Kangakumari Windmills, Pelamis Wave Energ Krafla Geo—thermal
India Converter, Scotlan Enerrgy, Iceland
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Earth & Atmosphere

" World energy usage/year g3 500 Exadoules.




Earth & Atmosphere

" World energy usage/year g3 500 Exadoules.
" Major constituents of dry air by volume %
Ty N,=78.084, 0,=20.946, Ar=0.934, CO,=0.04,
=J Ne=0.001818, He=0.000524, CH ,=0.000179.




Earth & Atmosphere

" World energy usage/year g3 500 Exadoules.

" Major constituents of dry air by volume %
Ty N,=78.084, 0,=20.946, Ar=0.934, CO,=0.04,
=J Ne=0.001818, He=0.000524, CH ,=0.000179.

" Water vapour is ~ 0.25% by mass over full

atmosphere and 0.001-5% by volume, which

also abruptly varies locally according to weather/season.
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Atmosphere

" As Volume of Troposphere is 6.133 x10'° m’, then 0.04% of CO, accounts for
2.453x10”m’. To moderate on Greenhouse gas, estimate have to add on this number!!
1 mole of CO, corresponds to 22.4 litre or 22.4 x 10°m’ at S.T.P.( 1latm P, 0°C T).

0.04  6.133x10®=2.453 x 10 m°.

100




Atmosphere

" As Volume of Troposphere is 6.133 x10'*m’, then 0.04% of CO, accounts for
2.453x10”m’. To moderate on Greenhouse gas, estimate have to add on this number!!
1 mole of CO, corresponds to 22.4 litre or 22.4 x 10°m’ at S.T.P.( 1latm P, 0°C T).

" World energy usage/year 3 500 Exadoules. So, heat of formation of CO, is

A\ H=-394kJ/mol and therefore CO, emission amounts to an energy release/year ~

5x10°°x22.4x10"°
3.94 x10°

=2.843x10"m’of CO,/ yr.
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Atmosphere

" As Volume of Troposphere is 6.133 x10'*m’, then 0.04% of CO, accounts for
2.453x10”m’. To moderate on Greenhouse gas, estimate have to add on this number!!
1 mole of CO, corresponds to 22.4 litre or 22.4 x 10°m’ at S.T.P.( 1atm P, 0°C T).

" World energy usage/year 3 500 Exadoules. So, heat of formation of CO, is

A\ H=-394kJ/mol and therefore CO, emission amounts to an energy release/year ~

5x10°°x22.4x10"°
3.94 x10°

" Time required to double the amount of CO,1in the atmosphere at the present usage
., 2.453x10"

2.843x10"

=2.843x10"m’of CO,/ yr.

=86 years ! ! Big reasons to worry, as if we increase more, this time
of doubling will be reduced and Greenhouse gas effects (global
warming, snowstorms, ice-age?) can initiate towards a severe climate change. So

energy usage by humans can significantly alter the composition of atmosphere

within a very short period of time! ' '
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Renewable energy sources: Sun

" Solar, Geothermal, Hydropower, Wind, Ocean Energy ...

" Solar power were used since the day of Archimedes ddGreeks knew that mirrors

can concentrate sunlight & used in the defence at Syracuse (214-212 BC).
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Renewable energy sources: Sun

" Solar, Geothermal, Hydropower, Wind, Ocean Energy ...
" Solar power were used since the day of Archimedes ddGreeks knew that mirrors

can concentrate sunlight & used in the defence at Syracuse (214-212 BC).

!

,

/
!

\ .
" Sun’s energy radiates in all dir

ections & durig spreading it weakens. But even
after crossing the Ether (void) between Sun & Earth, a flat plate placed above the
atmosphere and oriented perpendicular to the rays would receive Sun’s

EM energy at a rate ~ 1368 Watts/ meter.” This is called Solar Constant.
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Blackbody Spectra

" Blackbody spectrum is emitted by a body that is a perfect absorber of light at all
wavelengths. Blackbody emits light only from thermal processes & neither reflects/

emits light.

Penetrates : .
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Blackbody Spectra

" Blackbody spectrum is emitted by a body
that is a perfect absorber of light at all

wavelengths. Blackbody emits light only

Buildings Humans Honeybee Plopoint Protozcans Molecules — Atoms —Atomic nude

from thermal processes & neither reflects/ e yu—————————

. . ilig 10 1t 105 1o 10 1%
emits light. S, @ | | | i
L. : : the wavelength (K)
" Planck’s law gives intensity of light as a EEL 0K 00K ol
2 hc 1

function of wavelength and temperature & I(A,T)= 3 kT
e =

h = Planck’s constant = 6.626x10 ' J s, k, = Boltzmann constant = 1.38 x10 ~JK
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Blackbody Spectra
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" Blackbody spectrum is emitted by a body m\f\}m
that is a perfect absorber of light at all mmm'i] & 1
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uf} (k)inm)

from thermal processes & neither reflects/ e yu—————————
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Blackbody Spectra

Wisilde Uhraviolet X-ray G my
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from thermal processes & neither reflects/ e yu—————————
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= Solar Constant & Irradiance

" Solar Constant represents raw material with which solar engineers work. Solar cells
convert solar energy into electrical energy. Consequently, output from photovoltaic
cells cannot be greater than the input received from Sun. So no solar energy device

located on Earth or in Earth Orbit can provide more than 1368 Watts/ meter”.
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Solar Constant & Irradiance

" Solar Constant represents raw material with which solar engineers work. Solar cells
convert solar energy into electrical energy. Consequently, output from photovoltaic
cells cannot be greater than the input received from Sun. So no solar energy device

located on Earth or in Earth Orbit can provide more than 1368 Watts/meter”.

" Amount of solar power per unit area of the Earth’s surface is known as Solar Irradiance

& it varies both spatiotemporally. Irradiance depends on the angle of

Sun relative to the plane of the surface on which the incident power
falls. Direct portion of the irradiance depends on the angle 6 that the
Sunrays make with the normal to the surface according to the

relationship

G.,=G cos0; G (direct normal irradiance)=865W/m’.
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Average Daily Solar Radiation

" Direct Normal Irradiance (DNI) is the amount of solar radiation received per unit area by a
surface that is always held perpendicular to the rays that come in a straight line from the
direction of the sun at its current position in the sky. Global Horizontal Irradiance (GHI) is
the total amount of shortwave radiation received from above by a surface horizontal to the

“HORIZOMTAL® IRRADIANCE "GLOBAL TILT" IRRADIANCE DIRECT NORMAL" IRRADIANCE

ground.

"DIFFUSE"
from sky
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Average Daily Solar Radiation
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India Solar Resource

Direct Normal Irradiance - Annual Average

This map depicts model estimates of annual
average direct normal irradiance (DNI) at 10 km
resolution  based on  hourly estimates of
radiation over 10 years (2000-2014). The inputs
are visible imagery from geostationary satellites,
aerosol optical depth, water vapor, and ozone.

The country boundary shown is that which is

officially sanctioned by the Republic of India.
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India Solar Resource
Global Horizontal Imadiance - Annual Average

This map depicts model estimates of annual
average global horizontal irradiance (GHI) at 10
km resolution based on hourly estimates of
radiation over 10 years (2002-2011). The inputs
are visible imagery from geostationary satellites,
aerosol optical depth, water vapor, and ozone.

The country boundary shown is that which is -

officially sanctioned by the Republic of India.
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Sunlight & Geometry

| =700 w/m?

| = 1,000 w/m?

G,=G cos® = IOBXCOS(%) ~ 700W/m”.
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Sunlight & Geometry

235

| = 700 w/m?

| = 1,000 w/m?

December 2122
Winter solstice
shortest day
longest night

G,=G cos® = 103xcos(%) ~ 700W/m”.

solstice = sun stands still
equinox = equal night

September 22-23
Autumnal equinox

June 20-32
Sumemer solstoe
longest da

shortest night
March 20-21

Vernal equinox

" During Earth’s orbit around the sun, the axis of the Earth’s spin makes an angle of

23.45° with respect to the normal of its orbital plane, pointing towards the North Star.

There are two equinoxes-and the two solstices in a year — during the spring and fall

equinoxes, the Earth’s axis i

neither toward, nor away from Sun & as a
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Sunlight & Geometry { solstice = sun stands still

equinox = equal night

235

| = 700 w/m?

September 22-233
Autumnal equinox

| = 1,000 w/m?

December 2122

Winter soltce St it
shortest day longest da
longest night shortest night

March 20-21
Vernal equinox

G,=G cos® = 103XCOS(%) ~ 700W/m”.
" During Earth’s orbit around the sun, the axis of the Earth’s spin makes an angle of
23.45° with respect to the normal of its orbital plane, pointing towards the North Star.

There are two equinoxes-and the two solstices in a year — during the spring and fall

neither toward, nor away from Sun & as a

equinoxes, the Earth’s axis i

consequence, there are ve barly 12hr of daylight during a 24hr rotation. Summer
& winter solstices correspﬁ?mding to the Earth’s axis tilted toward or away from the Sun

by a max1mum Bie-23. 45°. For the summer solstice, the axis tilts toward the sun by

y of the year occurs—in terms of the fraction, that is

AKB



SS = Summer Solstice
E = Vernal & Autumnal equinox

Solar Declination N s R R

" To an observer on Earth watching the apparent motion of the
sun across the sky during the course of a day as the Earth rotate:

on its axis.




SS = Summer Solstice
E = Vernal & Autumnal equinox

Solar Declination N mE R R

" To an observer on Earth watching the apparent motion of the
sun across the sky during the course of a day as the Earth rotate:

on its axis.

- =4 is the angle 0 between the position of the sun at noon on a given
day and its position at noon on the date of the equinoxes at the same location. On the
dates of the summer and winter solstices, we have & = 6,= =23.44°, and on the dates

of the two equinoxes, we have & =0°. For any other day n=1,2,...,365, we have

. . | 360(284+n)
8—605ml 365 l

LA
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SS = Summer Solstice
E = Vernal & Autumnal equinox

Solar Declination N mE R R

" To an observer on Earth watching the apparent motion of the
sun across the sky during the course of a day as the Earth rotate:

on its axis.

- =4 is the angle 0 between the position of the sun at noon on a given
day and its position at noon on the date of the equinoxes at the same location. On the
dates of the summer and winter solstices, we have & = 6,= =23.44°, and on the dates

of the two equinoxes, we have & =0°. For any other day n=1,2,...,365, we have

365

" Example : Find the Solar declination on October 4 at Asutosh College.

8=605inl 360(284+n)l.

=4 October 4 is the 277th day of the year; thus from above equation with n = 277 yields,

0 = —18°. The negative declination means that the date is past the autumnal equinox.

LA
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Solar Thermal Renewable energy

" Two primary ways of harvesting solar energy use either solar collectors that convert the

incident solar radiation into heat or photovoltaic (PV) cells that convert incident solar

radiation into electricity. While 600 MW electricity were generated using solar thermal
worldwide (2009), additional 14,000 MW is targeted.
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Solar Thermal Renewable energy

" Two primary ways of harvesting solar energy use either solar collectors that convert the
incident solar radiation into heat or photovoltaic (PV) cells that convert incident solar
radiation into electricity. While 600 MW electricity were generated using solar thermal
worldwide (2009), additional 14,000 MW is targeted.

" An object may lose heat by several different mechanisms in parallel, e.g., conduction,
convection, and radiation, each of which has a specific resistance. When several
parallel mechanisms are involved, the object’s net resistance R is found by adding these

11,1 1

separate resistances in parallel g —=—-+—+—-+... If an object loses heat that passes
R R, R, R,

through several layers in sequence, their resistances must be added in series g}

R=R+R,+R,+...
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Solar Thermal Renewable energy

" Two primary ways of harvesting solar energy use either solar collectors that convert the
incident solar radiation into heat or photovoltaic (PV) cells that convert incident solar
radiation into electricity. While 600 MW electricity were generated using solar thermal
worldwide (2009), additional 14,000 MW is targeted.

" An object may lose heat by several different mechanisms in parallel, e.g., conduction,
convection, and radiation, each of which has a specific resistance. When several
parallel mechanisms are involved, the object’s net resistance R is found by adding these

11,1 1

separate resistances in parallel g3 R + R + R +... If an object loses heat that passes
1 2 3

through several layers in sequence, their resistances must be added in series g}
R=R,+R,+R +...

" Solar Collector £J conversion of sunlight into heat for
water heating using a solar thermal collector. 85% of

Israel households use solar hot water heater
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'Solar Hot Water Heaters :\

of glass that allows the incident shortwave solar radiation to easily enter. The cover
traps also the longwave radiation emitted from the heated absorber using the
greenhouse effect. The tubing carries a fluid [water + glycol (antifreeze)] is in
thermal contact with dark-colored metal plate that absorbs the solar radiation. To

cut down on thermal losses and achieve high efficiency, plate rests on a thick

Solar

insulating layer that reduces heat loss. Radiation
Glazing Sheet ///fl-lJfJ

Hot Water
OUT &

ColdWater
I
i
Sealed Hest
Enclosure

Foam or Aluminium
Insulation

Heat Absorbing Riser Tubes

Lower Manifold
Collection Tube

Heat Absorbing Backplate



/ / S/OIar Hot Water Heaters §\

_ ’( ® Flat- plate collector has solar-absorbing surface/plate which is covered by a sheet

of glass that allows the incident shortwave solar radiation to easily enter.
Solar

The cover traps also the longwave radiation

Glazing Sheet

emitted from the heated absorber using the

greenhouse effect. The tubing carries a fluid

Haot Water

ouUT &
. . . ColdWater

[water + glycol (antifreeze)] is in thermal o o
egdled Heat
Enclosure

contact with dark-colored metal plate that o Aminiom

Insulation

absorbs the solar radiation. To cut down on Hedt Absorbing Riser Tubes

Heat Absorbing Backplate

thermal losses and achieve high efficiency, plate rests on a thick insulating layer

L ower Manifold
Collection Tube

that reduces heat loss.

" Antifreeze flows in a closed loop & does not mix with the household water supply.
Once the antifreeze has been heated, it flows through heat exchanger that permits
the flow of heat out of antifreeze & into home’s water supply. At the heat exchanger,

temperature of the home-water increases and antifreeze decreases. Antifreeze is é/y/
X / g
Vs

1§n pumped back to the collector to be reheated. PN




Solar Hot Water Heaters

" Evacuated collectors eliminates both conductive & convective heat losses
above the heated collector plate. Evacuated collectors have a cylindrical
geometry, which has greater structural strength. However, evacuated
collectors of the flat plate variety can be problematic because their structural
ability to withstand a vacuum is poor. Thus, evacuated flat-plate collectors

tend to leak air over time.

= o T -')TD-‘: =
[kzmrwa ted Tube

O ‘5?”[ ation

Heat exchanged to header

]
‘\

Heated liquid,
as vapor, rises
o top

Heat Pipe

Absorber:
Absorbs solar radiation;
heats fluid, which vaporizes
and rises to top of tube

Cooled, condensed
liquid
returns

to bottom Vacuum Space
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Solar Hot Water Heaters
NP

\

Heated liquid,
as vapor, rnses
1o top

® Evacuated collectors eliminates both conductive &

convective heat losses above the heated collector

Heat Pipe

plate. Evacuated collectors have a cylindrical

Absorbs solar radiation;
heats fluid, which vaporizes
and rises to top of tube

Cooled, condensed
liuid
returns

geometry, which has greater structural strength. Ve Space
However, evacuated collectors of the flat plate variety can be problematic
because their structural ability to withstand a vacuum is poor. Thus, evacuated

flat-plate collectors tend to leak air over time.
" Photovoltaics (PV)g conversion of light into electricity using semicond-
ucting materials that exhibit PV effect. PV is the 3rd renewable energy in terms

of global capacity. In 2016, worldwide PV capacity ~ 300 Gigawatts, covering

2% of global electricity demand.
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Solar Hot Water Heaters

Heat exchanged to header

AN
N

Heated liquid,
as vapor, rnses
1o top

® Evacuated collectors eliminates both conductive &

convective heat losses above the heated collector

Heat Pipe

Absorber:
Absorbs solar radiation;
heats fluid, which vaporizes
and rises to top of tube

plate. Evacuated collectors have a cylindrical
geometry, which has greater structural strength. Ve Space
However, evacuated collectors of the flat plate variety can be problematic

because their structural ability to withstand a vacuum is poor. Thus, evacuated

flat-plate collectors tend to leak air over time.

africa? Solar Cookers

Solar cookers can avoid deforestation as well hazardous
ways to gather firewood. Basic box-type cooker has

| insulated sides, transparent cover on top & can reach to
| : . baking temperature 65°C. Complex concentrating

versions using mirrors to reflect to attain grilling/searing

1.85F

temperatures 400°C.

2.72F
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4 cooker from the air outside the cooker. Using a glass lid
on the pot enhances light absorption from the top of the
Auroville Pan and provides a greenhouse effect that improves heat

retention and minimizes convection loss.
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AL T;bf Solar Cookers

2# Heat convection is reduced by isolating the air inside the

#4 cooker from the air outside the cooker. Using a glass lid
on the pot enhances light absorption from the top of the

pan and provides a greenhouse effect that improves heat

Auroville

retention and minimizes convection loss.

Solar Pond
®"Solar pond is a large scale solar thermal collector # g,;-
with an integrated arrangement for storage of
Atacama Dessert
heated saltwater. Saltwater naturally forms a Bouth-America

vertical salinity gradient in which low-salinity
water floats on top of high-salinity water. Below a certain depth, the solution

has a uniformly high-salt concentration.
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Solar Pond

" When the sunrays contact the bottom of a shallow pool,

they heat the water adjacent to the bottom. When water
Atacama Dessert

| | | South America
than the cooler water above it, and convection begins. Solar ponds heat water by

at the bottom of the pool is heated, it becomes less dense

impeding this convection.
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Solar Pond

" When the sunrays contact the bottom of a shallow pool,

they heat the water adjacent to the bottom. When water
Atacama Dessert

| South America
than the cooler water above it, and convection begins. Solar ponds heat water by

at the bottom of the pool is heated, it becomes less dense

impeding this convection. Salt is added to the water until the lower layers of water
become completely saturated. High-salinity water at the bottom of the pond does not
mix readily with the low-salinity water above it, so when the bottom layer of water is
heated, convection occurs separately in the bottom and top layers, with only little

mixing between the two.
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Solar Pond

" When the sunrays contact the bottom of a shallow pool,

they heat the water adjacent to the bottom. When water
Atacama Dessert

| South America
than the cooler water above it, and convection begins. Solar ponds heat water by

at the bottom of the pool is heated, it becomes less dense

impeding this convection. Salt is added to the water until the lower layers of water
become completely saturated. High-salinity water at the bottom of the pond does not
mix readily with the low-salinity water above it, so when the bottom layer of water is
heated, convection occurs separately in the bottom and top layers, with only little
mixing between the two. This greatly reduces heat-loss, and allows for the high-
salinity water to get up to 90°C while maintaining 30°C low-salinity water. This hot,
salty water can then be pumped away for use in electricity generation, through a

turbine or as a source of thermal energy.
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Solar Pond

" When the sunrays contact the bottom of a shallow pool,

they heat the water adjacent to the bottom. When water
Atacama Dessert

| South America
than the cooler water above it, and convection begins. Solar ponds heat water by

at the bottom of the pool is heated, it becomes less dense

impeding this convection. Salt is added to the water until the lower layers of water
become completely saturated. High-salinity water at the bottom of the pond does not
mix readily with the low-salinity water above it, so when the bottom layer of water is
heated, convection occurs separately in the bottom and top layers, with only little
mixing between the two. This greatly reduces heat-loss, and allows for the high-
salinity water to get up to 90°C while maintaining 30°C low-salinity water. This hot,
salty water can then be pumped away for use in electricity generation, through a
turbine or as a source of thermal energy.

" Advantages/Disadvantages §J (i) Attractive for rural areas in developing countries as
large-area collectors can be setup for low-cost of clay/plasticpond. (ii) Accumulated

salt-crystals are removed & are valuable by-product.
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Solar Pond

(iii) Extremely large thermal mass, means power is generated day & night.
(iv) Relatively low-temperature operation means solar energy conversion is typically

less than 2%.

(v) Due to evaporation, non-saline water is constantly required to maintain salinity

gradients.




Solar Pond

(iii) Extremely large thermal mass, means power is generated day & night.

(iv) Relatively low-temperature operation means solar energy conversion is typically
less than 2%.

(v) Due to evaporation, non-saline water is constantly required to maintain salinity
gradients.

" India was the first Asian country to have established a solar pond in Bhuj (Gujarat).
By supplying 80K Litres of hot water daily to the plant, it was designed to supply
about 22M kWh of thermal energy/year.

Salt evaporation pond



Solar Chimney

" Type of passive solar heating and cooling system 35°C

used to regulate temperature of a building as well

as providing ventilation to achieve energy efficient ! I

building design. Solar chimneys are hollow
containers that connect the inside part to the outside part of the building. It is coloured
black because this minimizes the amount of sunlight reflected off the chimney,
absorbing more heat & transferring to the air inside the building. A secondary vent

that travels below ground cools the intake air, when the chimney is used for cooling.
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Solar Chimney

" Type of passive solar heating and cooling system 35°C

used to regulate temperature of a building as well

as providing ventilation to achieve energy efficient ! I

building design. Solar chimneys are hollow
containers that connect the inside part to the outside part of the building. It is coloured
black because this minimizes the amount of sunlight reflected off the chimney,
absorbing more heat & transferring to the air inside the building. A secondary vent
that travels below ground cools the intake air, when the chimney is used for cooling.
The chimney can be also used for heating, if the top exterior vents of the chimney are
closed, the heated air is forced back into the living space. This provides a convective

air heating process. As the air cools in the room, it is pulled back into the solar

4,
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chimney to heat regeneratively.



Kilauea, Hawaii
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Geothermal Energy

" During one-decade, renewable energy based applications in India have contributed

12.5% in national electric installed capacity. Geothermal plants generate ~ 0000 MW

power in 24 countries — such energy is being used for heating in ~ 78 countries (e.g.
USA generates ~ 3086 MW of electricity).




" During one-decade, renewable energy based applications in India have contributed
12.5% in national electric installed capacity. Geothermal plants generate ~ MW
power in 24 countries — such energy is being used for heating in ~ 78 countries (e.g.
USA generates ~ 3086 MW of electricity).

" Geothermal energy is the heat from the Earth. Resources range from the moderate
temperature hot springs to hot/molten rock. Below Earth’s crust, magma layer contain
hot and molten rocks. Heat is continually produced by decaying of radioactive
materials (Uranium & Potassium). Mantle is semi-molten with liquid outer-core &
solid inner-core. The amount of heat within 10000 meters of earth’s surface

is 50000 times more energy than all the oil and natural gas resources in
the world.

. 4
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" Map of Earth’s volcanoes show that they are located along great

arcs (horseshoe shape) — Pacific Ring of Fire encircling the Pacific Ocean.

452 volcanoes




Volcanoes

" Map of Earth’s volcanoes show that they are located along great
arcs — Pacific Ring of Fire encircling the Pacific Ocean.

" Plate tectonics , Earth’s crust (lithosphere) consists of ~ 12
distinct, irregularly-shaped, rigid plates. They slide over weaker

& more plastic layer of rock (asthenosphere), scraping/colliding

against each other. Collision forces lower plate to descend into

asthenosphere to melt, causing the formation of volcanoes above the descending slab.
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Volcanoes

" Map of Earth’s volcanoes show that they are located along great
arcs — Pacific Ring of Fire encircling the Pacific Ocean. X ,} -

" Plate tectonics , Earth’s crust (lithosphere) consists of ~ 12

vi. 452 volcanoes °

distinct, irregularly-shaped, rigid plates. They slide over weaker

& more plastic layer of rock (asthenosphere), scraping/colliding

against each other. Collision forces lower plate to descend into

asthenosphere to melt, causing the formation of volcanoes above the descending slab.

._ " In mid-Atlantic Ridge (e.g. Iceland), two adjacent plates
* move away & during separation, magma wells upward to
fill the resulting rift in the surface. Geothermal energy
are available along the boundaries, where plates are

diverging.
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" Few volcanoes in Pacific Ocean are located above hot spots which is a fountain of
lava derived from a source located deep within the Earth. The fountain bursts through
the plate above it to form a volcano. Because the plate above the stationary hot spot

is in continual motion, the volcano is active only when it is above the hot spot.
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" Few volcanoes in Pacific Ocean are located
above hot spots which is a fountain of lava

derived from a source located deep within

the Earth. The fountain bursts through the

plate above it to form a volcano. Because the plate above the stationary hot spot is in

continual motion, the volcano is active only when it is above the hot spot.

Mining Thermal Energy : Hydrothermal Convection

" Geothermal power stations are heat engines that are designed to use thermal
energy within the Earth to turn a shaft connected to a generator to produce
electricity. They don’t generate their own heat, while Coal-fired power plant
emissions have polluted lakes with mercury, formed acid rdins, and greenhouse
effect. After a deposit of thermal energy has been located at a depth that is
accessiblesand affordable, water brings the thermal energy up to where it can be

converted into electrical energy.
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Mining Thermal Enerqy

® Sulfur dioxide is found deep below the surface & dissolves easily in water to form acid.
Mining large volumes acidic water to dump on surface is environmentally fatal. So this
wastewater is recycled by drilling a set of wells to inject used +supplemental water back
to hot rock. As rock is permeable, injected water rapidly diffuses through the hot rock

to reheat.

Driling 1 - »




Mining Thermal Enerqy

® Sulfur dioxide is found deep below the surface & dissolves
easily in water to form acid. Mining large volumes acidic

water to dump on surface is environmentally fatal. So this

wastewater is recycled by drilling a set of wells to inject

used+supplemental water back to hot rock. As rock is

permeable, injected water rapidly diffuses through the hot

rock to reheat.

Vapor Dominated System ‘

Flash Steam Power Plant
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Geothermal Energy in India

" In Puga (180 km from Leh) at Himalayan range, hot spring temperatures are 30-84°C
& discharge up to 300 liters/minute. 34 boreholes ranging in depths from 28.5-384.7
meters are drilled. Hottest thermal spring is at temperature 84°C and maximum
discharge from a single spring is 5 liters/second. Chumthang spring is located at 40 km
north of Puga. Thermal water is similar, except that its water has relatively higher pH

and sulphate.
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Geothermal Energy in India

" In Puga (180 km from Leh) at Himalayan range, hot spring temperatures are 30-84°C
& discharge up to 300 liters/minute. 34 boreholes ranging in depths from 28.5-384.7
meters are drilled. Hottest thermal spring is at temperature 84°C and maximum
discharge from a single spring is 5 liters/second. Chumthang spring is located at 40 km
north of Puga. Thermal water is similar, except that its water has relatively higher pH
and sulphate.

" At Manikaran, hot springs range at 1.25 km on the right bank of Parvati river with

temperature 34-96°C, whereas on left bank at 450 m with temperature 28-37°C.
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Geothermal Energy in India

" In Puga (180 km from Leh) at Himalayan range, hot spring temperatures are 30-84°C
& discharge up to 300 liters/minute. 34 boreholes ranging in depths from 28.5-384.7
meters are drilled. Hottest thermal spring is at temperature 84°C and maximum
discharge from a single spring is 5 liters/second. Chumthang spring is located at 40 km
north of Puga. Thermal water is similar, except that its water has relatively higher pH
and sulphate.

" At Manikaran, hot springs range at 1.25 km on the right bank of Parvati river with
temperature 34-96°C, whereas on left bank at 450 m with temperature 28-37°C.

" At Tapovan geothermal area, the highest temperature recorded is 65°C. Discharge
is 0.83-9.2 litre/second. The surface manifestations show occurrence of white to dirty
white deposits identified as silica and moderate to low sag activity. 60 thermal water
springs occur at 18 localities in the West Coast hot spring belt with 1 project having

capacity of 25MW. Himurja, Himachal Pradesh has selected resources in Be

Parvati valley, Satluj valley and Spiti valley (Himachal Pradesh) for drilling

2 km. AKB
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Hydroelectric Plant = y:

® Purpose of hydroelectric plant is to convert power (energy per unit time) of

~ flowing water (P) into electric power - P = eqha, q = volume of flowing

{ water/unit time, h = height of the water column above turbine (hydraulic head),
a = constant, e= efficiency. P (watts) = g (cubic meters/sec), h (meters),
a (9800 Newtons/meter cubed).
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Reservoir
' Powerhouse
generator
—

Power lines
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Hydroelectric Plant .

E " Purpose of hydroelectric plant is to convert
Reservoir

Powerhouse power (energy per unit time) of flowing

enerator
g Power lines

water (P) into electric power -

/
“[ — iIIIIIII P = egha, g = volume of flowing water/unit

— 31{ time, h = height of the water column above

turbine (hydraulic head), a = constant, e=

efficiency. P (watts) = g (cubic meters/sec),

h (meters), a (9800 Newtons/meter cubed).

" Turbines are two types:(a)Waterwheel turbines

' hree Gorges
| _ Dam, China -
Reaction turbines. In Pelton turbines, pressure . s - 22,500 MW

— (i) Impulse turbines, (ii) Pelton turbines, (b)

of head produces water stream out of a nozzle
aimed to series of buckets arranged around the F=t=
turbine wheel or runner. Reaction turbines are

completely submerged in water & spins in




Hydroelecricity

" Isoquant Curve is the line of constant power. Characteristics
of the curve do not depend on the value of a. Product of the
coordinates of any point on a given isoquant equals a given |

power output equals the product of the coordinates of any

h —

other point on the same isoquant. All other things being equal,
taller dams are more efficient than shorter ones because they generate more power per

unit of water.
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Hydroelecricity

" Isoquant Curve is the line of constant power. Characteristics
of the curve do not depend on the value of a. Product of the

coordinates of any point on a given isoquant equals a given |

power output equals the product of the coordinates of any

h —

other point on the same isoquant. All other things being equal,

taller dams are more efficient than shorter ones because they generate more power per

unit of water.
" Base and Peak Load gJ Electricity demand fluctuates unpredictably with weather.

Assuming fluctuations to a minimum that also sets a base for power-requirement,
electricity required to meet the sum of these minimum power demands is called the
base load. Base load power plants shut down only for maintenance & repairs.
Electricity produced to meet demand fluctuation above the base load requirement is
the peak load power. Gas-fired & oil-fired power plants are more reliable peak load

power producers, but being expensive & longer initiation time, hydroelectric is faster.
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Wave & Tidal Power




Wave Power

" Waves are powerful and destructive. Though a _
machine designed to convert wave to electrical energy 4
in principle is promising, central problem is (a) wave :
power occurs in surges, and (b) the wave environment

is a destructive one.
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Wave Power

" Waves are powerful and destructive. Though a
machine designed to convert wave to electrical energy

in principle is promising, central problem is (a) wave

power occurs in surges, and (b) the wave environment

is a destructive one.
® Wave is a disturbance due to wind in the ocean’s

Wavelength surface. The disturbance moves forward rather than

Lt b |

m water (which oscillates). Classification of waves gl (i)
mplitude 1

amplitude = of the vertical distance from peak to

trough, (ii)wavelengthA = distance in consecutive peak,

(iii) wave period T-» elapsed time between passing of

wave crests. In deep sea, wave speedv=A/T.
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Wave Power

" Waves are powerful and destructive. Though a
machine designed to convert wave to electrical energy
in principle is promising, central problem is (a) wave

power occurs in surges, and (b) the wave environment

is a destructive one.
® Wave is a disturbance due to wind in the ocean’s

Wavelength surface. The disturbance moves forward rather than

Lt b |

m water (which oscillates). Classification of waves &3 (i)

amplitude = 1 of the vertical distance from peak to

Constructive Interference

trough, (ii) wavelength A = distance
in consecutive peak, (iii) wave period T - elapsed time between /_A\- 7:\ Before

interference

passing of wave crests. In deep sea, wave speed v=A/T.

§1_§_:__A SIOW & A+B During

interference

" Wave Interference o Waves travel at different spee

—

g

....... / ae, WaVelength, After
/B\ /I\ interference
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Sea Snakes

® Energy of the wave (E) iscc to the square of the amplitude (A) JE=cA’. cis
proportionality constant. To convert wave energy into electricity if amplitude is

doubled, then amount of energy is quadrupled.
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Sea Snakes

" Energy of the wave (E) isoc to the square of the

amplitude (A)S) E=cA®.c is proportionality constant, ==
To convert wave energy into electricity if amplitude

is doubled, then amount of energy is quadrupled. Wale B0 Joints

" Sea Snakes (Pelamis Wave Energy Converter) -

Pelamis is a snake that swims across sea surface.

It is so tethered to swing perpendicular to waves.

- . i’
" ru -

Force exerted by the water against the body (buoyafl varies Stl.

Pelamis sag in the wave troughs and arch upwards in wave crests.
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Sea Snakes -

" Energy of the wave (E) isoc to the square of the

amplitude (A)5) E= cA?.c is proportionality constant =

To convert wave energy into electricity if amplitude

is doubled, then amount of energy is quadrupled. Wale B0 Joints

" Sea Snakes (Pelamis Wave Energy Converter) -

Pelamis is a snake that swims across sea surface.

It is so tethered to swing perpendicular to waves. | AL

.'Sﬂ-..p.-.-‘ R
Pelamis sag in the wave troughs and arch upwards in wave crests. As the joint

Force exerted by the water against the body (buoya. oce)"shé'p't'éll

between cylinders begins to flex, good volume of force is exerted at the joint by the
steel cylinders, with which hydraulic ram is powered. The ram drives oil through a
motor, like a hydroelectric turbine — motor drives a generator to produce

electricity. Power is sent to a cable to transport electricity to shore.

AKB



Pelamis Wave energy converter

" Advantages/Disadvantages £y

(1) Produce power with zero emissions,

(ii) low visual profile compared to visually intrusive windmills,

(iit) Water-waves are more predictable than wind — so in principle, Pelamis wave
farms could produce large amounts of power while occupying a small area of
Earth’s surface than wind farms with similar outputs.

(iv) Power from Pelamis unit costs ~ 2 x power generated by wind turbines.

(v) Each snake has a power output of 750 kW, but unlike conventional energy

resources, variable amount of power is produced by each unit beyond
the control of the operator.

(vi) By design, Pelamis is shut down during periods of intense wave activity to

prevent damage. This increases its unreliability as a source of energy.




Oscillating VLIl " Limpet at the coast of Scotland in 2000 was the first device
Column (OWC) to provide electricity to the grid using OWC technology.
Ener 8y Converter Working Principle £J Pushing on the handle of bicyle pump
EE—(rives the piston downward through the cylinder. The piston
pushes the air to rush out of the hose at the bottom of the
cylinder. The cross-sectional area of the hose is smaller than
the surface area of the piston & so the speed of air flowing

out is greater than the speed of the piston.
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Oscillating W£1ied ® Limpet at the coast of Scotland in 2000 was the first device

Column (OWCQC)

to provide electricity to the grid using OWC technology.

" Working Principle £J Pushing on the handle of bicyle pump
drives the piston downward through the cylinder. The piston
pushes the air to rush out of the hose at the bottom of the
cylinder. The cross-sectional area of the hose is smaller than
the surface area of the piston & so the speed of air flowing
out is greater than the speed of the piston.

S,A,=S,A,
where S & A represent speed & area of piston & S, & A,
represent speed of the air in the hose & cross-sectional area
of the hose. If A} <<, then S; >>. Given S /A , to force the air

to rush quickly out of hose, one need small cross-section hose.
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Oscillating W£1ied ® Limpet at the coast of Scotland in 2000 was the first device

Column (OWCQC)

to provide electricity to the grid using OWC technology.

" Working Principle £J Pushing on the handle of bicyle pump

drives the piston downward through the cylinder. The piston
pushes the air to rush out of the hose at the bottom of the
cylinder. The cross-sectional area of the hose is smaller than
the surface area of the piston & so the speed of air flowing
out is greater than the speed of the piston.

S,A,=S,A,
where S & A represent speed & area of piston & S, & A,
represent speed of the air in the hose & cross-sectional area
of the hose. If A} <<, then S; >>. Given S /A , to force the air
to rush quickly out of hose, one need small cross-section hose.
The entire process works the same in reverse. If one pulls
handle of the pump back (piston moves up the tube - away

from hose), air will rush up the hose & into the piston.
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OSCiHating WElEe * OWC technology works on same principle as the pump.
Column (OWC) box
Energy Converte hole

hole
Walls extend down below the

waterline, so that the ocean forms an airtight seal at
the base of the box.

Water out
B ——
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Column (OWCQC)

Water out
B ——

OSCiHating WElEe * OWC technology works on same principle as the pump.

box
hole
hole
Walls extend down below the
waterline, so that the ocean forms an airtight seal at
the base of the box. Wave causes water to flow under
the walls into the box. The rising water level displaces
the air in the box to rush out of the hole atop. Water
acts like piston in a pump. As the wave recedes, the
water flows out of the bottom and creates low pressure
inside the box. Air flows back down into the box

through the smaller opening atop.
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OSCiHating WElEe * OWC technology works on same principle as the pump.
Column (OWCQC) box
hole
hole
Walls extend down below the
waterline, so that the ocean forms an airtight seal at

the base of the box. Wave causes water to flow under

the walls into the box. The rising water level displaces
the air in the box to rush out of the hole atop. Water

acts like piston in a pump. As the wave recedes, the

water flows out of the bottom and creates low pressure

inside the box. Air flows back down into the box

through the smaller opening atop. By adjusting the
relative sizes of the box & opening atop, it is possible

to create a powerful wind flowing through the top first

Water out
-

in one direction and then in the other.
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Oscillating elisd ™ To convert the up-and-down oscillations of the waves
Column (OWC) into electrical power, the next step is to place a turbine
in each opening at the top of the structure. As air
rushes in and out through the blades, the turbine
converts the linear motion of the air into rotary
motion, and rotary motion of each turbine is used to

drive a generator.

Water in

Water out
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Oscillating elisd ™ To convert the up-and-down oscillations of the waves
Column (OWC) into electrical power, the next step is to place a turbine
in each opening at the top of the structure. As air
rushes in and out through the blades, the turbine
converts the linear motion of the air into rotary
motion, and rotary motion of each turbine is used to

drive a generator. Technically, a significant problem

with this design is that the airflow is continually
reversing direction—out of the box when the wave is

rushing forward & into the box when the wave is

Water in

receding.. The solution is to use a turbine that turns in

the same direction regardless of the direction of

airflow.

Water out
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Oscillating elisd ™ To convert the up-and-down oscillations of the waves
Column (OWC) into electrical power, the next step is to place a turbine
in each opening at the top of the structure. As air
rushes in and out through the blades, the turbine
converts the linear motion of the air into rotary
motion, and rotary motion of each turbine is used to

drive a generator. Technically, a significant problem

with this design is that the airflow is continually
reversing direction—out of the box when the wave is

rushing forward & into the box when the wave is

Water in
—_—

receding.. The solution is to use a turbine that turns in

the same direction regardless of the direction of

airflow. Parabolical shaped wall are also used to focus

the energy of a large segment of oncoming wave into a

small area with the goal of increasing the efficiency of

e the device. It is used in Japan & Australia too other

AKB
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Archimedes Wave Swing (AWS)

" Waves pass under the Pelamis & crash into the Limpet whereas AWS is completely
submerged so that waves pass over it & operates on a pressure difference caused by
each passing wave. Pressure increase beneath the ocean P = wh, where w is weight of
the water per unit volume & h is the distance to the surface.

" AWS is a large piston activated by pressure differences caused by incoming waves. The

up-and-down motion of the piston drives generator to yield electricity.




Archimedes Wave Swing (AWS)

® Waves pass under the Pelamis & crash into the
Limpet whereas AWS is completely submerged so

that waves pass over it & operates on a pressure

difference caused by each passing wave. Pressure
increase beneath the ocean P = wh, where w is weight of the water per unit volume &
h is the distance to the surface.

" AWS is a large piston activated by pressure differences caused by incoming waves. The
up-and-down motion of the piston drives generator to yield electricity.

" Working Principle ;) AWS is large cylinder filled with air & firmly attached to the
seafloor. The cylinder consists of a moveable upper section and a fixed lower section.

The air acts as spring that serves to restore the cylinder after being compressed by

LA

-~ AKB

pressure of passing waves.




Archimedes Wave Swing (AWS)

When the peak of a passing wave is positioned above the cylinder, it

increases h that forces the upper part of the cylinder to descend. The air

inside the cylinder compresses & the pressure increases until sufficient to

ri_:_h:l“'*xh..%

3 VT Y R
4o e g st g 4 @ infobase Pubilghing
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| balance the pressure outside. Crest of wave

oscillates around AWS.
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Archimedes Wave Swing (AWS)

When the peak of a passing wave is positioned above the cylinder, it

increases h that forces the upper part of the cylinder to descend. The air

inside the cylinder compresses & the pressure increases until sufficient to

_@th

minimum.

b-usnl:l g

| balance the pressure outside. Crest of wave

oscillates around AWS. The peak is
followed by the trough of wave & as it
passes over AWS, height of the water
column above the AWS become minimum.

Consequently, pressure on AWS is also
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Archimedes Wave Swing (AWS)

When the peak of a passing wave is positioned above the cylinder, it

increases h that forces the upper part of the cylinder to descend. The air

inside the cylinder compresses & the pressure increases until sufficient to

@ Infabase PukiEhi

minimum. Air inside the cylinder,

| balance the pressure outside. Crest of wave

oscillates around AWS. The peak is
followed by the trough of wave & as it
passes over AWS, height of the water

column above the AWS become minimum.

=| Consequently, pressure on AWS is also

which was compressed by the peak of

wave, now expands outward, pushing upper part of the cylinder upward

until the pressure inside the cylinder balances the pressure outside. The

cycle is repeated with each passing wave.
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Tidal Energy

" Tidal Reasoning gd Two high-tide & two low-tides/day. Because of a

differential attraction of the sun between opposite points, tides
appear (e.g. Comet Shoemaker—Levy broke on 21 fragments in

1992 to fall on Jupiter).
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Tidal Energy

" Tidal Reasoning gd Two high-tide & two low-tides/day. Because of a
differential attraction of the sun between opposite points, tides

appear (e.g. Comet Shoemaker—Levy broke on 21 fragments in
1992 to fall on Jupiter).

" Attraction of Moon > Attraction of Sun? )

Say, M, M,, are mass of Sun & Moon & D, D,, are distance between |iasiel

Earth-Sun & Earth-Moon. Then, force due to Sun & Moon is, M /M, =2,68,00,000
GM, M GM,M P M. D -
FS:%’ = DE2 T80, =% = —Sx—¥ ~ 176. D5/ Dy, =390

s M F, M, D;
° o o S
=3So this force is NOT the reason for tidal force !!!!
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Tidal Energy

" Tidal Reasoning gd Two high-tide & two low-tides/day. Because of a

differential attraction of the sun between opposite points, tides
appear (e.g. Comet Shoemaker—Levy broke on 21 fragments in
1992 to fall on Jupiter).

" Attraction of Moon > Attraction of Sun? )

Say, M, M,, are mass of Sun & Moon & D, D,, are distance between |iasiel

Earth-Sun & Earth-Moon. Then, force due to Sun & Moon is, M /M, =2,68,00,000
2
=M g CMeMy g Py Mo Dy g, D/ D, =390
D D F,, M, D?

S M
=3So this force is NOT the reason for tidal force !

hydrosphere (by any arbitrary mass m) due to Moon gJ
GM, m GM, m

(D,,—R) (Dy+R)*

Attraction at point A, F ,=

-~ & at point B, F,=



(D,+R)’~(D,—R)" _ 4D,R 4D,R VY

"SoT,=F,—-F, = GM,,;m = GM, m = GM,m
T T (D~ RI(D,y+RY DL -RT DL (R D)

4R . . . . . .
I'v ~ GMym—. This is the differential pull by Moon on opposite points on the

D,
surface of the Earth. Similarly for Sun, T, ~ GM Sm%.
S
R/D,,=1/60
M./ M,,=2,68,00,000
D./D, =390




2 2

_ _ 0

"SoT,=F,-F, = GMMm(DM+R) 2(DM Rz) = GM,m 42DMR” = GM,;m—; 4DM2R %
(DM_R) (DM+R) (DM_R ) DM(l_}f/éM)

4R
ry ~GM wM—73- This is the differential pull by Moon on opposite points on the
M
surface of the Earth. Similarly for Sun, T, ~ GM Sm%.
T M, D; :
" So, T_M = MM x—- ~ 2.2. Because Moon is nearer, even though the
S S D

actual attraction due to Moon is far smaller than the attraction R/D.=1/60
M

of the sun, but due to differential attraction, tidal force is more. M./ M,,=2,68,00,000
D./D, =390




2 2

_ _ 0

" So T,=F,—Fy = GMMm(DM+R) 2 (DM Rz) = GM,m 42DMRz ;= GM,m 4 4DM2R %
(DM_R) (DM+R) (DM_R ) DM<1_}’6M)

4R
Iy ~GM wM—73- This is the differential pull by Moon on opposite points on the
M

surface of the Earth. Similarly for Sun, T, ~ GM Sm%.
T M, D; :
" So, T_M = MM x—- ~ 2.2. Because Moon is nearer, even though the
S S D
actual attraction due to Moon is far smaller than the attraction R/D.=1/60
M
of the sun, but due to differential attraction, tidal force is more. M/ M,,=2,68,00,000

D,/D,,=390

" So there will be two tidal bulges due to Moon & two other
bulges due to Sun. In new-Moon phase (Sun & Moon in almost

same direction), so bulge due to Moon & Sun will coincide to

produce very strong tides (spring tides). In full-Moon phase

(Sun & Moon in opposite direction), opposite bulge due to Moon

coincide with bulge due to Sun to produce very strong tides.



Tidal Power

When Moon & Sun is perpendicular, bulges cancel out to produce very small tides

(neap tides). All this generate tides ~ 2 ft. But in practice, 28ft is found in Canada!
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Tidal Power

When Moon & Sun is perpendicular, bulges cancel out to produce very small tides
(neap tides). All this generate tides ~ 2 ft. But in practice, 28ft is found in Canada!
" When natural frequency of oscillation of water coming in/flowing out matches with

frequency of tidal waves, due to resonance there is very high tide (Tsunami) ~ 30ft at

coast due to topography.

| “ Some Dune Erosion

Bar Formation
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Tidal Power

When Moon & Sun is perpendicular, bulges cancel out to produce very small tides
(neap tides). All this generate tides ~ 2 ft. But in practice, 28ft is found in Canada!

" When natural frequency of oscillation of water coming in/flowing out matches with
frequency of tidal waves, due to resonance there is very high tide (Tsunami) ~ 30ft at

coast due to topography.

Some Dune Erosion
e

Bar Formation

"]
‘ﬁ
Berm Erosion~~_  High Water

i3

o i e

" Not every sea (e.g. Mediterranean) has a tidal activity! Because tidal bulge moves from
east to west due to rotation of Earth, it so happens that Mediterranean sea has opening

only to the west & so the tidal bulge cannot

AKB



La Rance, Brittany,
Harnessing Tidal Power: Tidal Barrage France

" A tidal cycle (high tide to low tide and back to
high) occurs ~ once every 12 hours and 25
minutes. A dam is made with a small inlet,

equipped with a gate called sluice. As the tide

rose, the sluice was opened, allowing water to

flow through it and accumulate behind the dam. At high tide the sluice was

Sluice gates

closed, trapping the water behind the dam.

High tide

Low tide
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La Rance, Brittany,
Harnessing Tidal Power: Tidal Barrage France

" A tidal cycle (high tide to low tide and back to
high) occurs ~ once every 12 hours and 25
minutes. A dam is made with a small inlet,

equipped with a gate called sluice. As the tide

rose, the sluice was opened, allowing water to

flow through it and accumulate behind the dam. At high tide the sluice was

Sluice gates

closed, trapping the water behind the dam. As

High tide

the tide ebbed, it created a difference between
the height of the water behind the dam and the

height of the sea in front of the dam. Water was

Low tide

)_/mi / j released when the tide was low enough & the

hydraulic head was high enough. As the water

flowed back to the sea it was used to drive a waterwheel. The waterwheel
powered a mill, that ground grain. Unlike a waterwheel driven by a river or

stream, the tidal mill only worked twice each day because of two tidal cycles

AKB



Maximal Tidal Power

" Maximum power that can be converted into electricity from an ocean current is

3
P = Cd;‘" .where d represents the density of the water, v the speed of the flow

max

before it encounters the tidal mill, A the cross-sectional area swept out by the

mill’s rotors & C the maximum efficiency attainable by the mill.

d = 1gm/cc = 1000kg/m’

water

d = 1.027gm/cc = 1027 kg/ m’

saline water

AKB



Maximal Tidal Power

" Maximum power that can be converted into electricity from an ocean current is

3
P = Cd;‘" .where d represents the density of the water, v the speed of the flow

max

before it encounters the tidal mill, A the cross-sectional area swept out by the
mill’s rotors & C the maximum efficiency attainable by the mill.

" A 8km per hour current possesses double the power of a 6km per hour current,
because P__ < v’ Therefore, even small increases in velocity can lead to substantial
changes in the amount of available power. By contrast, the cross-sectional area
of the flow passing through the mill’s blades has less of an effect on the mill’s
output. The density of the water d is completely outside the control of an
engineer, so with respect to producing the maximum possible power, it is
important to build a tidal mill with the largest possible rotor and position it in

the area with the fastest possible current.

AKB



Wind Power

AKB



iInd Power

" Wind power were utilized by Pharaohs to sail in Nile & later Europens by sea
throughout the World, grind grains, pump water & so on. Coal-fired power-plants
tackle the base-load while peak-load is usually distributed from natural-gas fired &
wind engines. Wind energy has an optimized cost structure than natural gas & its
average rate of supply is predictable. On a negative side, wind turbines also have

environmental effects like fossil fuel engines.
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iInd Power

" Wind power were utilized by Pharaohs to sail in Nile & later Europens by sea
throughout the World, grind grains, pump water & so on. Coal-fired power-plants
tackle the base-load while peak-load is usually distributed from natural-gas fired &
wind engines. Wind energy has an optimized cost structure than natural gas & its
average rate of supply is predictable. On a negative side, wind turbines also have
environmental effects like fossil fuel engines.

" As the wind blew on the sails on one side of the

windshaft (axle where sails are affixed), it would also . \

blow on the sails on the other side of the windshaft.

Larger is area of sails, more wind power could be

transmitted to windshaft (Post mill). But it’s hard to
support on a single post & to turn, which were rectified in ~ 30m tall Smock mill &

Tower mill. These were used to harness mechanical energy like to pump water.

AKB
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_ ; " Wind Turbines £ Windmills that convert kinetic energy of wind into electr1c1ty,\- \
also called Brush Turbines (19m tall) named after Charles F. Brush (1888). Later,

Pour la Cour’s mill produced power on windless days — where electricity produced

by wind turbine was used for electrolysis (separation of H,O molecules into O, gas

& H, gas). H,was stored/burned & the resulting heat were harnessed.




//Harnessing Wind Energy R

/ /™ Wind Turbines ) Windmills that convert kinetic energy of wind into electricity;:-- '
also called Brush Turbines (19m tall) named after Charles F. Brush (1888). Later,
Pour la Cour’s mill produced power on windless days — where electricity produced
by wind turbine was used for electrolysis (separation of H,O molecules into O, gas
& H, gas). H,was stored/burned & the resulting heat were harnessed.

bitch " In grid-connected Wind Turbines, rotor

Low-speed shaft (analogous to sail in windmill) is mounted on

Gear box
Generator

a horizontal shaft, which is connected to a

7 anemometer  transmission (gearbox) between the windshaft
Wind
direction

_ a o{ & generator to optimize the speed. Necessity

Yaw drive —|

!Wmd wane Of 1200-1800 rpm speed in generator is

Yaw motor : "T“““” achieved using gearbox. Analogous to large
acelie
Blades . .
High-speed shaft sails, longer rotors are used as power 5
NN ) Tower — o f’/y’
(XX converted is oc area swept by rotor. K05
i s
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./ Wind Turbines ;

/ /™ On an open unobstructed landscape, wind speed increases by

~ 25% as elevation above ground increases from 50ft (15m)
to 200ft (61m). So, engineers often mount turbines on towers
that exceed 275ft (84m) in height.
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_ ’( * On an open unobstructed landscape, wind speed increases by

~ 25% as elevation above ground increases from 50ft (15m)
to 200ft (61m). So, engineers often mount turbines on towers

that exceed 275ft (84m) in height.

" Regulating rotor speed is tricky, as rotors are vulnerable to
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-

4
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variable wind currents whose quick spinning could result in extensive repairs.
Rotors are aerodynamically designed to produce a pressure difference between one
side of the rotor and the other, as wind flows past. This is similar to Bernoulli’s
principle to create a lift on an airplane wing. When the wind becomes too strong,

a control device changes the angle of the rotor relative to the wind causing the
pressure difference to diminish. In this way the forces acting on the turbine are

controlled, and the wind turbine is protected from wind damage.




/ / \%md Turbines

_ ’( * On an open unobstructed landscape, wind speed increases by

~ 25% as elevation above ground increases from 50ft (15m)
to 200ft (61m). So, engineers often mount turbines on towers
that exceed 275ft (84m) in height.

" Regulating rotor speed is tricky, as rotors are vulnerable to
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variable wind currents whose quick spinning could result in extensive repairs.
Rotors are aerodynamically designed to produce a pressure difference between one
side of the rotor and the other, as wind flows past. This is similar to Bernoulli’s
principle to create a lift on an airplane wing. When the wind becomes too strong,
a control device changes the angle of the rotor relative to the wind causing the
pressure difference to diminish. In this way the forces acting on the turbine are
controlled, and the wind turbine is protected from wind damage.

® GE manufactures wind turbines in the 1.5-3.6 MW range. On an average, home

draws ~ 2-4 kW. So a 3MW turbine can power 750-1500 homes at windy condltlmj /
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Nature of Wind Power

" Wind turbines convert wind K.E. into electric energy. There is
an upper limit on the amount of energy that can be derived

from the movement of a particular mass of air.




Nature of Wind Power

" Wind turbines convert wind K.E. into electric energy. There is
an upper limit on the amount of energy that can be derived
from the movement of a particular mass of air.

" Winds are form of solar energy as they are driven by unequal

heating of Earth’s atmosphere. Land at Equator moves about
Earth’s axis of rotation at ~ 1600kmph. Earth’s atmosphere is heated from below, not
from above due to surface radiation. Uneven heating causes density and pressure
change of the air near Earth’s surface, causing the air to move. The path that large
scale motion of air take across Earth’s surface is influenced by the planet’s rotation.
This process produces moving regions of low & high pressure air that form & dissipate

to produce winds.
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Wind 45 my/sec =l

45 misec

Wlnd Energy _ - H=395m

45 misec
= H=275m

" Winds close to the ground are very turbulent & are

accelerated & deflected during their passage between

40

—_ =

tall buildings, mountain passes to form eddies.

Turbulent eddies, small-scale unsteady air contain 35

30

huge K.E. whose energy is hard to harness into e o ims ———
electric energy. It is easier to harness the steady streamline flow of air above ~ 100ft,
as at higher altitudes the wind is unobstructed and less turbulent.

That’s why wind turbines are so tall by construction.
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Wind 45 my/sec e
45 misec

Wind: Energy , R

45 misec
= H=275m

" Winds close to the ground are very turbulent & are

accelerated & deflected during their passage between
tall buildings, mountain passes to form eddies.

Turbulent eddies, small-scale unsteady air contain

huge K.E. whose energy is hard to harness into

Rough wooded country Flat open country
electric energy. It is easier to harness the steady streamline flow of air above ~ 100ft,
as at higher altitudes the wind is unobstructed and less turbulent.

That’s why wind turbines are so tall by construction.
" Maximum power that can be converted into electricity from air current is

3
Pouw = Cdfv ,d is air density, A is area swept out by the spinning wind turbine

max

blades, v is the speed of the wind & C represents the maximum % of the winds

energy that can be harnessed.
d. = 1.225x10 > gm/cc = 1.225kg/m’

airr

N | AKB



Wind 45 my/sec e
45 misec

Wlnd Energy 4 - H=395m

45 misec
= H=275m

" Winds close to the ground are very turbulent & are
accelerated & deflected during their passage between
tall buildings, mountain passes to form eddies.

Turbulent eddies, small-scale unsteady air contain

huge K.E. whose energy is hard to harness into

Rough wooded country Flat open country
electric energy. It is easier to harness the steady streamline flow of air above ~ 100ft,
as at higher altitudes the wind is unobstructed and less turbulent.

That’s why wind turbines are so tall by construction.
" Maximum power that can be converted into electricity from air current is

3
P, = Cdfv ,d is air density, A is area swept out by the spinning wind turbine

blades, v is the speed of the wind & C represents the maximum % of the winds
energy that can be harnessed.

" Density of seawater = 900 x density of air (at sea level). So, tidal mills produce
much electricity from slow moving ocean currents, although velocity of the ocean

current << velocity of wind currents. ThiS{s purely‘due to “d”.

N\ AKB



Wind Energy

® Density of air decreases rapidly with height — so even if the wind may blow steadily
atop a tall mountain, there won’t be much energy to convert compared to less altitude.
For example, air density atop Mt. Everest = 1/3 x density of air at sea level.
Like tidal energy, a wind turbine operating in a wind that blows at 20 km/hr can

generate twice the power of a turbine operating in a 16 km/hr wind, as P, ocv’.
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Wind Energy

® Density of air decreases rapidly with height — so even if the wind may blow steadily
atop a tall mountain, there won’t be much energy to convert compared to less altitude.
For example, air density atop Mt. Everest = 1/3 x density of air at sea level.
Like tidal energy, a wind turbine operating in a wind that blows at 20 km/hr can
generate twice the power of a turbine operating in a 16 km/hr wind, as P, ocv’.

" By equipping turbines with longest possible blades, blades sweep out the largest area
possible as A=nr*. If r is doubled, then area swept is quadrupled (A=n(2r)*=4xr>), so

asp, ,asP__o«cA. C~0.59 & same for wind or water current, meaning maximum 59%

max ’

of the K.E. can be converted into electricity.
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Wind Energy

® Density of air decreases rapidly with height — so even if the wind may blow steadily
atop a tall mountain, there won’t be much energy to convert compared to less altitude.
For example, air density atop Mt. Everest = 1/3 x density of air at sea level.
Like tidal energy, a wind turbine operating in a wind that blows at 20 km/hr can
generate twice the power of a turbine operating in a 16 km/hr wind, as P, ocv’.

" By equipping turbines with longest possible blades, blades sweep out the largest area
possible as A=nr*. If r is doubled, then area swept is quadrupled (A=n(2r)*=4xr>), so

asp, ,asP__o«cA. C~0.59 & same for wind or water current, meaning maximum 59%

of the K.E. can be converted into electricity.

" In terms of reliability, wind turbines are better than conventional sources as each
power source is occasionally unavailable because of scheduled maintenance or because
of mechanical failure. Weather reports are useful in predicting wind speeds ~ 1 or 2
days into the future & in next 1-2 hours. Accurate weather forecasting models make

the producers confident in spot market on peak power demand. AKB



Summary

Solar Energy

Geothermal Energy

Hydroelectric Energy

Wave Energy

Tidal Energy

Wind Energy

2hc 1
I(r,T) = W3 kT _q
P=eqgha

E=cA’(Pelamis), P=wh(Archimedes Wave Swing )

CdAv®
2

CdAV’

2
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Non-conventional Energy

66

We posed Solar, Geothermal, Hydroelectric, Wave, Tidal &
Wind energy as a futuristic non-conventional & renewable
contribution as alternative to energy production, enerqu
consumption & enerqy utilization. Energy use pattern as
base & peak load indicate sustainability of NCER in future.
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