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Solutions to Question Bank
UNIT - 1
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ENERGY SOURCES
1.Describe briefly conventional and nonconventional energy sources.
Dec 2012,June 2014

Commercial or conventional Energy sources:

Coal, oil, gas, uranium and hydro are commonly known commercial E.S.
1.Coal - 32.5%
2.Oil – 38.3%
3.Gas – 19.0%
4.Uranium – 0.13%

ut

5.Hydro – 2.0%
6.Wood – 6.6%
7.Dung – 1.2%
8.Waste – 0.3%

ol

World energy supply comes mainly from fossil fuels
Non-conventional Sources

us

1.All fossil fuels will be exhausted eventually in the next century.
2. Nuclear energy involves considerable hazards.
3.Other systems based on non-conventional and renewable sources are being tried by many
countries.

vt

Ex: Solar, Wind, Sea, geothermal and biomass
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2. What are the advantages and limitations of renewable energy sources? Explain the
prospects On non-conventional energy sources in India. July 2014, July 2012,Dec 2014
Advantage and applications:
In big cities, sewage source is the main source for production of biogas.

io
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The sewage biogas is found to contain 84% methane, could be economically used to run engines
to drive electric generator.

In the rural sector, cooking and lighting mechanical power for generation of small electricity.

The gas can be used with advantage to improve sanitary conditions and also to check
environmental pollutions.

12 lakhs families in india are installed bio gas plants.

Maradnagar (U.P.), Rishikesh (U.P.), Sanganer (Raj), Sihar (Raj) Pondicheri, bhopal etc.,
Limitations:

ut

1.Its shipping is expensive.

2.Coal is pollutant and when burnt it produces CO2 and CO.

3.Extensive use of coal as a Source energy is likely to disturb the ecological balance of CO2
since vegetations in the world would not be capable of absorbing such large proportions of CO2

ol

produced by burning large quantities of coal

us

3. Explain the significance of energy consumption as prosperity?

(July 2013)

Energy consumption as a measure of prosperity
1.Energy is important in all sectors.
2.Standard of living ∞ per capita energy consumption.

vt

3.Energy Crisis is due to the two reasons
i. Population. ii. Standard of living
4. Per capita energy consumption is a measure of the per capita income or the per capita
energy consumption is a measure of the prosperity of the nation.
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Electricity consumption per capita in (Kwhr)
2970

China

2480

Germany

7530

USA

14600

Canada

19100
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World‘s average

India

630

4. What are the different sources of energy. (June 2012)
Energy source can be divided into 3-types

1. Primary energy sources – Net supply of energy (Ex: Coal, natural gas, oil, nuclear)

2. Secondary energy – Partial net energy (Solar, wind, water, geothermal and ocean etc.)

ut

3. Supplementary Energy source – Net energy yield is zero.

UNIT - 2

ol

SOLAR ENERGY BASICS

us

1.Define the terms i) Zenith angle ii)Solar azimuth angke iii) Incident angle.
Dec 2012,June 2014,

1) Zenith angle (θZ)

It is the angle between the sun‘s rays and a line perpendicular to the horizontal plane through the

vt

point P. i.e., the angle between the beam from the sun and the vertical. Zenith angle is
complimentary angle of sun‘s altitude angle.
θZ =π/2- α

2) Solar azimuth angle (γS)

Department of EEE, Vtusolution.in

Page 3

Vtusolution.in

Vtusolution.in

Renewable Energy sources

10EE836

It is the solar angle in degrees along the horizon cost or west of north or it is the horizontal angle
measured from the north to the horizontal projection of sun‘s rays. It is considered +ve when
measured west wise.
In terms of basic angles, cos〖θ_Z 〗 = cos∅.cosω.cosδ+sin∅.sinδ
3) Incident angle (θ)
and normal to the plane.
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n.
in

It is the angle being measured from a plane and is equal to the angle between the beam of rays

2.What is the difference between a pyrheliometer and pyranometer?Describe the
Principle of angstrom type pyrheliometer.
Thermoelectric Pyranometer
•Measures solar irradiance from 300-4000 nm
•

(June 2012) (July 2013) (dec 2012)

Sensor: Blackened copper constantan thermopile covered with two concentric glass domes

which are transparent to radiation from 300-4000 nm.

ut

•Generated emf by thermopile is proportional to incident radiation. The typical value is
approximately 5 micro Volts/watt/sq. metre

• Used for instantaneous measurement and continuous recording of Global, Diffused, Reflected
Solar irradiance.

ol

Thermoelectric pyrheliometer on solar tracker
•

Measures direct solar irradiance from 300-4000 nm at normal incidence.

•

Sensor: Blackened copper constantan thermopile.

•
•

Sensor mounted in a long metallic tube to collimate the incident beam.

us

•

Solar tracker maintains the pyrheliometer always directed towards the sun.

Generated emf by the thermopile is proportional to incident irradiance. (Approx. 5 micro

volts/watt/sq. metre)

Used for instantaneous measurements and continuous recording of direct solar irradiance.

vt

•
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3. What are the points to be considered for Solar Radiation measurement Data?
(Dec 2014)

ol

1. The total solar radiation received at any point on the earth‘s surface is the sum of the direct
and diffuse radiation. This referred to in a general sense as the insolation at that point.
2. The insolation is defined as the total solar radiation energy received on a horizontal surface of

us

unit area on ground in unit time.

3. The insolation at a given location on the earth surface depends on the altitude of the sun in the
sky. The altitude is the angle between the sun‘s direction and the horizontal)
4. Since the sun‘s altitude changes with the date and time of the day and with the geographic

vt

latitude at which the observations are made, the rate of arrival of solar radiation on the ground is
variable quantity even in the time.
4. Explain solar radiation at earth’s surface?

July 2014, July 2012,Dec 2014)

SOLAR RADIATION AT EARTH‘S SURFACE
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The solar radiation that penetrates the earth‘s atmosphere and reaches the surface differs in both
amount and character from radiation at the top of the atmosphere. The radiation entering the
atmosphere is partly absorbed by molecules, and a part of the radiation is reflected back into the
space by clouds. Part of the solar radiation is scattered by droplets in clouds by atmospheric
molecules and dust particles. Oxygen and ozone absorb nearly all the ultraviolet radiation

io
n.
in

whereas CO2 and H2O vapour absorb some energy from infrared range.

1.Part of the radiation is reflected back into the space, especially by clouds.
2.

Oxygen and ozone absorbs nearly all the ultraviolet radiation and water vapour and CO2

absorb some of the energy in the infrared range.

3. Some part of the solar energy radiation is scatted by droplets in the clouds by atmospheric
molecules, and by dust particles.

5. What do you mean by solar constant? July 2014, July 2012,Dec 2014

ut

Solar Constant:

1.The sun is a large sphere of very hot gases, the heating being generated by various kinds of
fusion reactions.

2.Sun diameter is 1.39X106 km, while earth is 1.27X104 km.

ol

3.Mean distance between sun and earth is 1.50X108 km

4.The beam of radiation received from the sun on the earth is almost parallel.
5.The brightness of the sun varies fro its centre to its edge. For calculations, it is customary to

us

assume that the brightness all over the solar disc is uniform.
6.Radiation coming from the sun approximately-57620K.
7.The rate at which solar energy arrives at the top of the atmosphere is called the solar constant
ISC. This is the amount energy received in unit time on unit area perpendicular to the sun‘s

vt

direction at mean distance of the earth from the sun. The rate of arrival of solar radiation varies
throughout the year.
8. Solar constant is an average from which actual values vary up to about 3% in either direction.
9. NASA has expressed solar constant in three common units
1. 1.353KW/ m2 or 1353 W/m2
2. 116.5 langleys (calories/cm2) per hour, or 1165/kcal/m2/hr (1 langley=1cal/cm2) solar
Department of EEE,
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radiation received in one day.
3. 429.2 Btu/ square feet/hr.
10.The distance b/w the earth and sun varies a little through the year. Because of this variation,
the extra terrestrial (out side the atmosphere )flux also varies. The earth is closest to the sun in
the summer and farthest away in the winter.

io
n.
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11.The variation in the distance produces a nearly sinusoidal variation in the intensity of solar
radiation ‗ I‘ that reaches the earth approximately,

I/Isc

= 1+0.033 COS (360(n-2))/365 (or)

ut

= 1+ 0.033 COS (360 x n)/365

ol

UNIT - 3

SOLAR THERMAL SYSTEMS

us

1.State the advantages and disadvantages of concentrated collector over flate plate
collector. Dec 2012,June 2014

Advantages of Flat plate collector:

vt

1.Of using both beam and diffuse solar radiations
2.They do not require orientation towards the sun
3.They require little maintenance.
4. Mechanically simpler than the concentrating reflectors, absorbing surfaces and orientation
devices of focusing collectors
Drawbacks of using water as fluid:
Department of EEE, Vtusolution.in
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1.Freezing in the collector tubes in the cold climates during cold nights. (ethyline glycol is added
to prevent)
2. Corrosion of the metal tubes

July 2014, July 2012,Dec 2014
Basic Components of Flat plate collectors:

io
n.
in

2.What are the main components of a flat plate collector ? Explain the function of each.

1.A transparent cover which may be one or more sheets of glass or radiation transmitting plastic
film or sheets.

2.Tubes, fins, passages or channels are integrate with the collector absorber plate or connected to
it, which carry the water, air or other fluids.

3.The absorber plate, normally metallic or with a black surface although a wide variety of other
materials can be used with air heaters.

4.Insulation, Which should be provided at the back and sides to minimize the heat losses. (fiber

ut

glass or styro-foam)

5.The casing or container which enclose the other components and protects them from the

vt

us

ol

weather.

3.Classify solar energy storage systems. Describe in brief any one of the different storage
Department of EEE,
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systems. Dec 2012,June 2014

Concentrating Collector:
1.Focusing Collector is a device to collect solar energy with high intensity of solar radiation on

io
n.
in

the energy absorbing surface. Optical system in the form of reflectors or refractors are used.

2.A focusing collector is a special form of flat plate collector modified by introducing a
reflecting surface between the solar radiators and absorber.
3.

Radiation increases from low value of 1.5-2 to high values of the order of 10,000.

4.Radiation falling on a relatively large area, is focused on to a receiver (or absorber) of
considerably smaller area.

5.Fluid can be heated to temperature of 5000C or more.
Types of Concentrating Collectors:

ut

1.Depending on concentrating, collectors may classified as
1.Line focusing and Point focusing

are

ol

As per the no. of concentrating collector geometries, the main types of concentrating collector
1.Parabolic through collector

us

2.Mirror strip reflector

3.Fresnel lens collector

4.Flat plate collector with adjustable mirrors

vt

5.Compound parabolic concentrator (C.P.C)
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4.Explain the principle of conversion of solar energy into heat energy. July 2012,Dec

ut

2014,july2013

Physical principles of the conversion of solar radiation into heat
1.Green houses are useful for growing and propagating plants because they both allow sunlight

ol

to enter and prevent heat from escaping.

2.The transparent covering of the greenhouse allows visible light to enter unhindered, where it
warms the interior as it is absorbed by the material within. The transparent covering also

us

prevents the heat from leaving by reflecting the energy back into the interior and preventing
outside winds from carrying it away.
3.Like the greenhouse covering, our atmosphere also serves to retain heat at the surface of the
earth. Much of the sun's energy reaches earth as visible light. Of the visible light that enters the

vt

atmosphere, about 30% is reflected back out into space by clouds, snow and ice-covered land,
sea surfaces, and atmospheric dust. The rest is absorbed by the liquids, solids, and gases that
constitute our planet.
4.The energy absorbed is eventually reemitted, but not as visible light (only very hot objects such
as the sun can emit visible light). Instead, it's emitted as longer-wavelength light called infrared
radiation. This is also called "heat" radiation, because although we cannot see in infrared, we can
Department of EEE,
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feel its presence as heat. This is what you feel when you put your hand near the surface of a hot
skillet.
5.Certain gases in our atmosphere (known as "trace" gases because they make up only a tiny
fraction of the atmosphere) can absorb this outgoing infrared radiation, in effect trapping the heat
energy. This trapped heat energy makes the earth warmer than it would be without these trace

io
n.
in

gases.

6.The ability of certain trace gases to be relatively transparent to incoming visible light from the
sun yet opaque to the energy radiated from earth is one of the best-understood processes in
atmospheric science. This phenomenon has been called the "greenhouse effect" because the trace

gases trap heat similar to the way that a greenhouse's transparent covering traps heat. Without
our atmospheric greenhouse effect, earth's surface temperature would be far below freezing. On

the other hand, an increase in atmospheric trace gases could result in increased trapped heat and

ut

rising global temperatures.

5. With a neat diagram explain the working of a solar cooker. July 2014, July 2012,Dec

Solar Cooker:

ol

2014

1.The solar rays penetrate through the glass covers and absorbed by a blackened metal tray kept
inside the solar box.

us

2.The solar radiation entering the box are of short wave length.
3.The higher wave length radiation is not able to pass through the glass cover i.e reradiation from
absorber plate to outside the box is minimized to gain minimize the heat loss.
4.Rubber strips are used to reduce the loss.

vt

5.Insulation material like glass wool, paddy husk, saw dust are used.
6.A solar box cooks because the interior of the box is heated by the energy of the sun.
7.Sunlight, both direct and reflected, enters the solar box through the glass or plastic top. It turns
to heat energy when it is absorbed by the dark absorber plate and cooking pots. This heat input
causes the temperature inside of the solar box cooker to rise until the heat loss of the cooker is
equal to the solar heat gain.
Department of EEE,
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8.Temperatures sufficient for cooking food and pasteurizing water are easily achieved.
Merits of Solar cooker:
1.No attention is needed during cooking
3.Negligible maintenance cost
4.No pollution
5.Vitamins of the food are not destroyed

io
n.
in

2.No fuel is required.

6.No problem of charring of food and no over flowing
Limitations:

1.One has to cook according to the sun shine, menu has to be preplanned.

2.One cannot cook at short notice and food cannot be cooked in the night or during cloudy days.
3.It takes comparatively more time.
the time of baking

ut

4.Chapaties are not cooked because high temperature is required and also needs manipulation at

Solar Thermal Systems

ol

Box type Cooker:

Sun rays

Rubber Packing

us

Wooden
frame

vt

Insulation

Glass cover

c

Cooking Utensils

Blackened
metal tray

UNIT - 4
SOLAR ELECTRIC SYSTEMS
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1.with the help of neat diagram ,Explain the construction and working principle of a
Dec 2012,June 2014

solar pond

The sun is the largest source of renewable energy and this energy is abundantly available in all

io
n.
in

parts of the earth. It is in fact one of the best alternatives to the non-renewable sources of energy.

One way to tap solar energy is through the use of solar ponds. Solar ponds are large-scale energy
collectors with integral heat storage for supplying thermal energy. It can be use for various

applications, such as process heating, water desalination, refrigeration, drying and power
generation.

The solar pond works on a very simple principle. It is well-known that water or air is heated they
become lighter and rise upward e.g. a hot air balloon. Similarly, in an ordinary pond, the sun‘s

rays heat the water and the heated water from within the pond rises and reaches the top but loses
the heat into the atmosphere. The net result is that the pond water remains at the atmospheric

ut

temperature. The solar pond restricts this tendency by dissolving salt in the bottom layer of the
pond making it too heavy to rise.

A solar pond has three zones. The top zone is the surface zone, or UCZ (Upper Convective
Zone), which is at atmospheric temperature and has little salt content. The bottom zone is very

ol

hot, 70°– 85° C, and is very salty. It is this zone that collects and stores solar energy in the form
of heat, and is, therefore, known as the storage zone or LCZ (Lower Convective Zone).
Separating these two zones is the important gradient zone or NCZ (Non-Convective Zone). Here

us

the salt content increases as depth increases, thereby creating a salinity or density gradient. If we
consider a particular layer in this zone, water of that layer cannot rise, as the layer of water above
has less salt content and is, therefore, lighter. Similarly, the water from this layer cannot fall as
the water layer below has a higher salt content and is, therefore, heavier. This gradient zone acts

vt

as a transparent insulator permitting sunlight to reach the bottom zone but also entrapping it
there. The trapped (solar) energy is then withdrawn from the pond in the form of hot brine from
the storage zone.

Though solar ponds can be constructed anywhere, it is economical to construct them at places
where there is low cost salt and bittern, good supply of sea water or water for filling and
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flushing, high solar radiation, and availability of land at low cost. Coastal areas in Tamil Nadu,

io
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Gujarat, Andhra Pradesh, and Orissa are ideally suited for such solar ponds.

2. What are the major advantages and disadvantages of a solar PV system

Advantages and Disadvantages of Photovoltaic July 2014, July 2012,Dec 2014

ut

1.The fuel for photovoltaics, sunlight, is practically infinite, free, and easily accessible. In fact,

the earth receives enough energy from the sun in one hour to fulfill the global energy demand for
one y 2.Photovoltaic panels are extremely reliable and require low maintenance even in harsh
conditions.

ol

2.Photovoltaic systems are very versatile as they are suitable for loads of any size; they can
provide a couple of watts for small loads like lanterns or electronic gadgets, a couple of kilowatts
for loads like heavy machinery and households, or a couple of megawatts for solar power

us

stations ear

3.Photovoltaic systems are versatile also in the sense that they can be stand-alone, local grid,
central grid-connected or even hybrid (in conjunction with other technologies like wind or

vt

hydro) systems.

4.Photovoltaic systems are an ideal choice and turn out to be cheaper for remote applications
away from the grid as infrastructure costs of electricity transmission can be avoided.
5.Photovoltaic systems work best when we need energy the most, i.e. during peak energy
demand period of the day. This reduces infrastructure costs for fossil-based generation plants as
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they have to be designed to meet peak demands, while they run to meet that demand only for a
short period of time.
Disadvantages:

io
n.
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1.The main disadvantage of photovoltaics is its relatively high cost compared to many other

large-scale electricity generating sources. However, the cost of solar electricity has dramatically
reduced over the last couple of years with advances in technology. Moreover, the cost of
photovoltaics will further reduce as more and more systems will be deployed (economies of
scale) and an infrastructure starts revolving around it.

2.Even though the sunlight reaching earth carries 6,000 times greater energy than the global

requirement, the power density of sunlight is relatively low. This means that photovoltaics tends
to be less suited for applications that are physically small compared to the energy they require.

3.The output of photovoltaic systems is variable depending on the availability of solar radiation.

ut

Areas with greater cloud cover and shorter days will experience lower power generations, and
such systems have to be designed accordingly.

4.Photovoltaic energy is typically stored in batteries, which increases the costs and maintenance
of such systems. However, there is a tremendous thrust to improve energy storage technologies

ol

such as solar-hydrogen systems.

5.Photovoltaic modules are typically only 13-18% efficient; this low efficiency is one of the
dominant causes for the high cost. Again, this technology is aggressively pursued to further

us

photovoltaic cell and system efficiency.

6.In spite of the popularity of the concept of photovoltaics, there is a vast lack of knowledge, and
hence, faith in this technology. Confidence in this technology will be gained with education and

vt

examples.

3.Explain the principle of a solar photovoltaic power generation.
Dec 2012,June 2014
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Solar cells produce direct current electricity from sun light, which can be used to power
equipment or to recharge a battery. The first practical application of photovoltaics was to power
orbiting satellites and other spacecraft, but today the majority of photovoltaic modules are used
for grid connected power generation. In this case an inverter is required to convert the DC to AC.
There is a smaller market for off-grid power for remote dwellings, boats, recreational vehicles,

io
n.
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electric cars, roadside emergency telephones, remote sensing, and cathodic protection of
pipelines.

Photovoltaic power generation employs solar panels composed of a number of solar cells
containing a photovoltaic material. Materials presently used for photovoltaics include
monocrystalline silicon, polycrystalline silicon, amorphous silicon, cadmium telluride, and

copper indium gallium selenide/sulfide. Due to the growing demand for renewable energy
sources, the manufacturing of solar cells and photovoltaic arrays has advanced considerably in
recent year. ells require protection from the environment and are usually packaged tightly behind

a glass sheet. When more power is required than a single cell can deliver, cells are electrically

ut

connected together to form photovoltaic modules, or solar panels. A single module is enough to
power an emergency telephone, but for a house or a power plant the modules must be arranged in
multiples as arrays.

Ells require protection from the environment and are usually packaged tightly behind a glass

ol

sheet. When more power is required than a single cell can deliver, cells are electrically connected
together to form photovoltaic modules, or solar panels. A single module is enough to power an
emergency telephone, but for a house or a power plant the modules must be arranged in

us

multiples as arrays.

4. With a neat diagram ,Explain the solar water pumping system.

(June 2012)

vt

A solar-powered pump is a pump running on electricity generated by photovoltaics. The
operation of solar powered pumps is more economical and has less environmental impact than
pumps powered by an internal combustion engine
solar powered pump thus consists of 4 parts :
The actual fluid pump (that actually moves (pumps) gases or liquids under pressure)
The controller (adjusting speed and output power according to input from solar panels)
Department of EEE,
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The engine (usually an electric motor)
The energy source being powered by the sun (usually photovoltaic cells (solar panels))
Solar array (photovoltaic cells, solar panels) takes up 50% - 80% of the whole setup cost, which
is the most expensive part.

io
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There are two major types of solar pumps, DC (direct current) and AC (alternating current).
DC solar pump:
Power output up to 3 kW

Suitable for small to medium applications like garden fountain, landscaping, livestock drinking,
irrigation, etc. Low-price (require 40% less solar panel compare to AC solar pumps)
DC brushless pump is about 20% higher efficiency than AC pumps

AC solar pump: An inverter is needed for an AC solar pump setup. The inverter converts DC

generated from solar array to AC to drive the pumps in the meantime (as the controller) to

ut

control output and speed. power output range from 150W to 55 kW suitable for various

applications from landscaping to irrigation, especially large scale such as big farmland irrigation,
tunnel water supply, etc. An big DC-AC inverter required AC pumps is an inductive load, the
start-up requires almost twice current than it in normal operations,thus the panel size should

vt

us

ol

1.8~2 of the motor size.

5. Briefly describe solar greenhouse Effect?

Department of EEE, Vtusolution.in
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Greenhouses are used extensively by botanists, commercial plant growers, and dedicated
gardeners. Particularly in cool climates, greenhouses are useful for growing and propagating
plants because they both allow sunlight to enter and prevent heat from escaping. The transparent
covering of the greenhouse allows visible light to enter unhindered, where it warms the interior
as it is absorbed by the material within. The transparent covering also prevents the heat from

io
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leaving by reflecting the energy back into the interior and preventing outside winds from
carrying it away.

Like the greenhouse covering, our atmosphere also serves to retain heat at the surface of the
earth. Much of the sun's energy reaches earth as visible light. Of the visible light that enters the

atmosphere, about 30% is reflected back out into space by clouds, snow and ice-covered land,
sea surfaces, and atmospheric dust. The rest is absorbed by the liquids, solids, and gases that

constitute our planet. The energy absorbed is eventually reemitted, but not as visible light (only

very hot objects such as the sun can emit visible light). Instead, it's emitted as longer-wavelength
light called infrared radiation. This is also called "heat" radiation, because although we cannot

ut

see in infrared, we can feel its presence as heat. This is what you feel when you put your hand
near the surface of a hot skillet. Certain gases in our atmosphere (known as "trace" gases because
they make up only a tiny fraction of the atmosphere) can absorb this outgoing infrared radiation,
in effect trapping the heat energy. This trapped heat energy makes the earth warmer than it

ol

would be without these trace gases.

The ability of certain trace gases to be relatively transparent to incoming visible light from the
sun yet opaque to the energy radiated from earth is one of the best-understood processes in

us

atmospheric science. This phenomenon has been called the "greenhouse effect" because the trace
gases trap heat similar to the way that a greenhouse's transparent covering traps heat. Without
our atmospheric greenhouse effect, earth's surface temperature would be far below freezing. On
the other hand, an increase in atmospheric trace gases could result in increased trapped heat and

vt

rising global temperatures.
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UNIT - 5
WIND ENERGY
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1.Classify the wind energy conversion systems July 2014, July 2012,Dec 2014
The major components of a typical wind energy conversion system include a wind turbine,
generator, interconnection apparatus and control systems,. Wind turbines can be classified into

the vertical axis type and the horizontal axis type. Most modern wind turbines use a horizontal

axis configuration with two or three blades, operating either down-wind or up-wind. The major
components in thenacelle of a typical wind turbine are illustrated in Figure 4. A wind turbine can

be designed for a constant speed or variable speed operation.Variable speed wind turbines can
produce 8% to 15% more energy output as compared to their constant speed counterparts,

however, theynecessitate power electronic converters to provide a fixed frequency andfixed

ut

voltage power to their loads. Most turbine manufacturers haveopted for reduction gears between

the low speed turbine rotor and thehigh speed three-phase generators. Direct drive configuration,
where agenerator is coupled to the rotor of a wind turbine directly, offers highreliability, low

ol

maintenance, and possibly low cost for certain turbines.Several manufacturers have opted for the
direct drive configuration inthe recent turbine designs.At the present time and in the near future,
generators for wind turbineswill be synchronous generators, permanent magnet synchronous

us

generators, and induction generators, including the squirrel cage type andwound rotor type. For
small to medium power wind turbines, permanent magnet generators and squirrel cage induction
generators are oftenused because of their reliability and cost advantages. Induction generators,
permanent magnet synchronous generators and wound fieldsynchronous generators are currently

vt

used in various high power windturbines. Interconnection apparatuses are devices to achieve
power control, softstart and interconnection functions. Very often, power electronic converters
are used as suchdevices. Most modern turbine inverters areforced commutated PWM inverters to
provide a fixed voltage and fixedfrequency output with a high power quality. Both voltage
source voltage controlled inverters and voltage source current controlled invertershave been
applied in wind turbines. For certain high power wind turbines, effective power control can be
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achieved with double PWM (pulsewidth modulation) converters which provide a bi-directional
power flowbetween the turbine generator and the utility grid.
2.With a suitable block diagram, explain the functions of different components of WECS.

io
n.
in

Dec 2012,June 2014

Anemometer: This device is used for measurement of speed. The wind speed is also fed to
thecontroller as it is one of the variables for controlling pitch angle and yaw

Blades: These are aerodynamically designed structures such that when wind flows over
themthey are lifted as in airplane wings. The blades are also slightly turned for greater
aerodynamicefficiency

Brake: This is either a mechanical, electrical or hydraulic brake used for stopping the turbine
inhigh wind conditions

ut

Controller: This is the most important part of the turbine as it controls everything from

poweroutput to pitch angle. The controller senses wind speed, wind direction, shaft speed and
torque at one or more

Gear box: This steps-up or steps down the speed of turbine and with suitable coupling

ol

transmitsrotating mechanical energy at a suitable speed to the generator. Typically a gear box
system steps up rotation speed from 50 to 60 rpm to 1200 to 1500 rp
Generator: This can be a synchronous or asynchronous Ac machine producing power at 50Hz

us

High-speed shaft: Its function is to drive the generator. Low-speed shaft: The rotor

turns the

low-speed shaft at about 30 to 60 rotations per minute.
Nacelle: The nacelle is the housing structure for high speed shaft, low speed shaft, gear box,
generator, converter equipment etc. It is located atop the tower structure mostly in the shadow of

vt

the blades

Pitch: This is basically the angle the blades make with the wind. Changing the pitch
anglechanges weather the blades turn in or turn out of the wind stream.
Rotor: The hub and the blades together compose the rotor.
Tower: Towers are basically made up of tubular steel or steel lattice. Taller the towers
greater is the amount of power generated as the wind speed generally goes on increasing
Department of EEE, Vtusolution.in
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with height. oints. Also the temp of generator and power output produced is sensed
Wind direction: Generally erratic in nature, hence the rotor is made to face into thewind by
means of control systems.
Wind vane: Basically the job of a wind sensor, measuring the wind speed and
direction.

io
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communicating the same to the yaw drive, so as to turn the turbine into the wind flow
Yaw drive: This drive controls the orientation of the blades towards the wind. In case the
turbine is out of the wind, then the yaw drive rotates the turbine in the wind direction

vt

us

ol

ut

Yaw motor: Powers the yaw drive.
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3. State and briefly explain the factors that determine the output power from wind
Dec 2012,June 2014

vt

us

ol

ut

io
n.
in

energy.
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4. Explain the working of a wind energy conversion system for Generation of electricity.
(June 2012) (Dec 2013)
Horizontal Axis Wind Turbines (HAWTs)

io
n.
in

Horizontal-axis wind turbines (HAWT) get their name from the fact that their axis of rotation
ishorizontal. They have the main rotor shaft and electrical generator at the top of a tower, and
arepointed into the wind. The variability of wind distribution and speed brings up the

requirement ofa gear system connected to the rotor and the generator. The gear system enables a
constant speedof rotation to the generator thus enabling constant frequency generation. Turbine
blades are madestiff in order to prevent the blades from being pushed into the tower by high

winds. Downwindmachines have also been built, as they no longer require a yaw mechanism to

keep them facingthe wind, and also because in high winds the blades can turn out of the wind

thereby increasing drag and coming to a stop. Most of the HAWTs‘ are upwind as downwind

HAWT advantages

ut

systems cause regular turbulence which may lead to fatigue.

• Variable blade pitch, which gives the turbine blades the optimum angle of attack.

ol

Changing the angle of attack provides greater control over power generated and enables
maximum efficiency.

• As wind energy increases with height, the tall tower in the HAWT gives access to higher wind

us

speed. In some cases increase of even 10m height leads to increase in wind speed by 20 %
•In HAWTs‘ the blades move horizontally that is perpendicular to the wind and hence have
minimum drag and they receive power throughout the rotation.

vt

HAWT disadvantages

•Due to inherent large structures, construction costs are very high and so are transportation costs.
•Civil construction is costly due to erection of large towers.
•Wind turbine operation often leads to production of electronic noise which affects radar sites.
• In case of downwind HAWTs‘ the regular turbulence produced leads to structural failure.
• HAWTs require an additional yaw control mechanism to turn the blades toward the wind.
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5. Describe History of Wind Machines.

Dec 2012,June 2014

Since ancient times, people have harnessed the wind‘s energy. Over 5,000 years ago, the ancient

io
n.
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Egyptians used the wind to sail ships on the Nile River. Later, people built windmills to grind
wheat and other grains. The early windmills looked like paddle wheels. Centuries later, the

people in Holland improved the windmill. They gave it propeller type blades, still made with
sails. Holland is famous for its windmills. In this country, the colonists used windmills to grind

wheat and corn, to pump water, and to cut wood at sawmills. Today, people occasionally use

windmills to grind grain and pump water, but they also use modern wind turbines to make
electricity

UNIT - 6

ut

BIOMASS ENERGY

ol

1. Define biomass. Give a descriptive classification of biomass resource. (June 2012)
Biomass is biological material from living, or recently living organisms, most often
referring to plants or plant-derived materials. As a renewable energy source, biomass

us

can either be used directly, or indirectly -- once or converted into another type of energy
product such as biofuel. Biomass can be converted to energy in three ways: thermal
conversion, chemical conversion, and biochemical conversion.
Hey are classified as

vt

i.Biofuel

ii.Bio alcohols
iii.Bio gas

2. With a suitable diagram, Explain the working of janata model.
(June 2013) (Dec 2014)
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A fixed-dome plant consists of an enclosed digester with a fixed, non-movable gas
space. The gas is stored in the upper part of the digester. When gas production
commences, the slurry is displaced into the compensating tank. Gas pressure increases
with the volume of gas stored; therefore the volume of the digester should not exceed 20

ol

ut

io
n.
in

m³. If there is little gas in the holder, the gas pressure is low.

3.Discuss the process of biogas generation, List the factors affecting the generation of

us

biogas. (June 2012) (July 2013)

Organic substances exist in wide variety from living beings to dead organisms . Organic matters
are composed of Carbon (C), combined with elements such as Hydrogen (H), Oxygen (O),
Nitrogen (N), Sulphur (S) to form variety of organic compounds such as carbohydrates, proteins

vt

& lipids. In nature MOs (microorganisms), through digestion process breaks the complex carbon
into smaller substances.
There are 2 types of digestion process :
Aerobic digestion.
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Anaerobic digestion.15

The digestion process occurring in presence of Oxygen is called Aerobic digestion and produces
global warming.

io
n.
in

mixtures of gases having carbon dioxide (CO2), one of the main ―
green houses‖ responsible for
The digestion process occurring without (absence) oxygen is called Anaerobic digestion which
generates mixtures of gases. The gas produced which is mainly methane produces 5200-5800

KJ/m3 which when burned at normal room temperature and presents a viable environmentally
friendly energy source to replace fossil fuels (non-renewable
OBJECTIVES:
Optimization of gas production
Comparison with conventional plants

ut

4.What are the factors affecting biogas generation. Explain them briefly.

Dec 2012,June 2014

Factors affecting Biogas production:
2. pH level
3. Mixing Ratio
4. Loading Rate

ol

1. Substrate temperature

us

5. Hydraulic Retention time
6. Nitrogen inhibition
7. C/N ratio

8. Agitation

vt

9. Toxicity

10. Solid concentration
11. Seeding

12. Metal Cations
13. Particle size
14. Additives
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15. BOD
16. COD
17. Heating

Main types of simple biogas plants :
- balloon plants,
- fixed-dome plants,
- floating-drum plants.nt types
Balloon Plants:

io
n.
in

5. What are the different models of biogas plants in India? (July 2014) (Dec 2013)

A balloon plant consists of a plastic or rubber digester bag, in the upper part of which the

ut

gas is stored. The inlet and outlet are attached direct to the skin of the balloon. When the

gas space is full,the plant works like a fixed-dome plant - i.e., the balloon is not inflated;
it is not very elastic.The fermentation slurry is agitated slightly by the movement of the
balloon skin. This is favourableto the digestion process. Even difficult feed materials,

ol

such as water hyacinths, can be used in aballoon plant. The balloon material must be UVresistant. Materials which have been usedsuccessfully include RMP (red mud plastic),
Trevira and butyl.

us

Advantages:

Low cost, ease of transportation, low construction (important if the water table is high),
high digester temperatures, uncomplicated cleaning, emptying and maintenance.
Disadvantages:

vt

Short life (about five years), easily damaged, does not create employment locally, little
scope forself-help.
Balloon plants can be recommended wherever the balloon skin is not likely to be
damaged andwhere the temperature is even and high. One variant of the balloon plant is
the channel-type digester with folia and sunshade.
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Fixed-Dome Plants:
A fixed-dome plant consists of an enclosed digester with a fixed, non-movable gas space.
The gas is stored in the upper part of the digester. When gas production commences, the

io
n.
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slurry is displaced into the compensating tank. Gas pressure increases with the volume of

gas stored; therefore the volume of the digester should not exceed 20 m³. If there is little
gas in the holder, the gas pressure is low.

UNIT - 7

ENERGY FROM OCEAN

1. With a suitable diagram, explain open cycle OTEC system for ocean thermal
Dec 2012,June 2014

ut

energy.

ol

Ocean Thermal Electric Conversion (OTEC)

The ocean thermal energy concept was proposed as early as 1881 by the French physicist
Jacques d‘ Arsonval. In this indirect form of solar energy at sea, collection and storage are free.

us

The surface of the water acts as the collector for solar heat while the upper layer of the sea
constitutes infinite heat storage reservoir.
Thus heat contained in the oceans, which is solar in origin could be converted into electricity by
utilizing the fact that the temperature difference between the warm surface water of the tropical

vt

oceans and the colder waters in the depths is about 20-25°K.
Warm surface water could be used to heat some low boiling organic fluid, the vapour of which
would run a heat engine. The exit vapour would condensed by pumping cold water from the
deeper regions. The amount of energy available for ocean thermal power generation is enormous,
and is replenished continuously.
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Renewable Energy sources

2.Explain the working of single basin tidal power plant. (June 2012) (Dec 2014)

Tide energy can furnish a significant portion of all such energies which are renewable in nature.

ut

It has been estimated that about a billion kW of tidal power is dissipated by friction and eddies

alone. This is slightly less than the economically exploitable power potential of all the rivers of
the World. It is only indication of the magnitude of tidal power available; all of it is not

ol

economically feasible also. The first attempt to utilize energy of the ocean was in the form of
tidal ―mil
ls ―inhe
t eleventh century in Great Britain and latter in France and Spain.
The large scale up and down movement of sea water represents an unlimited source of energy. If

us

some part of this vast energy can be converted into electrical energy it would be an important
source of hydro-power. The main feature of the tidal cycle is the difference in water surface
elevations at the high tide and at the low tide. If this differential head could be utilized in
operating a hydraulic turbine, the tidal energy could be converted into electrical energy by means

vt

of an attached generator.

In principle, this is not very difficult as water, at the time of high tide, is at a high level and can
be let into a basin to be stored at a high level. The same water can be let back into the sea during
the low tide through the turbines, thus producing power.
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Since the basin water level is high and sea water is low, there is a differential head comparable to
the tidal range that can be utilized for the running of the turbines. Basically it appears to be a
simple proposition, the problems involved in it, are many.
The Tides, as we see, although free, were inconvenient because they come at varying times from
day to day, have varying ranges (heads) and, for large outputs required large capital

io
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expenditures.

Their early use declined and eventually came to a half with the coming of the age of steam and

cheap coal. With the beginning of the energy crisis in the 1970s, the tidal energy, like other
renewable energy sources, received renewed attention.

The first tidal power plant was commissioned by General DeGaulle at La Rance in 1966 which

ol

ut

marked a breakthrough. The average tidal range is 8.4 m (± 4.2 m), and the maximum is 13.5 m.

3. List the advantages and limitations of OTEC plants. (July 2013).

us

ADVANTAGES OF OTEC

OTEC uses clean, abundant, renewable and natural resources to produce electricity.
Research indicates that there are little or no adverse environmental effects from discharging the
used OTEC water back to the ocean at prescribed depths. As well as producing electricity, OTEC

vt

systems can produce fresh water and cold water for agricultural and cooling purposes. The use of
OTEC also assists in reducing the dependence on fossil fuels to produce electricity.
DISADVANTAGES OF OTEC
One of the disadvantages of land-based OTEC plants is the need for a 3 km long cold water
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pipe to transport the large volumes of deep seawater required from a depth of about 1000 m. The
cost associated with the cold water pipe represents 75% of the costs of current plant
designs. Studies show that OTEC plants smaller than 50 MW cannot compete economically
with other present energy alternatives. A 50 MW plant will require 150 m/s of cold water
thus, the 3 km long cold water pipeline has to be at least 8 m in diameter.

io
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Another disadvantage of a land-based plant would be the discharging of the cold and warm
seawater. This may need to be carried out several hundred metres offshore so as to reach

an appropriate depth before discharging the water to avoid any up dwelling impact on coastal
fringes (i.e., fish, reef, etc). The arrangement also requires additional expense in the construction

and maintenance. To minimise construction costs of the cold water and discharge pipes, a
floating OTEC plant could be an option. However, the costs associated with the maintenance and
mooring facility of such a structure is of significance.

Further to the structural needs of the OTEC plant there is also energy required for pumping the
sea water from depths of about 1000 m. Meeting the energy requirements for the OTEC plant‘s

ut

operation is a factor to be noted as the need to install diesel generators may arise.
4. Explain the types of OTEC systems. (July2012)

ol

Old seawater is an integral part of each of the three types of OTEC systems: closed-cycle, opencycle, and hybrid. To operate, the cold seawater must be brought to the surface. The primary
approaches are active pumping and desalination. Desalinating seawater near the sea floor lowers

us

its density, which causes it to rise to the surface.

The alternative to costly pipes to bring condensing cold water to the surface is to pump vaporized
low boiling point fluid into the depths to be condensed, thus reducing pumping volumes and
reducing technical and environmental problems and lowering cost

vt

Closed-cycle systems use fluid with a low boiling point, such as ammonia, to power a turbine to
generate electricity. Warm surface seawater is pumped through a heat exchanger to vaporize the
fluid. The expanding vapor turns the turbo-generator. Cold water, pumped through a second heat
exchanger, condenses the vapor into a liquid, which is then recycled through the system.
In 1979, the Natural Energy Laboratory and several private-sector partners developed the "mini
OTEC" experiment, which achieved the first successful at-sea production of net electrical power
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from closed-cycle OTEC.The mini OTEC vessel was moored 1.5 miles (2.4 km) off the
Hawaiian coast and produced enough net electricity to illuminate the ship's light bulbs and run its
computers and television
Open-cycle OTEC uses warm surface water directly to make electricity. Placing warm seawater
in a low-pressure container causes it to boil. In some schemes, the expanding steam drives a low-

io
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pressure turbine attached to an electrical generator. The steam, which has left its salt and other

contaminants in the low-pressure container, is pure fresh water. It is condensed into a liquid by
exposure to cold temperatures from deep-ocean water. This method produces desalinized fresh
water, suitable for drinking water or irrigation.

In other schemes, the rising steam is used in a gas lift technique of lifting water to significant
heights. Depending on the embodiment, such steam lift pump techniques generate power from a
hydroelectric turbine either before or after the pump is used.

In 1984, the Solar Energy Research Institute (now the National Renewable Energy Laboratory)

developed a vertical-spout evaporator to convert warm seawater into low-pressure steam for

ut

open-cycle plants. Conversion efficiencies were as high as 97% for seawater-to-steam
conversion (overall efficiency using a vertical-spout evaporator would still only be a few per
cent). In May 1993, an open-cycle OTEC plant at Keahole Point, Hawaii, produced 50,000 watts
of electricity during a net power-producing experiment. This broke the record of 40 kW set by a

ol

Japanese system in 1982.

A hybrid cycle combines the features of the closed- and open-cycle systems. In a hybrid, warm
seawater enters a vacuum chamber and is flash-evaporated, similar to the open-cycle evaporation

us

process. The steam vaporizes the ammonia working fluid of a closed-cycle loop on the other side
of an ammonia vaporizer. The vaporized fluid then drives a turbine to produce electricity. The
steam condenses within the heat exchanger and provides desalinated water.

vt

5. Discuss briefly about components of tidal plants. (July 2013)

COMPONENTS OF TIDAL POWER PLANTS
There are three main components of a tidal power plant i.e.
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(i) The power house
(ii) The dam or barrage (low wall) to form pool or basin.

io
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(iii) Sluice-ways from the basins to the sea and vice versa
The turbine, electric generators and other auxiliary equipments are the main equipments of a

power house. The function of dam to form a barrier between the sea and the basin or between
one basin and the other in case of multiple basins.

The sluice ways are used either to fill the basin during the high tide or empty the basin during the
low tide, as per operational requirement. These are gate controlled devices.

It is generally convenient to have the power house as well as the juice-ways in alignment with
the dam. The design cycle may also provide for pumping between the basin and the sea in either

direction. If reversible pump turbines are provided, the pumping operation can be taken over at

ut

any time by the same machine.

The modern tubular turbines are so versatile that they can be used either as turbines or as pumps
in either direction of flow. In addition, the tubular passages can also be used as sluice-ways by
locking the machine to a standstill.

ol

As compared to conventional plants, this, however, imposes a great number of operations in tidal
power plants. For instance, the periodic opening and closing of the sluice-ways of a tidal plant

us

are about 730 times in a year.

Dam (Barrage). Dam and barrage are synonymous terms. Barrage has been suggested as a more
accurate term for tidal power schemes, because it has only to withstand heads a fraction of the
structure‘s height, and stability problems are far more modest.

vt

However, the literature does not always make the distinction, even though heads are small with
tidal power cut offs.
Tidal power barrages have to resist waves whose shock can be severe and where pressure
changes sides continuously.
Since barrage length adds also to the price tag of the plant, short barrages are preferred even if
basin size may have to be smaller as a result of site choice. Up to a height of 20 m, cost remains
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proportional to length as it is not changed by the need to build a darn wall to withstand high
hydrostatic pressure.
When, the elevation exceeds the 20 m limit, costs increase faster with length. Most tidal power
plants do not have heads exceeding 20 m.
The barrage needs to provide channels for the turbines in prestressed or reinforced concrete. To
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build these channels a temporary cofferdam is necessary, but it is now possible to built them on
land, float them to the site, and sink them into place.

Flatness is required for the sea bottom; sandy bottom usually necessitates piling. There, where
sand or rock can bear the weight of the structure to be implanted, the bottom can be prepared, the
structure placed on it and then anchored. Prefabricated concrete blocks can be used as the core

for large barrages and voids filled with rocks or concrete remaining holes with sand, and the
entire construction then asphalted.

Construction of a barrage usually will influence the tidal amplitude. Indeed, such a construction

modifies the effective length of the embayment or basin and its shape as well, particularly if the

ut

scheme involves supplementary spur dams, or brings about relocation or disappearance of
natural obstruction as is foreseen for the severn plant and has occurred in the Rance estuary.

The construction influence the resonance of the bay, and most bays are less than the resonant
length of the tidal wave. If resonance is reduced, the range will decrease; if measures are taken to

ol

augment the resonance, tidal amplitude may be increased.

Tidal barrages require sites where there is a sufficiently high tidal range to glue a good head of
water—the minimum useful range is around three meters. The, best sites are bays and estuaries,

us

but water can also be impounded behind bunded reservoirs built between two points on the same
shore line.

The precise design of barrage and its mode of operation depend critically on the requirements for
power and on a careful analysis of the economics. The simplest and cheapest schemes would

vt

normally involve —a-single barrage designed to trap water in a basin at high tide and to generate
on the ebb. More complex schemes could involve generation on both the ebb and flood tides, or
the construction of a secondary basin which would permit water to be stored and discharged
whenever desired. This would provide more firm power on a flexible basis.
The expertise necessary to design and build such structures is available.
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The location of the barrage is important, because the energy available is related to the size of the
trapped basin and to the square of the tidal range. The nearer it is built to the mouth of an estuary
or bay, the larger the basin, but the smaller the tidal range. A balance must also be struck

ol

ut
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between increased output and increased material requirements and construction costs.

UNIT - 8

us

EMERGING TECHNOLOGIES

1. Describe the classifications of fuel cells

Dec 2012,June 2014

vt

A fuel cell is a device that converts the chemical energy from a fuel into electricity through a
chemical reaction with oxygen or another oxidizing agent.[1] Hydrogen is the most common
fuel, but hydrocarbons such as natural gas and alcohols like methanol are sometimes used. Fuel
cells are different from batteries in that they require a constant source of fuel and oxygen to run,
but they can produce electricity continually for as long as these inputs are supplied.
There are many types of fuel cells, but they all consist of an anode (negative side), a cathode
(positive side) and an electrolyte that allows charges to move between the two sides of the fuel
Department of EEE,
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cell. Electrons are drawn from the anode to the cathode through an external circuit, producing
direct current electricity. As the main difference among fuel cell types is the electrolyte, fuel
cells are classified by the type of electrolyte they use. Fuel cells come in a variety of sizes.
Individual fuel cells produce very small amounts of electricity, about 0.7 volts, so cells are
"stacked", or placed in series or parallel circuits, to increase the voltage and current output to
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meet an application‘s power generation requirements.[2] In addition to electricity, fuel cells
produce water, heat and, depending on the fuel source, very small amounts of nitrogen dioxide

and other emissions. The energy efficiency of a fuel cell is generally between 40-60%, or up to
85% efficient if waste heat is captured for use.

The most important design features in a fuel cell are:

•The electrolyte substance. The electrolyte substance usually defines the type of fuel cell.
•The fuel that is used. The most common fuel is hydrogen.

•The anode catalyst, which breaks down the fuel into electrons and ions. The anode catalyst is
usually made up of very fine platinum powder.

ut

•The cathode catalyst, which turns the ions into the waste chemicals like water or carbon dioxide.
The cathode catalyst is often made up of nickel.

(July 2013)

ol

2. Write a note on wave energy.

Wave power is the transport of energy by ocean surface waves, and the capture of that energy to
do useful work – for example, electricity generation, water desalination, or the pumping of water

us

(into reservoirs). Machinery able to exploit wave power is generally known as a wave energy
converter (WEC).Wave power is distinct from the diurnal flux of tidal power and the steady gyre
of ocean currents. Wave-power generation is not currently a widely employed commercial
technology, although there have been attempts to use it since at least 1890. In 2008, the first

vt

experimental wave farm was opened in Portugal, at the Aguçadoura Wave Park.The major
competitor of wave power is offshore wind power.
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3. Discuss about the future of Small hydro resources. July 2014,Dec 2013
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Small hydro is the development of hydroelectric power on a scale serving a small community or

industrial plant. The definition of a small hydro project varies but a generating capacity of up to
10 megawatts (MW) is generally accepted as the upper limit of what can be termed small hydro.
This may be stretched up to 30 MW in the United States, and 50 MW in Canada. In contrast

many hydroelectric projects are of enormous size, such as the generating plant at the Hoover
Dam of 2,074 MW or the vast multiple projects of the Tennessee Valley Authority.

Small hydro can be further subdivided into mini hydro, usually defined as less than 1,000 kW,

and micro hydro which is less than 100 kW. Micro hydro is usually the application of
hydroelectric power sized for smaller communities, single families or small enterprise.

Small hydro plants may be connected to conventional electrical distribution networks as a source

ut

of low-cost renewable energy. Alternatively, small hydro projects may be built in isolated areas
that would be uneconomic to serve from a network, or in areas where there is no national
electrical distribution network. Since small hydro projects usually have minimal reservoirs and

ol

civil construction work, they are seen as having a relatively low environmental impact compared
to large hydro. This decreased environmental impact depends strongly on the balance between
stream flow and power production. One tool that helps evaluate this issue is the Flow Duration

us

Curve or FDC. The FDC is a Pareto curve of a stream's daily flow rate vs. frequency. Reductions
of diversion help the river's ecosystem, but reduce the hydro system's Return on Investment
(ROI). The hydro system designer and site developer must strike a balance to maintain both the
health of the stream and the economics.

vt

Plants with reservoir, i.e. small storage and small pumped-storage hydropower plants, can
contribute to distributed energy storage and decentralized peak and balancing electricity. Such
plants can be built to integrate at the regional level intermittent renewable energy sources.
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