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�  DESCRIPTION OF FLAT PLATE COLLECTOR

Flate plate collectors are the most common solar collector for solar water heating system in

homes and solar space heating.

These collectors heat liquid or air at temperature less than 90°C. They are made in rectangular

panels form about 1.7 to 2.9 sqm in area and are relatively simple to construct and current.

Flat plates can collect and absorb both direct and diffuse solar radiation.

A typical flat plate collector is shown in figure.

It has five important parts : 

1. Dark flat plate absorber of solar

Energy : The absorber consists of a thin absorber sheet because of the metal is a good heat

conductor.

This is normally metallic or with a black surface, although a wide variety of other materials can

be used with air heaters.

2. Transparent cover : Which may be one or more sheets of glass (or) radiation transmitting

plastic film or sheet but reduces heat losses.

3. Heat transport fluid : To remove heat from the absorber fluid is usually circulated through

tubing or channels to transfer heat from the absorber to an insulated water tank.
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4. Heat insulation backing : Often backed by a grid or coil of fluid tubing to minimise the heat

losses.

5. Insulating casing : The casing or container which enclose the other components and protects 

them from the weather.

FPC may be divided into two main classifications based on the type of heat transfer fluid.

(1) Liquid flat plate collectors.

(2) Air flat plate collectors.

�  LIQUID HEATING TYPE FPC

A flat-plate collector is placed at a location in a

position such that its length aligns with the line of

longitude and is suitably tilted towards south to have

maximum collection. The positioning of the collector

is shown in fig. The constructional details of a simple

flate plate collector are shown in fig. The basic

elements in a majority of these collectors are : 

(i) Transparent cover (one or two sheets) of

glass or plastic).

(ii) Blackened absorber plate usually of copper,

aluminium or steel.

(iii) Tubes, channels or passages in thermal

contact with the absorber plate. In some

designs, the tubes form an integral part of

absorber plate.

(iv) Weather tight insulated container to enclose

the above components.
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A liquid most commonly water is used as the heat transport medium from the collector to the

next stage of the system. However, some times a minture of water and ethylene glycol (antifreeze

mixture) is also used if the ambient temperatures are likely to drop below 0°C during nights. The

absorber plate is usually made from a metal sheet ranging in thickness from 0.2 to 1 mm. The metallic

tubes range in diameter from 1 to 1.5 cm. In some designs. The tubes are bonded to the top or in line.

Header pipes, which are of slightly larger diameter of typically 2 to 2.5 cm, lead the water in and out of 

the collector and distribute to tubes. In the bottom and along the side walls, thermal in solution

provided by a 2.5 to 8 cm thick layer of glass wool prevents heat loss from the rear surface and sides of

the collector. The glass cover also prevents heat loss due to convection by keeping the air stagnant.

The glass cover may reflect some 15% of incoming solar radiation, which can be reduced by applying

anti-reflective coating on the outer surface of the glass. The usual practice is to have one or two covers

with specing ranging from 1.5 to 3 cm. Transparent plastics may also be used in place of glass but they

offer in ferior performance as compared to glass. 

A variety of absorber-plates designs have been developed as shown in fig. 

(i) Pipe-and-fin type : Here the liquid flows only in the pipe and hence they have a

comparatively low wetted area and liquid capacity.

(ii) Rectangular or cylindrical full sandwich type :

In this, both the wetted area and water capacity are high.

(iii) Roll-bond or semi-sandwich type : It is an intermediate between the above two types.

�  FLATE PLATE COLLECTORS

Flate Plate collectors

In concentration type solar collectors, solar rediation is converged from a large area into a

smaller area using optical means.

A flat-plate capacitor is simple in construction and does not require sun tracking. The principal

advantage of a flat-plate collector is that because of the absence of optical concentration, the area from

which heat is cost is large. Also, due to the same region high temperature cannot be attained.

The main advantage of concentration type collectors is that high temperatures can be attained

due to concentration of radiation this also fields high temperature thermal energy.
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Liquid flat-plate collector : 
A flat-plate collector is placed at a location in a position such that its length aligns with the line

of longitude and is suitably titled towards south to have maximum collection. The basic elements in a

majority of these collectors are :

(i) Transparent cover of glass or plastic.

(ii) Blackened absorber plate usually of copper, aluminium or steel.

(iii) Tubes, channels or passages in thermal contact with the absorber plate.

(iv) Weather tight-insulated container to enclose the above components.

A liquid, most commonly water, is used as the heat transport medium from the collector to the

next stage of the system. However, sometimes a mixture of water and ethylene glycol is also used in

the ambient temperatures are likely to drop below 0°C during nights. As solar radiation strikes on a

specially treated metallic absorber plate, it is absorbed and raises the plates temperature. The absorber

plate is usually made from a metal sheet ranging in thickness from 0.2 to 1 mm. The heat is transfered

to the heat transfer liquid circulating in the tube. The metallic tubes range in diameter from 1 to 1.5 cm. 

These are soldered, brazed, welded or pressure bonded to the absorber plate with a pitch ranging from

5 to 12 cm. Header pipes, which are of slightly larger diameter of typically 2 to 2.5 cm, lead the water

in and out of the collector and distribute to tubes. The header pipes, is copper, but other metals and

plastics have also been tried. In the bottom and along the side walls thermal insulation procided by a

2.5 to 8 cm thick layer of glass wool prevents heat loss from the rear surface and sides of the collector.

The glass cover also prevents heat loss due to convection by keeping the air stagnant. Transparent

plastics may also be used in place of glass but they often offer inferior performance as compared of

glass. Most plastics are not as opaque to infrared radiation as glass. The life of a plastic material is

short when exposed to sun rays.

A variety of absorber plate designs have been developed as shown in fig. these absorber plates

can be broadly divided into three basic types of depending on the extent of wetted area relative to the

absorbing surface area.

(i) Pipe-and-fin type : Here, the liquid flows only in the pipe and hence they have a

comparatevely low wetted area and liquid capacity.
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(ii) Rectangular (or) cylindrical full-sandwich : 

In this both the wetted area and water capacity are high.

(iii) Roll-bond (or) semi sandwich type : 

It is an intermediate between the above two types : 

�  TIN EFFICIENCY

The heat transfer takes place from a rod/fin of uniform cross-section area prettending from a flat 

wall in practical application.

Fin may have varying cross sectional area and may be attached to the circular surfaces. In side

to indicate the effectiveness of a fin in transfering a given quantity of heat a new parameter called fin

efficiency. It is defined as 

F =  actual heat transfered

Heat transfer for entere fin area at base temperature.

The temperature distribution between two tubes can be divided. If it temperaly assumes the

temeprature gradient in the flow direction is negligible.

Collector efficiency : The solar energy collection efficiency, ncol of both thrmal collectors and

photovolatic collectors is defined as the ratio of the rate of aseful thermal energy leaving the collector

to the useable solar irradeance falling on the aperture area.

 Simply stated, collector efficiency is 

     ηcol
usefull=

Q

A Ia a

Where Qusefull  = rate of (usefull) energy output ( )ω

   Aa = Aperture area of the collector (cm 2 )

    I a = Solar irradiance falling on collector aperture (w/m 2 )
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The incoming solar irradiance falling on the collector aperture, I a , multipliced by the collector

aperture area represents the maximum amount of solar energy that could be captured by that collector.

Evacuated tube collector
The performance of a flat-plate collector can be improved by suppressing or reducing the heat

lost from the collector by convection and conduction. This is done by having vaccum around the

absorber. As a consequence, it becomes essential  to use a glass tube as a cover because only a tubelar

surface is able to withstand the stresses introduced by the pressure differences as a result of vacuum.

The collector consits of a number of long tubular modules stacked together. 

Evacuated tube collectors are very expensive compared to conventional flate-plate collectors.
Thus, it is possible to consider them only for high fluid temperature in a range 100 to 130°C.

Temperature distribution in FPC
A liquid heating collector shown in fig.

Fig. (a) shows region between two tubes. Some of the solar energy absorbed by the plate must

be conducted along the plate to the region of the tubes. Thus the temperature midway between the

tubes will be hihger than the temperature in the vicinity of the tubes. The temperature above the tubes

will be nearly uniform because of the presence of the tube and cued metal.

The energy transferred to the fluid will heat the fluid, causing a temperature gradient to exist in
the direction of flow since in any region of the collector the general temperature level is governed by
the local temperature level of the fluid as shown in fig. (b) is expected. At any location y, the general
temperature distribution to the x-direction is as shown in fig. (1) and at any location x1 the temperature
distribution in the y-direction will look like fig. (d).
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Energy balance equation
The performance of solar collector is described by an energy balance that indicates the

distribution of incident solar radiation into useful energy gain and various losses.

The thermal losses can be separated into three components.

1. Conductive losses : An overall heat transfer coefficient value of less than 0.69 w/m 2°K is

suggested to minimize back losses.

2. Convective losses : Sizing the air gap between the collector covers at 1.25 to 2.5 cm reduces

internal convective losses to the minimum possible level.

3. Radiative losses : Radiative losses from the absorber can be reduced by the use of spectrally

selective absorber coating.

Under steady conditions the useful heat delivered by a solar collector is equal to the energy

absorbed in the metal surface minus the heat losses from the surfaces directly and indirectly to the

surroundings.

This principle can be stated in the following relationship.

    Q A HR U t tu c e L P a= ∝ − −[ ( ) ( )]τ
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where

Qu = is the useful energy delivered by collector watts or kcal/hour

Ac = is the collector area, m 2

       HR = is the solar energy received on the upper 

Surface of the slopping collector structure. w/m 2  or k.cal/hrm 2

H = is the rate of incident beam (or) diffuse radiation on unit area of surface of any orientation.

R = is the factor to convert beam or diffuse radiation to that on the plane of collector. 

The symbol HR is used to represent the sum of H Rb b  and H Rd d .

τ = is the fraction of incoming solar radiation that reaches the asborbing surface transmissivity

(dimension less)

∝= is the fraction of solar energy reaching the surface that is absorbed, absorptivity (dimension

less)

( , )τ ∝ e is the effective transmittance absorptance product of cover system for beam and diffuse

radiation.

U L = is the overall heat less coefficient.

 tP = is the average temperature of the upper surface of the absorber plate

 ta = is the atmosphere temeprature.

The diagrammatic representation of terms in this relation ship as shown in figure. In order that

the performance of solar collector be as high that to increase the value of HR ( , )τ ∝  in the above

equation and reduce the value of U t tL p a( )−  are selected.

Where as the other factors in the equation depend on collector design, operating conditions,

solar energy input and the atmospheric temperature.

∴ The energy balance equation on the whole collector can be written as 

A HR HR Q Q Qc b d u e s[( ( , ) ( , ) )]τ τ∝ + ∝ = + +
Qu = rate of useful heat transfer to a working fluid in the solar heat exchanger
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Qe = rate of energy losses from the collector to the surroundings by re-radiation, convectional

by conduction

Qu = rate of energy storage in the collector.

Collector efficiency ‘‘ηc’’ : Is the collector performance and is defined as the ratio of the useful 

gain over any time period to the incident solar energy over the same time period.

ηc
uQ dT

HR dT
= ∫

∫
 EXERCISE 

1.

2.

3.

4.

5.

6.
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�  SOLAR HOT WATER SYSTEM (SHWS)

The most common type of solar hot water system are as shown in figure. Which converts
sunlight into heat. It consists two main parts i e. ., A titled flat-plate solar collector with water as heat
transfer fluid and the other A thermally insulated hot-water storage tank is mounted above the collector 
on the roof of building or home. The heated water of the collector rises up to the hot water tank and
replaces an equal quantity of cold water, which enters the collector. The cycle repreates, resulting in all 
their water of the hot water tank getting heated up.

Solar water heating system can be either active or passive (forced).

1. Active : The active system, which are most common, rely on pumps to move the liquid
between the collector and Storage tank.

2. Passive : The passive system rely on gravity and the (convection driven) tendency for water
to naturally circulate as it is heated.

An auxiliary electrical emersion heater may be used as back-up for use during the cloudy
periods.

�  TYPES OF SHWS :

1. Active solar hot water systems.

2. Passive solar hot water systems.

Unit : V
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1. Active solar water heating system :  The active water system that can be used to heat

domestic hot water are the same as the one that provide space heat.

Parts of water heating system :
There are five major components in active solar water heating system :

1. Collector 

2. Circulation system

3. Storage tank

4. Back up heating system

5. Control system to regulate the overall system operation.

1. Collector : It is a big black panel on the roof. Which capture solar energy. Generally used

FPC (or) evacuated tubes.

2. Circulation : A solar panels works by transfering heat from the collector to the tank through.
A heat exchanger is used to transfer the heat from the fluids circulating through the collector to the
water used.

3. Storage tank : This is a insulated hot water tank can be used to storage the hot water from the 
collector.

4. Back up heating system : An auxiliary electrical emersion heater may be used as a back up
for use during cloudy periods.

5. Control system : This is used to regulate the overall system operation. In this system it will
activate the pumps to the collector and heat exchanger when design temperature differences are
reached.

A typical active water heating system that exhibits effective ness, reliability and low
maintenance as shown in figure.

It uses destilled water as the circulating fluid. The system that use antifreeze fluids need regular

inspection of the antifreeze solution. A refrigerant system is generally more costly and must be handled 

with care to prevent leaking any refrigeant.

This hot water system can be used for heating swimming pools and spas.
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Passive solar water heating systems :
A passive solar water heating system uses natural convection or household water pressure to

circulate water through a solar collector to a storage tank or the point of use. The passive system is

generally less efficient than the active system. The passive approach is simple and economical.

The passive water heating system have the same parameters for installations as that of active

system south facing non-shaded location with the collector tilted at the angle of our latitude. Since the

storage tank and collector are combined or in very close proximity, roof structural capacities must

accommodate the extra weight of passive system. The passive solar water heating system are of two

types :

1. Batch system

2. Thermosiphon system.

1. Batch system : The batch system is the simplest of all solar water heating systems. It consists 

of one or more metal water tanks pointed with a heat absorbing black coating and placed in an

insulating box or container with a glass or plastic cover that admits sunlight to strike the tank directly.

In this system tank is the collector as well these system will use the existing house pressure to

move water through the system. Each time a hot water tap is opend, heated water from the batch

system tank is removed and replaced by incoming cold water the piping that connects to and from the

batch heater needs to be highly insulated. In many applications insulated poly butylene piping is used

because the pipe can expand if frozen. The water in the batch heater it self will not freeze because there 

is adequate mass to keep it from freezing.

A typical schematic of batch domestic water heating system are as shown in figure.
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�  THERMOSIPHON SYSTEM

The thermosiphon system uses flat plate collector and a separate storage tank must be located

higher than the collector as shownin figure.

The storage tank located above the collector receives heated water coming from the top of the

collector into the top of the storage tank cold water from the bottom of the storage tank will be drawn

into the lower entry of the solar collector to replace the heated water that was thermosiphoned upward.

This system is more costly and complex than the batch system. This system as shown in figure. Anti

freeze can be used in this system.

�  STANDARD METHODS OF TESTING EFFICIENCY OF SHWS

Standard testing and rating procedure provides a basis for comparing the efficiency of different
types of collector functions of collector testing are as follows : 

1. To get requisite data for predicting the performance of solar collector system in given
meteorlogical condition.

2. To get requisite data to study and develop the design of solar water heater collector.

3. To compare performance of different design solar collector for their better commercial use.

4. The main parts are a liquid pump, a heat exchanger with cooling and a storage tank with an

electric immersion heater. A bypass is provided for control mass flow rate.

5. On any given day data is recorded under steady state conditions for fixed value of ‘m’ and Ti  
i e. . the principle measurement the fluid flow rate ‘m’. The fluid inlet and outlet temperature of 
collector (Ti  & To ) the solar radiation incident an the collector plate ( )h  the ambient
temperature ( )Ta  and wind speed ( )V  . The efficiency of solar collector is given by the
evacuated tube collector have lower thermal losses as compared to flat plate collector. 
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Solar passive space heating & cooling system : 
Solar energy is also used for heating

or cooling a building to maintain a

comfortable temperature inside passive

system do not require any mechanical

device and make use of the natural process

of convection, radiation and conduction for

transport of heat. 

Use of passive heating/cooling

system puts restrictions on the building

design to make possible the flow of heat

naturally, such a specially designed building 

is called a solar house.

The technology for passive cooling is 

much less developed than that for passive

space heating. Natural passive cooling may

not always be sufficient to meet the requirement and at peak load, auxiliary means may also be needed. 
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Space heating : In the case of passive heating careful building design and insulation is

desirable and will be less expensive than additional heating/cooling load due to poor design.

A solar passive space-heating system is as shown in figure. The south facing thick wall called

trombe wall is made of concrete adobe, stone or composities of brick blocks and sand, designed for

thermal storage. In solar to increase the absorption, the outer surface is pointed black. The entire south

wall is covered by one or two sheets of glass or plastic with some air gape between the wall and inner

glazing as shown in figure (a) thus the thermal wall collects stores and transfer the heat to the room.

Heating can be adjusted by controlling the air flow through the inlet and outlet verts by shutters.

Opening the damper at the top of the glazing allows the excess heat to escape outside when the heating

is not required.

The another variation of solar is space-heating system is shown in figure (b). Sometimes, a

reflective horizontal surface is also provided to make available the additional radiation for thermal

storage. A movable insulation cover is also used to cover the glaze to reduce heat loss from the storage. 

Here a collector cum-rock-bed storage system is integrated with the apartment.

Space cooling : For natural cooling the first and best approach is to reduce unnecessary thermal

loads entering building. As shown in figure (c) the scheme for solar passive cooling through

vertilation. This scheme utilizes a solar ‘‘chimney effect’’ and is effective where outside temperatures

are moderate solar radiation is allowed to heat up the air between the glazing and the interior south

wall. The heated air riscsup is ducted outside and the warm air from the room is drawn into this space

due to natural draught thus produced. As a result cool outside air enters the roo from the bottom air

vent on the otherside of the room. 

Solar distilation (desalimator) :

In many small communities the natural supply of fresh water is inadequate in comparison to the

availability of brackish or saline water solar distillation can prove to be an effective way of supplying

drinking water to such communities. This idea was first applied in 1872 by USA, Greece, Australia and 

several other countries.
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The modren developments in solar distillation have been directed to the use of materials and

design for economic and durable construction with increased output in order to reduce the product

cost. Several types is there but only the basin-type has been tried commercially on a large scale.

A simple basin type solar still consists of a shallow blackoned basin filled with saline or backish 

water to be distilled. It covered with a slopey transparent roof solar radiation after passing through the

roof is absorbed by the blackened surface of the basin thus increases the temperature of water. The

evaporated water increases the moisture content, which gets condensed on the cooler under neath the

glass. The condensed water slips down the slope and is collected through the condensate channel

attached to the glass. The construction is schematically as shown in figure.

The still created in an open area with its long axis facing the east-west direction.The still can be

fed with saline water either continuously or intermittently. The supply is generally kept at twice the

rate which the fresh water is produced but may vary depending on the initial salinity of input water.

The output of a solar still in India varies from 5.31/m 2  day (in summer) to 0.91/m 2  day (in winter).

Solar dryer
The drying process removes moisture and

helps in the preservation of any product. 

A simple cabinet type solar dryer is shown in

figure. It has an enclosure with transparent cover.

The material to be dried is placed on perforated

trays. Solar radiation enters the enclosure and is

obserbed by the product as well as the surrounding

internal surfaces of the enclosure it raises its

temperature inside air heates upto 50°C to 80°C and 

rises even above. Natural circulation of air is

ensured by providing suitable openings at the

bottom and top it removes the moisture from

product. For large scale drying forced circulation of

air may be used by blower. In case of green lumber,

where direct exposure to the sun tends to produce

curling and wrapping. For products where direct sunlight is not adequate, controlled temperature

drying known as kiln drying may be used such dryers are also suitable for food grains and products like 

tea & tobacco.
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Solar thermal power generation :
The generation of electrical power is one of the most important applications of an energy

source.

Solar thermal power cycles can be classified as follows :

1. Low temperature cycle

2. Medium temperature cycle

3  High temperature cycle

The low temperature cycle work at maximum temperature of about 100°C medium temperature

cycles work at maximum temperature upto 400°C while high temperatures above 400°C.

In low temperatuare system use flat plate collectors (or) solar ponds for collecting solar energy.

Medium temperature system use the line-focussing parabolic collector technology.

High temperature system use either paraboloidal dish collector (or) control receivers.

High temperature system : Two concepts have been experimented with in the case of high

temperature systems These are the paraboloid dish concept and the central receiver concept.

�  CONTROL TOWER RECEIVER POWER PLANT

This power plant uses a centeral tower receiver as shown in figure to collect solar radiation from 

a large area on the ground.
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The receiver mounted at the top of the tower, converts water into high-pressure stream at around 

500°C. This high pressure steam is expanded in a turbine coupled with an alternator. The electric

power produced is fed to a grid. Thermal buffer storage is provided to continue operating the plant for

some time during cloud cover and a bypass is used for starting and shut-down operation. The

schamatic diagram as shown in figure. 

Low temperature system
A solar chimney is much simpler but

works with much lower efficiency as

compared to a central tower receiver power

plant.

The circular field of heliostats is

replaced by circular area of land covered with

glazing (a circular green house) the central

receiver tower is replaced by a tall chimney

that houses a wind turbine at the base of the

chimney as shown in figure. Sun light passing 

through the transparent cover causes the air

trapped in the green house to heat up a

convection system is set up in which the air

drawn up through the chimney drives the

turbine coupled with generator. The hot air is

continuously replenished by fresh air drawn

in the periphery of the green house.

Medium temperature system

Among solar thermal-electric power plants those operating on medium temperature cycles and

using the line-focussing parabolic collector technology at a temperature close to 400°C have proved to

be the most cost effective and successful so for. A schematic diagram of a typical plant as shown in

figure.

The cylinderical parabolic collectory used have their axes oriented in respective direction. The

absorber tube used is made of stainless steel and has a specially developed solective coating. It is

surrounded by glass cover with a vacuum. The collectors heat a synethetic or (dow therm A) to a

temperature of 390°C with collector efficiency of about 0.7 for beam radiation. The synthetic oil is

used for generating super heated high pressure steam which execute a rankine cycle with on efficiency

of 38 percent. The plant generally produces electricity for about eight hours a day and is coupled with

natural gas for continuous operation. The installed cost of this type of plants has reduced over the years 

because of the increasing installed capacity.

There is significant advances have been made in parabolic collector technology as well as

organic rankine cycle technology. This has resulted in making smaller capacity plants more

economically feasible.
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The Indian experience with the line focussing parabolic collector technology has been restricted 

so for to a small 50 KW capacity experimental plant at the solar energy centre of the ministry of new

and renewable energy.

1. Preheater

2. Steam generator

3. Super heater

4. Reheater

5. Turbine

6. Generator

7. Condenser

8. Coding tower

 EXERCISE 

1.

2.

3.

4.

5.

6.

l
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�  SPV SYSTEMS

Solar PV  systems are broadly classified as follows :

1. Central power station system

2. Distributed systems

1. Central power station system : Central PV  power stations are conceptually similar to any

other conventional central power station. They feed power to grid.These are being proposed in few

MW range to meet day time peak loads only.

2. Distributed system : Distributed from of energy use is unique and much more successful

with solar and most other renewable energy sources.These system can be divided into three groups :

1. Stand alone systems

2. Grid-interactive systems

3. Small systems for consumer applications

1. Stand-alone systems : It is located at the load centre and dedicated to meet all the electrical

loads of a village/community or a specific set of loads. Energy storage is essential. It is quite useful in

remote areas.

2. Grid-interactive system : This system is connected to the utility grid with two-way meeting

system. It may be a small roof top system awned and operated by the house owner or relatively bigger

system. It meets day time requirements of the house without any battery backup and surplus power is

feed to the grid.

3. Small systems for consumer applications : These systems are meant for low energy

consumer devices requiring power in the range of microwatts to low and mostly designed for indoor

applications. e g. ., calculator, watches, electronic games etc.

�  STAND-ALONE SOLAR PV  SYSTEM

The stand alone PV  system are as shown in figure. The maximum power point tracker (MPPT)

sense the voltage and current outputs of the array and adjusts the operating point to extract maximum

power under the given climatic conditions. The output of the array after converting to AC is fed to

load. The array output in excess of load requirement is used to charge the battery. After fully charging

the battery the excess power may be shunted to dump heaters. When the sun is not available, the

battery supplies the load through an inverter.

9
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The battery discharge diode ( )DB  prevents the battery from being over charged after the charger 

is opend the array diode ( )DA  is to isolate the array from the battery to prevent battery discharge

through array during nights. A mode controller is a control controller for the system.

Examples : Solar street lights,

    Home lighting systems,

    SPV water pumping system.

Grid-Interactive solar PV systems :

The schematic diagram of a general grid-interactive solar PV  system is as shown in figure.

In this system all excess power is fed to a grid. During absence or inadequate sunshine supply of 
power is maintained from the grid and thus battery is eliminated, dump heater are not required.

The mechanism for synchronized operation is in corporated. The dc power is first converted to
AC by inverter harmonics are filtered and then only the filtered power is fed into the grid after
adjusting the voltage level.
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Recently PV modules are being made with inverters. Which are known as AC PV modules.

Hybrid solar PV system :
A dedicated PV power supply system is insufficient to maintain continuity of supply even with

storage batteries. Standalone PV  systems have a scasonal dependence and are not reliable during

periods of low solar inadiance cloudy days and nights. Thus a hybrid energy system has been evolved

to meet the load requirements without constraint.

The most effective and economic solution is to install a PV system with a diesel generator along 

with storage batteries. (or) gasoline generator (or) any other non-conventional source like wind (or)

fuel cells such a system is called a hybrid system.

�  SYSTEM INSTALLATION; OPERATION AND MAINTENANCES

1. System installation :

1. Site survey and planing : The first step of installation of SPV system is to visit the site and

finalize the layout then after the equipment.

2. Safety assessment : To identify all the possible risks and make sure to take safety masures of

electrical fire, earthing, short circuit ... etc.

3. Solar arrays location : For this arrays should locate a shadow free location for placement of

array there is no shading between the hours of best insolation usually from 8 am to 4 pm.

4. Site between two rows : It is also very important the saperation between two rows make sure 

without any shadow. 

5. Other equipment location : Control and inverter should be placed in such a way that occurs

is controlled switches are need to be locate in a place which is easily accessable and batteries should be 

installed in a separate room closed to the inverter (or) control room and access to the room. Batteries to 

be located in cool and dry and well ventilated place.

6. Installation in mounting structure : To mount the module on stands there are different

structure are as shown in figure.

7. Foundation and structure alignment : The types of foundation for mounting structure are

as shown below.
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8. Array installation : Solar modules are arranged in array form.

9. Volt array wiring : 

�  OPERATION AND MAINTAINANCE :

Recommended materials and supplies list for repair or maintenance

Distilled water

Baking soda

Wire nuts

Crimp connector

Ring, spads and lag terminals
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Load, inverter and charge controller fuses.

Rosin core electrical solder

Cables ties

Rags (or) paper towels

Dish soap or pulling grease

Red and black electrical tape

Assorted screws and mails

Preventive maintainance
Clean PV array from dust, brids drop, use clean water avoid hard water. 

Monthly : If led acid batteries are use check electrolyte level and top up if required wipe

electrolyte residue from the top of the battery, inspect all terminals, clean and fighter as necessary

inspect array for broken modlus if any replace it with appriciable module verify out put from the array.

 EXERCISE 

1.

2.

3.

4.

5.

6.

7.

8.

9.
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