for better rotor-to-wind and generator-to-load matching than
direct coupling.

A. soft coupling is the partial separation of the blade from the generator. Since wind velocity
change significantly, the wind turbine's inertia and the ‘softness’ of the rotor/generator
connection are employed to avoid these variations from showing in the electrical output. Similar
results occur whether the blades are hinged individually against a spring or hinged together.

Horizontal-axis machines

Lift is the primary driving force. The rotor's blades might be in front (upwind) or behind
(downwind) of the tower. Wind veers in a horizontal plane often, and the rotor must revolve in
the horizontal plane (yaw) to follow the wind without oscillation. To maintain direction, upwind
turbines need a tail or some yawing device, such as electric motor drives. Downwind turbines are
self-orienting in theory, but are influenced more by the tower, which creates wind shadow and
increased turbulence in the blade path. This kind of perturbation causes cyclic strains on the
structure, extra noise, and output variations. Electric motors are used to control yaw on upwind
and downwind machines with rotor diameters greater than around 10 m.For energy production,
two- and three-bladed rotors are typical. Three-bladed rotors function more smoothly and silently
than two-bladed rotors. Asymmetric single-bladed rotors with a counterbalance have been field
tested at full size, but the asymmetry created too many problems for commercial possibilities. A
nacelle houses the gearing and generators at the top of the tower. Water pumping and other low
frequency mechanical power applications employ multi-blade rotors with high beginning torque
in mild winds.

Vertical-axis machines

A machine may receive wind from any direction by rotating around a vertical axis, but a
horizontal-axis machine must yaw (turn in the horizontal plane to face the wind). Vertical axis
wind turbine generators are expected to feature gear boxes and generators at ground level.
Examples of the tiniest devices:

Anemometer in a cup: The drag force causes this gadget to revolve. Since the form of the cups
generates a roughly linear connection between rotational frequency and wind speed, counting the
number of revolutions every time period corresponds to the average wind speed throughout that
time period. The instrument is a conventional anemometer for collecting meteorological data.

Rotors Savories (turbo machine): The wind moves in a convoluted pattern through and around

the two curved sheet airfoils. Drag is the primary driving factor. The building is basic and
affordable.

Because of the high beginning torque produced by the high solidity, Savonius rotors are typically
employed for water pumping.Darrius rotor number three. This rotor features two or three narrow
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curved airfoil-sectioned blades. The rotor has a catenary design, with the revolving blades only
strained along their length.

Musgrove rotor number four. During normal power production, the blades of this kind of rotor
are vertical, but tip or revolve around a horizontal point for control or shutdown. There are
various versions, as, all of which are intended to provide fail-safe shutdown in high winds. Evans
rotor number 5. For control and failsafe shutdown, the vertical blades alter pitch around a
vertical axis. The primary wind forces for the Darrieus, Musgrove, and Evans rotors are lift, with
maximum turbine output occurring when a blade travels twice per revolution across the wind.
Electricity generating is one of the applications. Normally, the rotor does not self-start. As a
result, movement may be started using the electrical induction generator as a motor.

REFERENCES

[1]  Rodhiah, I. Ifdal, I. W. Syarfi, en H. Hasnah, “The impact of ISPO -certification on
economic, social and environmental aspect in the palm oil plantation”, 2019. doi:
10.1088/1755-1315/336/1/012013.

[2] O. B. Adegun, “Social and environmental aspects of housing developed for ‘slum’
dwellers in Africa”, Proc. Inst. Civ. Eng. Urban Des. Plan., 2019, doi:
10.1680/jurdp.19.00006.

[3] E. B. Leksono, S. Suparno, en I. Vanany, “Integration of a balanced scorecard,
DEMATEL, and ANP for measuring the performance of a sustainable healthcare supply
chain”, Sustain., 2019, doi: 10.3390/sul1133626.

[4] M. C. Costa, N. Pereira de Sa, S. Johann, en D. A. Santos, “Social, environmental and
microbiologic aspects of endemic mycoses in Brazil”, New Microbes New Infect., 2019,
doi: 10.1016/j.nmni.2018.11.004.

[5] B. M. Sari, B. Arifin, en Y. Indriani, “KEBERLANJUTAN USAHATANI MANGGIS
PROGRAM SERTIFIKAT PRIMA DI KECAMATAN KOTA AGUNG KABUPATEN
TANGGAMUS?”, J. llmu-Ilmu Agribisnis, 2019, doi: 10.23960/jiia.v613.271-278.

[6] K. Liczmanska-Kopcewicz, K. Mizera, en P. Pyplacz, “Corporate social responsibility and
sustainable development for creating value for FMCG sector enterprises”, Sustain., 2019,
doi: 10.3390/sul1205808.

[71 A. Y. Chang en Y. T. Cheng, “Analysis model of the sustainability development of
manufacturing small and medium- sized enterprises in Taiwan”, J. Clean. Prod., 2019,
doi: 10.1016/j.jclepro.2018.10.025.

[8] F. Vitolla, N. Raimo, M. Rubino, en A. Garzoni, “The impact of national culture on
integrated reporting quality. A stakeholder theory approach”, Bus. Strateg. Environ., 2019,
doi: 10.1002/bse.2332.

[91  A. Eizaguirre, M. Garcia-Feijoo, en J. P. Laka, “Defining sustainability core competencies
in business and management studies based on multinational stakeholders’ Perceptions”,
Sustain., 2019, doi: 10.3390/su11082303.

[10] “Carbon Emission Disclosure in the Proper Rating Company’s Annual Financial
Statements in Indonesia Stock Exchange”, Res. J. Financ. Account., 2019, doi:
10.7176/rjta/10-12-08.



Conventional and Renewable Energy Resources

CHAPTER 9

BASICS OF DYNAMIC MATCHING

Mr. Harsh Shrivastava, Assistant Professor,
Department of Electrical Engineering, Jaipur National University, Jaipur India
Email Id- ershrivastava@jnujaipur.ac.in

Wind turbines are installed amid broad, extensive fluxes of air flow. As a result, unlike water
into a water turbine, air passing through a wind turbine cannot be diverted into areas where there
is no air present, and so wind machine efficiency has defined boundaries.Basically, the air must
retain enough energy to flow away from the turbine. The Betz criteria offers the acknowledged
benchmark of 59% for maximum extractable power. This section uses a qualitative approach to
investigate this dynamic necessity.The tipped-ratio, is a non-dimensional feature for dynamic
matching. It is connected to the angle,, at which the air is incident on the rotating blade, The
blades' airfoil form is optimized for an optimal value of the angle, opt, therefore the criteria for
requiring constant optimum finger ratio 0 may be understood as the necessity to maintain = opt at
all wind speeds. Yet, at this level, we provide a qualitative study of the fluid flow's
practicality[1], [2].

Blade element theory

More sophisticated theory permits the computation of the rotor power coefficient CP and hence
the power production P as a function of wind speed u from fundamental principles. This idea,
known as 'blade element theory' or’ stream tube theory,' is briefly outlined here. The theory
involves blade sections (elements) and airstream cylinders (streamtubes) travelling onto the
rotor, as the names imply. Each blade element corresponds to a conventional airfoil cross
section. The lift and drag forces on the most popular aerofoil forms have been measured and
tabulated as a function of speed (notably by NASA and its predecessor agencies). The forces that
spin the rotor may be computed by integrating this data and the pitch set of the relative wind
speed vr to the section.

Basic meteorological data and wind speed time series

Weather data, such as wind speeds and directions. The procedures are well established and
coordinated inside the World Meteorological Organization in Geneva, with the primary goal of
delivering continuous data runs for many years. As a result, only the most basic data is typically
captured at a few consistently manned stations using reliable and trustworthy
technology.Unfortunately for wind power forecast, wind speed is often monitored only at one
standard height of 10 m, and at stations near airports or cities where wind shielding may be a
natural characteristic of the location. As a result, normal meteorological wind data from the
closest station are only effective for providing first order predictions and are insufficient for
comprehensive planning for a given location. Often, precise measurements at numerous places
and heights surrounding the chosen site are required for several months to a year. These precise
observations may then be compared to regular meteorological data, providing a long-term
baseline for comparison. Moreover, information received from aero plane observations, wind
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power installations, and mathematical modelling, among other sources, is stored in specialized
wind power data banks.

Such well-organized and easily accessible material is becoming more available on the Internet.
Wind power prediction methods (for example, Denmark's proprietary WAsP models) offer
comprehensive wind power forecast for wind turbine potential sites, especially in steep terrain.
Meteorological agencies classify wind speeds using the historical Beaufort scale, which is based
on visual measurements. Provides specifics as well as the connection between different wind
speed units.

The 'length’ or run' of the wind passing a 10 m high cup anemometer in 10 minutes is a common
meteorological measurement of wind speed. Similar measures may be done hourly, although
they are normally taken less often. Such statistics provide minimal information regarding
changes in wind speed and direction, which is required to effectively estimate wind turbine
performance.Constantly reading anemometers are preferable, although they will also have a
limited reaction time. a typical continuous reading trace with fast and unpredictable oscillations.
The extent and significance of these fluctuations are shown by transforming such data into the
frequency domain,

The wind direction is the compass bearing from which the wind is blowing. Meteorological data
is often depicted as a wind rose, shows the average wind speed within particular ranges of
direction.depicts the distribution of speeds from various directions on a wind rose (b). Such
information is critical for locating a wind turbine on steep terrain, near buildings, or in arrays of
numerous units where shielding may occur. Wind shift refers to changes in wind direction; 05
rad s1 30 sl is a quick change, for example, on steep terrain. Such variations may cause greater
harm to a wind turbine than a sudden shift in wind speed[3], [4].

Wind speed and direction variation with time

They not only hold a lot of energy, but they also put a lot of strain on wind turbines. The
turbulence intensity, which is equal to the standard deviation of the instantaneous wind speed
divided by the mean value of the wind speed, is a measure of all such temporal changes.
Turbulence intensity is a useful metric for short time periods; values around 0.1 represent a
‘smooth' wind, such as over the sea, while values around 0.25 show a highly windy, high
turbulence wind, such as in hilly areas. Turbulence should decrease as one rises in altitude.
Similar terms exist for the change in wind direction over time, which is commonly referred to as
a "wind shift." A wind turbine, particularly one of medium to large size, will not be able to react
rapidly enough or have the aerodynamic qualities to 'follow' rapid changes in wind speed and
direction. As a result, energy in wind turbulence and shift may not be caught, yet this is
advantageous if fatigue damage 1s reduced.

The more wind turbines and wind farms there are on a grid, the less linked the short-term
changes are and the simpler it is to tolerate more wind power capacity. The coherence distance is
defined as the product of wind speed and correlation time period. Since the coherence distance is
generally smaller than the 'length' of a wind farm over brief periods of turbulence, such variances
are averaged out. During durations of approximately 30 minutes, the correlation distance may be
roughly 20 km; in this scenario, wind farm production scattered across distances of the order of
100 km will also not correlate, with power changes not visible over the whole grid. Only when
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the coherence distance exceeds the grid size are variations not smoothed down by variety of site
placements[5], [6].

Power extraction by a turbine

The power coefficient CP, as mentioned, is the proportion of power collected from the wind by a
turbine. Unless the machine is managed for other reasons (as occurs below the snipped wind
speed and typically above the specified output), CP is mainly reliant on the tip-speed ratio at any
given time. The strategy for matching a machine to a specific wind regime will vary between the
goals of (1) maximising total energy production over the year (for example, for fuel savings in a
large electricity network) and (2) providing a minimum supply even in light winds (for example,
for water pumping to a cattle trough). Moreover, ancillary equipment like as generators or pumps
must be attached to the turbine so that their power matching response is related to the turbine
characteristic. As a result, the issue of power extraction is complicated, involving many aspects,
and in reality, a variety of tactics and system types will be adopted depending on distinct
traditions and demands.

The power extracted by the turbine, which has a rated power capacity PR while operating at the
provided rated wind speed uR. According to Clause 9.6.3, &u is the likelihood that the wind
speed will be between u and u+du (i.e. &u du is the probability of wind speed between u and
u+du). Let E represent the total energy extracted by the turbine for the time T, and Eu represent
the energy extracted per interval of wind speed when the wind direction is u. Since end-use
needs vary, the frequency and voltage of transmission do not need to be so standardised for
stand-alone applications. Heating, in particular, can tolerate large changes in system frequency.

In all applications, the machine characteristics must be carefully matched to the local wind
regime. Certainly, prolonged periods of little or little wind will restrict wind-power uses. Sites
with an average wind speed of less than 5 m sl often have excessively lengthy periods when
generation is not possible, while water pumping into water storage may still be possible.
Typically, power production may be considered if the yearly average wind speed at 10 m height
is 5 m sl or more.

The following characteristics distinguish wind/electricity producing systems:

1. Wind turbine efficiency is highest when the rotating frequency changes to maintain a steady
tip-speed ratio, while power production is most efficient when the frequency is constant or
almost constant.

2. Mechanical control of a turbine by blade height or other mechanical control at less than rated
power adds complexity and cost. An alternate option, which is normally less expensive and more
efficient but is seldom used, is to modify the electrical load on the turbine to regulate the
rotational frequency.

3. In order to maintain a consistent tip-speed ratio, the ideal rotating frequency of a turbine
(its'speed’) in a given wind speed decreases with radius. As a result, only tiny (2 m radius)
turbines may be directly connected to standard four or six stick generators. Bigger machines
need a gearbox to enhance the frequency of the generator drive or special multipole generators.
Gearboxes are generally costly and heavy; they must be serviced and may be loud.
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The rotor may be disconnected from the load, which allows the rotor to be optimised for wind.
Some advances employed a mechanical accumulator (e.g., a weight hoisted by hydraulic
pressure), although the majority of the time an electrical technique is used. Chemical batteries
allow both decoupling and long-term energy storage for autonomous systems. In grid-connected
systems, produced alternating current power may be rectified to direct current (DC) and then
inverted to grid frequency alternating current (AC); extremely short-term but beneficial rotor
inertia' energy storage occurs, smoothing wind turbulence. To prevent electrical spikes and
physical strain, a'soft coupling' employing teetered blades, shock absorbers, or other devices is
also effective.

There are usually times when there is no wind. Wind turbines must therefore be connected to
power storage or parallel producing systems, such as the utility power grid, in order for supplies
to be maintained[7], [8].

Electricity generation for utility grids: wind farms

Commercial wind turbines are a ‘mainstream’' source of energy for grid distribution and
transmission networks. Megawatt-capacity machines have been running satisfactorily for many
years. Several machines arranged on 'wind farms' (usually with 10-100 turbines) produce handy
and manageable units. Savings in building expenditures (e.g., obtaining specialized cranes on
site), grid connection (fewer step-up transformers needed), administration, and maintenance may
all be realised by grouping equipment in this manner. Wind farms are most probable in nations
with (1) a commitment to sustainable, low-carbon energy supply, (2) a history of heavy reliance
on brown energy, and (3) open regions with an average wind speed at 10 m height more than
6ms1.Since wind speeds are often higher offshore than onshore, locating wind farms up to
several kilometers offshore might be advantageous. This strategy is especially appealing in
coastal nations when possible onshore locations are constrained by dense population, visual
intrusion, and the inability to get planning clearance.

Since wind turbine electricity is less predictable than that of a traditional system (fossil, nuclear,
or hydro), adding a 1 MW wind turbine to a grid is not equal to adding 1 MW capacity from a
‘brown' source. In general, a wind turbine has a site-dependent yearly capacity factor of 20-35%,
while a thermal power plant has a capacity factor of 70-90%. Nevertheless, not all 'brown'
sources are created equal; for example, nuclear power is only ideal for base load, while gas
turbines are excellent for quick reaction to peak demand. This is referred to by energy
economists as capacity credit, which is the power rating of conventional plant that is replaced by
the construction of wind power or other renewable energy. Several utility theoretical studies have
suggested that 1000 MW (rated) wind power has a capacity credit of 250-400 MW. The greater
figure refers to locations with higher average wind speeds since they experience longer periods
of wind. If the wind power originates from a variety of locations, there is less probability that
they would all have decreased production at the same time, therefore the expected capacity credit
is bigger - in certain situations, possibly close to 100%. Another point of view is that wind power
necessitates the development of backup power plants. As a result, a utility network must always
have reserve generating capacity available for all forms of generation, especially since large
power plants fail at times, and to the best of the authors' knowledge, no additional backup power
has yet been required or constructed as a result of additional wind power capacity[9], [10].
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Individual machines and integrated system

Since the majority of wind turbine capacity is related with commercial wind farms producing
grid-connected electricity, huge machines of 3MW are presently the most frequent. Little
machines with capacities ranging from 50 W to 1 kW are used for boats, vacation caravans and
residences, low-power public service (e.g., rural bus shelters), and tiny meteorological and other
measuring sites. 5-100 kW wind turbines erected for residential, agricultural, and institutional
usage are somewhat bigger, Cost-effective operation is particularly probable in areas where
alternative energy sources (e.g., oil) are costly and grid power is unavailable. Nevertheless, when
a grid exists and surplus energy can be sold to a utility grid for at least half the purchase price,
grid connection is not a deterrent to wind generating projects.

The renewable energy supply concepts imply that renewables technologies must function under
quite different restrictions than fossil fuel and nuclear sources. Wind's scattered and dynamically
variable nature necessitates quite different procedures than those employed for constant intense
sources. There is particularly room for modification of wind-generated electricity end-uses such
that the load adjusts to fluctuating supply and energy storage is added The multi-mode network
at Fair Isle ]demonstrates what may be accomplished by using an integrated whole-system
approach to energy supply and consumption. For much bigger systems, such an approach is
conceivable, but very rare.

Water pumping

Pumped water may be held in tanks or reservoirs, or it can be absorbed by the earth. Its
capacitor-like feature smoothes the intermittent wind supply and makes wind-powered pumping
cost-effective. Farm size pumps with a maximum capacity of roughly 10 kW are prevalent in
several nations, including Argentina, Australia, and the United States. The water is mostly
utilized for livestock, irrigation, and drainage. Since supply continuity is critical, big solidity
multi-blade turbines with high beginning torque in light winds are ideal.

The low rotating speed is not an impediment to direct mechanical action. a typical cylinder pump
with a fixed action. It is simple and dependable. Yet, at best, the supplied power is proportional
to the turbine rotational frequency P %, but for constant tip-speed ratio, the power at the turbine
is proportional to %3PT %3: hence, the efficiency P /PT diminishes as 1/%?2. Better pumps that
fit the features of wind turbines while being simple to use are critical for more effective water
pumping. Since water is frequently accessible in low-lying areas and wind rises with height, it is
often practical to have an energy wind turbine installed on a hill that powers an electric pump
located near a water source.

Social and environmental considerations

Some of the most promising wind-power installations are in scenic settings, such as beaches,
high terrain, and mountain passes. Plans to exploit such areas often face resistance based on
concerns about loss of visual amenity, unpleasant auditory noise, and bird attacks. Wind farms
on fields have faced similar opposition. Manufacturers of contemporary wind turbines reacted by
allowing architects to influence the form of towers and nacelles, making the machines
(particularly the gear boxes) considerably quieter, and hiring ecologists to advise on locations
with the least negative and most beneficial effect on animals and plants. Several early wind
farms in the western United States were built in mountain passes along bird migratory routes,
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causing worry over bird-kill. Nonetheless, in most cases, birds can and do fly around the turbines
safely. In general, since regular ecological and agricultural processes may continue underneath
the spread of the rotor wherever it is, there is no environmental influence other than on human
opinion and perhaps on specific species of birds. The effects on low-flying military aircraft, radar
in general, and TV and communication channels must all be considered.

There is a real risk that wind power growth will be driven only by individuals with technical
expertise. This is a serious error, since ecology, aesthetics, cultural legacy, and public attitudes
should all be valued. These 'other' features are adequately covered in Pasqualetti et al. (2002)
Wind Power in View; readers are strongly advised to investigate the study's lateral perspectives.

Before constructing a wind farm in most countries, wind farm developers must get municipal
planning authorization. As a result, the process of preparing for an applications has become more
thorough and professional. Simulation software is used to provide a dynamic visual impression
of the wind farm from all angles, in-depth bird and other ecological studies are funded, acoustic
noise in the vicinity is predicted, the effect on roads is studied, local benefits may be offered
publicly (e.g., cheaper electricity supplies, donations to schools), and many other issues are
considered. If an application is denied, an appeal may be filed. All of these processes are
required, but they are time-consuming and costly. Yet, national and global wind power capacity
are expanding, carbon and other pollution are decreasing, and the technology is improving.

The photosynthetic process

Solar radiation activity provides energy storage (photo). Since living beings are formed of
material fixed by respiration, and human activities depend on oxygen, which is where the
majority of the solar energy is kept, photosynthesis is by far the most significant renewable
energy activity. Human metabolism, for example, consistently releases roughly 150 W per adult
from eating. Consequently, gases moving in the Earth's atmosphere, notably carbon dioxide and
oxygen, provide both the materials and energy for all life. The continuous photosynthetic output
flux on Earth is around 09 1014 W (i.e., approximately 15 kW per person; the power output of
100 000 major nuclear power plants). This chapter investigates how the process happens inside
molecules and cells, and how it may someday be used at these levels. Discusses biomass energy
source from plant and animal components. Sun radiation has two primary impacts on green
plants and other photosynthetic organisms: (1) temperature regulation for chemical processes to
occur, particularly in leaves, and (2) photo excitation of electrons for the creation of oxygen and
carbon structural material. It is so critical to keep leaf temperature stable that some solar energy
is deflected or transmitted rather than absorbed (this is why leaves are seldom black).
Photosynthesis relies on photons (energy packets) from solar radiation, denoted by the symbol
'h," where h is Planck's constant and is the frequency of the radiation. The organic substance
generated is mostly carbohydrate, with carbon in a medium oxidation and reduction condition
(e.g. glucose, C6H1206). When this (dry) substance is burned in oxygen, it produces around
16MJ kgl (4.8 eV per carbon atom, 460 kJ per mole of carbon). In green plants, including algae,
one carbon atom is fixed from ambient CO» to carbohydrate via a sequence of stages:

1 Photons make protons from H>O, with O; as a significant byproduct, and electrons are
stimulated in two phases to form powerful reducing chemicals.

2 Processes that do not need light (referred to as dark reactions) in which these reducing
chemicals convert CO» to carbohydrates, proteins, and lipids.
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Structure of plant leaves

The overall structure and size of green leaves. In actuality, there is a great deal of variability and
complexity in all of these features, even down to the molecular level, as documented in plant
physiology literature. In summary:

Photosynthesis happens in plant material, most often green leaves and algae, which we will look
at here. It also happens in basic organisms (for example, purple bacteria) that lack the related O2-
producing mechanism. Green plant active cells, such as palisade and spongy mesophyll cells of
05 mm length, contain membranes that are permeable to gases and water. These cells have
different intracellular bodies and organelles, as well as membranes.

Chloroplasts are ellipsoidal-shaped organelles that are photosynthetically active. They are 10m
long and include liquid, the stroma, and membrane structure, the lamellae.

The lamellae have a layered structure that is either stacked or open (unstacked) (c). Grana are the
stacked membranes, whereas stroma lamellae are the unstacked membranes. The open structure
connects the stacks and keeps the enclosed pockets inside the chloroplast intact.

Thylakoids make up the lamellae. They are flattened balloons with a double membrane structure
and four distinct surfaces (outside top, inner top, inner lower, outer lower) (d). The structure
separates the chloroplast, allowing the fluid on either side of the thylakoid lamella to be distinct.
This split is difficult to see in two-dimensional chloroplast sections.

The thylakoid membrane comprises the components of the photosynthetic light response (e).
They comprise pigment molecules, mostly chlorophyll, which capture photons in a structured
array similar to a telecommunication antenna. The antenna is the name given to this array. The
pigment molecules work together to direct the absorbed energy'packet' (known as an exciton) to
core reaction centres.The light harvesting (LH) system is a light capturing and energy
channelling technology. Each reaction centre is connected with around 30 pigment
molecules.The final pigment molecules of the LH systems are in chemical interaction with big
molecular weight enzyme molecules in the reaction centres.

The energy from the LH system allows oxidation/reduction events to proceed in intricate
catalytic sequences at the reaction centre. In green plants, there are two kinds of reaction centres
that may share LH systems in part but not totally. The photosystem 1 and photosystem 2 centres
(PS1, PS2). Protons and electrons are removed from water at PS2 reaction centres when O is
created, and some extra energy is utilised to build energy storage molecules ATP (adenosine
triphosphate). PS1 reaction centres generate the powerful reducing agent NADPH (reduced
nicotinamide adenine dinucleotide phosphate).NADPH may activate CO; fixation processes
beyond the thylakoid membrane in the stroma's outer liquid. Since the generation of NADPH has
distanced the CO, uptake from the instantaneous absorption of light, these processes may
proceed in either darkness or light. The Calvin cycle dark reactions are the name given to these
processes.

Photo physics

The absorption of photons of light by electrons inside pigment molecules is one of the physical
components of photosynthesis. These molecules absorb the energy and convert it into excited
states. When molecules are separated, the energy is often re-emitted in the form of fluorescence
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radiation and heat. When pigments are bonded in chloroplast structures, however, the bulk of the
energy is transported cooperatively to reactions centers for chemical decreases, with the surplus
leaving as heat, and there is minimal fluorescence.The absorption of photons of light by electrons
inside pigment molecules is one of the physical components of photosynthesis. These molecules
absorb the energy and convert it into excited states. When molecules are separated, the energy is
often re-emitted in the form of fluorescence radiation and heat. When pigments are bonded in
chloroplast structures, however, the bulk of the energy is transported cooperatively to reaction
centres for chemical reductions, with the surplus leaving as heat, and there is minimal
fluorescence. The relative location of its atoms in a molecule. A spatial coordinate, such as the
distance X, is used to calculate this relative position between two specific atoms. It should be
noted that the energy minima occur at various values of x due to molecule variations in size or
location.

Following excitation: A photon in radiation travels at 3 108 m s1 and goes through a molecule of
dimension 109 m in time 1018 s. At this period, electromagnetic contact with the electronic state
is possible, and 2 eV of photon energy is absorbed (A). Nonetheless, the molecule undergoes
vibrational and rotational oscillations with thermal energy kT 003 eV and period 1013 s. When
the molecule oscillates about its minimal energy levels, these states are shown by horizontal lines
on the diagram.Since absorption (A) occurs too quickly for the molecular structure to change, the
excited state is created distant from the minimum. If the excited electron is associated with
another electron (which is likely), the excited state will be a singlet state spin=12 12 =0 with a
lifespan of 108 seconds.

There are 105 molecule vibrations throughout this length of 108 seconds, therefore the excited
state relaxes to the bare minimum of excited energy via heat exchange with the environment.
After that, one of the two primary processes involving the release or transfer of the residual
excitation energy happens. During the 108 s lifespan, the molecule is adjacent to other similar
molecules, and the absorbed energy (called an exciton) is transferred to them through resonant
transfer associated with thermal motion. In vivo, this is the main mechanism for pigment
molecules.

Fluorescent emission (F) may occur after 108 s when the molecule returns to its ground state.
The Stokes shift describes how the wavelength of fluorescence is longer than the wavelength of
absorbed light. Instead, the electron in the excited state may shift orientation due to magnetic
interaction with the nucleus, forming a triplet state spin = 1 2 + 1 2 = 1. The lifespan of triplet
states is lengthys, and energy is lost again, either by phosphorescence or by resonant
transmission. Resonant transfer may occur between molecules when they are 5 1010 m apart and
when the transferring molecule's fluorescence radiation coincides with the absorption band of the
neighboring molecule. In these circumstances, the excited electronic state energy (the exciton)
may move to the next molecule without causing radiation. Distinct energy level diagrams such as
or, when molecules are extremely near, a graded band gap diagram such may be used. In either
case, there is a spatial flow of energy down a potential gradient through molecule construction.
For further information on conduction band electron transport in graded gap photovoltaic panels.

Energy is transported in photosynthesis by entire molecules gently adjusting their location and
structure during spontaneous emission and relaxation, rather than merely by the movement of a
single electron.Yet, there is a notable distinction between electron transport in photovoltaic
semiconductor and energy transfer in pigment molecules. The structural material in photovoltaics
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is created with graded dopant characteristics throughout the cell. Each material constituent has a
certain dopant level and must stay in that position. When the solar cell is disassembled, each
component retains its distinctive feature.Yet, in the solar LH system, the cooperative structure of
all pigments provides each pigment with the requisite electronic structure for its exact position. It
makes no difference where a pigment molecule ends up; it will always be given the appropriate
qualities to fit into the LH array for its place. As a result, when the 'array' is broken apart, each
pigment returns to its independent qualities. This explains the variation in the characteristics of
pigment molecules in vivo and in vitro during absorption and fluorescence.
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The photo synthetically active photons are absorbed by pigment 'antenna’' molecules, the most
common of which is chlorophyll (a). Several pigments with comparable molecular structure and
form exist. A chlorophyll molecule is made up of a hydrophobic (fearful of water) tail and a
hydrophilic (loving of water) ring. The tail is a long chain hydrocarbon (phytyl residue C20H39),
about four times the ring's diameter. The majority of the antenna chlorophylls seem to be
contained in chlorophyll pigment proteins, which are then embedded in the thylakoid membrane.
The tail is thought to be anchored in the thylakoid membrane's outer surface, with the ring in the
chloroplast's water-based stroma.light photons may be absorbed by molecules that are near
enough to (1) interact cooperatively to create wideband in vivo absorption and (2) route (harvest)
excited state energy excitons along a potential gradient through resonant transfer to the reaction
centre. Assemblies of 200-400 pigment molecules form as 'cores,' each with one reaction centre.
Several plant, algal, and photosynthetic bacterium species have assemblies with fewer or more
pigment molecules per reaction centre. Pigment molecules per core are often higher in systems
suited to low light[1], [2].

Photons may be absorbed at either the outer or inner LH molecules, and the generated energy
exciton travels to the reaction center through the least resistance channel. This is made up of the
final pigment molecule and several extremely big specialized molecules (molecular weight 50
000) in which the 'chemistry' takes place. The majority of evidence for this overall arrangement
of parallel LH pathways to a central centre has come from optical absorption, fluorescence, and
action spectra coupled with variable interval and intensity light flashes. There are two kinds of
cores, one for each of photosystem ii 1 and 2. The same LH arrays may be shared by several
cores[3], [4].

Dark reactions (Calvin cycle)

PS1 generates NADPH, which is the primary reducing agent necessary to fix CO2 into
carbohydrate. Following reactions are caused by regular 'thermal’ chemistry, not redox reactions,
and may occur both in the dark and during times of light absorption. The Calvin cycle reactions
take place in the stroma, outside of the thylakoid structures, but inside the chloroplast. The
radioisotope 14C may be used to monitor the reactions. PS1 is the sole photosystem found in
photosynthetic bacteria, and CO2 fixation occurs with no O2 generation (since PS2 does not
exist). Inorganic chemicals from all three sets of PS2 and PSI reactions (D+ 2, A 2, and D+ 1)
are employed in the dark reaction in green plants. Hence, the Calvin cycle's primary starting
inputs include NADPH, ATP, and H+ from photosystems, as well as CO2 and H20 from the
environment.
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Throughout the cycle, a complex of intermediate compounds and multiple catalytic enzymes are
needed (for example, the enzyme Rubisco, i.e. ribulose processes taking place carboxylase
oxygenase). The multiple 'pumping' systems make protons accessible from inside the thylakoid
membrane. Pi denotes inorganic phosphate in the chemical formulae below.As a result, two
NADPH are required for every C fixed from reduced CO;. To be reduced back to NADP, each
NADPH takes two protons from two PS1 processes. Hence, four photon absorptions in PS1 fuel
the Calvin cycle.

In most plants, the initial product of the Carbon fixation is a three-carbon C; molecule. Before
the Calvin cycle, many tropical plants (such as sugarcane, maize, and sorghum) have a
preliminary chemical cycle containing a Cs4 molecule. These Cs4 plants feature two kinds of
photosynthesis cells that work together in the plant. C fixation and hence biomass output of Cy
plants may be double that of C3 plants under moderate to high light intensity 05 kW m2 and
elevated temperatures in the leaves 40C[5], [6].

Efficiency of photosynthesis
Photosynthesis Efficiency

This may be defined in a variety of ways. The minimum photon energy input at the exterior
antenna pigment molecules (not at the reaction center) may be calculated as four 1.77 eV
photons (PS2 absorption for D2 at 700 nm) and four 1.82 eV photons (PS1 absorption for D1 at
680 nm), for a total of 14.4 eV.The real excitations D2 to A2 and D1 to Al are around 1.1 eV.
Hence each action requires 8.8 eV. Four electrons lifted from H20 to NADP over redox
potential 1.15 eV (4.60 eV) plus three ATP molecules at 0.34 eV each (1.02 eV) result in a total
output of 5.6 eV. The output may alternatively be thought of as one O2 molecule and one C atom
fixed in carbohydrate, both of which need 4.8 eV.A realistic maximum efficiency from light
absorption to finished product is 48/144 = 33%. Sometimes the bigger proportions of 5.6/14.4,
5.6/8.8, and 4.8/8.8 are considered. The Einstein unit is often used when describing photon
interactions. Avogadro's number of photons of the same frequency, i.e. one mole of identical or
comparable photons, equals one Einstein.

The sun spectrum contains numerous photons with quantized energy too low to be
photosynthetically active > 700 nm h 18 eV, as well as photons with more energy than the
minimum essential h > 18 eV. The situation is similar to that of photovoltaic cells in that only
approximately half of the energy of photosynthetically absorbed photons is utilized to power PS2
and PS1. This impact would limit maximum efficiency to around 16%. Nevertheless, leaves are
not black, and there is significant reflection and transmission, decreasing the greater performance
to about 12% when just the solar energy striking at the photosystems is considered. Under
controlled laboratory circumstances, similar efficiencies have been reached. When considering
amount of solar radiation on land in general, which includes portions other than leaves, such high
efficiency are not achieved in even the greatest agricultural or natural settings.

Plant physiology and biomass

Plants are being chosen and cultivated to be more adaptable to their surroundings. Understanding
why C4 plants are now more productive in higher light intensities than C3 plants has already
yielded examples Plants are being chosen and grown to optimize fuel supply rather than only
their fruit, grain, or comparable portion product as biomass energy becomes increasingly
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significant ~ Propagation from clones of top plants, for example, and the use of genetic
engineering have boosted photosynthetic efficiency for biomass output. Substantial study has
been conducted on the activity of the Rubisco enzyme, with the goal of ultimately 'designing' a
type of Rubisco that permits enhanced carboxylation at the cost of the side reactions that
presently occur naturally, most notably oxygenation. It is possible that synthetically controlled
versions of photosynthesis might be used to create artificial carbon-based structures, materials,
and food[7], [8].

Photochemical electricity production

Photon-induced molecular excitations of PS2 and PS1 are the driving function of photosynthesis.
They include electronic excitations inside molecular structure and charge separations, and are not
identical to electron-hole separation across the band gap photovoltaic devices.Yet, these
molecular excitons have enough energy to power an external electric circuit, and research and
development for photochemical power systems continues. A variety of comparable devices, such
as the dye-sensitive cell, are available. The benefit over traditional photovoltaics may be the
mass production of the basic material by liquid chemical processes, as well as the production of
single devices that both store and supply power as a battery. Such advances in photochemistry
may result in radical innovation.

Biomass and biofuels

Biomass refers to plant and animal material, including trash and leftovers. It is an organic,
carbon-based substance that produces heat when it combines with oxygen in fire and natural
metabolic processes.Intense heat, particularly at temperatures beyond 400 degrees Celsius, has
the potential to create labor and power. The raw material may be changed chemically and
biologically to generate biofuels, which are biomass turned into a more practical form, most
notably liquid fuels for transportation. Methane gas, liquid ethanol, methyl esters, oils, and solid
charcoal are examples of biofuels. Bioenergy is sometimes used interchangeably with biomass
and biofuels.The initial energy of the biomass-oxygen system is acquired from solar radiation via
photosynthesis. The biofuel energy is dispersed during burning, but the constituents of the
substance should be accessible for recycling in natural ecological or agricultural processes, as
outlined in Consequently, when correctly connected to natural biological cycles, the use of
industrial biofuels may be nonpolluting and sustainable. Such systems are known as agro-
industries, with the sugarcane and forest products industries being the most established;
nevertheless, there are rising instances of commercial goods for energy and materials created
from crops as a method of both diversifying and integrating agriculture[5], [9].

The dry matter mass of biological material cycling in the biosphere is about 250 109 t yl,
including approximately 100 109 t y1 of carbon. In photosynthesis, the corresponding energy
bound. Around 0.5% of this is biomass as crops for human use. Biomass production varies with
local circumstances, but it is around twice as high per unit surface area on land as it is at
sea.Biomass accounts for around 13% of global energy consumption, with most of it going to
household use in developing nations but also considerable quantities going to industrialized
economies; this ratio is equivalent to that of natural gas. Domestic usage of biofuels such as
wood, dung, and plant leftovers for cooking is critical for around half of the world's population.
Most nations' industrial usage of biomass energy is still very limited, with the exception of a few
sugarcane-producing countries, where crop leftovers (bagasse) burned for process heat may
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account for up to 40% of national commercial supply. Yet, in certain developed nations, such as
the United States (approximately 2% of total power at 11 GWe capacity), Germany (at 05 GWe
capacity), and numerous countries for co-firing with coal, the use of biomass and wastes for heat
and electricity production is growing.If biomass is to be termed renewable, it must at least keep
up with consumption. The fact that firewood usage and forest removal are exceeding tree growth
in ever-expanding parts of the planet is devastating for local ecology and global climate
management.

Carbon in biomass is derived from CO; in the atmosphere via photosynthesis rather than from
fossil sources. When biomass is burned or digested, the CO, released is recycled into the
atmosphere, hence not increasing atmospheric CO; concentrations during the life of the biomass.

As a result, biomass energy is 'carbon neutral'. This is in contrast to the usage of fossil fuels,
which emits more CO» into the atmosphere. The use of biomass instead of fossil fuels keeps the
fossil fuel underground and harmless; the use of biomass 'abates' the additional CO> that would
otherwise be released. Hence, the widespread use of renewable biofuels is a key component of
most medium- to long-term programmers aimed at lowering greenhouse gas emissions.The
storing of sunlight's energy as biomass and biofuels is critical. All of the procedures discussed in
this chapter attempt to provide convenient fuels at reasonable rates for a wide variety of end-
uses, including liquid fuel for transportation. The heat energy accessible in burning, which is
comparable to the enthalpy or net energy density in practise, varies between 8MJ kgl (undried
'‘green’ wood).

The effectiveness of biomass systems is governed by criteria that are sometimes overlooked:

1. Each biomass operation generates a diverse variety of goods and services.Several commercial
items may be created from otherwise discarded molasses and fiber when sugar is generated from
cane, for example. If the fiber is burned, any extra process heat may be converted into power.
Washings and ash may be used as fertilizer in the soil.

2. Certain high-value fuel products, such as ethanol from starch crops and hydrogen, may need
more low-value energy to make than they yield. Despite the fact that the energy ratio is greater
than one, a lack of energy does not have to be an economic disadvantage if process energy can
be obtained inexpensively by using otherwise waste material, such as straw, crop fibre, and
forest trimmings.

3. The whole economic advantage of agriculture is likely to be broad, although it is difficult to
quantify. One of the many potential advantages is an increase in local 'cash flow' via commerce
and employment.

4. Biofuel production is only likely to be profitable if the ingredients used are already
concentrated, most often as a by-product and therefore accessible at a cheap cost or as additional
money for waste treatment and disposal. As a result, a supply of biomass must already be passing
near the intended location of production, much as hydropower is dependent on a natural flow of
water already concentrated by a watershed. Waste from animal enclosures, offcuts and trimmings
from sawmills, municipal sewage, husks and shells from coconuts, and straw from cereal grains
are some examples. Before outlining probable biomass developments, it is essential to define and
quantify these biomass flows in a national or local economy. If there is no such concentrated
biomass as a previously established system, the cost of biomass collecting is typically too high
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and too complicated for economic growth. Certain short-rotation crops may be produced solely
for energy generation as part of intensive agriculture; however, due to the extensive use of
agricultural subsidies, evaluating basic cost-effectiveness is challenging.

5. Deforestation, soil erosion, and the replacement of food crops by fuel crops are the primary
risks of widespread biomass fuel usage.

6. Since biofuels are organic resources, there is always the possibility of employing them as
chemical feedstock or structural components. Palm oil, for example, is an essential component of
soap; many plastic and medicinal items are manufactured from natural ingredients; and much
building board is formed from plant fibres combined with other elements.

7. Unwanted pollution may likely result from poorly regulated biomass processing or
combustion, particularly from very low temperature combustion, wet fuels, and a lack of oxygen
supply to the combustion zones. Modern biomass processes need great attention and knowledge.

8. The use of sustainable biofuels in lieu of fossil fuels decreases CO2 emissions and hence the
driving of climate change.Recognizing this is a critical component of climate change policy.

Biofuel classification

Biomass is mostly made up of organic liquid resin. Significant amounts of dirt, shell, or other
extraneous material may, nevertheless, be included in commercial supply. It is critical that
biomass be evaluated as either wet or dry matter mass, with the correct moisture content
provided.The dry basis moisture content is w = m m0/m0 and the wet basis moisture content is w
= mm0/m0 if m is the whole mass of the material as it is and m0 is the mass when totally dried.
Since the moisture content is in the form of extracellular and intracellular water, drying
mechanisms may be required. When harvested, the wet basis moisture content of plants is
typically 50%, but may reach 90% in aquatic algae such as seaweed (kelps). The substance is
said to be 'dry' when it achieves long-term homeostasis with the environment, which is normally
about 10-15% water content by mass.

The energy released when biomass is transformed to CO; and H>O is about 460 kJ per mole of
carbon (38M1J per kilogramme of carbon; 16MJ per kg of dry biomass), per unit of reduction
level R. Because of additional energy transfers, this is not an exact number. Sugars R = 1 have a
heat of combustion of about 450 kJ per 12 g carbon content. Fully reduced material, such as
methane CH4R = 2, has a heat of combustion of approximately 890 kJ per 12 g of carbon (i.e.
per 16 g of methane). The presence of moisture in biomass fuel typically results in a significant
loss in useful thermal output because (i) evaporation consumes 23MJ kgl of water and (ii) the
resulting reduced combustion temperature increases smoke and air pollution. Most of this latent
heat may be recovered with condensing boilers by condensing water vapor in the exhaust and
therefore pre-heating incoming cold water. However, clean combustion remains a challenge.

The bulk density of stacked fibrous biomass, as well as the density of biomass, is critical. To
give the same energy as coal, three to four times the amount of dry organic material must be
collected. As a result, shipping and fuel handling become cumbersome and costly, particularly if
biofuels are not used at the source.
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Thermochemical

Direct combustion produces instant heat. It is preferable to use dry, uniform feed. Pyrolysis.
Biomass is heated either in the absence of air or by partial combustion of some of the biomass in
the presence of a limited supply of air or oxygen. Gases, vapours, liquids and oils, as well as
solid char and ash, are among the products. The output is affected by temperature, input material
type, and treatment technique. Since the presence of water is required in certain processes, the
material does not need to be dry. The process is known as gasification when the major result is
flammable gas.

Additional thermochemical reactions

There are several pre-treatment and process procedures available. They often entail complex
chemical control and mass scale manufacturing; for example, methanol production for liquid
fuel. Processes that convert cellulose & starches into sugars for later fermentation are very
important.

Biochemical

Aerobic digestion takes place. Microbial aerobic metabolism of biomass creates heat in the
presence of air while emitting CO;, but not methane. This process is important for the
environmental carbon cycle, such as the degradation of forest litter, but it is not often employed
for commercial bioenergy. Anaerobic digestion is number five. Some microbes may get their own
energy source in the absence of free oxygen by interacting with carbon compounds of medium
reduction level to create both CO, and completely reduced carbon as CH4. The process (the
earliest biological 'decay’ mechanism) is sometimes known as 'fermentation,’ although it is more
often known as 'digestion,’ due to a comparable process that happens in the digestive systems of
ruminant animals. The developed mixture of CO,CH4 and trace gases is known as biogas in
general, although it may also be referred to as wastewater gas or landfill gas.

Fermentation of alcoholic beverages, ethanol is a highly flammable liquid fuel that may be used
instead of refined petroleum. It is produced via the activity of microorganisms and is hence a
fermentation process. Sugars are used as a feedstock in traditional fermentation. Biophotolysis.
The splitting of water into hydrogen and oxygen by the action of light is known as photolysis.
When hydrogen is burned or detonated as a fuel in air, recombination happens. In biophotolysis,
some biological organisms create, or may be induced to make, hydrogen. In laboratory
circumstances, same effects may be accomplished chemically, without the need of live creatures.

Agrochemical

Extraction of fuel Liquid or solid fuels may sometimes be derived directly from live or newly cut
plants. Exudates are materials acquired by cutting into (tapping) the trunks or trunks of live
plants or crushing recently collected material. Natural rubber latex manufacture is a well-known
related technique. Plants related to the rubber plant Herea, such as Euphorbia species, generate
hydrocarbons with lower molecular weight than rubber, which can be utilised as petroleum
replacements and turpentine.

Biodiesel with esterification

Concentrated plant oils may be used directly as fuel in diesel engines; in fact, Rudolph Diesel
intended his original 1892 engine to operate on a range of fuels, including natural plant oils.
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Nevertheless, direct use of plant oil presents challenges owing to its high viscosity and
combustion deposits as compared to ordinary diesel-fuel mineral oil, particularly at low ambient
temperatures around 5C. These problems are solved by converting vegetable oil to the equivalent
ester, which is arguably a superior fuel for diesel engines than standard (petroleum-based) diesel
oil.

Energy farming

The sugarcane business is an exemplary and well-established example of energy farming. For
powering either mill or industrial activities, the process relies on the burning of crushed cane
waste (bagasse). Excess energy from efficient equipment should be available for the manufacture
and sale of byproducts such as sugar, chemicals, animal feed, ethanol, fiber board, and power.
Ethanol is often used as a component of transportation fuel, and extra energy is sold to a local
grid. The many options for energy cultivation each have specific benefits and downsides. One
significant downside is that energy crops may be used to replace critical food production. For
example, grain farms in the United States produce around 10% of the world's cereal crops and
export approximately one-third of this. An abrupt shift to large-scale production of biofuels, such
as ethanol from maize, would thereby deplete global food supply before replacements could be
created. A second important risk is that intensive energy agriculture would put additional strain
on soil fertility and erosion. The obvious solution for avoiding these excesses is to (a) always
cultivate plants that can offer both human meals (e.g. grain) and energy (e.g. straw), (b)
drastically reduce crop-based animal feeding, and (c) utilise all resources more effectively.

Crop yield

Crop yields cannot be predicted without extensive information about weather conditions, soil
type, agricultural practises, fertilizer usage, irrigation, and so on. The disparities in growing
seasons and harvesting techniques make comparing crops much more challenging. Certain arable
crops, such as cereal grains, are planted yearly, while others, such as grasses, may be cropped
more than once. Others, such as sugarcane, are planted every several years and harvested yearly,
or may grow for lengthy periods before harvesting, such as more than ten months for certain
cassava kinds. Trees may grow for many years before being completely harvested (timber
logging); some tree crops, such as willow, hazel, and certain eucalyptus, can develop from
continuous roots and be harvested as coppice every few years. Summarizes data used to assess
crops' maximal biofuel potential in terms of heat of combustion and continuous energy supply.
The figures for aquatic crops are based on an abundance of nutrients. Grasses are expected to be
harvested often throughout the growing season. We emphasize the significant uncertainty of such
data, as well as the rule that such broad generalizations should never be applied to real
developments without location testing.

Energy and greenhouse gas analysis

Crop development needs two types of energy: (1) solar irradiance and (2) energy consumed in
labour, tractor fuel, manufacturing machinery, fertiliser, and so on. The gross energy requirement
(GER), also known as embedded energy, is the sum of all sources of energy other than incident
solar energy sequestered (used up) in the production of the crop. An example is the best way to
demonstrate the method of energy analysis. Nevertheless, such energy analysis ignores the
thermodynamic 'quality’ of the energy involved, i.e. the percentage of energy that can be
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converted to work; such analysis requires the thermodynamic functions of Free Energy and
Exergy and will not be explored here.

The energy sequestered for all market inputs to manufacture ethanol from different crop
substrates is solar energy is not regarded as and input in this analysis since it comes as a free
input. The total GER is stated per kilogramme of ethanol (row 7 of the table). It should be noted
that in most cases, the energy obtained from the finished product (ethanol at 30MJ kgl) is less
than the GER, giving the image of a wasteful fuel manufacturing process with negative net
energy output.Yet, the majority of energy used in manufacturing is related with process heat and
industrial machinery (rows 3, 4 and 5). The combustion or pyrolysis of otherwise liquid waste
(bagasse from sugarcane, trimmings and other waste from lumber, part of the straw from cereal
crops) sometimes provides all or a major portion of this energy at very cheap cost inside the
industry. As a result, such energy sources, like solar radiation, may be seen as low-cost gains.
Row 10 shows the net energy production (the "gain") minus the components of rows 3, 4, and 5,
demonstrating the enormous difference made if otherwise waste material is utilised as a free (i.e.
no cost) energy gain.

Another critical statistic is the energy ratio (ER), which is the ratio of the crop's heat of
combustion (strictly the enthalpy) to the Gross Energy Need. The published results are heavily
influenced by what is included in GER, how the study is carried out, and what agricultural yields
are expected. Post-2000 statistics from process and cultivation advancements for bioethanol from
sugar cane in Brazil, for example, reveal an enhanced value of ER of roughly 6. Nevertheless,
data for ethanol production from corn (maize) in the United States shows an ER of just
approximately 1.3 since crop leftovers are not used. Improved lignocellulose ethanol processes
may have ER > 4, although this has yet to be demonstrated in commercial operation. Since the
values may be related to agricultural practises, such as 'organic' or 'intensive,' the energy ratio is
a helpful indication for food and energy crops. Best practises in energy crop development may
result in ERsv

Additional considerations with fuel energy properties include:

1. Why non-sustainable inputs (fossil and nuclear fuels) are often ignored but included for
permanent, renewable resources?

2. Why consider all energy inputs and outputs only in terms of Enthalpy (which ignores
'quality’) rather than the more thermodynamically complete parameters of Free Energy or
Exergy (both of which include 'quality')? Energy suppliers of high quality, such as
electricity and gas, are much more expensive than those of low quality, such as brown
coal, damp wood, or warm water.

In actuality, the energy analysis and consequent economic analysis of biomass agro-industries is
much more involved than this simplified technique suggests.Nonetheless, the critical issue
remains that the utilisation of low-cost biomass leftovers for process heat and power generation
might be critical.Since it emphasises the technical components and process decisions, energy
analysis is a helpful tool in examining energy-consuming and energy-producing systems. For
example, it would seem from that ethanol generation from sugarcane is most realistic. Yet, other
aspects must be considered, such as the market for non-fossil fuel suppliers, the value of
alternative goods and byproducts, and government policies and incentives.
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Energy analysis may easily be transformed into analysis of the accompanying greenhouse gas
emissions by enumerating the CO» emissions associated with the energy usage in each phase of a
process. Such studies differentiate 'automatically' between (i) using biomass residues for process
energy (zero net CO; emissions, since the residues would have degraded naturally otherwise) and
(i1) using fossil fuel energy inputs.

Direct combustion for heat

Biomass is burned to provide heat for cooking, comfort heat (space heating), agricultural drying,
industry activities, and to generate steam for power generation and transportation. Traditional
uses of biomass combustion include (a) cooking with firewood, which accounts for about 10-
20% of global energy use (a difficult to estimate proportion) and (b) commercial and industrial
use for power as well as heat, such as sugarcane milling, tea or copra drying, oil palm
processing, and paper making. Dry fuel and regulated, high temperature combustion help to
maximise efficiency and minimise emissions.The heat of combustion for a variety of energy
crops, residues, derivative fuels, and organic products assuming dry material. Such information
is critical for the industrial usage of biomass fuel.

Domestic cooking and heating

A sizable fraction of the global population relies on fuelwood or other biomass for cooking,
heating, and other household purposes. The average daily fuel consumption per person is around
0.5-1 kilogramme of dry biomass, i.e. 10-20MJ d1 150W. When multiplied by, say, 2109
persons, this indicates energy consumption at a very significant rate of 300 GW. The bulk of
household fuelwood consumption, although by no means all, occurs in underdeveloped nations,
and the majority is not included in commercial energy figures. We presume that the fuel has been
fully dried, since this is an important initial stage in biomass combustion (see Sections 6.4 and
11.4.2); wet or damp fuel should be avoided. An average use of 150 W'continuous' for cooking
may seem quite high. The extensive use of inefficient cooking techniques, the most frequent of
which is still an open fire, contributes to such high usage. The thermal efficiency of this 'device'
is just approximately 5%. This means that only around 5% of the heat generated by full
combustion of the wood reaches the inside of the cooking pot. The remainder is lost due to
incomplete combustion of the wood, wind and mild breezes moving heat away from the fire, and
radiation losses, among other things, caused by the mismatch of fire and pot size. Much energy is
also lost due to evaporation from uncovered pots and wet fuel. Smoke (unburnt carbon and tars)
from a fire is evidence of incomplete combustion, and the pace at which wood is burned may be
difficult to manage. Also, unless an effective extraction chimney is used, the smoke is a health
concern to the chef. Allowing interior smoke may be permissible to prevent rodents and bugs
from the roof, as well as to cure ('smoke') dry food.Efficiently burned dry wood releases solely
CO; and H>O with totally combusted ash after the originally created unburnt gases and tars burn
in a later process.

Utilizing dry fuel may increase cooking efficiency and amenities.

Introducing new meals and cooking techniques, such as steam cookers.

Using enclosed burners or stoves and well-fitting pots with lids to reduce heat losses.
Enabling secondary combustion of unburned flue gases.

Presenting stove controls that are both durable and simple to operate.

Explanation, training, and administration.

AN e e
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With these enhancements, the greatest cooking stoves that use fuelwood and natural air
circulation may transfer more than 20% of the combustion energy to the cooking pots. Devices
that use forced and actively regulated ventilation, such as an electric fan, may achieve efficiency
levels of more than 80%. There are several scientifically grounded projects to enhance cooking
stoves, but complete market acceptance is not always achieved, particularly when cultural and
gender considerations are not thoroughly recognised. One of the most challenging aspects of
‘efficient’ stoves may be producing quick heat.Firewood combustion is a difficult and variable
process. Much is determined by the kind of wood and the moisture content. The first combustion
produces CO, which should burn in excess air. At temperatures over 370°C, calcium oxalate in
wood breaks down, releasing some oxygen and boosting combustion while lowering particle and
combustible emissions. High temperature combustion is limited to a 'white-hot' tiny volume by
good design, and pyrolytic gases are burned in a secondary combustion area where more air
enters.

If space heating is required, the ostensibly lost heat from cooking might be put to good use.
Closed stoves with regulated combustion may be 80-90% efficient if just space heat is
required.A complementary technique for lowering home fuelwood consumption is to promote
alternative renewable energy sources such as biogas (methane with CO»), fuel from agricultural
wastes, and small-scale hydropower. While forests are diminishing and deserts are expanding,
the demand for such advances is tremendous. Two kinds of wood-burning stoves, both of which
are intended to make greater use of wood as a cooking fuel. Both styles are inexpensive enough
to be widely used in underdeveloped nations. More costly stoves (also known as ranges) for both
cooking and water heating are a luxury item in many Northern European and North American
kitchens, while certain designs allow for wood burning.

The fire in the stove is totally contained in the firebox on the left. When gasoline is entered, the
iron (dark-colored) door is removed. Air enters via an adjustable-size hole under the door (fully
shut in the photo). As a result, the rate of combustion may be precisely regulated to fit the sort of
cooking being performed. Hot gases from the fire are sent down a tiny channel somewhere under
the cooking pots, which are designed to fit snugly into holes on top. Air may now enter via
additional routes for secondary combustion. The completely burned gases and vapours exit the
cooking area via the chimney at the far end of the stove, preventing pollution and encouraging
air movement.The stoveis simpler and less expensive, but it provides less control and flexibility.
Yet, its tiny bulk makes it portable, and minimal heat is required in heating the burner as
opposed to the pot, which is advantageous for speedy cooking. Air enters the fuel from below
through a grate. The efficiency is good since the fire is confined and the heat is directed towards
the pot. Since charcoal burns cleanly and without smoke, this stove is ideal for use with
it.Several of these observations about cooking also apply to the use of biofuels for comfort
(space) heating in buildings. It is critical to have a well-managed fire with strong secondary
combustion. Air for combustion is delivered directly to the stove from outside the building in
certain setups. This reduces heat loss and air movement in the room. Certain complex and
efficient wood-burning heaters are widely used, particularly in wood-rich industrialised nations
(e.g., Norway, Canada, and New Zealand) and those fostering markets in fuelwood chips and
pellets from otherwise waste biomass wastes (e.g. Northern Europe). In the case of the latter,
sophisticated.
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Crop drying (for example, fruit, copra, coco, coffee, and tea) is generally achieved by burning
wood and agricultural leftovers, or by utilising waste heat from power production. The item to be
dried may be put directly in the flue exhaust fumes, however there is a risk of fire and food
contamination. Before flowing through the crop, air is often heated through a gas/air heat
exchanger. Since the fuel is near to where it is required, combustion of agricultural leftovers is a
reasonable use of biofuel. In an effective furnace, combustion produces a rising hot clean exhaust
gas CO; +H>O+excess air at about 1000 degrees Celsius, which may be diluted with cool air to
the appropriate temperature. Almost often, the flow of biomass exceeds the flow necessary for
crop drying, leaving an excess of leftovers for other uses, such as creating industrial steam[1],

[2].
Process heat and electricity

For industries, steam process heat is frequently provided by burning wood or other biomass
leftovers in boilers, sometimes using fluidized beds. It is physically logical to utilise the steam to
create power first, before the heat declines to a lower useable temperature. Because of the low
temperature combustion, the efficiency of electricity production from biomass may be only
approximately 20-25%, thus 75-80% of the energy stays as process heat and a suitable end
temperature is maintained. As in contemporary sugarcane mills, the optimal functioning of such
operations often treats electricity as a byproduct of process heat production, with surplus power
supplied to the local energy supply agency. Co-firing in coal-burning power plants is perhaps the
simplest technique to utilise energy crops and biomass wastes. The combustion process is
tailored to the well-known coal-biomass blend. Such coal replacement (absorption) may be one
of the most successful strategies for biomass to minimise greenhouse gas emissions[3], [4].

Wood resource

Wood is only a renewable energy source if it is growing at the same rate as it is used. There are
also biological imperatives for preserving natural woods and forests. The world's wood supply is
used not just for firewood, but also for sawn timber, paper production, and other industrial
purposes. Moreover, much forest is destroyed for cultivation, and the wood is just burned as
'trash'.Estimated estimates of existing and prospective biomass energy resources are provided
including forests and oodland, although the accuracy in most nations is no better than a factor of
two, mainly because of varying definitions of precisely what are 'forests' and 'woodlands'.In
many countries, firewood use outpaces replacement growth, making fuelwood a finite resource.
In India, for example, current fuelwood use is projected to be over 200Mt y1, with only around
20Mt y1 constituting sustainable supply from forests. Approximately 100Mt y1 comes from non-
forest sources such as village woodlots, trees or bushes on the border of fields and highways, and



Conventional and Renewable Energy Resources

so on. The remainder is made up of non-sustainable forest exploitation and other woody material
collecting. Moreover, the populations of firewood-using nations are growing at a rate of 2-3%
each year, boosting the need for low-cost cooking fuels. Fuelwood gathering for home usage,
which is generally done by women and children, is getting increasingly difficult as fuelwood
grows scarce. Fuelwood shortage affects around 60% of rural women in Africa, 80% in Asia, and
40% in South America.

Also, harvesting firewood may take 1-5 hours every day. To address these issues, substantial
reforestation as well as a shift to more efficient cooking techniques are required.Regeneration
may occur in both natural and guy plantations (which usually grow faster and are to be
encouraged). Plantations largely cultivated for electricity need different management
(silviculture) approaches than plantations primarily grown for lumber. Since combustible wood
does not have to be grown in long straight lengths, it may be collected considerably more often
(at 3-5 years rather than 30 years). Coppicing (leaving the roots in the ground and cropping just
the branches) is effective with many tree species; it eliminates (expensive) labour for planting
and weeding, as well as soil erosion as compared to frequent replanting[5]-[7].

Pyrolysis (destructive distillation)

Pyrolysis is a catch-all word for any processes that include heating or partly combusting organic
material to create additional fuels and chemical compounds. Wood, biomass wastes, municipal
garbage, or even coal may be used as an input. Gases, condensed vapours as liquids, tars and
oils, and sorbent as char (charcoal) and ash are the byproducts. Pyrolysis is used in traditional
charcoal production, although the vapours and fumes are not collected. Gasification is pyrolysis
modified to create as much secondary fuel gases as possible. Vertical top-loading machines are
generally thought to be the finest. Fuel products are more convenient, clean, and transportable
than biomass. Chemical products are used as chemical feedstock for subsequent operations or as
immediately marketable items. Gasifiers are partial combustion devices that are intended to
maximise the quantity of combustible gas rather than char or volatiles. The process is
fundamentally pyrolysis, although it may not be called that.

The heat of combustion of the secondary fuels generated is divided by the heat of combustion of
the input feedstock as used to calculate efficiency.High efficiencies of 80-90% are possible. For
example, wood gasifiers may create 80% of the original energy in the form of combustible gas
(mostly H, and CO - producer gas), suitable for use in converted petroleum-fueled engines. As a
result, the total efficiency of electricity production (say, 80% of 30% = 24%) might be higher
than that of a steam boiler. Such gasifiers might be effective for small-scale power
production.Pyrolysis' chemical processes are quite similar to comparable distillations of coal to
yield synthetic gases, tars, oils, and coke. For example, before the switch to fossil natural' gas
(mostly CHy), large-scale usage of piped town gas H> +CO in Europe was conceivable from the
reaction of water on heated coal with restricted air supply|[8], [9].

H,0+C— H, +CO
C+0,—-»C0O,; CO,+C— 2CO
The following is a summary of the various pyrolysis conditions and products. The input material

must be processed to eliminate excessive non-combustible material (e.g., dirt, metal), dried if
required (in contrast to boilers, fully dry material is normally avoided with gasifiers), chopped or
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shredded, and then held for use. During combustion, the air/fuel ratio is a vital parameter that
influences both the temperature and the kind of product. Pyrolysis units work best at
temperatures below 600 degrees Celsius. Higher temperatures of 600-1000 C need more
complexity, but the gas will create more hydrogen. At temperatures below 600°C, the distillation
process typically consists of four stages:

1. 100-120C. The moisture that passes through the bed dries the input material.

2. 275 C. The principal output gases are N2, CO, and COz; acetic acid and methanol are
distilled off.

3. 280-350C. Exothermic reactions take place, releasing complex combinations of
chemicals (ketones, alkenes, phenols, and esters), CO,, CO, CHs, C2He, and Ha. Some
catalysts, such as ZnCl2, allow these reactions to take place at lower temperatures.

4. 350C. All volatiles are removed, a higher percentage of H; is generated with CO, and
carbon is left as charcoal with ash leftovers.

Condensed liquids known as tars and pyroligneous acid may be separated and processed to
produce recognised chemical compounds (for example, methanol, CH;OH, a liquid
fuel). Secondary pyrolysis fuels offer less energy output of burning than the initial biomass, but
are significantly easier to utilise. Several of the products have much higher energy densities (for
example, CHs at 55MIJ kgl) than the average intake. Convenience includes simpler handling and
transport, piped distribution as gas, improved combustion control, a wider range of enduse
devices, and lower air pollution at the time of use. The following remarks address the solid,
liquid, and gaseous products, in that order.

Old charcoal

At about 600°C, modern charcoal retorts yield 25-35% of the dry matter biomass as charcoal.
Since there is less control, traditional earthen kilns often produce outputs closer than 10%.
Unless significant effort is taken to increase quality (as with chemical grade charcoal), charcoal
is 75-85% carbon, and the heat of burning is roughly 30MJ kgl. So, if just charcoal is created
from wood, 15 to 50% of the initial chemical energy of fire remains. Charcoal is an excellent
source of clean, controlled fuel. Chemical grade charcoal offers a wide range of applications in
research and manufacturing chemical processes. For the production of high-quality steel,
charcoal outperforms coal products.

Alcohol production methods

Ethanol, C;HsOH, is produced naturally by certain micro-organisms from sugars under acidic
conditions, i.e. pH 4 to 5. This alcoholic fermentation process is used worldwide to produce
alcoholic drinks. The most common micro-organism, the yeast Saccharomyces cerevisiae, is
poisoned by C2ZH5SOH concentration greater than 10%, and so stronger concentrations up to 95%
are produced by distilling and fractionating (Figure 11.1). When distilled, the remaining constant
boiling point mixture is 95% ethanol and 5% water. Anhydrous ethanol is produced
commercially with azeotropic[8], [10].
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Water is removed through co-distillation with chemicals such as benzene. While only around
0.5% of the sugars' energy potential is lost during fermentation, large quantities of process heat
are needed for the concentration and separation operations. This process heat might be generated
through the burning or gasification of otherwise waste biomass, as well as waste heat recovery.
The sugars may be acquired by the following methods, which are given in order of increasing
complexity.

1. Directly derived from sugarcane. Commercial sucrose is often extracted from cane juices, and
the leftover molasses is employed in the alcohol manufacturing process. The sugar level of this
molasses is around 55%. Nevertheless, if the molasses has limited economic value, ethanol
generation from molasses has promising commercial prospects, particularly if cane waste
(bagasse) is available to generate process heat. The main process in this scenario is the
conversion of glucose to ethanol:

C12H22011 +H20 yeast 4C,HsOH +4CO,.

In actuality, additional processes and yeast mass growth restrict the yield. Commercial yields are
around 80% of what was projected. Other sugar fermentation processes, such as glucose,
C6H1206, are extremely similar.

2. Made from sugar beets. Sugar beet is a root crop grown in the mid-latitudes to produce large
amounts of sugar. The sugar may be fermented, but acquiring process heat from agricultural
wastes is more difficult than with cane sugar, therefore production of bioethanol is more costly.

3. Produced from starch crops. Grain and cassava, for example, may be hydrolyzed to sugars.
Starch is the plant's primary energy storage carbohydrate, and it is made up of two big molecular
weight components, amylose and amylopectin. These rather big molecules are mostly linear,
although they include branching chains of glucose molecules connected by different carbon
bonds. Enzymes from malts linked with certain crops, such as barley or corn, or enzymes from
specific moulds, may break these connections (fungi). Similar processes are popular in whisky
distilleries, maize syrup manufacturing, and cassava root ethanol production. Acid treatment at
pH 1.5 and 2 atmospheres pressure may also break the linkages, although the yields are low and
the technique is more costly than enzyme options. The residue from the enzyme process is an
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important byproduct that may be utilized for cow feed or soil conditioning. from cellulose.
Cellulose accounts for around 40% of all biomass dry matter. Apart from its use in wood
combustion, cellulose has the potential to be a key material for large-scale ethanol synthesis. It
comprises a polymer structure of linked glucose molecules and serves as the primary
mechanical-structural component of plant woody components. These linkages are much more
resistant to hydrolysis breakdown into sugars than identical links in starch. In plants, cellulose is
found in close contact with lignin, which inhibits hydrolysis to sugars. As with starch, acid
hydrolysis is feasible, but the process is costly and energy consuming.

If natural, wood-rotting fungus enzymes are utilized, hydrolysis is less costly and requires less
energy input, but the process is sluggish. Commercial prototype processes have utilized pulped
wood or, more ideally, aged newspaper as input. The first physical breakdown of woody material
is a tough and costly step that often requires a lot of power for the rolling and pounding
machinery. Significant R&D in the United States and Scandinavia has resulted in processes with
higher yields and potentially lower production costs, the key features of which are acid-catalyzed
hemicellulose hydrolysis, more effective enzymes for cellulose breakdown, and genetically
engineered bacteria that ferment all biomass sugars (including 5-carbon sugars that resist
standard yeasts) to ethanol with high yields. While these techniques are not yet widely used
commercially, they may enable ethanol from biomass to compete competitively with fossil
petroleum.

Ethanol fuel use

Because of their ease of handling and regulated combustion in engines, liquid fuels are very
important. Anhydrous ethanol is a liquid with a temperature range of 117 to +78 degrees Celsius,
a flash point of 130 degrees Celsius, and an ignition temperature of 423 degrees Celsius, and thus
has the characteristics of a commercial liquid fuel, being used as a direct substitute or additive
for petrol (gasoline), and is used in three ways:

1. As 95% (hydrous) ethanol, used directly in modified and dedicated spark-ignition
engines; 2 mixed with fossil petroleum in dry conditions to produce gasohol, used in
unmodified spark-ignition engines, possibly retuned; 3 as an emulsion with diesel fuel for
diesel compression engines (this may be referred to as diesohol, but is not common).

2. In general, such bioethanol gasoline has an ethanol proportion denoted as EX, where X is
the percentage of ethanol, for example, E10 contains 10% ethanol and 90% fossil
petroleum. Gasohol for unmodified engines is typically between E10 and E15, and higher
ethanol concentrations need significant engine modification. Since water does not
combine with gasoline, water is often present as an undissolved sludge at the bottom of
petroleum vehicle fuel tanks, such as those found in automobiles, without producing
problems. If gasoline is added to such a tank, the fuel will be contaminated and may not
be acceptable for a stock engine. Gasohol, made mostly from sugarcane ethanol, is
currently widely available in Brazil, for example as E22, and in southern African nations.
Gasohol is also popular in the United States, however the ethanol is most likely derived
from maize grain.

3. The antiknock qualities of the ethanol addition make it preferable to the more prevalent
tetraethyl lead, which causes substantial air pollution. Because of ethanol's strong
combustion qualities, an engine may create up to 20% more power using ethanol than
with petroleum. Since ethanol's mass density and calorific value are both lower than
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those of petroleum, the energy per unit volume of ethanol (24 GJ m3) is 40% lower than
that of petroleum (39 GJ m3), as shown in Table B.6. Nevertheless, when assessed in
terms of volume per unit distance, such as litre/100 km, ethanol's superior combustion
capabilities virtually compensate. Fuel consumption by volume in comparable
automobiles utilising petrol, gasohol, or pure ethanol is 1:1:1.2, implying that pure
ethanol is only 20% inferior by this criterion. Yet, we must point out that the practise of
assessing liquid fuel consumption per unit volume is misleading.

Anaerobic digestion for biogas

Decomposer organisms, fungus, and bacteria naturally break down decaying biomass and animal
wastes to fundamental nutrients and soil humus. Wet, warm, and gloomy circumstances favour
the processes. Several different types of bacteria, categorised as aerobic or anaerobic, complete
the last phases.In the presence of oxygen, aerobic bacteria thrive, with the biomass carbon
completely oxidised to CO,. This composting process emits some heat slowly and locally, but it
is ineffective for energy supply. Since air must infiltrate to be aerobic, a loose Tump' of biomass
is required.Layers of rumpled newspaper and cardboard, which enable air spaces and supply
helpful carbon from the carbohydrate material, considerably aid domestic composting. Such
aerobic digestion produces less methane, CHa, which is roughly eight times more powerful as a
greenhouse gas than CO; per extra molecule

Anaerobic bacteria thrive in confined circumstances with no oxygen accessible from the
environment by breaking down carbohydrate material. The carbon may eventually be split into
completely oxidised CO; and entirely reduced CHs4. Soluble nitrogen compounds, for example,
stay accessible in solution, making it a good fertiliser and compost.The processes are always
classified as fermentations since they are carried out by microorganisms, however under
anaerobic circumstances, the word 'digestion' is preferred. It is emphasized that both aerobic and
anaerobic decompositions are important natural ecological processes that influence all biomass
regardless of human participation. We can connect with the natural process and channel energy
and resources for our economy, just as we can with all other kinds of renewable energy. The
decomposing trash should subsequently be discharged into the environment to allow natural
biological processes to proceed.

Biogas is a gaseous combination of CH4 and CO> produced by digesters, which include waste
and sewage pits; to use this gas, the digesters are designed and managed to favour methane
production and extraction. The energy available from biogas combustion ranges from 60 to 90%
of the dry matter heat of combustion of the input material. Yet, since the gas can be extracted
from slurries containing up to 95% water, biogas energy is often accessible when none would
otherwise be available. Another, maybe more important, advantage is that digested effluent poses
much less of a health risk than input material. Nevertheless, not all parasites and pathogens are
removed during digestion.When the digester is positioned in a flow of waste material that is
already existent, the economics and overall benefit of biogas are always most favorable.

Sewer systems, piggery washings, cow shed slurries, slaughterhouse wastes, food processing
leftovers, sewage, and municipal trash landfill dumps are some examples. The economic
advantages include that input material does not need to be particularly gathered, administrative
oversight is present, waste disposal is enhanced, and applications for biogas and nutrient-rich
effluent are possible. Nevertheless, at high and medium latitudes, tank digesters must be heated
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for quick digestion (particularly in the winter); typically, such heat is generated by burning the
output gas, considerably lowering net yield.

Such heating is not required for slow digesting. Obtaining biogas from, instance, urban landfill
trash is obviously a different technical issue than getting biogas from cow slurries. Yet, the
biochemistry is comparable. The majority of what follows is about tank digesters, although the
ideas apply to other biogas systems as well.Biogas production may be done on a local or big
scale. Many million household-scale systems, mostly in China and India, have been erected, with
the gas utilised for cooking and lighting.Nevertheless, for long-term operation to be effective, (a)
qualified maintenance and repair professionals are required, (b) consumers perceive advantages,
and (c) alternative fuels, such as kerosene, are not subsidized.

Biogas systems may be especially appealing as part of integrated farming, which aims to
replicate the whole ecological cycle on a single farm. So, plant and animal wastes are digested,
and biogas is collected for use as a fuel, with the effluent flowing through open tanks for
additional aerobic digestion before dispersion. Lighting, equipment, automobiles, generators, and
home and process heat are all powered by biogas. Algae may be cultivated in open-air tanks and
harvested for cow feed. After aerobic digestion, the treated effluent is routed via reed beds,
maybe to fish tanks and duck ponds, and ultimately to the fields as fertilizer. The success of such
programmers is ultimately determined by fully integrated design, high construction standards,
and th passion and devotion of the operator, not to mention the needed monthly
maintenance.Decomposer organisms, fungus, and bacteria naturally break down decaying
biomass and animal wastes into fundamental nutrients and soil humus. Wet, warm, and dark
circumstances facilitate the processes. Several distinct types of bacteria, categorised as aerobic or
anaerobic, complete the last phases.

In the presence of oxygen, aerobic bacteria thrive, and the biomass carbon is completely oxidised
to CO.. This composting process releases some heat slowly and locally, but it is not a suitable
procedure for energy supply. To be aerobic, air must infiltrate, hence a loose 'heap' of biomass is
required.Home composting is substantially aided by layers of rumpled newspaper and cardboard,
which provide air pockets and supply helpful carbon from the carbohydrate material. Such
aerobic digestion produces very little methane, CH4, which is roughly eight times more powerful
as a gas in the atmosphere than CO; per extra molecule

Anaerobic bacteria survive in isolated environments with no oxygen accessible from the
environment by breaking down carbohydrate material. The carbon may eventually be split into
completely oxidised CO; and entirely reduced CH4. Nutrients including such soluble nitrogen
compounds stay accessible in solution, making it a great fertiliser and compost.The processes are
all classified as fermentations since they are carried out by microorganisms, however under
anaerobic circumstances the word 'digestion' is used. It is emphasised that both anerobic
decompositions are essential processes of natural ecology that influence all biomass regardless of
human participation. Like with all other kinds of renewable energy, we may interact with nature
and channel energy and resources for our economy. The decomposing garbage should
subsequently be discharged to allow natural ecological processes to proceed.

Biogas is a gaseous combination of CHs and CO; produced by digesters, which include waste
and sewage pits; in order to use this gas, digesters are designed and regulated to favour methane
production and extraction the energy available from biogas combustion ranges between 60 and
90% of the dry matter heat of combustion of the input material. Yet, since the gas may be
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generated from slurries containing up to 95% water, biogas energy is often accessible when none
would otherwise be available. Another, probably more important, advantage is that digested
effluent poses much less of a health risk than the input material. It should be noted, however, that
not all parasites and pathogens are removed during digestion.

The economics and overall value of biogas are always best when the digester is positioned in a
flow of waste material that is already existing.Sewerage systems, piggery washings, cow shed
slurries, slaughterhouse wastes, food processing leftovers, sewage, and municipal trash landfill
dumps are some examples. The economic advantages include that input material does not have to
be separately gathered, administrative oversight is present, waste disposal is enhanced, and
applications for biogas and nutrient-rich effluent are possible. Nevertheless, at high and medium
latitudes, tank digesters must be heated for quick digestion (particularly in the winter); typically,
such heat is generated by burning the output gas, lowering net yield substantially.

Slow digestion does not need such heating. Clearly, getting biogas from, instance, and urban
landfill trash is a different technical issue than producing biogas from cow slurries. Yet, the
biochemistry is identical. The majority of what follows applies to tank digesters, although the
ideas apply to other biogas systems as well.Biogas production is suited for small- to large-scale
operations. Many million household-scale systems have been constructed in developing nations,
particularly in China and India, with the gas utilised for cooking and lighting.Nevertheless, long-
term functioning needs (a) qualified maintenance and repair professionals, (b) consumers to
perceive advantages, and (c) alternative fuels, such as kerosene, not to be subsidized.Biogas
systems may be especially appealing as part of integrated farming, which aims to replicate the
whole biological cycle on a single farm.Hence, plant and animal wastes are digested with the
collection of biogas as a fuel, with the effluent passing for additional aerobic digestion in open
tanks before dispersion. Biogas is utilised for lights, machineries, automobiles, generators, and
household and process heat. Algae may be cultivated in open air tanks and harvested for cow
feed. The treated effluent from aerobic digestion is sent via reed beds, maybe to fish tanks and
duck ponds, and ultimately to the fields as fertiliser. The success of such programmers is
ultimately determined by entire integrated design, high construction standards, and the operator's
passion and devotion, not to mention the needed monthly maintenance.

Basic processes and energetics

The general equation for anaerobic digestion is

C.HO.+(x-—y/4-2/2)H,0
— (x/2—y/8+2/4)CO, + (x/2+y/8 — 2/4)CH,

Certain organic material, such as lignin, as well as all inorganic inclusions, are not digested
throughout the process. They bulk up the material, produce scum, and may quickly block the
system. Water makes over 95% of the material's bulk.The reactions are somewhat exothermic,
with a typical heat of reaction of around 15MJ kgl dry digestible material, which is about 250 kJ
per mole of C6H1005. This is insufficient to appreciably influence the temperature of the bulk
material, but it does suggest that the majority of the reaction enthalpy is transferred to the
product gas.The heat of combustion would have been about 16MJ kgl if the input material had
been dry and burned. Throughout the digesting process, just around 10% of the potential heat of
combustion must be lost. This is a 90% conversion rate. Also, extremely wet input has been
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treated to provide a practical and controlled gaseous fuel, while drying 95% watery material
would have needed a significant amount of energy (about 40MJ kgl of solid input). Because of
the considerable time needed, digestion is seldom permitted to complete, hence 60% conversion
is frequent. At STP, gas production ranges from 0.2 to 04 m3 per kilogram me of dry digestible
input, with a throughput of 5 kg dry digestible solid per cubic meter of liquid.

It is widely assumed that three temperature ranges favor different species of bacteria. Digestion
occurs more quickly at higher temperatures than at lower temperatures, with gas output rates
doubling for every 5 degrees Celsius rise. The temperature ranges are as follows: (1)
psychrophilic (about 20 degrees Celsius), (2) mesophilic (around 35 degrees Celsius), and (3)
thermophilic (around 55 degrees Celsius). Unheated digesters in tropical areas are likely to be at
typical ground temperatures ranging from 20 to 30 degrees Celsius. As a result, digestion is
psicrophilic, with retention periods of at least 14 days. Since the psicrophilic process is
substantially slower in colder locations, it may be opted to heat the digesters, most likely by
utilising some of the biogas production; a temperature of about 35C is likely to be selected for
mesophilic digestion. Few digesters run at 55 degrees Celsius unless the goal is to digest material
rather than create surplus biogas.

In general, the higher the temperature, the quicker the procedure. The biochemical activities take
place in three phases, each aided by a different type of anaerobic bacteria: Insoluble
biodegradable compounds, such as cellulose, polysaccharides, and lipids, are degraded to
produce soluble carbohydrates and fatty acids (hydrogenesis). In an active digester, this takes
roughly a day at 25 degrees Celsius.

Acid producing bacteria mostly create acetic and propionic acid (acidogenesis). At 25 degrees
Celsius, this step also takes approximately a daily.Methane-forming bacteria gradually finish the
digestion to a maximum of 70% CHs and a minimum of 30% CO» with trace levels of H> and
maybe H2S in around 14 days at 25°C (methanogenesis). H> may play an important function,
and certain bacteria, such as Clostridium, are notable for creating H> as an end product. Since
meth6ane-forming bacteria are pH sensitive, the environment should be somewhat acidic (pH
6.6-7.0) but not more acidic than pH 6.2. Nitrogen should account for 10% of the dry intake,
whereas phosphorus should account for 2%. Maintaining steady temperature and sufficient input
material is a golden criterion for optimal digestion operation. As a consequence, an appropriate
population of bacteria may develop itself to meet these circumstances.

Working digesters

Tropical batch unit for the home. This is the most basic approach, which consists of an inverted
metal cylinder in another bigger tank, such as a 200-litre oil barrel with the top removed. The
biogas is captured in the top cylinder and routed to the home for cooking and lighting. For each
batch, the tank must be filled with new animal dung and, if feasible, seeded with bacteria from a
previous batch. Systems like these are messy and normally only persist for a short length of time.
Since such batch treatment does not provide a consistent yield, a continuous method is preferred.

Gas system for Indian goobers.

Gobar is a term for sun-dried cow pats that are used as cooking fuel in tropical areas and earlier
in Europe. The diagram depicts the original method's concepts. Non-digestible straw and
inclusions are separated from the material in the input settling tank. After around 14-30 days, the
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flow flows slowly through the buried brick tank to the exit, where nutrient-rich fertiliser is
collected. The hefty metal gas holder, the most costly part in the original design, maintains a gas
pressure of 10 cm water column. The holder is raised on a regular basis (about every six months)
to remove any heavy scum on top of the fluid. Regular maintenance and daily examination of
pipelines, etc. are required. The most common cause of biogas digester failure is a lack of
maintenance.Chinese digestive enzyme. This is a suggested design for houses and village
communes in the Republic of China, where millions have been placed. The permanent concrete
top, which allows pressured gas to be obtained, is the design's defining feature. Its top is far less
expensive than the hefty metal floating gas holding of (b) in previous Indian systems.

After around 14-30 days, the flow flows slowly through the buried brick tank to the exit, where
nutrient-rich fertiliser is collected. The volume of the gas replaces the digester fluid as it
develops, and the pressure rises.Regular maintenance and frequent (daily) examination of
pipelines, etc. are required to prevent blockage by non-digestible debris. Design for industry. The
digester tank is normally heated to at least 35 degrees Celsius. The primary goal of such a system
is likely to be the treatment of otherwise unwanted waste material, with biogas as an added
advantage.

The image depicts an industrial-scale biogas digestion plant in operation in Denmark. It
processes around 120 tonnes per day of slurry (manure) from local farms, as well as
approximately 35 tonnes per day of other organic materials, such as slaughterhouse wastes and
fatty industrial wastes. The raw slurry is delivered to the farms in 20 m3 tanker trucks, and the
digested product is returned to the fields in the same vehicles for use as fertiliser. Computer-
controlled pumps and valves feed the combined biomass into two 950 m3 steel digester tanks.
For thermophilic digestion, the temperature in the digesters should be at 53 degrees Celsius to
ensure maximum process efficiency. Approximately 80% of the 10 000 m3 dl of biogas is
passed through a pressurised water'scrubber' to remove CO2 and traces of H2S before being
compressed and transferred to a nearby district combined heat and power (CHP) plant; the
remainder is used on-site in another CHP unit that provides heat for the digesters. The payback
period for such a system, depending on gas and electricity sales, is around ten years.
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Since they are inexorable flows of energy potential in our environment, wastes and leftovers
from human activity and economic output constitute a kind of 'indirect' renewable energy.
Wastes and residues are produced as a result of (a) primary economic activity, such as forestry,
lumber mills, harvested crops, abattoirs, and food processing, and (b) urban, municipal, and
residential garbage, including sewage. The biomass content of such trash has the greatest
potential for energy production. Nonetheless, a considerable fraction of combustible trash from
mineral sources, such as most plastics, is generally present; however, such burning needs control
to minimize unwanted emissions. The availability of wastes and trash at sites of concentration,
where they might rapidly create an environmental threat, is a critical element. Coping with this
'issue' becomes necessary. As a result, the waste operator will be compensated for the material
and hence be subsidized in subsequent energy production.Municipal solid waste (MSW), landfill,
and sewage are the three major wastes. Municipal solid waste (MSW) is garbage collected by
municipal authorities from residential and industrial sources; it often comprises considerable
volumes of metal, glass, and plastic (i.e. non-biomass) stuff. Most plastics, metals, glass, and
other things should be recycled before being disposed of or burned. However, non-biomass
elements are generally present in substantial quantities[1], [2].

MSW is a loose, solid substance of variable composition that may be burned or pyrolyzed
directly. If the composition is satisfactory, it may be pressurised and extruded as'refuse derived
fuel, RDF," which is typically accessible as dry pellets of approximately 5 cm diameter for
burning in domestic-scale boilers.'Landfill' refers to garbage, mostly MSW that is placed in
enormous pits. A major amount of MSW contains biological waste, which decays anaerobically
once trapped in landfill. Because of the lower ground temperature, the process is slower than in
most biogas digesters, but when stabilised after several months, the gas composition is identical;
If the gas is not collected, it slowly seeps into the atmosphere, along with other smellier gases
such as H2S, generating unpleasant environmental pollution. As a result, the landfill site should
be built and capped, e.g. with clay, such that when the pit is full, the gas may be collected, e.g.
by an array of perforated pipes installed horizontally as the landfill is finished or drilled
vertically into the buried rubbish of an existing site. Capture is required by law in numerous
nations[3], [4].

To minimise greenhouse gas emissions, landfill methane must be reduced by at least 40%. Even
if there is no financial incentive to collect and utilise landfill gas, it is generally lucrative if there
is an industrial facility nearby that can use the fuel for burning fuel in boilers or engines for
process heat and power production. Due to limited landfill land, many municipalities have
reduced the amount of landfill per household by requiring households to differentiate much of
the biological material that originally went to landfill, such as garden clippings and food scraps;
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once collected separately, this is converted into garden and horticultural compost through
chopping and aerobic digestion.

Vegetable oils and biodiesel

Vegetable oils are extracted on a large scale from biomass for use in soap-making, various
chemical operations, and, in a more refined form, cooking.

The following materials are suitable:

Sunflower, rapeseed, or soya bean seeds; 50% by dry mass of oil.

Nuts: for example, oil palm and coconut copra; 50% by dry mass of oil, for example, the
Philippines' annual output of coconut oil is 106 t y1.

Fruits: For example, global olive output is 2 million tonnes per year.

Leaves: Eucalyptus, for example, has 25% oil by wet mass.

Tapped exudates: jojoba, Simmondsia chinensistree oil, for example.

Byproducts of harvested biomass, such as oils and solvents up to 15% of plant dry mass,
such as turpentine, rosin, oleoresins from pine trees, and oil from Euphorbia.

N =

SIS

Concentrated vegetable oils may be used directly as fuel in diesel engines, however the high
viscosity and combustion deposits provide challenges when compared to ordinary (fossil)
petroleum-based diesel oil, particularly at low ambient temperatures (5C). By reacting the
extracted vegetable oil with ethanol or methanol to generate the corresponding ester, these
obstacles are solved. These esters, known as biodiesel, have technical properties as fuels that
make them more suited to diesel engines than petroleum-based diesel oil. The reaction produces
the corresponding ester and glycerine (commonly known as glycerol). KOH is often used as a
catalyst in this procedure. Glycerol is also a valuable and marketable product[5], [6].

The esterification process is simple for individuals with basic chemical understanding and, with
careful consideration for safety, may be carried out in small batches (see, for example, the
website 'journeytoforever'). Ongoing commercial manufacturing clearly requires more expertise,
and utilises whatever oil is most easily and inexpensively accessible in the nation in question,
such as rapeseed oil in Europe (known as 'canola’ in certain other countries) and soya oil in the
United States. Biodiesel may also be produced from leftover cooking oil and animal fat (tallow).
The use of waste cooking oil as a raw material is appealing in both environmental and financial
considerations, particularly on a small scale; on a larger scale, the expense of collecting is a
concern.As some countries reduced institutional hurdles to biodiesel production and sale, global
trade increased substantially from near-zero in 1995 to more than 1.5 million tonnes by 2003.
Austria and Germany, for example, adopted financial and fiscal policy tools to support biodiesel
production and consumption, either as 100% biodiesel or combined with petroleum-based fuel.
Notwithstanding the fact that the production cost of biodiesel is much higher than that of
traditional diesel fossil fuel, such governments justified the policy in terms of 'external
advantages for agriculture and the environment, such as the lack of sulphur emissions. Several
other biofuels, most notably bio-ethanol, need similar considerations.

The energy density of biodiesel as an ester varies with composition and is normally about 38MJ
kgl, which is higher than for raw oil and close to the energy density of petroleum-based diesel
fuel, which is around 46M1J kgl. Yet, the fuel consumption per unit volume of a diesel-engine
vehicle operating on biodiesel is not much different from that of fossil diesel. Quality
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requirements for biodiesel compatibility with most automobiles have been developed.A small
advantage of utilising biodiesel is that the exhaust smells like cooking, such as popcorn. In the
general economy, energy analysis of biodiesel made from soya oil and methanol suggests that
producing 1 MJ of the fuel may need around 0.3 MJ of fossil fuel input. Since methanol
produced from (fossil) natural gas accounted for approximately half of the 0.3 MIJ, the study
would be considerably more favourable if the methanol (or ethanol) was produced from biomass.

Social and environmental aspects

The usage and production of energy out of biomass are inextricably linked to broader agricultural
and forestry policies and practises. An overarching concern is that such usage and production be
environmentally sustainable, that is, that the resource be utilised in a renewable way, with
growth maintaining pace with consumption. Moreover, it is critical for ethical reasons that
biomass production for energy should not come at the price of generating enough food to feed
people.However, over-production of food, supported by agricultural subsidies, is a serious
concern in the European Union and the United States.

Such subsidies raise general taxes, and the resulting agricultural surpluses distort global
commerce to the detriment of poor nations. In response to such worries, the European Union
ntroduced financial incentives for its farmers to put aside land from food production and either
keep it unproductive or use it for biomass for electricity. Such strategies preserve the social
advantages of an economically engaged rural population while simultaneously delivering the
environmental benefits of replacing biofuels for fossil fuels, as discussed below.

Using waste biomass boosts agricultural and forestry output. This is particularly true for the
appropriate disposal of otherwise undesired outputs, such as biodigestion of intense piggery
dung, thus the integrated system helps both the economy and the environment. Effective biofuel
production makes use of existing concentrated flows of biomass, such as sawdust and offcuts
from sawmilling, straw from crops, manure from confined animals, and sewage from municipal
works. Biofuel technologies that rely on moving and then concentrating dispersed biomass
materials are unlikely to succeed.Energy development that makes use of local crops and existing
expertise is more likely to be socially accepted. As a result, the kind of biomass most likely to be
useful as an energy source will differ by area. Also, like with any crop, responsible agriculture
and forestry are essential; for example, excessive monocultures are susceptible to disease and
pests and are harmful to local species. It should also be noted that greenhouse gas advantages
occur only when biomass is utilized to substitute fossil fuel usage, leaving the abated fossil fuel
underground([7], [8].

Food versus fuel

Historically, biomass from grain, sugar, and oil crops, all of which are critical food crops
cultivated on the finest agricultural land available, has been used to produce liquid biofuels.
Notwithstanding agricultural production surpluses in the United States and Europe, rising global
food demand suggests that these crops will not be transferred considerably from food to energy.
As a result, biofuel production as a key contributor to global energy sources requires different
feedstock and land than food and other alternatives. For example, rather than food-related crops,
there is a need for simpler, more energy-efficient technologies for manufacturing ethanol from
commonly accessible lignocellulosic materials such as maize stalks, straw, and wood,
particularly sawdust and other woody wastes.
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Greenhouse gas impacts: bioenergy and carbon sinks

Carbon is removed from the air when CO; is absorbed in photosynthesis, being 'locked into'
carbohydrate material both above and below ground as a plant develops. Plant metabolism
produces significant quantities of CO2, however the net carbon flow is into the plant. Organic
matter generated from plant debris in fallen leaves and branches may also enhance carbon
concentrations in the soil "indirectly." A 'carbon sink' is a method of removing the greenhouse
gas CO. from the atmosphere. As a result, a concerted effort to promote plant growth will
temporarily counteract a rise in atmospheric CO> from the use of fossil fuels. All plants,
however, die, and the great majority of all such direct and indirect carbon ultimately returns to
the atmosphere, thereby entering a natural cycle that neither depletes nor enhances atmospheric
CO» concentrations. Only if the plant material is burned to replace (abate) a particular usage of
fossil fuel would there be a long-term benefit, since that fossil carbon would otherwise enter the
atmosphere. As a result, such reduced fossil carbon should always remain underground and
never be retrieved.The Kyoto Protocol is an international convention that intends to prevent
climate change caused by greenhouse gas emissions by encouraging nations to plant new forests,
among other things. But, as previously stated, such carbon sinks are only ephemeral since when
the forest is harvested, all of its above-ground carbon is returned to the atmosphere rather
quickly: within months if used for paper, years if used for building. Hence, only a fresh and
ongoing forest, although 'once only,' may be a carbon sink. A replanted forest, on the other hand,
cannot be included unless the biomass of the prior forest was utilized to reduce fossil fuel use. As
a result, the efficiency of forest plantings as carbon sinks is restricted by the amount of 'unused'
land, which is itself constrained from a global viewpoint by the rising need for land for food[9],
[10].

Internal and external costs of biofuels for transport

Bio-ethanol and biodiesel are predicted to be more costly to generate commercially than refined
fossil fuels in most national economies. This is hardly unexpected considering that no one paid
for the first expansion of the fossil reserves, as well as the maturity of the petroleum sector and
its political prominence. Nonetheless, the vast majority of nations tax vehicle petroleum fuels,
for example, the United Kingdom with a 400% overall taxes. Such levy increases money while
discouraging needless driving to minimise pollution, traffic congestion, and, in most cases,
imports that cost foreign currency. Governments may therefore promote the use of biofuels by
taxing them less than fossil petroleum. If the quantity of biofuel in the overall fuel mix is tiny,
the impact on government taxes income will be minimal, but the infrastructure for biofuels will
have been established. However, the government may require that all transportation gasoline
supplied include a particular amount of biofuel, as Brazil has done since the 1970s; in this
instance, customers must pay the additional cost. Neither step is politically realistic unless
automakers, as most do currently, honour warranties while using the 'new' gasoline. Subsidies to
agricultural producers of biofuels, such as those provided by the European Commission as part
of general farm subsidies, are another policy instrument.The Brazilian ethanol programme is the
most well-known example of large-scale biofuel assistance. It was built in the 1970s to assist
lessen the country's reliance on imported energy and to help stabilize sugar output in the face of
cyclical fluctuations in global pricing. The initiative enhanced employment in the sugar sector
while also creating hundreds of thousands of additional jobs in the production and processing
industries. The ethanol business is said to have had a lower investment cost per employment than
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other industries at the time. The initiative undoubtedly resulted in scale saving and technical
advancement, lowering the cost of producing ethanol from sugar.

Other chemical impacts

Every nation has laws governing the permitted and prohibited emissions of gases, vapors,
liquids, and solids. This is a vast and complicated topic in environmental research. The most
important feature of optimal fuel combustion is temperature control and oxygen intake, which is
generally in the form of air. The goal of biomass and biofuel burning, like with other fuels, is to
have emissions with minimal particles (unburned and partly burned material), totally oxidized
carbon to CO2 rather than CO or CH4, and minimal nitrogen oxides, which are often caused by
high air temperature. In reality, the combustion should be limited to a very small region at almost
white hot temperatures; this volume must be provided with new air and fuel. Moreover, only
thoroughly burned ash should be left (at best, this is a thin powder that travels nearly like a
liquid). Radiation from the burn and conduction from the flue gases via a heat exchanger,
generally to water, extract useful heat. Biofuel combustion in engines, especially turbines, has
similar fundamental needs but is far more sophisticated. Such combustion is conceivable
depending on the conditions, for example.

1. With wood for the fire. Place the wood such that the fire is confined between two or three
burning surfaces, such as the tips of three logs (the original "three-stone fire") or the
longitudinal area between three parallel logs.

2. Made from wood chips or pellets. Deliver the fuel from a hopper by conveyor or slope to
a relatively tiny combustion zone upon which compressed air is pushed and ash falls.

3. For ordinary wood and forest debris. Feed the fuel as described above, but with a moving
or rattling grate.

4. Biofuels, both liquid and gaseous. The combustion in boilers and engines should be
managed similarly to that of liquid and gaseous fossil fuels, but with differing air flow
and fuel/air mixing needs.

Combustion of contaminated biomass, for example, when mixed with plastics and other
contaminants in municipal solid waste or under less controlled settings (most notably cooking
over an open fire in a confined space), has a significant negative environmental impact unless
extreme caution is exercised. Kitchen smoke, dubbed "the killer in the kitchen," is responsible
for over a million fatalities among women and children in underdeveloped nations each year.
Enhancing household air quality is a primary reason for upgraded cookstoves. Particulates may
be eliminated on an industrial scale using better combustion, filters, cyclones, and flue
condensation, which also recovers the latent heat of the condensate and boosts efficiency. The
formation of nitrogen oxides, NOx, as part of combustion in air may be reduced by adjusting the
combustion temperature. Straw from cereal crops may have relatively high potassium and
chlorine concentrations, which may cause corrosion in boiler grates; this can be mitigated by
using revolving grates to prevent a solid mass of ash from developing. However, ash from the
entire burning of any biomass is always a valuable fertiliser, particularly because of its phosphate
concentration.While the natural carbon cycle of plant development completely renews the carbon
in a crop or plantation, when the biomass is burned or otherwise treated, there may be a net loss
of nitrogen and perhaps other nutrients. That is, nitrogen is not returned to the soil enough
‘automatically' and must be added as a chemical input, potentially in the form of manure or via
crop rotation with ammonia crops such as beans, clover, or leucaena.



Conventional and Renewable Energy Resources

Bioenergy in relation to the energy system

Biomass is currently a significant element of the global energy system, but mostly in the form of
inefficiently utilised firewood in rural regions, particularly when cooking is done over an open
fire. A more sustainable energy system for the globe must use this widely spread and adaptable
resource, but in more efficient and contemporary methods. For example, under Johansson et al.
(1993) 'renewables intense' scenario, biomass accounts for more than 25% of global fuel usage,
with plantings on currently uncropped land but covering an area equivalent to that now cropped.

Wave power

Deep water sea waves may produce very enormous energy flows. The wave's power is related to
the square of amplitude and the period of motion. As a result, long period 10 s, huge amplitude 2
m waves are of great interest for power production, with energy fluxes generally averaging 50 to
70 kW ml width of approaching wave.For many years, the prospect of producing electrical
power from deep sea waves has been recognised, and there are several proposals for equipment
to collect the power. In 1909, for example, a wave power system was employed for harbour
lights in California. Contemporary interest has rekindled, notably in Japan, the United Kingdom,
Scandinavia, and India, and research and development for serious power extraction has moved to
commercial building. Autonomous systems on a small scale are utilised for maritime warning
lights on buoys, and considerably bigger devices for grid power production. The availability of
electricity for maritime desalination is an apparent draw. The scale of operation must be decided,
as with other renewable energy sources, and current trends enable modest power output at
around 100 kW-1 MW using modular devices each catching energy from roughly 5 to 25 m of
wavefront. Early plans call for operations along or near the shoreline to provide access and,
ideally, reduce storm damage.

It is critical to recognise the several challenges that wave power development faces. They will be
discussed more in subsequent parts, but they may be summarized here:

1. Wave patterns vary in amplitude, phase, and direction. It is challenging to build devices that
effectively extract power over a large range of factors.

2. There is always the possibility of strong gales or storms causing freak waves. The power
devices' structures must be able to tolerate this. The 50-year peak wave is typically ten times the
height of the average wave. As a result, the structures must be able to endure 100 times the
power intensity to which they are ordinarily matched. Accounting for this is costly and will most
likely affect typical power extraction efficiency.

3. Peak power is often attainable in deep ocean waves formed by open-sea swells caused by long
fetches of prevailing wind, such as beyond the Western Isles of Scotland (in one of the most
stormy parts of the North Atlantic) and in Pacific Ocean locations. The challenges of building
power devices for these sorts of wave regimes, maintaining and fastening or anchoring them in
place, and delivering electricity to land are terrifying. As a result, more sheltered and accessible
sites along the beach are widely chosen.

4. Wave durations are typically 5-10 seconds (frequency O1Hz). It is incredibly difficult to link
this erratic slow motion to electrical generators that need a frequency 500 times higher.
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5. Since so many different kinds of devices might be proposed for wave power extraction, the
process of picking a specific approach becomes difficult and rather arbitrary.

6. Since industrial regions demand a lot of electricity, it's enticing to look for equal wave energy
suppliers. As a result, designs may be scaled up such that only big systems are considered in the
most demanding wave regimes. Smaller locations with significantly less power potential but
better economics and security may be overlooked.

7. Wave power research and deployment has developed with sporadic and shifting government
attention, mostly in the absence of commercial incentives. Wave power has the same learning
curve of slowly expanding application from tiny beginnings as wind power.

The huge energy flows available and the predictability of wave conditions over days are two
significant benefits of wave power.Wind creates waves, which efficiently store energy for
transmission across long distances. Large waves seen off Europe, for example, will have
originated in severe weather in the mid-Atlantic or as far south as the Caribbean.The parts that
follow try to provide a broad foundation for understanding wave energy devices. Initially, we
review deep sea wave theory and determine the energy flows accessible in single frequency
waves. Next we look at the real patterns of sea waves. Lastly, we explain efforts to build devices
that can efficiently fit changeable natural circumstances. Compromised mathematical precision
for, we hope, physical clarity with the complicated theory of water waves, since sufficient
theoretical treatments exist elsewhere.

Wave motion

The majority of wave energy systems are intended to harvest energy from deep sea waves. This
is the most frequent kind of wave, occurring when the mean depth of the sea bottom exceeds half
the wavelength. An average sea wave for power production, for example, may be anticipated to
have a wavelength of 100 m, an amplitude of 3 m, and to behave as a deep water wave at sea bed
depths more than 30 m. The velocity of water particles in a deep water wave. The amplitude of
circular particle motion diminishes exponentially with depth and becomes insignificant when D
> /2.

In shallower water, the motion becomes elliptical, and water flow occurs against the sea floor,
resulting in energy dissipation.

Deep sea waves have different qualities that may be summarised as follows:

1. Surface waves are uninterrupted sets of sine waves with uneven wavelength, phase, and
direction.

2. The velocity of every water particle is circular. While the wave's surface structure indicates a
clear evolution, the water particles themselves exhibit no net advancement.

3. Surface water stays on the surface.

4. Water particle motion amplitudes decrease exponentially with depth. The amplitude is
decreased to 1/e of the surface amplitude at a depth of /2 below the mean surface location (e =
272, base of natural logarithms). The motion is insignificant at depths of /2, accounting for less
than 5% of the surface motion.
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5. The amplitude of a surface wave is basically independent of its wavelength, velocity c, or
period T, and is determined by the history of wind regimes above the surface. Yet, the amplitude
seldom exceeds one-tenth of the wavelength.

6. When the slope of the surface is around 1 in 7, a wave will break into white water and
dissipate energy potential.

Wave patterns

In actuality, wave systems are not the single sinusoidal voltage patterns idealised in the
preceding sections. Natural or artificial wave diffraction patterns, or channelled-waves, approach
this state on rare occasions, although a sea is often an erratic pattern of waves with varied period,
direction, and amplitude. Under the influence of a prevailing wind, wave trains may exhibit a
preferred direction, such as the south west to north east direction of Atlantic waves off the
British Isles, producing a major long period sea'swell'. Winds more unpredictable cause uneven
water motion characteristic of shorter intervals, which is referred to as a "sea." Significant
focusing and directing effects may occur at sea bottom depths of 30 m or less, perhaps creating
more regular or increased power waves at particular places. Wave power devices must therefore
accommodate a wide range of natural circumstances and be designed to extract the greatest
power averaged over a long period of time for each specific deployment point. In order to
develop these devices, it will be required to first study the wave patterns of the specific location
that may emerge over a 50-year period.

Devices

As a wave passes a stationary point, the surface changes height, the water near the surface moves
due to changes in kinetic and potential, and the pressure under the surface changes. A wide range
of devices have been proposed for extracting energy by employing one or more of these
variations as input. Devices that capture water at the crests of waves and enable it to flow back
into the mean level and troughs after extracting potential energy are included.Almost 40 devices
have achieved a degree of 'advanced development,' according to the Engineering Commission on
Marine Resources (2003). Around one-third of these are or have been 'operational,' but only as
one-time pilot projects. We describe a representative sample, organized by broad principles.
Wind-power has yet to attain the degree of broad commercial device deployment that wave-
power has.

Wave capture systems

These systems are most likely the most basic theoretically. They form as a result of a natural
occurrence seen in lagoons. Water is imprisoned at a height above the mean sea level when
waves break over a sea wall (similar to a natural reef). This water might then be returned to the
sea using a standard low head hydroelectric generator. As a result, the system resembles a tidal
range power system, but with a more continuous and less regular intake of water is a schematic
design of the 350 kW Tapchan system, which was successfully tested in Norway in 1985. The
waves were funnelled in via a tapered canal with concrete walls that reached 2-3 m above mean
sea level in this design. This causes larger waves to overtop the wall earlier, while smaller waves
gain height as they travel up the channel, such that the majority of them also overtop the channel
walls and feed water to the reservoir. The majority of the engineering work was constructed
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within a natural gully in the rockface, allowing the system to resist many storms over its five
years of operation, one of which destroyed a less durable wave generating plant nearby.

A location for such a system must have the following characteristics:

1. Consistent waves with high average wave energy
2. Deep water near to shore, preventing arriving waves from dissipating

Oscillating water column

A column of water oscillates upwards and downwards in the cavity as a wave passes through a
partly submerged cavity open under the water. This may cause oscillatory motion in the air
above the column, which can then be linked to the atmosphere through an air turbine. A Wells
turbine is often used to extract power from an oscillating airstream; once started, such turbines
revolve in the same direction to extract power from air moving in either axially, i.e. the turbine
motion is independent of the fluid direction. Professor Trevor Whittaker and his colleagues at
Queens University Belfast created the first device of its sort, which has been operating without
incident on the Scottish island of Islay for many years despite producing less electricity than
intended. Based on personal experience, a bigger 500 kW device was erected on Islay in 2000,
employing strong construction methods adaptable for other locations; dubbed the 'Limpet," after
shellfish known for their hard adhesion to rocks, it contributes a significant portion of the island's
electricity. The Limpet is one of the three first commercial wave power devices in Scotland;
energy is exported to the power system as part of the Scottish Administration's renewables
commitment programme.

The use of an oscillating water column for power extraction has the benefit of increasing air
speed via a smooth decrease in the cross-sectional area of the channel entering the turbine. The
slow motion of the waves is coupled to the quick spinning of the turbine without the need of
mechanical gearing.Another benefit is that the electrical generator is greatly removed from the
salty water column. The frequency response of an air cavity is determined by its shape and size,
with each form and size of cavity reacting best to waves of a certain frequency. In theory, system
efficiency is significantly improved if such devices have active tuning to the wide range of sea-
wave frequencies encountered by using (a) multiple cavities or (b) detectors of the incoming
waves that feed-forward information for changing the cavity shape and adjusting the pitch of the
turbine.The Limpet and the bulk of second generation wave-power devices have been shoreline
OWC devices. However, the OWC mechanism is also used in offshore devices that sit on the sea
bed, such as the Osprey (which operates in the near-shore zone off the islands of Orkney in
northern Scotland), as well as floating devices like the Japanese Whale,, and the Masuda wave-
powered navigation buoys.
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This kind of device floats on or near the sea surface and moves in response to wave form rather
than merely vertical displacement of water. To extract usable electricity from motion, clever
design is required. A semi-submerged articulated structure that sits like a'snake' oriented roughly
head-on to the approaching waves. The gadget is made up of cylindrical parts connected by
hinged joints, and it wiggles like a snake in both the vertical and horizontal directions when a
wave passes by. The wave-induced motion of all its joints is resisted by hydraulic rams, which
feed high-pressure oil via smoothing accumulators to hydraulic motors. To generate power,
hydraulic motors drive electrical generators at each joint. Electrical power is delivered down a
single umbilical cable from all of the parallel joints to an electrical grid network link on the sea
floor. Many devices may be interconnected in an array or 'farm,' which is then linked to shore via
a seabed cable[1], [2].

A mooring mechanism holds each Pelamis in place, providing enough constraint to keep the
device in place while allowing the machine to swing head-on into approaching prevailing waves
as thesnake crosses consecutive wave crests. In 2004, a 750 kWe prototype, 120 m long and 3.5
m in diameter, was placed offshore of Orkney's main island in northern Scotland. Because of its
length, it naturally 'detunes' from longer-wavelength high-power waves, enhancing its endurance
in storms.

Social and environmental aspects

Just around 10 to 15 devices were operating in marine conditions by 2005, therefore their social,
economic, and environmental implications are unknown. Yet, certain generalizations may be
established based on research and experimental programmers.Grandiose projects pushed by
governments, particularly in the United Kingdom, in reaction to the 'energy crisis' of the 1970s
have faded from view, although they did foster much beneficial research and marine data
collecting.The focus is now on obtaining small to medium-sized operational systems with
established operating expertise that, from the start, export electricity into utility grid networks for
commercial money. The development process begins with laboratory and computer models and
progresses to prototype installations, generally of 100-1000 kWe capacity, and eventually to
'farms' of several devices. Future connectivity and joint control with offshore wind farms is
critical.

The expected cost of wave-power produced electrical generation promotes confidence based on
the experience of the earliest facilities. The Limpet and Pelamis projects, for example, both
accepted contracts to deliver power for 15 years for less than 7p/kWh (US$0.15/kWh). It is
plausible to expect that with increased deployment, which distributes development costs over
numerous units, and incremental technical advances from pilot plants, these costs might be cut in
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half within tens of years. The resulting estimated prices of 3p/kWh would be competitive with
most options for remote coastal and island towns, which provide the greatest initial chances for
wave generation. After that, electrical power will be connected to national power networks,

perhaps sharing subsea grids with offshore wind power[3], [4].

The most important variables in obtaining low average costs per kWh for capital-intensive
systems are reliability and low operating expenses this is especially true for wave-power
systems, which must function under rough sea conditions. If a system is damaged by a storm in
its first few years of operation, it will not pay for itself, and power companies will be unwilling
to invest in similar devices in the future. To reduce failures, schemes must be built for extended
lives and with a minimum number of moving components. Engineers can now, thankfully, rely
on the knowledge of the oil drilling and wind industries to 'ruggedize' their designs and allow for
more assured installation and operation.

In general, onshore and near-shore wave-power devices are simpler and less expensive to build,
operate, and link to power networks than totally offshore ones. Offshore systems, on the other
hand, may tap into waves with more strength, resulting in bigger and more continuous
production, but perhaps a higher risk of failure.High efficiency necessitates matching the device
to a broad frequency range of waves, however designing for survival may diminish this
efficiency. Wave-power devices typically have average efficiencies of 30% and capacity factors
of 30%. The capability factor is the ratio of energy production throughout a period to what would
have been generated if the device had been operating at full rated power throughout. The cost of
electricity from a wave-power system may be decreased, as with other energy systems, provided
the cost of the project is shared with additional advantages. Certain solutions, for example, may
be incorporated with traditional breakwaters. Others, such as a string of floating devices arranged
to face the waves like the Whale, may absorb energy across a wave front to the degree that the

waters behind them is relatively calm; such pulse systems operate as breakwaters[5], [6].
Tidal power

The level of water in the Earth's main seas rises and falls in regular cycles. These tides have two
primary periods: diurnal (approximately 24 hours) and semidiurnal (about 12 hours and 25
minutes). The range, R, is the difference in height between consecutive high and low tides. This
ranges between around 0.5 m in general and around 10 m near continental land masses. Tidal
currents are caused by the flow of water and may reach speeds of Smsl in coastal and inter-
island channels.During high tide, saltwater may be held behind a dam or barrier in an estuary
basin in Area A to provide tidal range power. That if dense water goes out via turbines at low
tide, the average power generated is

For example, if A =10 km2, R =4m, and time = 12 h 25 min, P = 17MW.

Clearly, long-range locations have the most potential for tidal power, but other critical criteria
include the requirement for electricity, as well as the costs and additional advantages of building.
If additional advantages are considered, the civil engineering expenses associated with a tidal
range power project might be minimized.Road building on dams, flood control, irrigation
enhancement, pumped water catchments for energy storage, and navigation or shipping
advantages are some examples. As a result, the development of tidal power is very site-
specific.The power of tidal currents may be harnessed in a way comparable to wind power; this
is also termed 'tidal stream power'. The average power per unit area q in a current of maximum
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speed u0 is q 01u3 0. g 14 kW m2 for u0 = 3msl. In fact, tidal current is likely to be appealing
for power production only if its speed is increased by water flow in straights between islands and
the mainland, or between relatively large islands. As a result, prospects for suitable commercial
locations are few. Yet, when it is feasible, much of the issue about how to utilise the power is
similar to that of tidal range power. It is also worth noting that the flow power of a river has
comparable features, but without the time volatility. River-stream power can be harnessed in the
same way as tidal stream power can, although it is seldom explored.

Harnessing tidal range power (as opposed to tidal current/stream power) has been employed for
tiny mechanical power systems, for example, in mediaeval England and China. The best-known
large-scale power producing system is the 240MWe 'La Rance' system in Brittany, France, which
has functioned consistently since 1967, confirming the technological viability of this technology
on a big scale. Nevertheless, due to economic and environmental restrictions, relatively few such
systems have been built subsequently. Other locations with enormous tidal ranges, such as the
Severn estuary in England and the Bay of Fundy on Canada's eastern border with the United
States, have been the subject of various feasibility studies over the last century.Because of the
needs of navigation and oceanography, the range, flow, and periodic behaviour of tides are
widely observed and analyzed in most coastal places. Since the behaviour can be anticipated
correctly, with an error of less than 4%, tidal power is a highly dependable and guaranteed kind
of renewable energy. The significant disadvantages are as follows:

1. The misalignment of the main lunar-driven periods of 12 h 25 min and 24 h 50 min with the
human (solar) period of 24 h, resulting in optimal tidal power production that is out of step with
demand.

2. The shifting tidal range and flow during a two-week period, resulting in shifting power output.

3. The demand for high water volume flow at low head, which necessitates the use of a large
number of specifically manufactured turbines connected in parallel.

4. The very high capital expenses of the majority of feasible installations.
5. The placement of sites with a long range may be far from the power demand.
6. Possible environmental impact and disturbance to large estuaries or maritime areas.

The turbines should be operated in a consistent and repeatable way to generate the most
electrical power from tides[7], [8]. The method of operation will be determined by the size of the
power plant, demand, and the availability of alternative sources. There are several variants
imaginable, but basic generalizations apply:

1. If the tidal-generated energy is for local consumption, alternative reliable power sources
must be available when tidal power is absent. Nonetheless, the tidal basin offers energy
storage, prolonging power generating periods and making additional power sources
accessible for storage. If the produced energy can go into a huge grid and so become a
relatively modest source within a national system, then the predictable tidal power
changes may be absorbed into national demand.

2. If the current need is not limited to the human (solar) period of 24 hours, tidal power may
be utilized whenever it is available. Such a decoupling of supply and usage may occur,
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for example, if the electrical power is used for transportation by charging batteries or
electrolyzing water for hydrogen.

The cause of tides

Several renowned mathematicians and fundamental physicists, including Newton, Airy, Euler,
George Darwin (son of Charles Darwin), and Kelvin, contributed to the study of tidal behaviour.
The phenomenon of tides will be explained using Newton's physical theory. Nevertheless,
modern analysis and prediction rely on Lord Kelvin's mathematical approach of harmonic
analysis, which he developed in Glasgow. Due to the topological complexity of the ocean basins,
a thorough physical comprehension of tidal dynamics has yet to be achieved.The oceans are
liquids kept in place by gravity on the revolving Earth's solid surface. The gravitational pull of
the Earth to the Moon and Sun perturbs these tensions and movements, resulting in tides. Tidal
power is generated by turbines situated in this liquid, which captures the kinetic energy of the
revolving Earth. Even if all of the world's main tidal power sites were used, the Earth's rotation
would be slowed by no more than one day per; this is not a substantial additional impact.

Enhancement of tides

The typical mid-ocean tidal range is less than one metre, making it ineffective for power
production. Nevertheless, near many estuaries and other natural features, tidal range
augmentation may occur due to I tide funnelling (as with sound waves in an old-fashioned
trumpet-shaped hearing aid) and (ii) resonant coupling to natural frequencies of water flow in
coastal contours and estuaries. This local increase is critical for tidal power potential; we
emphasise this aspect the most.

The regular tidal movement of the sea takes the shape of a specific sort of moving wave termed a
'tidal wave'. In a tidal wave, the whole column of water from the surface to the sea bed travels at
the same velocity, and the wavelength is extremely long in comparison to the sea depth. (This is
the same relative proportion asshallow water waves, which may be an accurate but completely
incorrect moniker for tidal waves.) A continuously propagating spontaneous tidal wave has a
velocity ¢ proportional to gravity's acceleration g and sea depth h such that ¢ = gh, i.e. 750 km h1
over large seas with depths of 4000 m, often wrongly dubbed a 'tidal wave' as there is no link to
tides. A tsunami is caused by a very localised, but dramatic, abrupt shift in the height of the sea
floor, which injects an enormous pulse of energy across a short, relatively horizontal region on
the sea floor. The resulting ‘shock’ produces the physical counterpart of ashallow depth wave
(with /4 > depth), where ‘shallow' must be read as 4000 m sea depth, and wave movement
includes the whole depth. The wave spreads quickly at ¢ = gh and a wavelength of 150 km. As
the tsunami hits the decreasing water depth close to shore, friction at the sea bottom slows the
wave and therefore shortens the wavelength, resulting in a quickly increased surface amplitude
of up to 30 m. Its amplitude will be visible near the shore as an unusual outpouring of sea water,
followed by massive and dangerous breaking waves[9], [10].

Since neither the solar nor lunar energies are in the form of a pulse, no 'tsunami-like' behaviour
occurs. The only way for increased motion to occur is for natural tidal motion to have a
resonance with solar and lunar forces. However, because the Sun moves overhead at 2000 km h1
and the Moon at 60 km h1, the tidal forcing motions for lunar- and solar-induced tides do not, in
general, coincide with both the requirements for a freely propagating tidal wave in the deep
ocean, and thus resonant enhancement of the forced motion does not occur in the open oceans.
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Tidal current/stream power

Often wrongly dubbed a 'tidal wave' as there is no link to tides. A tsunami is caused by a
relatively confined, but dramatic, abrupt shift in the height of the sea floor, which injects an
enormous pulse of energy across a short comparatively horizontal region on the sea bed. The
resulting ‘shock' produces the physical equivalent of a'shallow' depth wave (with /4 > depth),
where ‘shallow' must be read as the 4000 m sea depth, and wave movement includes the whole
depth. The wave expands swiftly at ¢ = gh and a wavelength of 150 km. As the tsunami hits the
decreasing water depth near shore, friction at the sea bottom slows the wave and so cuts down
the wavelength, resulting in a quickly increased surface amplitude of about 30 m. Its amplitude
will be visible near the shore as an unusual outpouring of sea water, followed soon by massive
and dangerous breaking waves.

Since neither the solar nor the lunar energies are in the form of a pulse, no 'tsunami-like'
behaviour occurs. The only way to achieve increased motion is for natural tidal motion to be in
resonance with solar and lunar forces. However, because the Sun moves overhead at 2000 km h1
and the Moon at 60 km h1, the tidal forcing motions for the lunar- and solar-induced tides do not,
in general, align perfectly with the requirements for a freely perpetuating tidal wave in the deep
ocean, and thus resonant enhancement of the forced motion does not occur in the open oceans.

The periodic structure of the power production would complicate matters, but we notice that tidal
flow power lags around /2 behind range power from a single basin, suggesting that the two
systems might be complimentary. There have been few current tidal flow power systems
constructed, however the design of one. Several prototype systems resemble wind turbines in
appearance; sand. The capital cost per unit capacity is determined by the final commercial series
production. If tidal flow devices are to be employed at all, the optimum locations are clearly
those with particularly rapid tidal stream flows, where other sources are prohibitively costly, and
where ships can be avoided. Despite the tidal patterns, the predictable nature of the produced
electricity is a benefit.

Application

In fact, the full potential power of a tidal range system cannot be attained, although great
efficiency are attainable. The difficulties are as follows:

1. When power production cannot be sustained at low tide conditions, some potential energy is
lost.

2. The turbines must operate at a low head with high flow rates, which is unusual in normal
hydropower operation but akin to 'run-of-the-river' hydropower. The French have the greatest
expertise with these turbines, having constructed low head, big flow bulb turbines for river
generating and the Rance tidal programme. At low head, the turbines are the least efficient.

Since electrical power is often required at a nearly constant rate, there is a limitation to produce
during periods other than maximum head.During high tide, the turbines may be used as pumps to
boost the head, increasing efficiency. Imagine a system with a range of 5 m. When the head
reaches 6 m at low tide, water raised 1 m at high tide may be released for generation. Even if the
pumps and generators are 50% efficient, the net energy gain will be 200%; keep in mind that
electricity may be generated when water flows with both the incoming ('flow') and exiting ('ebb’)
tides. Hence, a highly optimized tidal power system that employs reversible turbines to generate
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at both ebb and flow, and where the turbines may function as pumps to raise the head, can yield
90% of the potential energy.

Social and environmental aspects of tidal range power

Locations for tidal range power are selected because of their broad tidal range, which is linked
with estuaries that have huge sections of mud flats exposed at low tide. The placement of a
barrier for a height variation in water level across the turbines determines tidal range power. In
operation, (i) the level of water in the basin is always higher than the unaffected low tide and
lower than the unaffected high tide, (ii) the rates of flow of both the incoming and outgoing tides
are lowered in the basin, and (iii) sea waves are halted at the barrier. These mechanical variables
are the driving functions that are most likely to result in the following effects:

1. The regions of exposed mud flats are decreased, lowering the food available to birds,
especially migrating birds that pass through such specific habitats on a regular basis.
Several additional biological properties, many of which may be unique to specific
places, might be anticipated to vary when flow, depth, and sea waves alter.

The visual effect is altered, yet a barrier is the only building required.

To minimize floods, river flow may be managed.

Increased access for boats to basin harbors.

The basin's controlled depth and flow enable for leisure activities such as sailing.

The barrier may be utilised as a viaduct for transportation as well as for the placement
of other structures, such as wind turbines.

AN e

Tidal barriers are massive, costly constructions that may take years to build. No electricity, and
hence no money, may be created until the final portion of the barrier is completed. Financial
difficulties may result in a lack of environmental care. While the La Rance installation today has
a healthy natural environment, it is markedly different from what existed before the dam and
required some time to establish itself. As a result, it has been noted that La Rance would not have
been built if it had been subjected to today's environmental impact protocols.

The cost per unit kWh of electricity generated is the primary factor for a developer's success in
developing a tidal power plant. As with other capital-intensive battery technologies, the
economic cost per kWh generated can be reduced (i) if other benefits, such as carbon abatement,
can be costed as a benefit to the project, (ii) if interest rates on money borrowed to finance the
high capital cost are low, and (iii) if the output power can be used to reduce consumption of
expensive fuels such as oil. Large-scale (1000MW) tidal power facilities may not be the best
option given the economic and environmental complexity.
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The ocean is the greatest solar collector on the planet. Temperature variations of around 2025 C
may exist in tropical oceans between the warm, solar-absorbing near-surface water and the
colder 500-1000 m depth 'deep' water at and below the thermocline. Heat engines can run from
this temperature differential throughout this vast heat storage, according to the principles and
practicality of thermodynamics. The term ocean thermal energy conversion (OTEC) refers to the
process of converting part of this thermal energy into useable work for the production of
electricity. With access to around 1 km2 of tropical sea and adequate scale of efficient
equipment, electrical power production may be maintained day and night at 200 kWe,
comparable to 0.07% of the solar input.

Pumping rates are around 6 m3 sl of water per MWe of power produced. The energy extraction
method is comparable to that used to increase energy efficiency in industry with massive
amounts of hot discharge, but on a much bigger scale.The allure of OTEC is the apparently
infinite energy of hotter surface water in comparison to cooler deep water, as well as the promise
for continual, base load extraction. Yet, since the temperature difference is so tiny, any device
used to convert thermal energy to mechanical power would be inefficient. Warm saltwater
cannot be spread on land for heating purposes owing to its high salt content. Also, vast amounts
of seawater must be pumped, limiting net energy output and necessitating massive pipelines and
heat exchangers.Hundreds of paper studies and a few experimental demonstration plants have
been conducted, with the earliest dating back to 1930. They were largely derived from France
(pre-1970s), then the United States, Japan, and Taiwan in the 1980s, with less activity since then;
for a thorough history, see Avery and Wu (1994). This experience indicated that the cost per unit
of power production would be high, except on a very large scale, and led to alternative
arguments for pumping up colder, deeper waters that contain nutrients and hence improve
surface photosynthesis of phytoplankton and thus fish population[1], [2].

Heat exchangers

They must be rather big in order to offer enough surface for heat transmission at modest
temperature differences, and are therefore costly (possibly 50% of overall expenses). We
assumed complete heat transfer between the ocean waters and the working fluid when computing
the optimal output power P1 in (14.5). Even with the finest available heat exchangers and
chemical 'cleaning' to reduce interior biofouling, there remains substantial thermal resistance in
reality. A heat exchanger is a device that transfers heat from one fluid to another while keeping
the fluids separate. Numerous alternative designs are documented in engineering handbooks, but
the shell-and-tube design is a typical and frequent kind. Water travels one way through the tubes,
while the working fluid goes the other direction through the shell.
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Depicts some of the heat transmission resistances. The most basic of these results from water's
low heat conductivity. Heat may be transferred by blobs of water to within a fraction of a
millimeter of the metal surface, but even with clean surfaces, the final transfer from liquid to
solid must be through pure conduction through functionally still water. Thus, heat flows through
the metal as well as the clinging scum and biological development by pure conduction. To force
heat flow over these conductive resistances, a temperature differential T is necessary.

Link to the shore

Submarine cables with high voltage and high power are common components of electrical power
transmission networks. They are costly, as is any naval engineering, but a 50-kilometer-long
cable with power loss of roughly 0.05% per km for AC and 0.01% per km for DC is relatively
feasible. There is currently a lot of experience with so cables for offshore wind generation and
underwater power-grid connections.It has also been proposed that massive OTEC facilities,
which may be hundreds of kilometres distant from energy demand, may utilise the power on
board to manufacture a chemical energy storage, such as Hrand-based systems are feasible in
particular advantageous sites when the sea bottom slopes rapidly downhill. Its key benefit is
lower cost, since the connection to shore, installation, and maintenance are much simplified. The
CWP is less stressed since it sits on the sea floor; yet, it is still susceptible to storm damage from
incident waves to a depth of around 20 m[3], [4].

Related technologies

OTEC is one of many deep ocean water applications (DOWA) that may include pumping
saltwater from depths of at least 100 metres. Others are mentioned farther down. In contrast to
the modular operation and lower size of most renewable energy choices, all have dimensional
scaling factors that encourage massive equipment.

An Aquaculture

Nutrient-rich seawater from depths less than 500 metres may be pushed to the surface, as in an
OTEC plant. This promotes the development of algae (phytoplankton), which feeds other marine
organisms further up the food chain and therefore serves as a foundation for commercial fish
farming.

The cooling process

Deep, cold water piped to the surface may be used to chill buildings, tropical horticultural
‘greenhouses,' or technical facilities such as those found in chemical refineries.

Clean water

The flash evaporation from upper surface sea water onto condensers chilled by deep water results
in 'distilled' 'fresh' water for drinking, horticulture, and other uses. This method might be used
with solar distillation.

Injection of CO2

The goal is to capture CO- released by large-scale fossil fuel burning by absorbing it in surface
sea water and pumping it to deep. This is practically the inverse of the OTEC CWP technology,
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and it would be on a massive scale. The environmental effect on the biota is a concern, as are
cost and sustainability.

Environmental impact

The main environmental impacts of OTEC-like technologies are related to: small
thermodynamic efficiencies of engineering plant, which are related to the relatively small
temperature differences of about 25 C between surface and deep water; leakage, and likely
pollution, from engineering plant, particularly working fluids and antifouling chemicals; large
volumes of pumped marine water; and forced mixing of deep nutrient-rich (nitrate, phosphate,
and phosphorus) water[5], [6].

Local contamination should be avoided at all costs. Until a substantial number of OTEC systems
are installed, none of these implications seem to be extremely severe on a worldwide basis. It has
been projected that the hypothetical installation of a large number of OTEC plants, say 1000
stations of 200MWe each, in the Gulf of Mexico would lower surface water temperature by 3
degrees Celsius. Even on such a small scale, such a decrease is not regarded physically
significant.

Locally, the consequences of onshore OTEC or DOWA engineering plants on local waterways,
particularly local circulation and currents, would be more significant. The entire biological
consequences of releasing vast amounts of chilly, nutrient-rich water onto the warmer surface
environment remain unknown. The consequences, which may or may not be desired, must be
evaluated via small-scale testing and computer modelling. A large deployment of OTEC plants,
say 100 sites separated by 10 km, would generate nitrate upwelling to levels observed naturally
off Peru, where fish populations are much enhanced. As a result, the immediate effects do not
have to be wholly bad for humanity, and the idea of supplementing fisheries with deep water
nutrients is seen as potentially good. As cold, deep water reaches the ocean's surface, some of the

dissolved COs; is released into the atmosphere[7], [8].

If just half of the surplus COs> is released, the rate would be roughly 01 kg kW1 e, compared to
about 08 kg kW1 e from fossil fuel energy production. Only by using the OTEC energy
generated to limit the usage of fossil fuels can global CO; emissions be reduced. OTEC's societal
implications would be comparable to those of operating an offshore oil rig or an offshore power
plant, i.e. minor.

Geothermal energy

The earth's inner core reaches a maximum temperature of roughly 4000 C. Heat escapes through
the solid seafloor and land surface mostly by conduction - geothermal heat - and very seldom
through vigorous convective currents of molten lava or hot water. At a temperature difference of
30 C kml, the average geothermal heat flow at the Earth's surface is only 006W m?2. Its constant
heat current is insignificant when compared to other renewable sources in the above-ground
environment, which average about S00W m2. Nonetheless, larger temperature gradients exist in
select places, indicating considerable geothermal resources. They can be harnessed across
regions of square kilometres and depths of 5 km at fluxes of 10-20W m2 to generate 100MW
thermalkm?2 in commercial supply for at least 20 years.Geothermal heat is typically of poor
quality and is best utilised directly for construction or process heat at temperatures ranging from
50 to 70 degrees Celsius, or for preheating conventional high temperature energy supply. Similar
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supplies have been established in many regions of the globe, and many more projects are in the
works. When geothermal heat is accessible at temperatures above around 150 C, turbine-
generated electricity may be considered. Some significant geothermal electric generating
complexes are completely operational, particularly in Italy, New Zealand, and the United States.

Heat from the near-surface earth or lakes, for example, is often used as an input to a heat pump.
While this may be regarded as a 'geothermal' source, such systems are not considered geothermal
sources for the It is arguably more appropriate to examine sources such as stored heat from
sunlight, since replenishment will come from above rather than below. As energy currents that
occur spontaneously in the environment. Certain geothermal energy sources may be classified as
renewable under this criteria since the energy would have been wasted.

Geophysics

Heat transport from the semi-fluid mantle maintains a temperature differential of 1000 C
throughout the comparatively thin crust, with a mean temperature gradient of 30 C kml. The
mean density of the crust solid material is 2700 kg m3, the specific heat capacity is 1000 J kgl
K1, and the thermal conductivity is 2Wml K1. As a result, the average geothermal flow is 006W
m?2, and the heat stored in the crust at temperatures higher than the surface temperature is 1020 J
km2.

If just 0.1% of this heat was removed in 30 years, the available heat power would be 100MW
km2. Such heat extraction would eventually be supplied from the mantle below. These
calculations provide the magnitude of the amounts involved and demonstrate that geothermal
energy sources have a substantial potential energy supply.Natural cooling and friction from the
core, radioactive decay of materials like as uranium and thorium, and chemical processes all
transfer heat from the crust. The time constants of such processes are so lengthy throughout the
whole Globe that it is impossible to discern whether the Earth's temperature is now growing or
dropping. Through fractional recrystallization of molten components, radioactive elements are
concentrated in the crust[9]-[11].

substance, and are most noticeable in Granit Nevertheless, heat generation by radioactivity or
chemical action is only substantial over many millions of years, as shown in Issue o, geothermal
heat extraction depends on extracting stored heat in the thermal capacity of solid material and
water in the crust, rather than on replenishment. If the sole geothermal heat transmission method
was conduction through homogenous material, the temperature differential in the crust would be
constant. Nonetheless, there exist anomalous temperature gradients when convection occurs
locally,' such as from water movement, or when local radioactive or exothermic chemical heat
sources occur.The Earth's crust is made up of huge plates. Seismic activity, volcanoes, geysers,
fumaroles, and hot springs all indicate active convective thermal contact with the mantle near
plate borders. Due to increasing anomalous temperature gradients (to 100 C kml) and active
release of water as steam or superheated liquid, typically at substantial pressure when tapped by
drilling, the geothermal energy potential of these places is quite high.

Temperature gradients of up to 50 C km1 exist in discrete places distant from plate borders due
to abnormalities in crust composition and structure. Heat may be spontaneously produced from
such areas due to deep water penetration in aquifers and subsequent convective water movement.
The ensuing hot springs, which have higher amounts of dissolved chemicals, are often known as
health spas. Drilling can access deep aquifers, which can be used to generate heat at temperatures
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ranging from 50 to 200 degrees Celsius. If the anomaly is linked to a substance with low heat
conductivity.

It is theoretically conceivable to obtain heat in each class by:

1. Hydrothermal circulation in nature. Water percolates to deep aquifers and is heated to
produce dry steam, vapour/liquid mixes, or hot water.

2. Any sort of emission may be seen in nature. As pressure builds at deep levels due to
steam generation, beautiful geysers may erupt, like at the Geysers in Sacramento in
California and the Wairakei region near Rotorua in New Zealand. Nevertheless, liquid
water rather than steam is discharged.

3. Igneous systems that are hot. They are linked to heat from semi-molten magma
solidifying into lava. The first power plant to use this source was a 3MWe station in
Hawaii, which was finished in 1982.

4. Fracture of dry rock. Poorly conducting dry rock, such as granite, retains heat over
millions of years, causing temperature to rise. Water may be injected into the rock to
extract heat through artificial fracturing from boreholes.

5. In reality, geothermal energy plants in hyperthermal locations are coupled with natural
hydrothermal systems; hydrothermal and hot rock extraction are developed in
semithermal regions; and normal areas have too modest a temperature differential for
economic relevance.

Electricity generating systems

Geothermal power from hydrothermal areas has a track record of supplying safe and dependable
electricity at prices that are completely competitive with conventional (brown) sources, even
when external expenses are included in. New system capital costs are about $US 2500 per
installed kilowatt (electric) capacity, which is competitive with nuclear and hydro power
facilities. Arguably the most significant advantage of geothermal energy for a power business is
that it can be given virtually constantly at full capacity and does not rely on an intermittent or
bought source of energy. The maintenance needs are reasonable and inexpensive.

Hot dry rock (HDR) resources are much more numerous than hydrothermal resources:
temperatures of 200 C are accessible beneath a considerable section of the world's continent.
According to a research published in 2000 by McLarty et al., if these resources could be tapped,
for example, with improved technology, the potential energy producing capacity from
geothermal sources may be doubled to 19 GWe in the United States and 138 GWe globally.
Sadly, even after decades of technological advancement, the technology of 'improved geothermal
systems' to profitably use HDR is still at the 'pilot plant' level.

We use the 140MWe Wairakei power facility in New Zealand to demonstrate the environmental
implications of geothermal energy. The station was erected in the 1950s amid one of the world's
most geologically active locations. To the joy of visitors, natural geysers and hot springs abound
in the area; a huge volcanic eruption in 1886 reshaped the terrain approximately 50 kilometres
distant, and earthquakes are not uncommon. The wells in the photo's upper left corner tap into a
combination of water and steam; the hot water is separated from the high-pressure steam. Flow
via the pipes to the power station in the bottom right. The boreholes in Wairakei are significantly
overpressured. The clouds of steam at the upper left are caused by hot water boiling when the
pressure is released.



Conventional and Renewable Energy Resources

The removal of hot water from the earth through the power plant caused subsidence that affected
several nearby structures. As a result, part of the output water flow was ve got into the region,
which alleviated the problem.The strength of some of the area's natural geysers has also
decreased, however the majority remain mostly unaffected. It should be noted that such a
detrimental influence on natural geothermal phenomena is a barrier to further usage of
geothermal power in Japan.

The Waikato River, seen at the bottom supplies cooling water as well as receiving condensed
steam and other pollutants at discharge. Before discharge, the common H2S emission is treated.
Since the Waikato is one of the country's biggest rivers, the released heat and leftover pollutants
are quickly diluted. In 2001, an environmental investigation verified that downstream quantities
of the chemical components As, B, and Hg, as well as dissolved ammonia, were all much lower
than the limits for native fish.

Energy systems, storage and transmission

Energy is only helpful if it is accessible when and where it is needed. Delivering energy to where
it is needed is known as distribution or transmission, and storing it until it is needed is known as
storage. Biomass is an energy reserve for animals and parasites in natural ecology, with seeds
serving as a means of distribution. Energy storage, local distribution, and long-distance
transmission are not novel notions in society or technology.Fossil and nuclear fuels are
essentially energy reservoirs with a high energy density, while high-voltage cables enable
electricity transmission. Yet, as renewable sources grow, there is a need to create other storage
options, such as secondary fuels, as well as to maintain and enhance distribution and
transmission, particularly for electricity. , renewable energy suppliers have different storage and
delivery needs than fossil and nuclear gas supplies. Most renewable sources' low intensity and
vast distribution favour decentralised end-use, and their variable temporal dependency favours
the integration of many supply with storage in a single system. Yet, certain renewable sources,
such as big hydropower, geothermal, and offshore windfarms, are of quite large scale and hence
appropriate for highly intense usage (e.g., aluminium smelting and high-voltage power
transmission).

Since the usage of renewable energy sources is a diversion of an ongoing natural flow of energy,
there are issues with matching supply and demand in the temporal domain, i.e. matching the pace
at which energy is used. This changes over time on months (for example, home heating in
temperate areas), days (for example, artificial lighting), and even seconds (for example, starting
motors. In contrast to fossil fuels and nuclear power, renewable energy sources' principal input
power is beyond human control. We have the option of matching the load to the availability of
renewable energy sources or storing the energy for future use. Energy may be stored in a variety
of ways, including chemical, thermal, electric, potential, and kinetic energy. Moreover, by
connecting supply and consumption.The controlled system has access to types of virtual storage,
such as pressurised gas in pipes, imports and exports of electricity, in a grid (e.g. hot water, gas
pipe, vehicle transportation, and networked power). When the grid-intensive settings are
changed, the size of this virtual storage changes (e.g. voltage, temperature, pressure or speed).
The incorporation of small and intermediate size renewable energy sources into a large-scale grid
system is known as embedded generation, particularly for electricity.
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Hydrogen

Water may be electrolyzed to produce hydrogen using any dc power source. To generate heat,
the gas may be stored, dispersed, and burned. Since the sole byproduct of combustion is water,
there is no pollution at the conclusion of the process. The enthalpy change is H = 242 kJ moll,
which means that 242 kJ are released for every mole (18 g) of H20 created. For many years,
hydrogen (with CO in the form of 'town gas' generated from coal) was utilised as an energy
storage and supply, and there is no technological reason why hydrogen-based systems could not
be widely employed again. Nonetheless, most hydrogen is currently produced from fossil fuels.

While electrolysis is a well-established commercial technology for producing pure hydrogen,
overall efficiency have been only 60%. Part of this loss is due to electrical resistance in the
circuit, particularly near the electrodes, where developing gas bubbles obstruct the current
transporting ions in the water. 'Bubble-removing mechanisms' in electrodes should be useful.
The best electrodes have a high porosity, which allows for a bigger effective area and hence a
higher current density, implying fewer cells and a lower cost for a given gas production.
Efficiencies of 80% have been achieved, and they may be enhanced further by utilising costly
catalysts.

Heat storage

Low temperature heat accounts for a significant portion of global energy use. The overall energy
and space heating demand in the United Kingdom. While specifics vary from year to year, the
conclusion remains that during the winter, more than half of national energy use is for space
heating in homes at temperatures around 183 degrees Celsius. It is typically inefficient to supply
this need for heat using the finest thermodynamic quality energy sources, since they should be
reserved for electricity production, engines, and motor drives. Consequently, it is preferable to
catch solar heat gains and then use the averaging and heat-storage qualities of the building mass
to maintain buildings at suitable temperatures.

Heat storage also allows for the productive use of 'waste' energy generated by other processes,
such as load control devices show that at the higher latitudes, solar heat supply is much larger in
summer than in winter, despite the fact that heat demand is highest in winter. As a result, to reap
the full benefits of solar heat, heat must be stored for at least three months, such as in hot water
in an underground enclosure. To address this option, we calculate the time, tloss, required for
such a heat storage to drain 50% of its content while keeping a constant temperature Ts. Suppose
that the nearby surroundings, such as the temperature of the soil, has a constant temperature Ta.
The heat balance equation is as follows:

Materials that change phase have a substantially greater heat capacity over a narrow temperature
range than systems that use sensible heat. Glauber's salt Na>SO4 10H20, for example, has been
employed as a room heating store. At 32 degrees Celsius, it decomposes into a saturated solution

of Na>SO4 and also an anhydrous residue of Na>SO4. This reversible process produces 250 kJ
kgl or 650MJ m’.

Since a large portion of the cost of a store for home heating is involved with construction, such
stores may be less expensive overall than simple water tanks with lower energy density per unit
volume. Yet, this apparently easy strategy has practical challenges to solve. In example, the solid
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and liquid phases often separate spatially, preventing recombination; as a result, without mixing,
the process becomes inefficient after several cycles.

Another disadvantage of traditional batteries is well known to all car owners: they do not last
forever. PbSOy in the discharge reaction is about twice as dense as solid Pb (As a result, fitting
the PbSO;4 crystals into the region formerly occupied by the Pb paste in the negative electrode is
challenging. The continual expansion and contraction of the cell causes plate material and some
PbSOq to sink to the bottom after several charge/discharge cycles. This results in the permanent
loss of active material. This loss is exacerbated if the battery is allowed to totally deplete; in fact,
it may become hard to recharge the battery quickly. Moreover, the ‘shed' material may act as an
electrically conductive connection between plates, increasing ‘self-discharge'. Rechargeable
batteries should have enough room under the plates for debris to collect without short-circuiting
the electrodes.

Self-discharge of the positive electrode is another major factor reducing the life of even well-
maintained batteries. This is most noticeable in car SLI (Starting, Lighting, and Ignition)
batteries, where the grid is often a lead-antimony-calcium alloy rather than pure Pb. Antimony
electrode plates are physically stronger and can withstand mechanical pressures during motion.
Sadly, antimony encourages reaction.

It eliminates active material from the battery slowly but irreversibly. As a result, batteries built
for use in motor vehicles often perform poorly in solar and wind-power systems.Batteries for
fixed applications, such as solar lighting systems, may employ Sb-free plates and have longer life
(typically at least 8 years and perhaps up to 20 years), but only if charged in a regulated way and
not discharged excessively and repeatedly. A battery's performance is determined by the current
level at which it's charged and drained, as well as the depth to which it is frequently depleted.
The discharge parameters of a typical lead acid automobile battery. It has a nominal capacity of
Q20 =100 Ah.

This is the charge removed if it is discharged at a steady current for 20 hours (usually labelled
120). After the first 60% of Q20 is drained, the voltage per cell of a fresh battery should decrease
just slightly from 2.07 to 1.97 V. Through processes (16.10) and (16.11), this discharge removes
dense HSO4 ions from the electrolyte solution and stores them as solid PbSOys in the electrodes,
lowering the density of the electrolyte solution. Hence, the density of the 'battery acid,' as
measured using a hydrometer, may be used to determine the battery's level of charge. When the
same battery is drained between the same voltages for around 1 hour, its voltage decreases
considerably more abruptly, and the total charge that may be taken from it may be as little as
05Q20. This is due to the fact that the pace of reaction of the electrodes is restricted by the rate at
which the reactants may come into touch with one another. A fast accumulation of reaction
products (particularly PbSO4) might obstruct this interaction. Moreover, the internal resistance
across this PbSOy layer lowers the available voltage from the cell.

A set of charging characteristics for the same battery. An EMF of at least 2.1 V per cell is needed
to begin charging. The voltage needed gradually rises at first, then quickly climbs to around 2.6
V per cell as the battery approaches full charge (assuming constant charging current is
maintained). This is due to the fact that the water in the cell starts to electrolyze.H» gas is emitted
when the cell is overcharged. Such 'bubbling' may assist the battery by mixing the electrolyte and
therefore reducing battery stratification; fact, sophisticated charge controllers schedule this to
occur on a regular basis. Nevertheless, excessive gas release from electrolysis necessitates 'top-
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up' of the electrolyte with distilled water, and the expelled H> may form an explosive
combination with air and must therefore be ducted away.Sealed batteries, which are frequently
marketed as maintenance free,include a catalyst in the top of the battery that allows electrolyzed
hydrogen to mix with oxygen to reform water inside the battery case, eliminating the need to 'fill
up' the electrolyte with purified water. Severe overcharging may cause mechanical damage
inside the cell as well as boost the concentration of acid to the point where the ions are no longer
mobile enough to enable the battery to function. Numerous cycles of moderate charging and
discharging, such as those seen in tiny solar power systems, cause massive PbSOs crystals to
form inside the plates, effectively removing active material while also causing mechanical
damage. In such cases, periodic deep discharge may restart the battery.

The overall lesson is that charge/discharge control is critical for long battery life; at the very
least, charging at constant voltage and, at the very best, having a sophisticated controller that
allows for occasional de-stratification bubbling, controlled charging and discharging currents,
voltage cut-offs, and, possibly, occasional deep-discharging. A good battery has a very low
internal impedance of 01% and can provide big currents at high frequency. The 'farad capacity' is
quite little, despite the fact that the 'charge capacity' is vast, so don't be deceived by the two
unique interpretations of the term 'capacity'.

Improvements to lead acid batteries are continually being made, resulting in a wide range of
types with performance optimised for specific applications in terms of dependability, long life,
cost, power/weight ratio, and so on. Polypropylene for inert leak-proof enclosures, 'absorbent
glass mat' technology for plate separators, valve regulated lead acid batteries (sealed to prevent
air ingress but allowing excess gas to escape and having internal reformation of overcharge
electrolysed hydrogen and oxygen), and a wide range ofrecipes with small concentration
additives for specialist plates and separators, as well as electronically controlled charging, have
all been significant developments in recent decades.

Superconducting electromagnetic energy storage

A superconducting electromagnetic energy storage (SMES) system is a device that can store and
rapidly discharge massive amounts of electric power, such as 10 MW for 1 s. It stores energy in
the magnetic field formed by the passage of DC in a coil of cryogenically cooled
superconducting material (4 K). Some materials have almost minimal resistance to electric
current at these extremely low temperatures and may sustain a DC current for years without any
loss. For many years, SMES systems have been used to enhance industrial power quality and to
offer a premium quality service to those electrical consumers who are especially susceptible to
voltage fluctuations. An SMES recharges in minutes and may repeat the charge/discharge cycle
thousands of times without the magnet degrading.LLarge high-performance capacitor systems are
being developed for comparable power-conditioning applications. While there have been ideas to
employ SMES for storing significant quantities of electrical energy more broadly.

Fuel cells

A fuel cell turns the chemical energy of a fuel directly into electricity, without the need for an
intermediary combustion cycle. Unlike traditional 'fuel heat work electricity' systems, the
efficiency of fuel cells is not restricted by the second law of thermodynamics since there is no
intermediary 'heat to work' conversion. A fuel cell's efficiency of converting chemical energy to
electricity may potentially reach 100%. While they are not strictlystorage devices, fuel cells are
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included in this chapter because to their numerous similarities to batteries, and their potential
application with H» stores.

In a 'hydrogen economy,' fuel cells are projected to be employed not just for stationary energy
production, but also to power electric cars. As a result, we will solely examine H> fuel cells,
albeit more forms exist. A fuel cell, like a battery, is made up of two electrodes separated by an
electrolyte that conducts ions but not electrons. The negative electrode in the fuel cell receives
hydrogen (or another reducing chemical), whereas the positive electrode receives oxygen (or air).
Hydrogen molecules are dissociated into hydrogen ions and electrons via a catalyst on the porous
anode. H+ ions move through the electrolyte, which is often an acid, to the cathode, where they
combine with electrons provided by the external circuit and oxygen to generate water.

Practical fuel cell efficiencies, whether hydrogen/oxygen or another gaseous 'couple, are
substantially lower than the theoretical 100%, for the same reasons that batteries are. In reality,
the efficiency of converting chemical energy to electric energy is about 40%, however this is not
depending on the process.

Mechanical storage

PO = gQOH, where QO is the natural flow rate of water at the location and H is the vertical
distance over which it falls. Since the natural flow QO is determined by rainfall, which has a
different rhythm than the demand for electricity, all big hydroelectric systems include energy
storage through a dam; Water is held at the high elevation H and discharged at a regulated flow
rate Q to the turbine below. Wv = 10MJ m3 is the energy density of potential energy held in a
dam at 100 m head.While this is a low energy density, the overall energy stored in a hydro dam
may be enormous. An upper and lower reservoir are used in a pumped hydro system. Water is
pumped uphill when electricity is available and not otherwise necessary. When there is a need,
the water is permitted to descend again, propelling a hydroelectric turbine at the bottom and
producing electricity. In fact, the same machine, often a Francis turbine, is utilized for both
pumping and producing. Several extremely large systems of this sort have been constructed to
smooth the fluctuating demand on traditional power plants, enabling them to operate at constant
load and with improved overall efficiency. Nuclear power facilities, in particular, need such
assistance.Since roughly 15% of the input power is consumed to maintain the turbines/pumps
running and another 15% is wasted in friction and distribution, it may be argued that the
substantial capital cost of such systems would have been better spent on demand management.

Batch transport

Biomass may be carried by road, rail, river, or sea in appropriate vehicles. Yet, due to the low
density and heavy character of most gathered biomass, it is seldom economical to disperse it
across lengthy distances over 500 km. Even at medium distances (100-500 km), distributing such
biomass for its energy worth alone is unlikely to be cost effective. The guiding idea for the
economic and ecological use of biomass is to engage with an existing 'flow' of collected biomass
for another use. An ideal example is the extraction of sugar from sugarcane while leaving the
cane waste (bagasse) to power the plant. In this instance, the transportation of the fuel may be
considered 'free,’ or nearly so; expands on this point. Biofuels, on the other hand, may be
transported across medium to long distances after being converted from raw biomass, such as by
pyrolysis or as biodiesel.In all nations, firewood is typically utilised within 100 kilometres of its
source.
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Electricity grids (networks)

A shared regional or national network, often referred to as "the grid," connects electrical power
production to load demand. Centralised power plants or lesser capacity embedded generation,
such as gas turbines or windfarms, may be used as generators. The grid enables the sharing of
generation and consumption, providing a dependable and cost-effective universal source of
supply. When one producing node decreases its supply (for example, because to a shortage of
wind, for maintenance, or to save fuel), the demand may be covered by the network's other
generators and power storage plants. Since all major grid systems can accommodate fast demand
variations of 20%, the same systems can accommodate rapid supply changes of 20%. As a result,
fluctuating sources such as wind power may be included. If hydropower is available, which can
be turned on and off in seconds, quick grid management is simple to compensate for changes in
other generation or demand.Despite their name and initial aim, energygrids have been defined by
centralised dispatch of electricity at high voltage 100 kV from a limited number of very big
power plants (1000MW capacity), often through overhead wires insulated solely by the air
surrounding them, from approximately 1930. At the place of use, the power is converted to 10
000 V, for example, for a suburb, and then to 230 V or 110 V, for example, for a street of
dwellings. Older rural networks from central dispatch may lose 10-20% of their electricity in
transmission, distribution, and transformation, whereas the finest urban grids lose only 5%.
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CHAPTER 15

ELECTRICAL GENERATORS
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The fundamental functioning of all generators is straightforward, but various complexity and
variants are applied to provide specific features and efficiency gains. A magnetic field is created
in such a way that it cuts a wire with a relative velocity, causing an electric current through the
Faraday Effect.Every generator contains a stator (static coils of wire) and a rotor (rotating coils
of wire inside the stator); one of these has a coil (winding) to create the produced current, and the
other has additional windings or permanent magnets to produce the magnetic properties. We
provide a quick overview here; for more information, electrical machinery. When a magnet is
moved over an electrical conductor, it causes an electrical potential difference (an EMF; or
'voltage'). An electrical current will be produced if the conductor makes a closed loop. The
induced EMF is:

dé

V="Na

Where, N conductors are connected in series and each is cut by a magnetic flux with a rate of
change d/dt. A magnet field is produced by a coil of wire (solenoid) conveying an electric
current. If the coil contains a ferromagnetic core, such as iron, the magnetism is greatly boosted
(by a factor of 1000). As a result, coils having ferromagnetic cores are often utilised in electric
equipment such as generators and motors. Salient poles are the analogous north and south poles
of such coils.The stator, Bstator, in the basic AC generator generates a stationary magnetic field.
A single coil in this has an induced EMF, which generates current in an external circuit linked
via brushes on totally circular slip rings at the commutator. Since the coil's wires alternately cut
up and down, the current is alternating current. The induced current generates a rotating
magnetic field, Brotor. A wind turbine shaft, for example, is powered by the external mechanical
torque'm. The induced rotor magnetic field Br, on the other hand, creates an opposite torque 'em
due to electromechanical processes[1], [2].

When the shaft mechanically driven torque,m, equals the induced electromagnetic torque, 'em,
equilibrium is obtained. Moreover, minus frictional and resistive losses, the mechanical power
input matches the electrical power produced. The power produced is alternating current (AC),

with voltage and current changing sinusoidally with time, most typically at 50 Hz but usually at
60 Hz.

Practical alternating current generators are variants on this principle, either synchronous or
induction, as explained below.

The basic DC generator is a significant variant on the basic AC generator. Again, Bstator, the
stator generates a stationary magnetic field.At the commutator, however, the rotor coils are
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linked by semi-circular slip rings. This commutator reverses the current flow through each rotor
coil as it passes perpendicular to the stator field, resulting in a stationary rotor field, Br,
perpendicular to the stationary stator field (despite the moving rotor). As a result, the output
current and power are one-way|3], [4].

Aspects of alternating current

If the external circuit contains simply resistance, the voltage and current are in phase, then the
power wasted as heat in the external circuit is P = Vplp sin2 t, and the average power is Pav =
Vplp/2. This is the active power, which in this instance peaks at double the frequency of the
voltage and current (half the period). Vp/ 2 = V is often referred to as the voltage (strictly, the
underlying cause voltage) and Ip/ 2 = 1 is referred to as the current, such that the power P = VI as
for direct current.If the external circuit is fully inductive with no resistance, the voltage (push)
and current (flow) are! = 90 out of phase (push maximum with no flow; flow maximum with no
push). The phase difference is and the product of Vp is.

Q=Vlsing

This function Q contains power units but is not dissipated as heat; it is power oscillating back
and forth in the inductance's magnetic field. The external circuit's timed averaged power is zero,
and it is known as reactive power since it does not manifest as heat or work. If the external
circuit is both inductive and resistive, is not 90. The product of Vp sin t and Ip sint may now be
divided into a reactive and an active component (oscillating with equal amplitude between
positive and negative) (always positive). The average active power Pav = VI cosf, while the
average reactive power is zero, as previously.

Similar effects occur in the external circuit with capacitance, but with the current leading the
voltage. Adjusting a compensatory capacitance to mitigate the reactive power effects of
inductance is typical practise, and vice versa. Electrical engineers refer to 'active' and'reactive'
power as distinct characteristics that must be instrumented and measured independently.
Reactive power is generally undesirable, and hence grid-connected users may be penalised for
reactive power consumption that they create, despite the fact that it is not useful power[5], [6].

Synchronous generator (alternator)

Whether the magnetic fields are generated by permanent magnets or DC currents, the current
will be induced at an AC frequency f1 that is synchronised with the generator's rotational shaft
frequency fs. nfs = fl precisely with n pole pairs, each operating as a single magnetic
‘north/south pole pair'.A synchronous AC generator with an output frequency locked to the shaft
frequency is one example. This is good if the shaft frequency is well regulated, as in a diesel-
powered system, but complicates things with wind turbines.Power is typically drawn from fixed
coils on the stator, while the coils on the rotor creating the magnetic field are linked to a DC
generator through slip rings. Synchronous generators have high efficiency (often 97%), with just
resistive losses in the windings. It should be noted that electricity is taken from the stator, which
is linked to the grid. One advantage of synchronous generators is that reactive power may be
managed and minimised, hence increasing actual power. In the most common configuration, the
stator coils are directly linked to the grid, in which case electricity is only exported when the
rotor rotates, hence nfs = fl and fl precisely matches the grid network frequency, which is
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typically 50 Hz or 60 Hz in North America. Because of this control need, synchronous
generators are seldom used in wind turbines, since induction generators are less expensive and
simpler to utilise on electrically powerful grids.

Induction generator (asynchronous generator)

Since the same device may be a motor or a generator, the induction AC generator is simply an
induction machine. Because of this design flexibility, induction generators are less expensive
than synchronous generators. The stator windings (coils) are often linked to the AC grid, creating
a revolving magnetic field around the machine's shaft.

The rotor is a'squirrel cage,’ with copper bars parallel to the axis and rings at either end
connecting them. Currents are thereby induced inside the shaft's short-circuited coils. These
induced currents create magnetic fields, which generate power into the stator coils if the rotation
speeds of the shaft magnetic field and the stator coils vary. Power may be transmitted between
the mechanical rotor shaft and the electrical power in the stator circuit due to the phase
relationships.

For the induction machine, I there are n pairs of windings on the rotor simulating n pole-pairs,
(i1) the induced rotor currents have a frequency {2 (f2 = 0 if the stator rotating field and shaft
coils move together in phase; f2 is negative if the shaft coils rotate faster than the stator field,
(i11) if the grid supply frequency is f1, and the shaft frequency Generator slip is typically less
than 10%, while motor slip is often between 0.5% and 5%.Only when the induced closed loop
currents are begun and sustained can an induction generator create. There are basically two
approaches to this: (1) reactive power is derived from the live grid to which the generator output
is attached, or (2) capacitors linked between the output and ground enable autonomous, self-
excited generation. The advantages of method (1) (grid linking) are: (a) the system's simplicity
and low cost; (b) safety, because the generator should not generate if the grid power is turned off;
and (c) the grid can be used to export power when the shaft is turning, such as in windy
conditions, and import power at other times. Method (2) requires some residual magnetism in the
generator's framework or surrounds to supply the initial current, with the capacitors preserving
the right phase connections. In small systems, an idle synchronous generator may be used in
tandem as a'synchronous compensator' to sustain and regulate generation from an induction
generator. This technology may be appealing for small autonomous systems since the same
synchronous generator may be utilised for diesel production when renewable input, such as
wind, is insufficient[7], [8].

When utilised with wind turbines, it is feasible to enhance the slip of the induction generator,
allowing for more rotor speed fluctuation while maintaining a more stable tip-speed ratio. The
first technique includes changing the impedance of the normally unconnected rotor windings, but
this comes at the penalty of increased generator heating. The rotor windings in the more recent
approach (doubly fed induction generator) are linked by slip rings to an external power-
electronic control of the voltage and phase. As a result, (a) the rotating speed of the rotor may
deviate significantly from synchronism with the mains AC frequency, and (b) power may be
drawn from both the rotor and the stator circuits. Wind turbines with such doubly fed induction
generators and related power electronics may have variable rotor speed and so match the wind
speed for the most effective power extraction.
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Autonomous and ‘in-between’ systems

The scattered and localised character of renewable energy sources distinguishes them, certain
renewables, such as large-scale hydro, may be employed as a principal source in a centralised
energy system. Some are appropriate as the only source of electricity for (typically small scale)
applications away from the grid (‘autonomous' or'stand-alone' systems), particularly when
sufficient energy storage is included in the system, such as solar powered lighthouses with
battery storage. Nonetheless, almost all biofuels may provide considerable amounts of power as
dispersed inputs to a larger grid. Addresses some of the practical concerns that apply when the
renewable input is (a) dominating, (b) about equal to the rest of the grid, or (c) merely a minor
contribution to the grid. While the talk is focused on wind systems, comparable principles apply
more broadly.

Social and environmental aspects

Current civilisation (the "age of fossil fuels") is based on large-scale energy delivery. In 2003,
international commerce in fossil fuels (coal, oil, and gas) from the very few nations that export in
considerable amounts accounted for around 4% of global trade. The concentrated supply lines
are subject to interruption. Many conflicts may be traced back to the desire of oil-consuming
countries to safeguard their supply, according to Yergin's seminal 1992 research. Since oil and
coal are inexpensive sources of vast amounts of conveniently available energy, cities have grown
rapidly with little regard for the environmental repercussions (McNeill 2000).Periodic
distribution system failures have serious environmental implications, including large-scale oil
spills.Climate change from the release of excess CO2> may be the most detrimental environmental
consequence of using the stored energy from fossil fuel burning. This problem is recognised
globally, and the majority of responsible governments have provisional measures in place to
mitigate the impact, unfortunately, the worldwide push for alternate energy sources and storage,
including biofuels, is not as strong as it might be. The less concentrated and distributed nature of
renewable energy sources enables a significant transition away from centralised energy systems
and associated fragile distribution networks, as well as the prospect of less centralised social
institutions. Since the sources are more dispersed and may be closer to the end-uses, the energy
distribution system becomes a more significant 'gridiron' network for the interchange of power
and is less subject to interruption of any one component, whether caused by conflict, overload, or
natural catastrophe (e.g. lightning). We regard this as a beneficial social, economic, and
environmental development. While high-voltage power lines have a solid safety record, some
people perceive them as an eyesore in the landscape. These may be less conspicuous under a less
centralised power system since the transmission voltage, and hence the height of the poles and
pylons, would be lower.

Since most renewable energy sources are intermittent, stand-alone (autonomous) systems based
on renewables would be difficult without energy storage. The possibility of using photovoltaic
lighting systems (with battery storage) to improve amenity in developing-country rural areas
without the hazards and costs of stringing in long power lines or transporting diesel fuel offers
the prospect of reducing urban drift with its attendant social and environmental
consequences.Yet, several of the storage techniques presented in this chapter have slight
environmental drawbacks. Batteries, in particular, are packed with hazardous substances, making
disposal difficult. Lead acid batteries, on the other hand, are so common in automobiles that most
nations have a robust recycling industry for them. While lead metal is dangerous, it is also costly
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and has a low melting point, making it extremely simple and cost-effective to collect lead from
'dead' batteries and reconstruct it for new ones[9], [10].

Contrary to common belief, hydrogen gas, although capable of producing an explosive
combination with air, is no more dangerous than methane, a more recognised natural gas. Hence,
with professional safety provisions, the safety and social difficulties associated with transitioning
to a 'hydrogen economy' are not substantial; a shift to a hydrogen economy is considerably more
constrained by economics, infrastructure, and the requirement to alter most end-use
devices.Finally, I'd want to emphasise the importance of thermal mass in buildings as a kind of
energy storage. 'Heavy structure,' combined with sufficient exterior insulation, permits passive
solar and other variable (and perhaps variable-priced) heat gains to be stored internally from day
to night and day to day. Instead, a building's 'coolness' from heat loss during the night May be
‘stored' during the day. Such basic energy storage has significant implications for comfort and
more efficient energy supplies in buildings, which typically use at least 30% of national energy
supplies. The widespread reintroduction of such "heavy structures" has far-reaching
consequences for energy efficiency, zoning restrictions, and construction resources.

Institutional and economic factors

In truth, practical improvements in energy involve around 75% 'institutional aspects' and just
approximately 25% science and engineering. Scientists and engineers are minor influencers, with
politicians, planners, financiers, attorneys, the media, the public, and, due to ethical and cultural
norms, philosophers playing major roles. Yet, as scientists and engineers join other areas of
influence, they may become more influential of the sociopolitical and economic aspects that
influence energy system selection. Environmental costs are not properly reflected into existing
conventional energy system pricing, therefore options are skewed against more sustainable
energy systems, including renewables. Several policy instruments that might help to correct this
are discussed. The chapter and book finish with a study of how the technical, sociopolitical, and
economic environment for renewable energy has grown over the last 30 years, as well as how it
may evolve in the future. We conclude that renewables are emerging development sectors with
the ability to provide most of the world's energy from millions of local and suitable places, but
that doing so will need knowledge, vision, experience, funding, markets, and individual and
communal decision-making.

National energy policy

Supply assurance. Politicians must ensure the security of their country's energy supply. The
capacity to use indigenous supply is therefore strategically crucial in order to avoid international
disturbance. While having indigenous fossil and nuclear energy supplies (which many nations
only have to a limited level) helps national security, large-scale centralization of such resources
makes them susceptible. The use of renewables gives the required distributed security while
without depleting scarce resources. Every country has its unique collection of renewable
resources, and there is widespread agreement, at least in theory, that they should be analysed and
utilised as a key component of energy production. Large-scale resources concentrated at a few
locations, such as massive hydropower, are recognised, but not the sum total of widely scattered
low intensity supply, such as rooftop photovoltaics.

Supply is diverse. Putting "all of my eggs in one basket" is not a sound approach. Individuals and
governments alike may improve supply security by running many operating choices
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concurrently. As a result, there is perceived value in variety, but no accepted mechanism for
assessing such diversity exists.The accounting approach of discounting provides for financial
optimisation but does not incorporate risk assessment or credit for variety. All areas of energy
supply and usage, including transportation, fuels, power production, and heating, should be
diverse. Obviously, renewables may provide a wide range of supply variety in these areas, as
well as geographical variance.

Economic supply is commonly assumed to indicate 'low price to the customer within a
competitive market'. Taxes, subsidies, monopolistic impacts, and supplier profits, in addition to
the more apparent material supply costs, all have a significant impact on this price; see below for
additional information on economic circumstances and energy markets. Many kinds of analysis
seek to evaluate what is 'economic,' generally based on 'discounting', but once a supply is
accessible, the actual price paid per unit tends to prevail. Renewables, by definition, use energy
from the environment, which often comes for free, such as sunlight, wind, and rain. The initial
capital cost of the equipment is therefore the largest cost of renewables, and the way of
combining capital and operating costs is critical for economic comparisons with fossil and
nuclear fuel sources.

Climate change and sustainability. Several environmental challenges have emerged in public and
political attention in the past 50 years. Global concern for sustainable development and climate
change, in particular, prompted international attention, most notably via the United Nations
Framework Convention on Climate Change (FCCC 1990) and its accompanying Kyoto Protocol
(1997). Virtually all nations have committed to embrace FCCC responsibilities to cut, or at least
limit the rise in, greenhouse gas emissions and to report on their progress. Since CO; emissions
from the combustion of fossil fuels are the primary source of greenhouse gas emissions, there is
an incentive to utilise energy more effectively and to replace renewable energy for fossil energy.

Safety and health. We all have a responsibility to keep people safe and a desire to keep ourselves
and our family safe. Several rules are in place by governments and accountable organisations to
protect and enhance people' safety and health. Renewable energy facilities, like other energy
installations such as nuclear power plants, oil refineries, and high-voltage transmission lines,
may be hazardous, with obvious difficulties in ensuring safety at the many and distant sites.
Working around moving equipment and electrical power systems, as well as climbing structures
and handling flammable materials, all pose risks. In actuality, many renewable energy facilities
operate on a small scale, thus workers are engaged in a wide range of duties; although this
provides fascinating and responsible employment, it also poses risks.

Pollution is described as any detrimental consequence, often chemical emissions, that are not
present in the natural environment. As a result, since its sources are natural energy flows,
renewable energy is naturally pollution-free. In contrast, the sources of fossil and nuclear energy
are inherently polluting. The processes for capturing renewable energy, rather than the sources
themselves, may create negative externalities such as smoke and noise. The processes of fossil
and nuclear energy concentrate and then release chemicals and ionising radiation, the precursors
of which are already present in the fundamental materials. As a result, in general, renewables
avoid the extensive pollution and health risks associated with brown energy sources. The
apparent exception is partial combustion of biomass, which is typical when burning firewood or
utilising biofuels in poorly controlled equipment. egislation. Governments often enact extensive
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regulations involving energy supply in order to govern security, variety, pricing, and safety.
Renewables need specific laws, such as rights to hydropower, sunlight, and wind.

Governments may compel (bind) energy companies to incorporate a particular amount of
renewables to boost supply security and variety.Advantages may be enforced, for example, by
net metering for homeowners, where imported grid power is countered by exporting from
embedded solar, wind, and hydro output.Planning. Governments enact planning regulations and
processes, which vary considerably across countries and states but are often evaluated and agreed
upon by local governments. Nonetheless, the central government will legislate and issue broad
policy pronouncements (such as the need for sustainable development) and will retain the
authority to hear appeals. Consequently, although it may be involved in major and significant
initiatives, like as large-scale hydropower and offshore wind generation, choices concerning
medium and small developments are often made by local governments. As a result, national
governments will be responsible for overarching policy and law, with local government
personnel and elected representatives primarily in charge of execution. Individual individuals
may have significant impact inside planning systems due to democratic rights, although this is
mainly limited to presenting arguments to decision-makers.

Market structure of energy. Before the 1990s, most governments awarded a controlled monopoly
to the energy provider in each area in order to promote economies of scale and avoid
unnecessary duplication of distribution networks. By the year 2000, most industrialised nations'
laws promoted a trend towards allowing independent generators and suppliers to compete in
liberalised markets, but under the supervision of a Regulator, who works as a judge to keep
pricing and services within government-set limits. In general, this has resulted in lower prices for
conventional power and has spurred numerous new businesses to establish themselves as
renewable producers and providers. The same governmental methods have been used to oblige
the delivery of growing quantities of renewable energy, generally in conjunction with financial
incentives to renewable energy providers paid for by taxes on all customers. The 'feed law'
legislation, in which private generators, often individuals or cooperatives, are guaranteed
attractive tariff payments for energy exported to the grid or energy network, has been particularly
effective in producing rapid expansion of renewable energy generation; such feed laws have
been particularly influential in Denmark, Germany, and Spain.Economic circumstances.
Renewables' comparatively high capital costs and early financing, combined with poor fossil fuel
price competitiveness, need unusually extended payback times (often 1015 years and more).
Such investment is encouraged in settled economies with low current and future inflation rates
(and hence low interest rates). Uncertain economies with high interest rates (which represent
more risk) discourage capital investment.
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