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; PART-A

I.1 Following fuels are mostly used in fuel cells:
1) Hydrogen |

2) Fossil fuel

3) Hydrocarbon fuel

4) Alcohol fuel

5) Hydrazine fuel

o2 1) Temperature

2) Pressure

i

L3

Any two (1x1=2 marks)

L4

LS .

The photoelectric effect or photo emission is the production of electrons or
other free carriers when light is hjt"on a material. Under the right circumstances
light can be used to push electrons, freeing them from the surface of a solid.
This process is called the photoelectric effect or photoelectric emission or photo

emission.

Pw= Energy =1/8 p [] D?V? watt.
Time
Let,

p= Air density.
D=Diameter of the turbine blades
V= velocity of the blades (m/s)

Pw= Wind power ava.ilable]produce in watts

PV systems are categorised into three types
1) Autonomous PV system
2) Hybrid PV system
: 3) Grid connected PV system
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The theoretical emf of a fuel cell can be calculated from reaction free energy.
For the hydrogen-oxygen fuel cell at 25°C with the gas at atmospheric pressure | 5
the ideal emf'is 1.23 V.at 200° C.it is about 1.15V. The figure shows conversion

Current Drain

efficiency of a fuel cell. They have 2 types of losses

. 1) Reaction rate loss

2) Resistance loss.
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II.1 '
SL. Fixed Dome Type Plant Floating Drum Type Plant
No. ,
1 Low cost High cost
2 | No corrosion troubles Corrosion problem (painting once or
twice a year) . 6
3 | Better heat insulation Heat lost through metal glass holder
4 | No maintenance Some maintenance cost
5. | Skilled masons required Semi-skilled masons required
6 Gas production per cum is less | Gas production per cum is more.
7 | Variable gas pressure Constant gas pressure
8 | Scum formation is a problem | Less scum formation problem.
(as no stirring)
Any six points(1x1=6 marks)
s T Theoretical e.m.f.
' Reaction Rate Loss
o 1.0
2 Resistance
S Loss
S
© 25
8 0.5
4
6
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Solar radiation near the Earth's surface can be measured by the following ! : W

I1.3 instruments.

1) Pyrheliometer

2) pyranometer

3) Radiometer

4) Sun photometer

5). ground Radiometer

6) microwave Radiometer

7) multi filter rotating shadow band Radiometer

8) Narrow field of view Zenith Radiometer etc...

Any six (1x6=6 marks) 6
TTog j
1.4
Solar Panel
DC. Power From Panel
i (DC to AC)
Starter Control
Overhed Water T:
Pole
6
Groun
=— Bore Pump
Bore Well (or Tubewell)
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IL.5

II.6

Some of the important considerations for site selection for wind energy
conversion system are given below:
1) The wind energy conversion machine should be located in areas where
the winds are strong and persistent. An ideal site will be one where a
smooth steady wind flows all the time. average wind speed at which
WECS works is about 3.5 to 4.5 m.
2) Site for WECS should be at high altitude because, the Winds ten& to
- have higher velocities at higher altitude. _
3) The land cost should be low and the ground conditions at the site should
be suitable for installation.
4) The site selected should be near to the users of generated electrical
| energy.
5) At the site, the environmental conditions should not affect the aero
turbine blades and electrical apparatus, ‘
6) The site should be in near to the transport facilities such as road and

railway facilities.

Synchronous
Bridge (Commutated)

Wind Rectifier Inverter
Energy Alter- + To :
—— WT G/C nator — | = —K}—‘l—‘—Gfsd ;‘
34¢. tem

o Rl

D.C Sys
NOMENCLATURE : Transmission

System
WwT = WINDTURBINE
G/IC = GEARBOX/COUPLING

In this scheme the output of three phase alternator (synchronous generator) is
rectified by bridge rectifier. The DC output is transmitted through DC
transmission lines and then converted back to AC using synchronous inverters
and fed to the grid system. .

This scheme, involving small wind generators is commonly used in autonomous
applications such as Street lighting. Due to variable speed operation, it yields
high power for both low and high wind speeds. Both horizontal axis énd vertical

Axis turbines are suitable.
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I1.7 Inductor
Supply 4
) 6 |30
The key principle that drives the boost converter is the tendency of an inductor
to resist changes in current by creating and destroying a magnetic field. In a
boost converter, the output voltage is always higher than the input voltage. the
schematic arrangement of boost converter is shown above.
PART-C
L.oad
IIl.a Q

The fundamental concept of behind MHD is that magnetic fields can induce
currents in a moving conductive fluid, which in turn polarizers the fluid and
reciprocal changes the magnetic field itself. ‘
Magneto hydro dynamics power éeneration provides a way of generating
electricity directly from a fast-moving stream of ionised gases without the need

for any moving mechanical parts no turbines and no Rotary generators.
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Tofal

III.b

Il.c

Working principle.

The MHD generator can be considered to be a fluid dynamic is similar to a
mechanical Dynamo in which the motion of a metal conductor through a
magnetic field creates a current in the conductor except that in the MHD
generator the metal conductor is replaced by conducting gas plasma.

when a conductor moves through a magnetic field it creates an electrical field

perpendicular to the magnetic field and the direction of moment of conductor.

Biogas plants are mainly classified as:

1). Continuous and batch types (as per the process)
a) Single stage process
b) Double stage process
2) The Dome and the drum types

| a) Floating gas holder plant and
b) fixed dome digester _
3) Different variations in the drum type.
1) Solar power
2) Wind power .
3) Tidal power
4). Geothermal power
5) Thermoelectric power
6) Piezoelectric power

-7) Wave power
8) Magnetohydrodynamic
9) Ocean Thermal Energy
10) Biogas / Biomass
1’1) Fuel cells

Any six points(6 x %2 =3 marks)
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A fuel cell is an electrochemical cell that converts the chemical energy from a
= fuel into electricity through an electrochemical reaction of hydrogen fuel with
oxygen or another oxidizing agent. Fuel cells are different from batteries in 3
requiring a continuous source of fuel and oxygen (usually from air) to sustain
the chemical reaction, whereas in a battery the chemical energy comes from
chemicals already present in the battery. Fuel cells can produce electricity
continuously for as long as fuel and oxygen are supplied.
6
R!_
B———— AN :
W B ——
SE- Fiectonie =1
Nz Typically __—__‘Q\\
%:: 40% KOH ::‘%
-
N EN — 3
] ]
=] X =
" Perrmeable o, in
iz Nickel Electrode &
Vb The closed cycle or Anderson cycle of power generation from ocean Thermal
energy (OTEC). In closed cycle, ammonia or propane is used as working fluid.
&;Z% & Vapour —p = ret
P B 1 Evapurator !
: —\:3_9}_'.:: ': o:rapur or \” S
P i i urface
{2110 307¢c) € .| Boiler or Condensor
' ff: Heat Exchanger
Primary Secondary
Fluid —» Pump  Fluid 4
-+ N
Water
, Discharge V\gjﬁf Coﬂaﬁep
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The warm ocean surface water is pumped into the evaporator or boiler to extract
the heat from the ocean water. This heat is transferred to the working fluid in the
heat exchanger to evaporate. The vapour so produced in the heat eﬁ(changer is 7
transferred to the turbine to convert vapour energy into mechanical energy. The
electrical generator coupled to the turbine converts mechanical energy to
electricity. Large volume of ocean surface water must be circulated through the
heat exchanger to vaporise the working fluid. Thus, large size heat exchangers
are required. After producing the mechanical energy, the vapour is cooled to fluid
state and re-circulated. Hence it is known as closed cycle power plant.

There are four types of conversioril.technologies currently available, each
appropriate for specific biomass type and resulting in specific energy products.
T 1) Thermal conversion

2) Thermochemical conversion
3) Biochemical conversion

~4) Chemical conversion.

Parabolic system focuses solar energy at the focal point of parabolically shaped
dish at a temperature of about 800 degree Celsius the power plants will be

assembled by connecting many dishes together.

Solar

Concentrator

(a) PARABOLIC DISH CONCENTRATOR
Sun Rays

Receiver

o,

Parabolic dish

I_.“—J—--—-—- Two-axes Tracking Mechanism
1
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V.b

Focusing collector or. concentrating type solar collector is a device to connect
solar energy with high intensity of solar radiation on the Energy absorbing
Surface. Such collectors generally used optical system in the form of reflective
or refractors. A focusing collector is a special form of flat plate collector modified
by introducing a reflecting or a refracting surface between the solar radiation and
observer. in these collector’s radiation falling on the relatively large area is Focus
on to a receiver or absorber of considerably smaller area. As a result of energy
concentration fluids can be heated to temperature of 5000 degree Celsius or more.
A parabolic dish concentrates the incoming solar radiation to a point. An
insullated cavity containing tubes or some other heat transfer devices is placed at
this point absorbing ‘the concentrated radiation and transferring mto a gas. | 4

Parabolic dish must be tracked about two axes.

Solar pond is a new system of conversion of solar energy intb electrical energy.
A Solar pond is an artificially constructed pond in which significant temperature
rises are caused to occur in the lower regions by preventing convection. The pond
water is hot enough for space heating and other applications.

In the salt gradient solar Ponds, dissolved salt is used to create layers of water
with different densities. The surface zone has small thickness. The middle zone
is much thicker. It mainly serves as an insulating layer and reduces heat loss in
the upward direction. The Iowér or storage zone traps heat for long period and
act as thermal storage' medium. As salty water near bottom heats up. It expands;
however, it cannof rise because it is denser. 3
Conséquently, the bottom zone traps heat and becomes very hot from 65 degree
t0 90 degree Celsius while the surface remains at about 38 degree Celsius.

The schematic diagram of a solar pond is shown in the figure below. It has three

zones with increasing salinity with depth.
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Surface Zon \/@/ “)
Relatively Fresh Water

Insulation Zone
Increasing Salt

Storage Zone
Saturated Salt Water

\&m‘%s\\\x\\\k\&l

SCHEMATIC DIAGRAM OF A SOLAR POND

Hot Water Out

- 1) surface convective zone (0.3 — 0.5m salinity < 5%)

2) non-conductive zone (1 — 1.5m) in which salinity increases with depth.

3) Storage (lower convective) zone (1.5 m — 2m salinity =20%)
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VLb

Solar absorption Refrigeration system is shown in the figure

Solar radiation falls on the a:rray' of flat plate collectors. The water flowing
through the collectors gets heated up and this heat is transferred to a solution
(Ammonia and water) in the generator. Ammonia from solution gets evaporated
at high pressure. The vapour leaving the generator is condensed in a- condenser.
The condensed liquid then passes through a throttle valve where pressure is
reduced due to throttling expansion. The ammonia liquid passes through the
evaporator coils fitted in a cold storage space it absorbs heat from the space and
gets evaporated. Thus, space is cooled. The vépour leaving the evaporator enters
the observer where it is cooled by the water and is mixed with weak solution
which is drawn from the generator through expansion valve. The strong solution
of ammonia and water is pumped 'l_)ack to the generator where heat is added and

the cyclist repeated.
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Vil.a

The principle of solar stills is illustrated in the above figure. The saline water is
collected in a container closed with a glass plate (transparent cover). Solar energy
incident on thin layer and water is evaporated as it is heated by the Sun radiation.
The vapour condenses on the ﬁnderside of the glass plate due to lower
temperature of glass plate. On account of downward slope of glass plate,
condensed water (distilled water) flows down along the platé and collected in a
trough. A solar still can produce 3 to 5 litres of distilled water per square meters
on a day. The yield of distilled water depends on the temperature difference
between water and glass plate Solar distillation is the suitable method of
converting salt water into drinking water.

Distillation replicates the way nature makes réin. The sun's energy heats water to | 3
the point of evaporation. As the water evaporates, water vapor rises, condensing
into water again as it cools and can then be collected. This process leaves behind
impurities, such as salts and hé_avy metals, and eliminates microbiplogical

organisms. The end result is pure distilled water

1. FOUNDATION 2. CONNECTION TO THE ELECTRIC GRID 3. TOWER 4.
ACCESS LADDER 5. WIND ORIENTATION CONTROL (YAW CONTROL) o
6. NACELLE 7. GENERATOR 8. ANEMOMETER 9. ELECTRIC OR MECHANIC
BRAKE 10. GEARBOX 11. ROTOR BLADE 12. BLADE PITCH CONTROL
13. ROTOR HUB.
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VILb

Various major components of a wind mill or wind turbine are

1) Rotor blades: Rotor blades convert the wind energy into mechanical or
rotational energy. It is usually made of fiberglass

2) Rotor Hub: It is the junction (or connecting point) of rotor blades and
shaft _ :

3)' Generator: This converts the mechanical energy of the shaft into

electrical energy.

4) Gear box: The low speed of the rotor blades shaft is transforms into high

speed shaft of the generator

+5) Wind orientation control or yaw mechanism: It ensures the rotor blades

are parallel to wind orientation
6) Nacelle: It encapsulates all the components of the turbine.
7) Access ladder: It helps in, climbing the tower in case of any trouble or

for maintenance.

8) Anemometer: It measures the wind speed.

9) Brake: It is like car (disc brake) brake and is used for servicing the wind

- mill.

10) Foundation: Cement concrete and steel are used for foundation

S.No Horizontal Axis Vertical Axis

4. |More efficiency (Since all Efficiency is less.

1 | Axis of rotation is parallel Axis of rotation is perpendi-
to the ground. ‘cular to the ground.

2. | All the blades work at a time. | Only one blade works at a
time.

3. | Wind turbine works only for Wind turbine works in all

) specific wind direction. wind directions.

.blades works at a time).

5. |More ground area is needed. Less area is needed
(compared to horizontal
axis).

6. |[Can be located in remote area| Can be installed in urban
due to large area requirement. | areas. g

7. |Height is more. Height is less.
8. |Power transmission cost Power transmission cost is
increases. . _ less,

Any seven point(1 x 7= 7 marks)
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VIILa | o
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- Tube Well

High lift wind pumps are widely used to pump water from deep wells. It is shown
in Figure.

A piston reciprocates in the pump cylinder which is located near the bottom of
the tube well. This motion is derived from the crank attached to a rotor shaft.

Valves located in the piston yoke and the foot of the cylinder assure positive lit
to the column of water at each upward stroke of the piston. Wherever the wind
flow is present the water will be lifted. If the user does not want the water then
by operating a switch/lever the water lift can be stopped. The water should be
stored in the outlet because water cannot be lifted when we want since it depends | 3

on wind flow.
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VIILb

IX.a

1)

2)

3)

4)

3)

7)

8)

Aﬁ array of solar modules charges a battery bank through a charge controller.
An inverter converts the battery DC power to mains grade AC power. The
backup time of the system can be designed as per the customer's requirement.
The solar power generation system works either in the stand alone or grid
interactive mode. In the stand-alone mode, the battery bank is charged only on
solar power n the grid interactive mode, a mains charger supplements solar
charging. Logic built into the charger senses if solar energy is inadequate to
charge batteries (low sunshine or batteries deep discharge switches the batteries

onto the main charger.

The environmental impact of wind power when compared to the
environmental impacts of fossil fuels is relatively minor.

Compared with other low carbon power sources, wind turbines have some
of the lowest global warming potential per unit of electrical energy
generated

While wind turbine ihstallations may cover a large area, they are
compatible with many land uses such as farming and grazing,

Wind turbines generate some noise. At a residential distance of 300 metre
this may be around 45 dB, which is slightly louder than a refrigerator
From a fundamental biological point of view, it is known that loud noise
increases stress and stress causes diseases

Aesthetic aspects of wind turbines and resulting changes of the visual
landscape can be significant, Conflicts arise especially in scenic and
heritage protected landscapes Siting restrictions (such as setbacks) have
often been implemented to limit any intrusive environmental impacts
There are reports of bird and bat mortality at wind turbines as there are
around other artificial structures the scale of the ecological impact may or
may not be significant, |
depending on specific circumstances Prevention and mitigation of
wildlife fatalities, and protection of peat bogs, affect the. siting and
operation of wind turbines.

Any four points from above.
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)

2)

3)

4)

5)

~ into the charger detects if sunshine is low (e.g. on rainy days) or depth of

"F

Computer

{ijifi !
1—_
0

Array
Junction
Box

o i s O 5 o e o

Fan

(P; Solar Charge
U Controller

Battery Bank J

> & Light
S

LAROEIO—~C =~y

SolarArray: -
Solar photovoltaic (SPV) Modules: The solar array consists of SPV
modules generating the desired design power. The array is configured as
series and parallel, connected sub arrays. The system voltage made
available to charge the batteries depends on the number of modules
connected in series.
Junction box: ;
The interconnections between panels are connected in a junction box that
also contains the blocking diodes to prevent reverse flow of power from
batteries to panel in the absence of sunlight. +ve and -ve cables are drawn
from the junction box to the Power Conditioning Unit (PCU). The array
is mounted on'a specially designed common support structure.

1
BatteryBank: '
The battery bank comprises of number of batteries connected in series and

 parallel to give the desired design voltages and currents. The batteries are | 4

of tubular plate type with low self-discharge and require low maintenance.
The batteries are mounted on a wooden stand or on a MS structure with
insulators.

Charge controller:

The charging of the battery bank is controlled by means of the charge
controller. The charge controller ensures that the batteries are not over
charged or ~over discharged
The mains charger is provided to augment the solar charging. Logic built

battery discharge is below the specified limit, and automatically switch
the batteries over the AC mains charger. When the batteries are fully
charged, the output of battery charger charge controller floats', thereby
preventing battery over charge. '

Inverter: The inverter converts the DC supply from the battery to mains
grade of 230 V, 50 Hz AC supply. The capacity of the inverter is decided
on the load that is to be connected to the solar system. The output of the
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inverter is pure sine wave with power factor correction. Hence poor power
factor loads such as conventional 40 W fluorescent tubes can also be
safely operated on the inverter
_6) Distributionboard:
From the distribution board the power is tapped to various loads.
IX.b L

Rectifier

Inverter

%Transformer Grid

Diode rectifier-based converter: In this converter system a variable frequency and

L]

variable magnitude AC power from the wind turbine generator is firstly converted
to a DC power by a diode rectifier circuit and then converted back to an AC power
at different frequency and voltage level by a controlled inverter. The diode
rectifier (uncontrolled rectifier) b’ésed converter system transfers power in a
single direction e.g. from generator to the grid. This type of power converter is
normally used in a wound rotor synchronous generator (WRSG) or a permanent
magnet synchronous generator (PMSG) based wind power generaﬁon system
instead of an induction generator. In WRSG based system, to achieve variable 3
speed operation the systems use an extra excitation circuit, which feeds the
excitation winding of WRSG. The PMSG based wind turbine generator systems
are equipped with a step-up chopper circuit. The step-up chopper adapts the
rectifier voltage to the DC-link voltage of the inverter. Controlling the inductor
curfent in the step-up chopper can control the

generator torque and speed. The di@de rectifier with step-up chopper-based power

conditioning system is illustrated in Fig 4.9. The output voltage of this converter
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system is in the range of 380-690 V. Therefore, a step-up transformer is
commonly installed inside the nacelle to feed-in the energy into an medium
voltage grid. Many power semiconductor vendors [such as Semikron, ASEA
brown boveri (ABB), and Mitsubishi Electric] produce devices specially
designed for this type of converter in a module form, all the devices in a single
pack, which reduces the cost and complexity of the power conditioning system.
Xa Maximum power point tracking (MPPT or sometimes just PPT) is a technique

used commonly with wind turbines and photovoltaic (PV) solar systems to
maximize power extraction under -e_ill conditions.

Although solar power is mainly covered, the principle applies genérally to
sources with variable power: for example, optical power transnnssmn and thermo
photo voltaic. _

PV solar systems exist in many different configurations with regard to their
relationship to inverter systems external grids, battery banks, or other electrical
loads. Regardless of the ultimate destination of the solar power, though, the
central problem addressed by MPPT is that the efficiency of power transfer from
the solar cell depends on both the amount of éunlight falling on the solar panels
and the electrical characteristics of the load. As the amount of sunlight varies, the
load characteristic that gives the hlghest power transfer efficiency changes, so
that the efficiency of the system is optimized when the load characteristic changes
to keep the power transfer at highest efficiency. This load characteristic is called
the maximum power point and MPPT is the process of finding this point and
keeping the load characteristic there. Electrical circuits can be designed to present
arbitrary loads to the photovoltaic cells and then convert the voltage, current, or
frequency to suit other devices or systems, and MPPT solves the problem of
choosing the best load to be presented to the cells in order to get the most usable
power out.

Solar cells have a complex relationship between temperature and total resistance
that'ﬁroduces a non- linear output efficiency which can be analysed based on the

V-I curve. It is the purpose of the MPPT system to sample the output of the PV
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