
UNIT 4

Solar Power1



SYLLABUS:

 4.1 Describe the salient feature of solar thermal 

and PV system.

 4.2 Describe the solar cooker and solar water 

heater.

 4.3 Describe of working of solar PV system.

 4.4 State the salient feature of polycrystalline 

and thin film PV system.
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INTRODUCTION

 Solar cells have inbuilt electric fields that force 

the freed electrons to flow in a certain direction. 

Metal contacts on the top and bottom of the PV 

cell enable the cell to generate a current in an 

external circuit. This current, together with the 

cell's voltage (which is a result of its in-built 

electric fields), defines the power (or wattage) 

that a solar cell can produce.
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4.1 SOLAR RADITATION

 Solar radiation is all of the light and energy that 

comes from the sun, and there are many different 

forms. The electromagnetic spectrum explains 

the different types of light waves that are emitted 

from the sun. 

 Light waves are similar to waves you see on the 

ocean - they move up and down and travel from 

one place to another.
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4.1.1SPECTRAL DISTRIBUITION OF 

SOLAR RADIATION

 The graph below shows the amount of radiation 

produced by the Sun over the wavelength range 

10 Angstroms (1 Angstrom = 10-10metres; or 0.1 

nanometres) to 50,000 Angstroms. This range 

spans from the extreme ultraviolet, through the 

ultraviolet, visible and into the infra-red. The 

vertical axis on the graph gives the amount of 

radiation received from the Sun above the 

Earth's atmosphere and so is not affected by the 

varying transmission of the atmosphere.
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CONT…
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4.1.2 EFFECTS OF ATMOSPHERE ON 

SOLAR RADITION

 Absorption

 Reflections

 Scattering

 Refractions
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CONT..

 Absorption:

As solar radiation passes through the atmosphere,

gasses, dust and aerosols absorb the incident

photons. Specific gasses, notably ozone (O3),

carbon dioxide (CO2), and water vapor (H2O),

have very high absorption of photons that have

energies close to the bond energies of these

atmospheric gases. This absorption yields deep

troughs in the spectral radiation curve.
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CONT..

 Reflections

The greenhouse effect is the natural warming of

the Earth’s atmosphere. Solar radiation enters

the atmosphere mainly as light, and some of

that radiation is absorbed by the Earth’s surface

then changed to heat that is reradiated into the

atmosphere where it is absorbed by greenhouse

gases then reradiated back to Earth again.
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CONT..

 scattering

Three atmospheric processes modify the solar

radiation passing through our atmosphere

destined to the Earth's surface. These processes

act on the radiation when it interacts with gases

and suspended particles found in the

atmosphere. The process of scattering occurs

when small particles and gas molecules diffuse

part of the incoming solar radiation in random

directions without any alteration to the

wavelength of the electromagnetic energy .
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CONT…

 Refractions

Atmospheric refraction is the deviation of light or

other electromagnetic wave from a straight line

as it passes through the atmosphere due to the

variation in air density as a function of height. ...

Astronomical or celestial refraction causes

astronomical objects to appear higher in the sky

than they are in reality.
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4.1.3 TYPES OF SOLAR RADIATIONS

1.Beam radiation or direct radiations

2.Diffused radiations

3.Total radiations

4.Solar constant
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CONT…

1.Beam radiation or direct radiations

Direct radiation is received from sun rays

travelling in a straight line from sun to the earth.

Direction radiation is also termed as beam

radiation or direct beam radiation. As direct

radiation is sun rays travelling in a straight line,

shadows of the objects which come in the way of

sun rays are formed. Shadows indicate the

presence of direct radiation.
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CONT..

2.Diffused radiations

Direct radiation has a fixed direction. Diffuse

radiation does not have any fixed direction. When

sun rays are scattered by particles present in the

atmosphere, these scattered sun rays account for

the diffuse radiation. Shadows of the objects will

not form if only diffuse and no direct radiation is

present.
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CONT…

3.Total radiations

Global radiation is the sum of direct, diffuse and 

reflected radiation

4. Solar constant

The rate at which energy reaches the earth's

surface from the sun, usually taken to be 1,388

watts per square metre.
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4.1.4 PRINCIPLES OF MEASUREMENT OF

SOLAR RADIATION

1. Principle of Thermocouple

2. Photovoltaic principle

3. Principle of solar concentration
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CONT..

1.Principle of Thermocouple

A thermocouple is a device made by two different

wires joined at one end, called junction end or

measuring end. The two wires are called thermo

elements or legs of the thermocouple
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CONT..

2. Photovoltaic principle

The joint between these two semiconductors is 

called the "P-N junction." Sunlight striking 

the photovoltaic cell is absorbed by the cell.
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CONT..

3. Principle of solar concentration

A new principle for collecting and concentrating

solar energy, the ideal cylindrical light collector,

has been invented. This development has its

origins in detecting Cherenkov radiation in high

energy physics experiments.

20



4.1.5 SOLAR CONSTANT

The total radiation energy received from

the Sun per unit of time per unit of area on a

theoretical surface perpendicular to the Sun’s

rays and at Earth’s mean distance from the Sun.

It is most accurately measured

from satellites where atmospheric effects are

absent.
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4.1.6 INSTRUMENTS FOR MEASURING THE

SOLAR RADIATIONS

1. Pyranometers

2. Pyrheliometers

3. Sunshine Recorder

4. PHOTOVOLTAIC SOLARIMETER
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CONT…

1.Pyranometers 

 Measure beam radiation + diffused radiation

 Measure diffused radiation when shading ring is 

used

 PRINCIPLE

 Black surface absorb

 White surface reflect unnecessary heat

 Temp. Diff. of B and W detect thermopile in mV

 Calibration
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CONT
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CONT…

2. Pyrheliometers

 Used to measure direct beam radiation

 Principle:

 Temperature difference between black and white

Converted into EMF

 proportional to energy incident on surface 

 Shape collimator tube
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CONT…
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CONT…

3. Sunshine Recorder 

 Use to measure duration of the day when there 

was bright sun shine give beam radiation. 

 Construction:

 Transparent glass sphere mounted on heavy base

 Bowl provided below glass sphere

 Grove is provided to insert paper
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CONT…
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CONT…

4. PHOTOVOLTAIC SOLARIMETER 

 Typical pyranometer measure solar flux intensity

 Working principle PV cell

 Solar energy ,Solar cell , Variable resistive load

Current produced

 Moved in direction off sun

 Meter calibrated in watt per meter square
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CONT
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4.2 SOLAR PHOTO VOLTAIC SYSTEM

Solar cells convert sunlight directly into

electricity. Solar cells are often used to power

calculators and watches. They are made of

semiconducting materials similar to those used in

computer chips. When sunlight is absorbed by

these materials, the solar energy knocks

electrons loose from their atoms, allowing the

electrons to flow through the material to produce

electricity.
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4.2.1 PRINCIPLE OF PHOTO VOLTAIC CELL

 The joint between these two semiconductors is

called the "P-N junction." Sunlight striking

the photovoltaic cell is absorbed by the cell. The

energy of the absorbed light generates particles

with positive or negative charge (holes and

electrons), which move about or shift freely in all

directions within the cell.
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CONT…
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4.2.2 SEMICONDUCTORS AND THEIR TYPES

1.Semiconductor materials

2.Silicon

3.Germanium

4.Gallium

5.Arsenide

6.Cadmium sulphide

7.Copper sulphide

8.Tin sulphide
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CONT…

 Properties of semiconductor materials:

 The conductivity of those elements with

four valence electrons is not as good as the

conductors but still better than the insulators,

and they are given the name semiconductors. The

two semiconductors of great importance are

silicon (Si ) and germanium (Ge ), both of which

have four valence electrons.
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4.2.3 P-N JUNCTION

 When a p-n junction is formed, some of the free

electrons in the n-region diffuse across

the junction and combine with holes to form

negative ions. In so doing they leave behind

positive ions at the donor impurity sites. Show

more detail of depletion region. Index.

Semiconductor concepts.
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4.2.4 PROCESS OF CHARGE COLLECTION IN

P N JUNCTION

 The bias and angle dependences of the alpha-

particle-induced charge collected by GaAs p-n 

junction diodes are investigated. 

 These diodes, in which the n-layer overlays the p-

layer, are fabricated in a semi-insulating GaAs 

substrate by Si and Mg ion implantation. /sup 

241/Am placed in a vacuum is used as an alpha-

particle source with an initial energy of 4.03 MeV 

and a fluence of 5.4*10/sup -5//s/ mu m/sup 2/. 

The results show that the collected charge is 

nearly independent of the applied bias.
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4.2.5 CONSTRUCTION OF SILICON CELL

 For silicon solar cells, the basic design

constraints on surface reflection, carrier

collection, recombination and parasitic

resistances result in an optimum device of about

25% theoretical efficiency
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CONT…
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4.2.6 PROPERTIES OF SILICON IN SOLAR

CELLS

 The operation of a photovoltaic (PV) cell requires 

three basic attributes:

 The absorption of light, generating ither electron 

hole pairs or excitons

 The separation of charge carriers of opposite 

types.

 The separate extraction of those carriers to an 

external circuit.

41



4.2.7 VARIOUS TYPES OF SOLAR CELLS

1. Monocrystalline silicon 

2.Polycrystalline solar cell 

3. Amorphous Silicon solar cell

4.Ribbon Silicon cell

5. Cadmium telluride solar cell

6. Gallium arsenide germanium solar cell

7.Schottkey Junction

8.Metal insulator semi conductor cell
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CONT…

1. Monocrystalline silicon 

The Monocrystalline silicon cell is produced from 

pure silicon (single crystal). Since the 

Monocrystalline silicon is pure and defect free, 

the efficiency of cell will be higher
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CONT…

2.Polycrystalline solar cell 

In polycrystalline solar cell, liquid silicon is used as

raw material and polycrystalline silicon was

obtained followed by solidification process. The

materials contain various crystalline sizes.

Hence, the efficiency of this type of cell
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CONT…

3. Amorphous Silicon solar cell

The layer thickness amounts to less than 1µm –

the thickness of a human hair for comparison is 

50-100 µm. 

The efficiency of amorphous cells is much lower 

than that of the other two cell types
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CONT…

4.Ribbon Silicon cell

Ribbon growth has the capability of using less

silicon compared to other wafer production

methods as wafers are manufactured to the

approximately correct specification avoiding the

need for sawing of silicon blocks.
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CONT…

5.Cadmium telluride solar cell

Cadmium telluride (CdTe) photo voltaics describes

a photovoltaic (PV) technology that is based on

the use of cadmium telluride, a

thin semiconductor layer designed to absorb and

convert sunlight into electricity.
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CONT..

6. Gallium arsenide germanium solar cell

The majority of multi-junction cells that have been

produced to date use three layers (although many

tandem a-Si:H/mc-Si modules have been

produced and are widely available). However, the

triple junction cells require the use of

semiconductors
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CONT…

7.Schottkey Junction

To a first approximation, the barrier between a metal

and a semiconductor is predicted by the Schottky-

Mott rule to be proportional to the difference of the

metal-vacuum work function and the

semiconductor-vacuum electron affinity.
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CONT…

8.Metal insulator semi conductor cell

Silicon solar cells based on the metal-insulator-

semiconductor structure have received much 

attention recently because of the potential of 

these devices
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4.2.8 MERITS AND DEMERITS OF PHOTO

VOLTAIC TECHNOLOGY

Advantages: 

 PV panels provide clean – green energy. During 

electricity generation with PV panels there is no 

harmful greenhouse gas emissions thus solar PV 

is environmentally friendly.

 Solar energy is energy supplied by nature – it is 

thus free and abundant!

 Solar energy can be made available almost 

anywhere there is sunlight
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CONT…

 Disadvantages 

 As in all renewable energy sources, solar energy 

has intermittency issues; not shining at night but 

also during daytime there may be cloudy or rainy 

weather.

 Consequently, intermittency and unpredictability 

of solar energy makes solar energy panels less 

reliable a solution.

 Solar energy panels require additional equipment 

(inverters) to convert direct electricity (DC) to 

alternating electricity (AC) in order to be used on 

the power network. 52



4.2.9 APPLICATION OF SOLAR PHOTO

VOLTAIC TECHNOLOGY

 Advances in technology and increased 

manufacturing scale have in any case reduced 

the cost.

 once installed, its operation generates no 

pollution and no greenhouse gas emissions

 Advances in technology and increased 

manufacturing scale have in any case reduced 

the cost, increased the reliability, and increased 

the efficiency of photovoltaic installations.
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4.3 SOLAR THERMAL COLLECTORS

 Definition: 

 Solar thermal energy (STE) is a form of energy 

and a technology for harnessing solar energy to 

generate thermal energy or electrical energy for 

use in industry, and in the residential and 

commercial sectors.
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4.3.1CLASSIFICATION OF SOLAR THERMAL

1.According to working fluids

2. According to mounting of collector on the stand

3. According to method of collection  of radiation

4. According to type of absorber plate

5. According to the flow of fluid

6. According to the cover glass design

7.Vacume tube collector
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4.3.2  LIQUID FLAT PLATE COLLECTOR

 A Flat Plate Collector is a heat exchanger that 

converts the radiant solar energy from the sun 

into heat energy using the well known 

greenhouse effect.

 Following components:

1.Absorber Plate

2.Tubes

3.Transparent Cover

4.Insulation

5.Casing or box
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CONT…

1.Absorber Plate

An absorber plate, treated with a selective 

surface coating to increase the fraction of 

incoming radiation absorbed.

2.Tubes 

Flow tubes through which the heat transfer fluid 

circulates.

3. Transparent Cover 

A transparent cover, or glazing, which limits the 

radiation and convection heat losses
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CONT…

4.Insulation

A layer of insulation which reduces conduction 

losses

5.Casing or box 

An box to contain the different elements
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6.VARIOUS DESIGN OF SOLAR FLAT PALTE

COLLECTOR

There are many design of absorber plates and 

tubes used in flat plates collectors as below:
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4.3.4 ADVANTAGES & DISADVANTAGES

OF FLAT PLATE COLLECTOR.

 Advantages 

Improving transmittance of cover plate.

Improving absorption of the absorber plate.

Improving hear transfer coefficient from absorbing 
surface to the fluid.

Disadvantages:

They bulky and difficult to transport.

Efficiency is 60 percentage or less.

High tramepature is required.
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4.3.5 APPLICATION OF FLAT PLATE

COLLECTOR

The main use of this technology is in residential

buildings where the demand for hot water has a

large impact on energy bills. This generally

means a situation with a large family, or a

situation in which the hot water demand is

excessive due to frequent laundry washing.

Commercial applications include Laundromats, car

washes, military laundry facilities and eating

establishments. The technology can also be used

for space heating if the building is located off-grid

or if utility power is subject to frequent outages.
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4.4 SOLAR AIR HEATER

 This post provides the description and analysis 

of different types of solar air heaters used in 

space heating and drying purposes. The Solar air 

heaters have the following advantages over other 

solar heat collectors.
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4.4.1 WORKING OF SOLAR AIR HEATER

 The applicability of the solar air

heater depends on various factors like high

efficiency, low fabrication cost, low installation

and operational cost and some other specific

factors regarding specific uses.

 Extensive work in solar air heaters has been

done. Various geometries have been proposed and

their theoretical investigation is carried out. But

it needs commercial exploitation.

65



4.4.2 TYPES OF SOLAR AIR HEATER

 Non-porous Type solar air heater

 Porous type solar air heater
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NON-POROUS TYPE SOLAR AIR HEATER

 In non-porous type, air stream does not flow 

through below the absorber plate but air may 

flow above and/or behind the plate.

 In first type, no separate passage is required and 

the air can flows between the transparent cover 

system and the absorber plate.

 The non-porous type with air passage below the 

absorber is most commonly used.
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NON-POROUS TYPE SOLAR AIR HEATER
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POROUS TYPE SOLAR AIR HEATER

 The second type of air heaters has porous 

absorber which may include slit and expanded 

metal, overlapped glass plat absorber and 

transpired honeycomb.
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CONT…
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4.4.3 ADVANTAGE AND DISADVANTAGE

SOLAR AIR HEATER

 Solar Air Heater Advantages

 The need to transfer heat from working fluids to 

another fluid is eliminated as air is being used 

directly as the working substance. The system is 

compact and less complicated.

 Corrosion is a great problem in solar water 

heater. And this problem is not experienced in 

solar air heaters.

 Leakage of air from the duct does not create any 

problem.
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 Disadvantage: 

 Air heaters have certain disadvantages also the 

first and foremost is the poor heat transfer 

properties of air. Special care is required to 

improve the heat transfer.

 Another disadvantage is the need for handling 

large volume of air due to its low density.

 Air cannot be used as a storage fluid because of 

its low thermal capacity.

 In the absence of proper design the cost of solar 

air heaters can be very high.
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COMPARISON BET’N LIQUID FLATE

PLATE COLLECTOR & AIR COLLECTOR

1.    Water is passing through 1. There is no Water tubes 

tubes.

2.     Leakage stops the functioning             2. Does not stop

of collector 

3.    Problem of corrosion 3. No

4.    Liquid may get frozen 4. No such problem

5.    Higher collector efficiency. 5. Lower

6.    No fans is require 6.  require

Liquid Collector Air Collector
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4.5APPPLICATION OF SOLAR ENERGY

 1.Direct Method

 2.Indirect Method
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 1.Direct Method

 Direct solar water heating systems pass potable 

water through the thermal collector that eventually 

flows directly to the desired application (the faucet, 

the showerhead, etc.).

 Traditionally, indirect systems are more successful 

nationwide than direct systems because of their 

resistance to cold.
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 2.Indirect Method

 Indirect systems require an additional pump to 

circulate the fluid through the closed-loop system.

 Indirect systems require an additional pump to 

circulate the fluid through the closed-loop system.
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DIFFERENCE BETWEEN DIRECT AND

INDIRECT SOLAR ENERGY

Direct Solar Energy Indirect Solar Energy

Taking energy from the sun 

itself Taking energy from the 

sun itself

In forms of biomass, wood, 

hydropower, etc. 

Sunlight into electricity Harnessing energy stored in 

materials that absorb 

sunlight during growth
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4.5.1 SOLAR WATER HEATING

 Solar water heating (SWH) is the conversion

of sunlight into heat for water heating using

a solar thermal collector. A variety of

configurations are available at varying cost to

provide solutions in different climates and

latitudes. SWHs are widely used for residential

and some industrial applications.
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4.5.2 SOLAR COOKING

 Solar cooking is done by means of the suns UV 

rays.

 A solar cooker lets the UV light rays in and then 

converts them to longer infrared light rays that 

cannot escape. Infrared radiation has the right 

energy to make the water, fat and protein 

molecules in food vibrate vigorously and heat up.

 It is not the sun’s heat that cooks the food, nor is 

it the outside ambient temperature, though this 

can somewhat affect the rate or time required to 

cook, but rather it is the suns rays that are 

converted to heat energy that cook the food. 80



CONT…
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 Types of solar cooker

 1. Box type Cooker

 2.Outer type of solar cooker

 3.Inner type of solar cooker

 4.Insulation

 5.Double glass lid

 6.Mirror paneled outer lid
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 1. Box type Cooker

 The most common and popular variety is 
probably the box cooker. Its design is based 
on the concept of a traditional modern oven 
where the food is placed inside of an 
insulated box for purposes of retaining or 
trapping the solar rays that have been 
converted to heat energy.
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4.5 APPLICATION OF SOLAR ENERGY

 2.Outer type of solar cooker

 Its made up from wooden or sheet metal and 

provided with handle.

 3.Inner type of solar cooker

 Its made up from sheet metal and painted with 

black color.

 4.Insulation

 In the space between the outer box and inner box 

insulating materials like glass wool.

 5.Double glass lid

 A lid which can close or open is provided over the 84
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Empty space where the food material is kept for 

cooking.

6.Mirror paneled outer lid

This is sheet metal cover to close or open the box or 

cooker.

85



WORKING OF SOLAR COOKER

 First, you would need a darkened or blackened

pot with a lid. This can be a pot such as a cast

iron Dutch oven, a black enamelled roasting pan

such as a chicken or turkey roaster or any pot

that you might blacken on the outside with a

non-toxic, weatherproof paint. Dark surfaces

become very hot; they heat up more quickly than

shiny surfaces.
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 Then you will need to obtain a clear transparent 

covering such as a large glass bowl or a durable 

plastic oven cooking bag.This will be used for 

retention of heat and will also allow the rays of 

the sun to be able to penetrate to the darkened 

cooking pot and food,thus raising the cooking 

temperatures and preventing the heat from 

escaping.
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CONT…

 Next you will need a material that will reflect

extra sunlight towards the cooking apparatus so

as to concentrate the suns rays. This is usually

accomplished in the form of some type of

reflecting surface such as mirrors, aluminium foil

and buffed tin or sheet metal. With the help of a

reflecting surface you will be able to increase the

temperatures and to cook the food more rapidly.
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SOLAR OVEN

 Use the sun's energy to heat up a tasty treat 

with this simple solar oven! Have you ever 

heard the expression that it's so hot out you 

could fry an egg on the sidewalk? Have you 

ever wondered if it's true? Find out with this 

easy, fun, and delicious solar oven science 

project that uses only household items and a 

pizza box. Plus, learn about absorption, 

insulation, and the sun's energy.
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ADVANTAGE OF SOLAR COOKER

 1. eco-friendliness

 2. maintain better air quality indoors.

 3. reduce carbon monoxide emissions.

 4.conserve more fuel by reducing the need for air 

conditioning.

 5. money saving
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4.5.3 SOLAR PHOTOVOLTAIC PUMPING

SYSTEM

 The deficit in electricity and high diesel costs affects 

the pumping requirements of community water 

supplies and irrigation; so using solar energy for 

water pumping is a promising alternative to 

conventional electricity and diesel based pumping 

systems. Solar water pumping is based on 

photovoltaic (PV) technology that converts solar 

energy into electrical energy to run a DC or AC 

motor based water pump.
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SOLAR PHOTOVOLTAIC PUMP
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