20EE22S1-BASICS OF PV SYSTEM INSTALLATION

[image: image1.png]WORK S WORSHIP J==22





NBKR INSTITUTE OF SCIENCE AND TECHNOLOGY  
 VIDYANAGAR

DEPARTMENT OF EEE

20EE22S1-BASICS OF PV SYSTEM INSTALLATION

[image: image2.jpg]ik
,.
i e
1l
Hiidiii ]
e /
L e

i
i
A 801 110 ) 0 ) g il
i
1

-
o

"7 ity A

/1
e T
Ly it i
Zy e R i e )

1 T e |

. A T i
. i e
e
/ 7

i
e
e
L e e b
G e ot i i | | I
] s e ot g
uaL. - (NI

VN T





SKILL ORIENTED COURSE MANUAL
20EE22S1-BASICS OF PV SYSTEM INSTALLATION
	Course Objectives
	Students undergoing this course are expected to learn:

	
	1.The basics of electricity related to photo-voltaics.

2.The different types of protective clothing and equipment

3.About the functions of the system components

4.The requirements for photovoltaic system installation on different surfaces

5.Installation of  photovoltaic system components and systems

6.About the procedure for maintaining different PV system components.

	Course Outcomes
	Upon successful completion of the course , the students will be able to:

	
	CO1
	Explain the basics of electricity related to photo-voltaics

	
	CO2
	Identify the different types of protective clothing and equipment

	
	CO3
	Explain the functions of the system components

	
	CO4
	Understand and explain the requirements for photovoltaic system installation 

on different surfaces

	
	CO5
	Install photovoltaic system components and systems

	
	CO6
	Outline the procedure for maintaining different PV system components

	Course Content
	UNIT-I

Introduction to solar photo-voltaic: The photovoltaic effect  , Photovoltaic technology and solar cells, Photovoltaic system configuration, Applications for solar photovoltaic systems

UNIT-II

Workplace safety and first aid: Risks and hazards, Site safety, Personnel safety, Working at rooftops and facades, Fire hazards, First aid.

UNIT III

Components and electrical connections: Basics ofSolar photovoltaic modules, Inverters, Batteries, Charge controllers, Protective measures, Sizing a PV system.
UNIT-IV

Site preparations: Taking measurements, Shade analysis ,Orientation of photovoltaic modules, Installation surfaces, Planning work schedules.

UNIT-V

Installing a solar photovoltaic system: Required tools and equipment, Installing the photovoltaic array, Installing the battery bank, Installing the charge controller, Installing the inverter, Connecting the system components, Commissioning, PV panel earthing.
UNIT-VI

Maintenance and troubleshooting: Maintenance of solar panels, TroubleshootingPV system.




UNIT-I

INTRODUCTION TO SOLAR PHOTO-VOLTAICS
INTRODUCTION 
The existence of life on earth requires energy in its various forms. Ultimately, directly or indirectly, the sun provides all the power we need to exist and supports all life forms.

From solar ovens to solar panels, solar energy has been harnessed by humans since the beginning of human history. As far back as the 5th century, humans were constructing homes and buildings to maximize use of energy from the sun. Today, we know the sun as our closest star in the universe. This ball of gas has a large build-up of heat and pressure in its core that causes it to emit heat and radiant energy. More energy from the sun falls on the earth in one hour than humans consume in one year. 

Unlike various forms of conventional (non-renewable) sources of energy such as coal, oil or natural gas, solar energy is a renewable form of energy, along with biomass, hydro, waste and wind. Though a variety of technologies have been developed to take advantage of solar energy in recent years, solar power accounts for less than one percent of electricity use in the India. However, given the abundance of solar energy and its popular appeal, this resource is likely to play a prominent role in our energy future.
STATUS OF RENEWABLE ENERGY IN INDIA
 Research has shown that the country has enormous energy resources which far exceed energy requirements. Most of these resources are grossly underutilized, particularly natural gas, hydro resources and the abundant solar energy available throughout the year. Thus the problem is not lack of energy resources but its development and utilization. The country has the potential to become a major net exporter of energy for several decades to come. Despite having significant renewable energy resources, the large power stations tend to be coal powered. As such, there is significant opportunity for electricity in India to be generated mainly from renewable energy sources.

SOLAR ENERGY IN INDIA
The Sun has been worshiped as a life-giver to our planet since ancient times. The industrial ages gave us the understanding of sunlight as an energy source. India is endowed with vast solar energy potential. About 5,000 trillion kWh per year energy is incident over India's land area with most parts receiving 4-7 kWh per sq. m per day. Solar photovoltaic’s power can effectively be harnessed providing huge scalability in India. Solar also provides the ability to generate power on a distributed basis and enables rapid capacity addition with short lead times. Off-grid decentralized and low-temperature applications will be advantageous from a rural electrification perspective and meeting other energy needs for power and heating and cooling in both rural and urban areas. From an energy security perspective, solar is the most secure of all sources, since it is abundantly available. Theoretically, a small fraction of the total incident solar energy (if captured effectively) can meet the entire country's power requirements.
There has been a visible impact of solar energy in the Indian energy scenario during the last few years. Solar energy based decentralized and distributed applications have benefited millions of people in Indian villages by meeting their cooking, lighting and other energy needs in an environment friendly manner. The social and economic benefits include reduction in drudgery among rural women and girls engaged in the collection of fuel wood from long distances and cooking in smoky kitchens, minimization of the risks of contracting lung and eye ailments, employment generation at village level, and ultimately, the improvement in the standard of living and creation of opportunity for economic activities at village level. Further, solar energy sector in India has emerged as a significant player in the grid connected power generation capacity over the years. It supports the government agenda of sustainable growth, while, emerging as an integral part of the solution to meet the nation’s energy needs and an essential player for energy security.
Other types of solar thermal applications such as drying of vegetables and fruit, pasteurization of liquid foodstuffs, water desalination, cooking and water heating are also common.
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PROS AND CONS OF SOLAR
 Advantages of Solar PV Technology 

1. Solar PV provides clean – green energy. During electricity generation with Solar PV there are no harmful greenhouse gases that are emitted thus it becomes environmentally friendly. 

2. Solar energy is energy supplied by nature – it is thus free and abundant! 

3. Solar energy can be made available almost anywhere there is sunlight 

4. Solar PV technology has indeed a highly promising future both for economical viability and environmental sustainability. 

5. Photovoltaic panels, through photoelectric phenomenon, produce electricity in a direct electricity generation way.

 6. Operating and maintenance costs for PV panels are considered to be low, almost negligible, compared to costs of other renewable energy systems. 

7. PV panels have no mechanically moving parts, except in cases of sun-tracking mechanical bases; in addition they have less breakages and require less maintenance than other renewable energy systems (for example wind turbines). 

8. PV panels do not produce any noise at all. 

Disadvantages of Solar PV

 1. As in all renewable energy sources, solar energy has is not always available, there is no sun shining at night, during cloudy and rainy days. 

2. Consequently, intermittency and unpredictability of solar energy makes solar energy panels less reliable a solution.

 3. 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. 

4. For a continuous supply of electric power, especially for on-grid connections, Photovoltaic panels require not only Inverters but also storage batteries; thus increasing the investment cost for PV panels considerably 

5. In case of land-mounted PV panel installations, they require relatively large areas for deployment; usually the land space is committed for this purpose for a period of 15-20 years – or even longer.

 6. Solar panels efficiency levels are relatively low (between 14%-25%) compared to the efficiency levels of other renewable energy systems. 

7. Though PV panels have no considerable maintenance or operating costs, they are fragile and can be damaged relatively easily; additional insurance costs are therefore of ultimate importance to safeguard a PV investment.
ELECTRICAL POWER SUPPLY SYSTEMS 
Electrical energy is a very convenient form of energy, which can be easily generated, transmitted, stored and used. Any other form of energy can be easily converted into electrical energy. An example of this is solar electricity in which the energy from the sun (solar radiation) is converted into electrical energy by solar cells. Electricity is the branch of science that studies the theory and practices of electrical energy. Electrical engineering on the other hand is a branch of engineering that deals with generation, transmission, distribution and use of electrical energy. 

Electrical energy is transmitted from one point to another by means of charged particles called electrons. There are three fundamental terminologies used in electricity: Voltage, Current and Resistance. 

Voltage:

 Voltage or the potential difference is a force that compels the electrons to move from one point to another in predetermined manner. In water supply system analogy, the voltage can be compared with the pressure of water in the storage tank that forces the water to flow in the pipeline. The unit of measurement of the voltage is Volt and is abbreviated and symbolically represented as ‘V’. 

Current :

Current is the quantity of charged particles flowing in given direction per unit time. The current can be compared with the amount of water flowing in the pipeline per unit time. The unit of measurement of electrical current is Ampere and is abbreviated as ‘A’. Symbolically the letter "I" represents the current.

The electric current is further classified into direct current (DC) and alternating current (AC). 

Direct current :

The current is called DC if the direction of flow of current does not change with time. It means the DC current always flows in one direction only. The voltage that causes the flow of DC current is referred to as DC voltage. Examples of DC voltages are the output voltages of storage batteries, DC generators etc.

Alternating current:

 If the direction of flow of current changes periodically with time then such current is called AC current. And the voltage causing the flow of AC current is called AC voltage. Examples of AC voltages are the city supply, output of AC generator etc. The rate or frequency at which the direction of current changes is termed as cycle per second or Hertz (Hz). In one cycle the current changes its direction of flow. In Nepal the frequency of AC voltage is 50 cycles per second or 50 Hz.

Resistance :

Resistance is the property of the material to oppose the flow of current through it. The unit of resistance is Ohms and abbreviated as ‘Ω’. Symbolically the letter 'R' represents the resistance. 

The electrical law that relates the above three fundamental parameters is called Ohm’s law. According to this law, assuming that all other parameters remain constant, the current through an electrical circuit is directly proportional to the applied voltage and inversely proportional to the resistance of the circuit:
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Power and Energy :

Electrical power may be defined as the energy delivered by the electrical source (generator) to the load (acceptor) per unit time
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If the supply system is DC, then the power can be expressed as the product of voltage and current, i.e. [image: image6.png]xR
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Re-writing the formula above, we can define the energy as product of the power and time
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[image: image8.png]The following equations show the relationship between the above parameters:

Power = Volts x Current P=VXI Watts.

Volts = Power + Current Volts
Current = Power + Volts Amperes
Resistance = Volts + Current Ohms.
Energy = Power x Time Watt-Hours




ELECTRICAL CIRCUITS 
Loads and power sources in a circuit can be connected in series or parallel. Systems may use a mix of series and parallel wiring to achieve the required voltages and amperages.
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SOLAR ENERGY CONVERSION :
Solar Energy is harnessed and converted to heat or electricity using various technologies. Below is a description of the basic technologies.

PHOTOVOLTAIC EFFECT:
The photovoltaic effect is a process that generates voltage or electric current in a photovoltaic cell when it is exposed to sunlight.
PHOTOVOLTAIC EFFECT TECHNOLOGY AND SOLAR CELL:
Solar Cells are devices, which convert solar energy directly into electricity.

 The most common form of solar cells is based on the photovoltaic (PV) effect in which light falling on a two-layer semi-conductor device produces a photo voltage or potential difference between the layers. This voltage is capable of driving a current through an external circuit and thereby producing useful work.

To have a deeper understanding of PV effect, it is essential to become familiar with the principles of construction and operation of a two-layer semiconductor device popularly known as PN junction.

It is well known from the first course of physics that all mater is made of atoms which consist of a small dense nucleus containing positive and neutral particles (protons and neutrons) a surrounding “cloud” of fast moving negatively charged particles (electrons). The outer most electrons (valence electrons) seem to be arranged in symmetrical elongated shells or orbitals, like stretched out clouds. Neighboring atoms share outer electrons, forming “bonds”. These bonds where electrons are shared between atoms is what holds all mater together. The valence electrons play very important role in defining the electricity conducting capacity of a material.

As defined in earlier chapter, the electric current is the flow of free (un-bonded) charged particles (electrons) in a matter. An electron can take part in conduction of electric current if it is loosely bonded with the atoms. In all metals, the valence electrons are loosely bonded with the atom and with some minimal external energy applied (in the formal thermal energy) they become free and ready to take part in conduction of electric current. In metals each atom can release one electron to become free. Therefore the number of free electrons available in metals is very high (in one cubic meter of matter there are about 1029 atoms; each atom releasing one electron to become free results in about 1029 free electrons in metals) resulting very good conduction capacity (very low resistivity) by the metals. On the other hand, materials classified as insulators have valence electrons tightly bonded with atoms. Great deal of external energy is required to let these electrons free. At normal temperature, the insulators have virtually no free electrons to contribute for electricity conduction. That is why the conduction capacity of insulating materials is extremely low (very high resistivity).

There is another group of material whose conductivity (or say resistivity) lies between that of conductors and insulators. This group of materials are called semiconductor. These semiconductors are basic building blocks of all the electronic components and the solar cells. Silicon and Germanium are the examples of semiconductor materials. A silicon atom has 4 outer electrons. Crystalline silicon consists of orderly bonding of each silicon atom with 4 neighboring silicon atoms. Such a highly ordered structure of atoms is also called a crystal lattice. Each of the four outer electrons of one atom is shared by surrounding four atoms to form an effect of 8 outer electrons (the most stable condition) for each atom. The bond that binds each outer most electrons together is called covalent bond shown in fig below.

[image: image10.png]Fig. 5.1.1 Crystalline structure of semiconductor material




At the atomic level, light acts as a flux of discrete particles called photons. Photons carry momentum and energy but are electrically neutral. When semiconductor material is illuminated by light, photons of light actually penetrate into the material, traversing deep into the solid. Photons with enough energy can collide with bonded electrons and knock them out of their original position. During the collision the photon disappears and its energy is transferred to the dislodged electron. The newly dislodged electron now becomes free and can wander around the semiconductor material as conduction electron. This free electron carries a negative charge and usable energy. It is at this moment of releasing the electron that sunlight energy has been converted into electrical energy. And this effect of converting light energy into electrical energy is called photovoltaic effect.

Whenever an electron is freed, it leaves a vacant position in its original position in the covalent bond. Such an incomplete bond (with missing electron) is called a "hole". A nearby electron with higher energy level can jump from its bond into the hole and fill it, but this leaves a hole where the electron came from. In this way the hole moves in the material. But wherever the hole is, an electron is missing, so there is a localized net positive electrical imbalance there. The atom with a hole is referred to as positive ion. Therefore the hole appears to be a positive charge moving in the solid, although it is really an absence of an electron moving about. Overall, the net charge of the material is neutral.

In the absence of any external electrical field, newly freed electrons wander for a short time and then recombine with a wandering hole. During recombination, the energy gained by the freed electron is released and converted into heat. The key idea of producing usable output current is to sweep the freed electrons out of the material before they recombine with the holes. This task of sweeping the free charge carriers is accomplished by creating internal electric field in a junction of two different types of semiconductors.

SOLAR CELL WORKING
The solar cell is nothing but a large area PN interface or junction. It is the internal electric field of the PN junction that sweeps electrons out of the cell. When light penetrates into the semiconductor material, knocking free electrons and giving them potential energy, the freed electrons wander until they are pushed by the electric field across the PN junction. They are forced out of the cell, and are available for useful work.
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The electrons with higher energy level flow out of the cell through the wire to the load. After releasing the excess energy into the load these electrons return back to the cell and fall into the holes. So as soon as an electron leaves the cell from one side and enters the wire, an electron at the other end of the wire moves into the cell. So the solar cell cannot “run down” like a battery, nor can it “run out of electrons”. It produces output (electrical energy) in response to the input “fuel” (light energy). A solar cell thus cannot store electrical energy; it can only convert light energy into electrical energy.
SOLAR ENERGY TO ELECTRICITY 
The term photovoltaic means electricity from the sun. Photovoltaic technology is used to convert light energy into electrical energy. This technology has been developed on the basis that some semiconductor materials such as silicon generate voltage and current when exposed to light. 
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How a Solar
Panel Works

Hustraion 2: How a Solar Panel Works.




.

TYPES OF SOLAR PANELS:
Monocrystalline Solar Panels (Mono-SI)
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This type of solar panels (made of Monocrystalline silicon) is the purest one. You can easily recognize them from the uniform dark look and the rounded edges. The silicon’s high purity causes this type of solar panel has one of the highest efficiency rates, with the newest ones reaching above 20%.

Monocrystalline panels have a high power output, occupy less space, and last the longest. Of course, that also means they are the most expensive of the bunch. Another advantage to consider is that they tend to be slightly less affected by high temperatures compared to polycrystalline panels.
Polycrystalline Solar Panels (Poly-SI)
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You can quickly distinguish these panels because this type of solar panels has squares, its angles are not cut, and it has a blue, speckled look. They are made by melting raw silicon, which is a faster and cheaper process than that used for monocrystalline panels.

This leads to a lower final price but also lower efficiency (around 15%), lower space efficiency, and a shorter lifespan since they are affected by hot temperatures to a greater degree. However, the differences between mono- and polycrystalline types of solar panels are not so significant and the choice will strongly depend on your specific situation. The first option offers a slightly higher space efficiency at a slightly higher price but power outputs are basically the same
Thin-Film Solar Cells (TFSC)
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If you are looking for a less expensive option, you might want to look into thin-film. Thin-film solar panels are manufactured by placing one or more films of photovoltaic material (such as silicon, cadmium or copper) onto a substrate. These types of solar panels are the easiest to produce and economies of scale make them cheaper than the alternatives due to less material being needed for its production.

They are also flexible—which opens a lot of opportunities for alternative applications—and is less affected by high temperatures. The main issue is that they take up a lot of space, generally making them unsuitable for residential installations.
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PV SYSTEM TYPES
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PV systems can be divided into two categories: Grid-connected PV Systems and Stand-alone PV Systems.

Grid-connected PV Systems can further be separated into two categories: those that are Directly Connected to the utility and those that are classified as Bimodal PV Systems.

Systems that are Directly Connected to the Utility are without a storage system, and systems that are classified as Bimodal PV Systems do have storage systems.

Stand-alone PV Systems can be divided into three categories: Without Battery, With Battery, and Hybrid PV Systems.

Without Battery systems are Direct-Coupled systems, and With Battery systems may include Self-Regulating DC Systems or AC Systems with a charge controller for the battery and load.

Hybrid PV Systems may include systems with wind turbines, with hydro turbines, with diesel generators, or with fuel cells or other sources.

STAND-ALONE PV SYSTEMS:
All stand-alone (AKA off-grid) systems work in general without the utility grid, as shown in Figure 1.8. It can be seen that we expect a perfect match between the supply and demand, or in other words between PV system size and load requirement. When this match is done perfectly for a single load, the PV system in this case can be called a "Direct-Coupled PV System," and very minimal components are needed without the need for storage systems.

[image: image18.jpg]Inverter
DC to AC
AC Main
Charge Distribution
Controller Panel

(MDP)
& .





Fig: Stand Alone AC PV Systems
Another type of stand-alone requires a storage system to allow excess energy to be stored when it is not needed by the load and can later be drawn when the sun is not available. This type can be connected directly to DC loads or to AC loads through an additional power conditioning component, or “Inverter,” as we will learn later.

The other common type of stand-alone system is the "Hybrid PV System," as illustrated in Figure 1.9, which uses other energy sources in parallel to the PV array to supply loads. These energy sources can be Wind Turbines, Hydro Turbines, Diesel Generators, or Fuel cells. Hybrid PV Systems can also use Batteries for energy storage.
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Fig: Hybrid PV System.
GRID-CONNECTED SYSTEM:
This type of configuration is the most common type for applications where clients want to save energy on their utility bills and while the utility grid exists for use when the PV array is not generating any energy.
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FIG: UTILITY INTERACTIVE PV SYSTEM.
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FIG: BIMODAL PV SYSTEM.
PV SYSTEM COMPONENTS
 Photovoltaic systems consist of some or all of the following components: 

· PV Panel 

· Load 

· Wiring 

· Inverter 

· Charge controller 

· Battery

Whether a system has some or all of these components is dependent on factors such as the size, the type of load powered, required current (AC or DC or both) and how it is used (all day or a few hours a day).

PV Panel:

Photovoltaics (PV) or solar cells are the building blocks of solar panels. They are made of semiconductor materials as discussed above. They convert sunlight into direct current (DC) electricity. In practice a typical silicon PV cell produces voltage of 0.5 – 0.6 DC under open-circuit, no-load conditions. The current (and power) output of a PV cell depends on its efficiency and size (surface area), and is proportional to the intensity of sunlight striking the surface of the cell. For example, under peak sunlight conditions a typical commercial PV cell with a surface area of 160cm2 will produce about 2 watts peak power.
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Groups of PV cells are electrically configured into modules/panels which can be connected into arrays to achieve desired power and voltage outputs. Photovoltaic modules consist of PV cell circuits sealed in an environmentally protective laminate, while panels include one or more PV modules assembled as a pre-wired, field-installable unit. A photovoltaic array is the complete power-generating unit, consisting of any number of PV modules and panels.
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The performance of PV modules and arrays is generally rated according to the maximum DC power output and current (to produce watts) under Standard Test Conditions (STC). Since these conditions are not always typical of how PV modules and arrays operate in the field, actual performance is usually 85 to 90 % of the STC rating.

Standard Test Conditions are defined by a module (cell) 

• Operating temperature of 25o C, and... 

• Incident solar irradiance level of 1000 W/m2 and... 

• Under Air Mass 1.5 spectral distributions.

READING A SOLAR PANEL NAME PLATE
[image: image24.png]100W Photovoltaic Solar Panel
Part#: SOL-100W-00

Maximum Power (Pmax): 100 Wats
Open Circuit Voltage (Voc): 22.10 Volts
ShortCircuit Current (Isc): 5.91 Amps
Max Power Voltage (Vpm): 18.00 Volts
Max Power Current (Imp): - 5.56 Amps.
Max System Voltage: 1000 VDC

Dimensions: 402"x26.4"x1.4"
[1020mm x 670mm x 35mm]
Weight: 17.6 Ibs [Bkg]

Max Series Fuse Rating: 15 Amps
Nom Operating Cell Temp: 25°C [+/-21]

Figure 6: The piciure above shows an exirac of a name plate of a solar panel




Maximum Power means it can deliver maximum 100 Watts electricity. 

Maximum Voltage means its maximum output voltage is 18.0V. 

Open Circuit Voltage means the voltage without load. 

Maximum Current means the maximum output current. 

Short Circuit Current means the current of short circuit of solar panel. 

Maximum System Voltage means that, when we connect solar panel in series then Maximum Voltage Limit is 1000V.

APPLICATIONS OF SOLAR PHOTOVOLTAIC SYSTEMS:
Some of the major application of solar energy are as follows: 

(a) Solar water heating 

(b) Solar heating of buildings 

(c) Solar distillation 

(d) Solar pumping 

(e) Solar drying of agricultural and animal products 

(f) Solar furnaces 

(g) Solar cooking 

(h) Solar electric power generation 

(i) Solar thermal power production

 (j) Solar green houses.
EXPERIMENT- I.

Aim: 
To study the effect of shading in PV systems

Apparatus required:

Solar panel : 80W,12V

Ammeter:.0-5A MC

Plank to cover the surface of solar panel.

Procedure: 

1. If your PV cell does not have wires already attached to it, you should attach 15 cm of wire to each node of the PV cell. The cell should have either clips or hooks around which you can manually twist the wire. 
2. Follow your teacher’s safety instructions and attach the red wire from the PV cell to the red lead of the ammeter (either clip or wrap the wires together).
3. Similarly, attach the black wires from the PV cell to the black lead of the ammeter. 
4. Use the sun or shine a light source on the PV cell to see if you are getting a current reading. If the ammeter shows no current, check the wire connections.
5. 5.With just 1 PV cell in the circuit, shade 1/4 of the PV cell with a piece of cardboard or paper and take a reading. Shade 1/2, 3/4 and then all of the photovoltaic cell. Record the readings in Data Table below

Observations:
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EXPERIMENT-II

Aim: 
To study the effect of tilt angle in PV systems

Apparatus required:

Solar panel : 80W,12V

Ammeter:.0-5A MC

Protractor 0-180. Degrees

Procedure:

1. If your PV cell does not have wires already attached to it, you should attach 15 cm of wire to each node of the PV cell. The cell should have either clips or hooks around which you can manually twist the wire. 
2. Follow your teacher’s safety instructions and attach the red wire from the PV cell to the red lead of the ammeter (either clip or wrap the wires together).
3. Similarly, attach the black wires from the PV cell to the black lead of the ammeter. 
4. Use the sun or shine a light source on the PV cell to see if you are getting a current reading. If the ammeter shows no current, check the wire connections.
5. .Place the PV cell(s) directly pointed at the sun (or light source). Using a protractor to determine the angle, slant the PV cell(s) at 15-degree intervals away from the direct perpendicular position. Record the amps generated at every 15-degree change in Data Table below.
Observations:
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Experiment- III.

Aim: 

Effect of Temperature Changes on Photovoltaic System 

Apparatus required:

Solar panel : 80W,12V

Voltmeter:.0-30V  MC

Procedure: 

1. Take your PV cell(s) with its attached wires and attach the red wire from the PV cell to the red lead of the voltmeter. Attach the black wire from the PV cell to the black lead of the voltmeter.

2. Check that you are getting a reading. If you do not get a reading check the wire connections
3. Take your PV cell(s) that is connected to the voltmeter and, shading the PV cell, read the voltmeter at regular room or outside temperature and record your readings in Data Table .
4.  Place the PV cell directly in the sun (or under a lamp) so that the cell becomes warm. Record this new reading. 
5. Heat the solar cell with a hair dryer for 15 seconds, take a reading. Heat the solar cell for 30 seconds, take a reading. Heat the solar cell for 1 minute, take a reading. Record the readings in Data Table below
Observations:
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EXPERIMENT-IV

Aim: 
To plot the V-I Characteristics of the solar cell and hence determine the fill factor.

Apparatus required: 

Solar panel : 80W,12V

Voltmeter:.0-30V  MC

Ammeter: 0-100mA MC

Rheostat : 50 ohm,5A

Procedure:

1. Connect the circuit as shown by dotted lines (Fig. ) through patch chords. 
2. Select the voltmeter range to 4V, current meter range to 2.5mA and load resistance (RL) to 50Ω. 
3. Expose the solar cell to sun light 
4. Note down the observation of voltage and current in Table . 
5. Vary the load resistance through band switch and note down the current and voltage readings every time in Table .
6. Plot a graph between output voltage vs. output current by taking current along X-axis and voltage along Y-axis. You should get a curve similar to shown in Fig

OBSERVATIONS 

Voltmeter reading for open cicuit, VOC = …. Volts 

Milliammeter reading with zero resistance, ISC = . . . mA.
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From the Graph: 

Value of Vm = ……… volts 

Value of Im = ……….. mA
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PRECAUTIONS: 

1. The solar cell should be exposed to sun light before using it in the experiment. 

2. Light from the lamp should fall normally on the cell.

3. A resistance in the cell circuit should be introduced so that the current does not exceed the safe operating limit.
UNIT-II

WORKPLACE SAFETY AND FIRST AID

Experiment-1

Study of risks and hazards in Solar PV Installation

Risks and hazards in PV Installation:

Installing solar panels and systems can be risky. Workers in the solar industry face various risks, like:

· Falls from high rooftops

· Electrocution or other electric hazards

· Repetitive stress injuries

· Cuts or sprains

Experiment-2
Discuss in detail about safety measures in site before installing Solar PV Installation

Site safety:

Doing due diligence is important because each worksite is unique and presents different risks. It’s essential for the installer to visit the site, identify safety risks and develop specific plans to address them. This can include:

· Equipment to use for safe lifting and handling of solar panels

· Type and size of ladders and scaffolding

· Fall protection for rooftop work

· Personal protective equipment (PPE) for workers

Safety issues are common for solar installations, but proactively putting preventive measures in place can help mitigate on-the-job injuries.

Lifting and Handling Solar Panels

Solar panels are heavy and awkward to lift and carry. Loading and unloading panels from trucks and onto roofs can cause:

· Strains

· Sprains

· Muscle pulls

· Back injuries

Solar panels also heat up quickly when exposed to sunlight. So, if PPE isn’t worn or panels aren’t handled correctly, they can cause burns.

When it comes to solar panel safety, workers can reduce injury risks by:

· Having two people lift panels with the correct lifting technique

· Using mobile carts or forklifts to transport panels onto and around the work site

· Never climbing ladders while carrying solar panels

· Using properly inspected cranes, hoists or ladder-based winch systems to get panels onto roofs

· Covering uncovered panels with an opaque sheet to prevent heat buildup

· Always wearing gloves when handling panels
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Ladder Safety
Solar installations often involve working on roofs from ladders. So, having the right type of ladder and using it correctly is essential to worker safety.

 Select the ladder that best suits the need for access. This can include a stepladder, straight ladder or extension ladder. Be aware that straight or extension ladders should extend a minimum of 3-feet above the rung that the worker will stand upon.
 Choose the right ladder material. Aluminum and metal ladders are commonly used, but they’re a hazard near power lines or electrical work. Instead, a fiberglass ladder with non-conductive side rails may be a better option near power sources.
 Place the ladder on dry, level ground. Make sure the feet of the ladder are away from walkways and doorways and at least 10 feet from power lines. Secure the ladder to the ground or rooftop for added stability.
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Trips and Falls

Trips and falls are the second most common nonfatal injury in the construction industry.8 In fact, there were over 25,000 nonfatal slips, trips and fall injuries in 2019.9 Rooftop solar installations can pose a higher fall risk because there’s less work space as more panels get installed.

 To help keep workers safe while installing solar panels and systems:

 

· Keep work areas dry and clear of obstructions.

· If employees are working six feet or higher, install guardrails around ledges, sunroofs and skylights. It may be a good idea to also use safety nets.

· Provide workers with a body harness anchored to the rooftop to stop a potential fall.

· Cover holes on rooftops, including skylights, as well as ground-level work surfaces.
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Solar PV Safety

A solar PV system includes several components that conduct electricity. This includes the PV solar array, the inverter and other essential parts. This presents solar power safety concerns.

 When these parts are live with electricity generated by the sun, they can cause serious injuries due to electric shock or arc-flash. Even in low-light conditions, systems can create enough voltage to cause injuries.

 Be aware that electricity comes from two sources with PV systems:

 

· The utility company

· Solar array absorbing the sun’s light

Even if the building’s main breaker is shut off, the PV system still continues to produce power. This requires extra caution among solar workers.

 

Some of the ways you can keep workers safe include:

 Covering the solar array with an opaque sheet to block the sun’s light.

· Treating wiring coming from a solar PV system with the same caution as a utility power line. That means assume all wires are live.

· Using a meter or circuit test device to ensure circuits are de-energized before working on them.

· Locking out power on systems that can be locked out. Tag all circuits you’re working on at points where that equipment or circuit can be energized.

· Never disconnecting PV module connectors or other associated PV wiring when it’s under load.
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Experiment-3
Study of Protective Equipment in Solar PV Installation

Personal Protective Equipment for Solar Workers

PPE Definition and Meaning

A Personal Protective Equipment (PPE) is clothing or equipment designed to reduce employee exposure to chemical, biological, and physical hazards when on a worksite. It is used to protect employees when engineering and administrative controls are not feasible to reduce the risks to acceptable levels.
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Importance of PPE:
According to the hierarchy of controls by the National Institute for Occupational Safety and Health (NIOSH), PPE is recommended to be the last level of defense to prevent occupational injuries, illnesses, and fatalities, but some businesses combined it with other control measures to ensure a safe and healthy environment for their workers. Here are some benefits of using PPEs:

· prevent unnecessary injury in the workplace;

· protect employees from excessive chemical exposure;

· prevent the spread of germs and infectious diseases including COVID-19;

· help businesses comply with regulatory requirements(e.g., The Personal Protective Equipment at Work Regulations 1992 that’s recently been extended to limb workers); and

· improve employee productivity and efficiency.

The 4 Basic Types

However, even the strictest controls will not necessarily eliminate all the risks associated with most job tasks and this is where the need for PPE must be evaluated. A hazard assessment can help identify which specialized PPE will be required. There are numerous types of workplace safety equipment available depending on the hazard exposure and work conditions. The following are basic PPE that can help protect employees:
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Face and Eye Protection

PPE includes safety goggles and face shields and should be used for tasks that can cause eye damage or loss of vision, sprays of toxic liquids, splashes, and burns.

Safety Tips:
· Check if safety glasses comply with the ANSI Z87.1 eye protection standard.

· Ensure that there are no cracks or deformities on the lenses.

· Ensure the strap is in good working condition and is firmly sealed to the cheek and forehead.

· Clean and disinfect after use.

[image: image41.png]Safety goggles and face
shields protects workers from
hazards such as:

« Projectile objects

« Chemical splashes

+ Radiant energy sources
from gas welding,
sodering, laser, etc.




Respiratory Protection

PPE includes full-face respirators, self-contained breathing apparatus, gas masks, N95 respirators, and surgical masks are used for a task that can cause inhalation of harmful materials to enter the body. This includes harmful gas, chemicals, large-particle droplets, sprays, splashes, or splatter that may contain viruses and bacteria such as COVID-19, viral infections, and more.

Safety Tips:
· Ensure that the equipment is fit-tested and the employee has undergone proper training before wearing one.

· Carefully read the instructions to determine if it is designed to help protect against the hazards you may face.

· Change filters on half-mask or full-mask respirators frequently.

· Replace disposable respirators with every use.

· Surgical masks are not to be shared with anyone.

· Avoid touching the surgical mask after wearing it.

· Change surgical mask timely and should be disposed of after use.

· Replace the mask immediately if it is damaged or soiled.
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Skin and Body Protection

PPE includes the following categories to protect employees from physical hazards:

Head Protection

PPE includes hard hats and headgears and should be required for tasks that can cause any force or object falling to the head.

Safety Tips:
· Ensure that there are no dents or deformities on the shell and connections are tightened inside.

· Do not store in direct sunlight as extreme heat can cause damage.

· Choose appropriate cleaning agents as it can weaken the shells of hard hats and may eliminate electrical resistance.

· Always replace a hard hat if it was used for any kind of impact, even if the damage is unnoticeable.

Body Protection

PPE includes safety vests and suits that can be used for tasks that can cause body injuries from extreme temperatures, flames and sparks, toxic chemicals, insect bites and radiation.

Safety Tips:
· Ensure that they are clean and free from cuts and burns.

· Always get a good fit to ensure full body protection.

· Ensure bodysuit is heat-resistant clothing when working with high-temperature hazards.

Hands Protection

PPE includes safety gloves and should be used for tasks that can cause hand and skin burns, absorption of harmful substances, cuts, fractures or amputations.

Safety Tips:
· Ensure hand protection fits perfectly with no spaces and is free from cuts, burns and chemical residue.

· Always replace them if any sign of contamination was observed.

· Use rubber gloves when working with heat and electricity to reduce the risk of burn or electrical shock.

Foot Protection

PPE includes knee pads and safety boots and should be used for tasks that can cause serious foot and leg injuries from falling or rolling objects, hot substances, electrical hazards, and slippery surfaces.

Safety Tips:
· Ensure boots have slip-resistant soles that can protect against compression and impact.

· Ensure the sole plate is in good condition to prevent punctures.

Fall Protection

PPE includes safety harnesses and lanyards and should be strictly used for tasks that can cause falling from heights and serious injury or death.

Safety Tips:
· Ensure that the straps are free from tears, deformities and burn marks.

· Check the buckles if connected securely and tightly.

· Dispose of the equipment if used after a falling incident.
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Hearing Protection

PPE includes ear muffs and plugs and should be used for tasks that can cause hearing problems and loss of hearing.

Safety Tips:
· Ensure the equipment fit the ear canal perfectly.

· It is recommended to use formable earplugs to fit on different sizes of ear canals.

· Use protectors that reduce noise to an acceptable level to have a room for communication.

· Ensure earplugs are clean and in good condition.
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Experiment-4
Understanding the issues to take care during the installation of  rooftop Solar PV Installation
Working at rooftops and facades: 
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Common Risks & Hazards During Solar Installation

Solar installations require specific attention to multiple high-hazard conditions. As many installations tend to utilize rooftop space, falls are probably the most widely known hazard, and rightfully so. However, focusing on just one hazard could lead to not enough attention being placed on others if the work hasn’t been properly planned. While there could always be additional dangers on a jobsite, the below list discusses some of the most common ones encountered during solar system installation.

1. Trips and Falls

As mentioned, falls are probably the first hazard that comes to mind for most people when dealing with solar installation since the work is often done on rooftops. Residential rooftops tend to pose an even greater challenge than large, flat commercial or industrial rooftops because of their slope and lack of fall protection options. You can’t necessarily purchase a bunch of weighted, standalone guardrails and set them on the edge of somebody’s home. It’s difficult to find existing fixtures that provide a solid anchor point. However, there are residential fall protection products on the market. The trick is to make sure you find the ones that work for the application and that your personnel is trained to install and use the products properly.

For flat roofs of commercial or industrial buildings, your options begin to open up. Counterweighted railings, parapet clamp rails, mobile anchor points, and more can be used depending on the configuration of the roof and the weight it can hold. As always, planning is critical. Lack of it may cause employees to tie off to the first thing they find without any knowledge of whether it is a suitable anchor point.

Keep in mind that the edge of the roof may not be the only place a fall hazard comes into play. Commercial buildings often have skylights that need to be treated as roof openings. Most skylight covers will not hold the weight of a person and the cages placed on them are usually just for protection from debris and animals. When designing your fall protection system, you may need to place rails, use skylight nets, or find other means of keeping your workers physically separated from skylights.

Ladders are also going to be widely used during solar installation, providing another opportunity for falls. If extension ladders are unavoidable, ensure they are set at the proper 4:1 ratio, that the base of the ladders are clear from debris and are set on solid, level ground. The ladder needs to extend 3’ above the roof level (or another handhold is available) and that the ladder is secured. Ladder walk-through toppers are a great tool to keep your workers from having to swing around the top of the ladder. Ensure that your workers are not trying to carry their tools and equipment up the ladder if it is taking away from their ability to maintain three points of contact.

If you are using a facility’s fixed ladders, ensure that the proper cages, wells, or fall protection devices are in place. All ladders will eventually require fall protection devices, but we are still in the phase-in period for that requirement. Make sure handholds are available 3’ above the roof and that your employees aren’t exiting a roof hatch right into a danger zone near a roof edge. For large installations, consider the idea of a stair tower if possible. While they do cost money and take some time to install, the safety they provide workers, as opposed to climbing ladders, is invaluable.

Lastly, in this category, don’t forget your slip and trip hazards. In addition to debris that could accumulate or tools that could be left lying around, solar installations are done in the weather which could pose slip and trip hazards. Water or ice need to be addressed if they pose a problem in the work area.

2. Electrical
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It may seem self-evident that solar installations can pose electrical risks, but just what those electrical risks are may not be as obvious. Electrical hazards, during this type of work, could come in the form of either shock/electrocution from live equipment and utilities or it could come in the form of thermal injuries from heated panels. Some of this comes into play even more during the maintenance of solar systems, but in focusing on solar installation, the system will not have live power for most of the project. Once it is connected, though, lockout/tagout procedures need to be followed and special care needs to be taken around inverters. Until then, much of your electrical concern could come from existing utility installations. Ensure that your workers are at a distance from any potential hazards and/or are shielded in some way from them. Make sure you discuss these live utilities with your workers during a JSA (job safety analysis) so that they know not to approach if there is no way to install a physical barrier or get a shutdown. Be especially cognizant of these during any scaffold installation, hoisting of materials to the roof, or other tasks that could inadvertently take you closer to the lines than planned.

In addition, solar panels will continue to produce energy and heat up even with the power off. The only way to stop this is to cover them with an opaque material. Make sure all workers are fully aware of this, the proper precautions are being taken, and all the necessary PPE is being worn. Remember, even a minor incident could turn major. For example, somebody surprised by the heat of a panel could stumble backward and fall causing a secondary injury.

3. Strains and Sprains from Lifting

Solar panels and associated equipment can be heavy. They can be large and awkward to handle if not done properly. It is important to determine how your equipment and materials are going to be moved. Where possible and where needed, opt for material handling equipment such as rough terrain forklifts or material hoists to get everything up to the level on which you are working. Use carts to move that material around the roof if possible.

4. Cold/Heat

As previously noted, solar installations are performed in the weather. While work may stop during periods of rain or snow, it may not stop during periods of intense heat or cold. All precautions need to be taken to prevent heat and cold illnesses, beginning with training your workforce on the warning signs of each, what to do when a heat or cold illness is suspected, and how to prevent them in the first place. When the conditions warrant it, ensure that you are allowing your people frequent breaks and that they are getting out of the sun or the cold weather. Ensure that they are staying hydrated. In the cold weather, make sure they are staying dry. Take no chances. If the weather is going to be extreme, consider not working or for extreme heat, shifting your schedule to allow more time during the cooler hours of the day.

Experiment-5
Study about Fire Hazards and Fire Extinguishers
Fire Hazards

What Does Fire Hazards Mean?

Fire hazards are workplace hazards that either involve the presence of a flame, increase the probability that an uncontrolled fire will occur, or increase the severity of a fire should one occur.

Fire hazards include:

· Flames

· Sparks

· Hot objects

· Flammable chemicals

· Chemicals accelerants, which can increase a fire’s rate of spread
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Types of Fires:

Fire extinguishers are rated based upon the types of fires they are designed to put out. These ratings are identified on the label of the fire extinguisher. Care should be taken to ensure the extinguisher chosen to put out a fire is proper for the type of fire. Listed below are the four main types of ratings.

· Class A: Ordinary combustible materials, wood, paper, plastics and clothing

· Class B: Flammable liquids and gases

· Class C: Energized electrical equipment

· Class D: Combustible metals

Types of Fire Extinguishers:


The University uses the following types of fire extinguishers:

· Water (Class A)

· Carbon dioxide (Class BC)

· Multipurpose dry chemical (Class ABC)

· Dry powder (Class D)
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Fire Prevention Plan:

This Fire Prevention Plan is intended to provide pertinent information to faculty, staff and students in order to reduce the possibility of fires and to specify the type of equipment to use in case of fire. This plan addresses the following issues:

· Major university fire hazards and proper handling and storage procedures.

· Potential ignition sources for fires and their control procedures.

· The type of fire protection equipment or systems which can control a fire involving them.

· Personnel responsible for maintenance of equipment and systems installed to prevent or control ignition of fires and for control of fuel source hazards.
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UNIT-III 

PV COMPONENTS AND ELECTRICAL CONNECTIONS

PV modules array: 

In order to increase the current in PV system, the PV individual PV modules or PV module strings are connected in parallel. Such series and parallel combination of PV modules is referred as ‘solar PV array’.

A schematic diagram of a solar PV array is shown in Figure , and a photograph of a installed solar PV array is shown in Figure 5.4. When the number of modules are connected in series and/or parallel combination, the symbol of PV module Figure can be used for the representation of the modules.

Note that, in both series and parallel combination of PV modules, the power of the PV modules always gets added.

An Example of Summation of Open Circuit Voltages of Two Series Connected PV Modules

(Note: Combination of Current Remains Same as that of Single Module)

Open circuit voltage of module 1 (Voc1)and of module 2 (Voc2 ) is 12 V

Open circuit voltage of modules connected in series Voc = Voc1 + Voc2 = 12 + 12 = 24 V
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Mismatch in Current in Series Connected PV Modules

In series connection, only voltage gets added but current remains the same, provided all the modules are with identical current values. If the current producing capacity of the PV modules is not same, then the current flowing in the series connected modules will be equal to the current of the module with the lowest current producing capacity. 

Thus, the lowest current producing module determines the current in series connected modules. 

It is advised that PV modules with difference in current should not be connected in series. PV modules with difference in current should not be connected in series. It results in loss of power output

Problem:

 Total Power Produced by PV Modules When They are Connected with Each Other in Series (STC Conditions)
	
	Vm (V)
	Im (A)     
	Pm (watt)

	Module 1
	17
	5.1
	86.7

	Module 2
	16.5
	4.9
	80.85

	Module 3
	16.3
	5.0
	81.5


Total power of modules when not connected in series   249.05 watt

Total voltage of series combination =49.8V

Total current of series combination =4.9A
Total power of series combination  = 49.8 × 4.9 =  244.02 watt

Total wattage produced by three PV modules when connected in series is 244.02W
Connection of Modules in Parallel Combination:

When solar PV system power requirement is higher than the available single module power, then the solar PV modules are connected in series or parallel. A series connection of PV modules is discussed above Sometimes, instead of series connection of PV modules, a parallel connection is done to increase the power output. In parallel combination of PV modules, the voltage of the combination remain the same as that of individual module voltage (provided all modules haveidentical voltage) whereas the current of the parallel combination is the sum of currents of all PV modules. The parallel configuration is achieved by connecting same polarity terminals together. In this way, the positive terminal of one module is connected to the positive terminal of the other module and similarly, negative terminal of one module is connected to the negative terminal of other PV module.

The parallel combination of the PV modules is shown in Figure 
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As shown in Figure, two modules are connected in parallel configuration by connecting their same polarity terminals to each other (positive terminal to positive and negative terminal to negative). In the parallel combination, individual currents of each module gets added up. Suppose, the short circuit current of two PV modules is Isc1 and Isc2, then the total current of parallel connection will be = Isc1 + Isc2. As the number of modules is added, the current keeps on adding but voltage remains the same. 
The above description is given for short circuit current, but it is applicable for any other current component of PV modules. Thus, if current at maximum power point of two PV modules is Im1 and Im2, then the total currentat maximum power point of parallel connection will be Im1 + Im2.

An Example of Summation of Currents when PV Modules Connected inParallel

Short circuit current of module 1Isc1 = 2 A

Short circuit current of module 2Isc2 = 2 A

Short circuit current of modules connected in series IscIsc1 + Isc2 = 2 + 2 = 4 A

Problem:

Estimating the Number of PV Modules to be Connected in Parallel and Their Total Power

Estimate the number of SPV modules to be connected in parallel to achieve the Current at peak power point of 42 A. The system voltage requirement is 16 volts.The modules to be connected are having parameters Vm = 16 V, Im = 7 A,Voc = 20 V, Isc = 8.5 A

Sol:

Open circuit voltage of module or string Voc=20 volt

Short circuit current of PV module or stringIsc=8.5 ampere

Voltage at maximum power point or stringVm=16 volt

Current at maximum power point or string Im =7 ampere

Maximum power of PV module or string Pm = Vm × Im = 7 × 16= 112
Required PV array current at maximum power Point
=Ima =42 ampere

Current at maximum power point of single PVmodule or PV module string=Im=7 ampere

Number of PV modules to be connected in parallel (Np) = Ima/Im = 42 ÷ 7= 6No

Voltage at maximum power point of PV array 


Vma = Vm 16 volts

Number of PV modules to be connected in parallel (Np)Np 6 number Maximum power of PV

module array







Pma = Pm × Np= 112 × 6= 672W
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Practice Question:

Connection of Modules in Series and Parallel (Mixed Combination)

Estimate the number of PV modules to be connected together in order to design a solar PV system for power generation with following requirements:Power = 10 kW, Voltage at peak power = 200 V, Current at peak power = 50 A,The PV modules available for this plant are having the following parameters :Vm = 35V,Im = 8.5A. Recalculate the numbers. After calculation of number of PV modules, estimate the actual peak power of the system.
Basics of Batteries

Terminologies for BatteryTerminal Voltage

There are various voltage terminologies associated with battery like Open-circuit voltage, Nominal or operating voltage, and Cut-off voltage, and these terminologiesare briefly described here:

Open circuit voltage: It is also called theoretical voltage because this is the maximum possible voltage at output terminals of battery when circuits open

Nominal terminal voltage or operating voltage: It is actual voltage Available at the output terminals of the battery on which load can operate. The standard battery nominal voltages available are 1.5 V, 3 V, 6 V, 12 V,24 V, 48 V, etc.

Cut-off voltage: It is a voltage up to which the load can be operated andbelow which the battery should be disconnected from the load in order toprevent it from over-discharge

Battery Storage\Capacity (C):The capacity of a battery is the capacity to store the charge in the battery. It is the product of current (in amperes) it can deliver for a given time (in hours), i.e., Ampere × Hour (Ah). One ampere-hour (Ah) is the amount of charge delivered when constant current of one ampere (A) is used for one hour (h). In this we will express battery capacity in term of ampere-hour.
 The capacity of a battery is given by the expression shown below:

                                            Capacity (C) = Current (A) × Hour (h) (6.2)

The capacity of non-rechargeable batteries normally varies in few mAh(milli Ah) to several Ah range. The capacity of rechargeable batteries can vary from few Ah to thousands of Ah.The capacity of batteries depends on temperature. The same battery will havedifferent capacity at different temperatures. The capacity is specified at standard test conditions of 25 °C. Hence, the capacity value measured at installation sites may vary from the values given by the manufacturer because of the change in temperature at particular location. Therefore, while selecting the battery for a given purpose, temperature of the location should be taken in account.

After knowing charge storage capacity and terminal voltage of the battery, we can find out some other information’s about the battery.

How much current battery can supply?

We must always remember, in practical, there is no source which can supply an unlimited amount of current. Similarly, battery is a device that can only supply fixed amount of current. The capacity rating helps in finding out how much current battery can provide, if duration of the current drawn (or discharge duration) is given. The current drawn can be given as:
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The above expression suggests that, for a given battery capacity, if the discharge duration is long, we can draw small current from battery, but if our discharge duration is small, we can draw large current from battery. This is analogues to water tank, from a water tank of fixed capacity, if we draw water slowly, we can draw water for long time, but if we draw water fastly then the tank will get emptied soon. Thus, by choosing small discharge duration, it is possible to draw a large amount of current. But drawing large current from battery must be avoided. As large current cause large voltage drop inside the battery due to internal resistance and terminal voltage available outside decreases. Here, the question is, what current is large current? Normally, for batteries used for solar PV systems, the discharge duration is 10 to 20 hours. Corresponding this discharge duration, the magnitude of current drawn will be considered normal current. But if you are discharging battery in 1 to 2 hours then the current drawn will be considered large current. The amount of current that can be drawn from abattery is discussed more in detail

Example 

A 100 Ah capacity battery is discharged in 20 hours in one case and in 5 hours in other case. Estimate the current that can be drawn from battery in these two cases.

Solution 

Case 1:

Given: capacity = 100 Ah and discharge duration = 20 hours

Current produced by battery 1 = ah/h=100ah/20h=5 A

Discharge duration (h) 20 h.

Case 2:

Given: capacity = 100 Ah and discharge duration = 5 hours

Current produced by battery 2 = = = Capacity (Ah)/discharge duration h = 100 Ah/5h=20 A

Discharge duration (h) 5 h

Therefore, the current produced by battery in Case 1 will be 5 A and in Case 2

will be 20 A.

How much energy is stored in battery?

If we know the terminal voltage of the battery and its charge storage capacity, we Can obtain how much electrical energy is stored in the battery. The electrical energy Is given in terms of the product of charge capacity and voltage. Thus, energy stored In a battery can be given by the following expression:

                                  Energy (watt-hour) = Capacity (Ah) × Voltage (V)

The above expression indicates that large capacity battery and higher terminalVoltage battery stores higher amount of electrical energy.

What is the power of the battery?

Power for any device is defined as product of voltage and current. In case of batteryIf we multiply the terminal voltage of battery with discharge current we will get the\power of the\battery. 

Thus, battery power can be written as:

                           Battery power (watt) = Terminal voltage (V) × Current drawn (A)

Example
If we have 12 V battery of capacity 500 Ah, then calculate the power of battery

and the amount of energy stored in the battery?

Solution

It is given that:

Battery terminal voltage (V) = 12 V

Battery capacity (C) = 500 Ah

Battery discharge duration is not given, here, so, we assume the battery discharge duration is 10hours.

Since the battery is discharged in 10 hours, the current drawn from the batteryis:

Discharge current = Capacity (Ah) 500 Ah50 ADischarge duration (h) 10 h

Now, for power calculation of the battery, we can write

Power = Voltage (V) × Current (A) = 12 × 50 = 600 watt

Thus, the power of the battery is 600 watt.

The energy stored in a battery is given by the expression,

Energy = Voltage (V) × Capacity (C)

So, Energy = 12 V × 500 Ah = 6000 Wh = 6 kWh

Therefore, energy stored in the battery is 6 kWh.

Battery Efficiency

The charging voltage for any rechargeable battery is greater than the discharging voltage. The charging voltage is the sum of battery e.m.f. and voltage drop due tothe battery’s internal resistance. The discharging voltage is the difference of batterye.m.f. and voltage drop due to the battery’s internal resistance. Due to the internalresistance of the battery, the discharged energy is always less than the chargingenergy. Typically, a lead-acid battery is 80% to 90% efficient in doing chargetransfer. 

The expression for the charge transfer efficiency is given below:
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Another way to calculate energy efficiency for a battery, in terms of watt-hours,is shown in the expression below. It is also called watt-hour efficiency.
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The energy efficiency is typically 65% to 70% for a lead-acid battery. Chargetransfer efficiency/ampere-hour efficiency is very useful for solar power requirementcalculations because ampere-hours is usually used to calculate the panel array neededto charge the battery bank.

Example 

A discharged 12 V battery is charged for 10 hours at 12 A, the average charging terminal voltage being 14.5 V. When connected to a load for discharging current of 10 A is drawn for 10 hours at an average terminal voltage of 12 V. Calculatethe ampere-hour and watt-hour efficiency?

Sol:

A discharged 12 V battery is charged for 10 h at 12 A, the average charging terminal voltage is 14.5 V. The battery is connected to load; at an average terminal voltage of 12 V battery discharges current of 10 A for 10 h.

Now, for calculations, the following expressions is used:
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Series Connection of Batteries:

In a solar PV system, batteries are connected together in series when the requiredPV system voltage is higher than the individual battery terminal voltage. In seriesconnection, the negative terminal of one battery is connected to the positive terminalof other battery. The positive terminal of the first battery in the series and then negative terminal of the last battery are used to obtain high voltage. In this type of connections, the voltage of each battery gets added. In this way, connecting the batteries in series increases the voltage. Series connection of batteries is shown in Figure
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Let us say that three batteries of terminal voltage V1, V2 and V3 are connected together in series. In series connection, the negative terminal of one battery isconnected with the positive terminal of the other battery as shown in Figure .An example of the sum of voltage in series connected batteries is given in Table .Ideally, it is desired that the terminal voltage of all the series connected batteriesis same. Note that, when the batteries are series connected, same current flow inall the batteries. So, the total current of series connected batteries remains same but

the voltage increases.

Example :

Summation of Voltages of Series Connected Three Batteries

Terminal voltage of battery 1 =V1 = 12.2 V

Terminal voltage of battery 1= V2 = 12.0 V

Terminal voltage of battery 1= V3 = 12.1 V

Total terminal voltage of series connected batteries 

Vtotal=V1 + V2 + V3 = 12.2 + ___ + ____ = ____ V

 Estimating Number of Batteries Required in Series

The number of batteries required in a series connection to give a particular voltage, higher than the single battery voltage, can be estimated. Consider a battery of voltage12 V and capacity 150 Ah, then the number of batteries required to get voltageof 24 V will be equal to the required voltage divided by the voltage of a single battery, that is, 2 batteries are required as shown in Table  Figure shows two batteries connected in series to get 24 V.

Ah capacity of series connected batteries Ah series = Ah 150 ampere-hour
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Example 

How can we obtain 36 V in a solar PV system by using 12 V lead-acid batteries?

Solution

Here, the capacity of the battery is not given. Let us assume that the capacity ofeach battery is equal to 150 Ah.

The capacity of each battery = 150 Ah

The voltage of each battery = 12 V

Output voltage required = 36 V

We know, by connecting the batteries in series, higher voltage is obtained. Also,the voltage of each battery in series is additive.

Therefore, we should divide the required voltage by the voltage of individual

battery. In this way, number of batteries required = 36 V/12 V = 3 batteries.

Voltage across two batteries connected in series = 12 V + 12 V + 12 V = 36 V

For batteries connected in series, capacity remains the same which is equal to

the capacity of a single battery. So, the capacity across two batteries connected in

series will be 150 Ah.

The connection of three 12 V batteries in series to obtain 36 V voltage is shown

in Figure 
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Estimating Total Energy Stored in Series Connected Battery Array

Generally, the electrical energy consumption is expressed in terms of kilowatt-hour(kWh). Hence, the estimation of energy stored in the battery array has to be calculated

As follows to get an idea of the usage of electrical energy:

Let us consider, there are three batteries, each of 12 V, 150 Ah, connected in series, then the energy stored in a battery is given as

Energy = Product of the sum of voltages of three battery and capacity of a battery

Here, CT = C1 = C2 = C3 = 150 Ah

AndV1 = V2 = V3 = 12 V

So, the total voltage across battery connected in series

= VT = V1 + V2 + V3 = 12 + 12 + 12 = 36 V

Therefore, energy stored in the battery array connected in series

= VT × CT = 36 × 150 = 5400 = 5.4 kWh

The calculation of energy of a battery array can be done in simplified table form

Shown in Table .

	No. of batteries in

series connection NS
	Voltage of each

battery Vbattery (V)
	Capacity of each battery

at h hours CT (Ah)
	Total Voltage VT (V)
	Total energy kilowatt-hour energy

(kWh)

	3
	12
	150
	NS × Vbattery = 3 × 12

= 36
	VT × CT = 36 × 150 = 5400 Wh

= 5.4 kWh000

	4
	24
	500
	4 × 24 = 96 V
	96 × 500 = 48000 Wh = 48 kWh


Estimating Maximum Power from Series Connected Batteries

The power of the battery is calculated to determine the electrical power delivered to the electrical appliances connected to it. The estimation of power of an array ofBatteries connected in series is done in terms of watt or kilowatt as 

For calculation, consider a battery with specification given below:

Voltage of each battery = 12 V

Capacity of each battery at 10 hours = 150 Ah

Let us consider, the three batteries are connected in series.

Here, the current delivered by a battery (Ibattery) = Capacity/Rating hour = 150/10 = 15A

Now, Power of the array of 3 batteries connected in series = No. of batteries (NS) × Total voltage (VT)× Current delivered by a battery (Ibattery)= 3 × 12 × 15 = 540 W = 0.54 kW

The calculation can be done in easy table form as shown in Table 
	No. of batteries

in series

connection NS
	Voltage of

each battery

Vbattery (V)
	Capacity of

each battery at

h hours CT (Ah)
	Rating hour

(h)
	Current of a battery

for given rated hour

Ibattery (A)
	Total voltage VT (V)
	Total power kilowatt power(kw)

	3
	12
	150
	10
	CT/h = 150/10 = 15
	NS × Vbattery = 3 × 12

= 36
	VT × Ibattery = 36 × 15

= 540 W

	4
	24
	500
	20
	500/20 = 25
	4 × 24 = 96
	96 × 25 = 2400 W

= 2.4 kW


Parallel Connection:

Batteries are connected in parallel when high current is required. In parallel Connection, the same type of terminals are connected together at one point. The Positive terminals of all the batteries are connected together as one. Similarly, Negative terminals of all the batteries are connected together as one. In this type of Connection, the capacity of each battery is additive. So, connecting the batteries ina shunt (parallel) increases the capacity but the voltage remains the same which is Equal to the voltage of a single battery. A parallel connection of batteries is shownin Figure 

Let us say that five batteries of capacities C1, C2, C3, C4 and C5 are connected together in parallel. In parallel connection, the positive terminal of one battery is connected with the positive terminal of the other battery and negative terminal of One battery is connected with the negative terminal of the other battery as shown in Figure 
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An example of the sum of capacity in parallel connected batteries is given in Table 7.6.

Ideally, it is desired that the voltage of all batteries connected in parallel are same.Note that, when the batteries are connected in parallel, voltage is same for thebatteries. So, the total voltage of parallel connected batteries remains the same butthe capacity increases

An Example of the Summation of Capacities of Five Batteries Connected in Parallel

Capacity of battery 1 C1 150 Ah

Capacity of battery 2 C2 300 Ah

Capacity of battery 3 C3 500 Ah

Capacity of battery 4 C4 200 Ah

Capacity of battery 5 C5 150 Ah

Total capacity of parallel connected batteries 

CtotalC1 + C2 + C3 + C4 + C5 = 150 + ___ + ___ + ___ + ___ = ___ Ah

Voltage of batteries in parallel: Since, the batteries are connected in parallel; thevoltage drop across each battery connected in parallel remains the same as that of a single battery. Due to this, the voltage of parallel connected batteries is same as the voltage of single battery

Estimating Number of Batteries Required in Parallel

The number of batteries required in a parallel connection to get a particular battery Capacity higher than the capacity of a single battery can be estimated. Consider a Battery of voltage 12 V and capacity 150 Ah rated at 10 hours, then the number Of batteries required to get the capacity of 300 Ah will be equal to the required Capacity divide by the capacity of a single battery, that is,2 batteries are required as shown in Table . By connecting two batteries in parallel, we get an array ofBatteries of the capacity 300 Ah as shown in Figure 

	Parameters
	Symbol
	Value
	Unit

	Required battery array capacity
	Ahparallel
	300
	ampere-hour

	Terminal voltage of a single battery (assuming all battery in parallel are

Identical 
	v
	12
	hour



	Ah capacity of single battery
	Ah
	150
	ampere-hour

	Number of batteries to be connected in parallel (NP)
	NP = Ah parallel/Ah
	300/150=2
	number

	Ah capacity of parallel connected batteries
	Ah parallel = NP × Ah
	300
	ampere-hour
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Estimating Power for Parallel Connected Batteries

The estimation of power of an array of batteries connected in parallel is done in terms of watt or kilowatt as follows:

For calculation, let us consider a battery with specification given below:

Voltage of each battery = 12 V

Capacity of each battery at 10 hours = 150 Ah

Let us consider the three batteries are connected in series.

Here, the current delivered by a battery (Ibattery) = Capacity150 ,15 A Rating hour 10

Since, the current of battery is additive in parallel connection, therefore, the

total current given by batteries connected in parallel (IT)

= No. of batteries (NP) × Current delivered by a single battery

= 3 × 15 = 45 A

Now, power of 3 batteries connected in parallel

= No. of batteries (NP) × Voltage of single battery× Total current given by batteries connected in parallel (IT)

= 3 × 12 × 15 = 540 W = 0.54 kW

The calculation can be done in easy table form as shown in Table

	No. of batteries

in parallel

connection (NP)
	Voltage of

each battery

Vbattery (V)
	Capacity of

each battery at

h hours (Ah)
	Rating hour

(h)
	Current of a battery

for given rated hour

Ibattery (A)
	Total current IT (A)
	Total power kilowatt

Power (kW)

	3
	12
	150
	10
	Ah/h = 150/10

= 15
	NP × Ibattery = 3 × 15

= 45
	Vbattery × IT = 12 × 45= 540 W

= 0.5 kW

	4
	24
	500
	20
	------
	-------
	------


Mixed Connection:

In mixed type of connections, both the combinations of series and parallel are usedtogether. This type of connection is used when both voltage and current/capacity requirement increases the standard values of available batteries. Depending on the voltage requirement, the calculated numbers of batteries are connected in series and depending upon the current/capacity requirement, the numbers of such series combinations are connected in the parallel combination. The mixed connection of batteries is shown in Figure 
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Estimating Number of Batteries to be connected in Mixed Connection

For understanding the calculation for the estimation of a number of batteries connected in mixed connection, let us take the example of designing the battery system for the voltage requirement of 24 volts and capacity of 300 Ah. The specifications of batteries used here arevoltage = 12 V, capacity = 150 Ah and discharge rate = 10 hours

First, the values of the requirement are listed like,

Voltage required (Vsystem) = 24 V, and Capacity required (Csystem) = 900 Ah

Now, list the standard values of the available battery given above.

Standard values are voltage (Vbattery) = 12 V, and capacity (Cbattery) = 150 Ah

We know in series combination, voltage is additive and in parallel combination,

capacity is additive.

So, the number of batteries required for 24 V (NS)=Vsystem/Vbattery =24/12 =2 batteries 

	Total voltage

required (VT)
	Standard available

battery (VB)
	Number of batteries

required (N)
	Round off the

number (NS)
	Total voltage

available (VT)

	24 
	12 
	24/12 = 2
	2
	2 × 12 = 24 V 


Similarly, the number of batteries required for 300 Ah  (NP)= Csystem/Cbattery= 300ah/150ah =2 

	Total capacity

required (Cs Ah)
	Standard available

battery (CB Ah)
	Number of batteries

required (N)
	Round off the

number (Np)
	Total capacity

available (Cs)

	300
	150
	300/150 = 2
	2
	2 × 150 = 300 Ah


Therefore, the total number of batteries required in the mixed type of combination

to make above battery system (N )

= (Number of batteries in series combination)× (Number of batteries in parallel combination)

= NS × NP = 2 × 2 = 4 batteries

	System voltage,

Vs (volts)
	Available battery

voltage Vbattery (volts)
	Number of batteries in

series (Ns = Vs /Vbattery)
	Round off the

number (Np)
	Number of batteries in

parallel (Np = N/Ns)
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DC to AC Converter (Inverters)

Most of the appliances around us use AC power while the PV modules produce DC power. Therefore, the conversion of DC power to AC power is required before we can use it for running our appliances. Also, in standalone solar PV systems, the energy is stored in batteries, in the form of DC power. In this case also, when we want to make use of stored energy in batteries we need to convert the DC power stored in energy to AC power used by appliances. This conversion of DC power into AC power can be obtained using devices called DC to AC converters or

DC/AC converters or inverters.

Input power: Inverter converts DC input power into AC output power as shown in Figure. Since input side is DC power side, therefore, the input power fed to the inverter can be given in terms of input DC current and input DC voltage.

DC input power = Vdc × Idc

Output power: The output of the inverter is AC power. The AC power can be given in terms of RMS value of current, RMS value of voltage and  Power Factor (PF).

AC output power = Vrms × Irms

Efficiency of inverter: The efficiency of an inverter can be given in terms ofoutput power and input power, and can be written in the following way:
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Example

Input DC power of an inverter is 300 W. Output AC power is 250 W. What is the efficiency of the inverter?

Solution 
Following parameters are given for inverter:

Input power = 300 W

Output power = 250 W

Efficiency of inverter = 250/300*100= 83.3%

Types of Inverters:

The solar inverters are an important interface between the solar PV module and

the load. Depending on whether battery is used in the PV system or not, the solar

inverters can be classified in three broad categories

Standalone inverters or Off-grid inverters 

These inverters are not connected to grid. They are normally used in standalone PVpower systems as shown in Figure 8.4. In standalone system, there is no back-up of power for energy storage, therefore, this type of inverters has battery back-up tosupply the power to the load in case of non-sunshine hours.
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Grid-tie inverters or grid-interactive inverter

These inverters are connected to grid and do not have battery back-up. They haveSpecial circuitry to match inverter output voltage and frequency with that of grid.

Grid is used as battery back-up when power generated by PV array is insufficient. These inverters also have in-built MPPT to extract maximum power from PV array. When the sun is shining and PV array is generating more power than our usage, then the extra power after meeting our load is supplied to the grid. If PV array power is less than our load requirement then some power is drawn from the grid to make up the shortage power

Battery back-up grid-tie inverters
These inverters are grid-tied but also have battery back-up like standalone inverters.

Inverter Specifications:

Battery voltage: Manufacturers specify the range of voltages, called DC input window that can be applied to the input of inverter.

Battery input
DC current: It is the maximum DC current that the inverter can handle.

Solar panel input
Voltage range: Manufacturers specify the range of voltages, called DC input window that can be applied to the solar panel input of inverter.

Maximum short circuit current: It is the maximum current that the inverter canhandle from the panel.

Output

Continuous output power (W): Inverter rated output power is the power level inverter which can maintain for a long period and so it is sometimes termed continuous output power. Generally, continuous output is specified at particulartemperature. In practice, the available power output depends on temperature. Power output of a 500 watt (rated power) inverter as a function of temperature is shown in Figure (For precise variation user’s manuals can be referred). With increase inthe temperature of the inverter than the rated temperature, its power output decreases because of increase in internal losses in inverter. This graph is only indicative to demonstrate that the power output of inverter decreases with increase in temperature.One must try to get the actual data sheet of inverter before purchasing, as the design and performance can vary from one manufacturer to other manufacturer
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Output voltage: This is the AC output voltage that results at the output of inverter.It is either 230 V or 400 V since our loads also run at same voltage levels.

Frequency: Frequency is 50 Hz in India and 60 Hz in USA. Inverters are designedfor specific frequency.

Efficiency: This is the ratio of output power to input power of a inverter. The efficiency of a inverter varies with the load connected to it at the output. Therefore, the rated efficiency is given for a particular load. Typical efficiency-vs-load curve ofa inverter is presented in Figure 8.6 as a function of load. This graph is only indicative to demonstrate that the power output of inverter depends on the load. One must try to get the actual data sheet of inverter before purchasing, as the design and performance can vary from one manufacturer to other manufacturer
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Other specifications

No load power consumption: This is the power consumed by the inverter under no-load condition, i.e., the case when no load is working on an inverter. This no-load power consumption should be as small as possible to avoid power loss in inverter

Surge power (W): Many inductive loads draw 5 to 6 times normal running power for few seconds during starting. This is called surge power. Inverter should be able to supply the surge power required by the inductive loads.

Output waveform: The inverters are supposed to convert a DC power into ACpower output. A perfect AC power output should have sinusoidal behavior, meaning the AC current and AC voltage should be pure sine wave. In practice, converting DC power into square wave AC power output is much simpler (and low cost)as compared to converting a DC power into perfect sine wave AC power output which is more expensive. On the other hand, the AC power with square wave is considered low quality AC power while the AC power with sine wave is considered high quality AC power. The quality of the AC power affects the performance and life of the appliances which use this AC power. Commercially, inverters are available with the following types of output waveforms (also shown in Figure ).

1. Square wave

2. Sinusoidal

3. Modified sinusoidal
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Quality of power in inverters: Pure sine wave is ideal for almost all AC loads and is considered as the best quality power. Any deviation from sinusoidal is said to introduce harmonics thereby degrading the quality of AC power. The extent of degradation of AC power or the quality of AC power is measured using the term Total Harmonic Distortion (THD). In short, THD indicates the deviation of waveform from pure sinusoid. The more the THD, the more the deviation from sinusoid and power is said to be of lower quality. From this discussion, we can say the following:

THD (sine wave) < THD (Modified sine wave) < THD (square wave)The THD is specified by the inverter. It should be as low as possible. The THDvalue for good quality sine waver inverters is always less than 4%.Typical inverter specifications of 500 W rated inverter are shown in Table

Typical Inverter Specifications
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Example

A house has the following AC loads rated at 230 V.

(i) Three 80 W lights

(ii) Two 100 W fans

(iii) A 60 W radio.

All the loads are powered simultaneously. A 12 V battery is available. Choose the appropriate inverter?

Solution

Output power estimation: Total AC load to be powered simultaneously is as follows:
	Load
	Wattage
	Quantity
	Total load

	Light
	80 W
	3
	240 W

	Fan
	100 W
	2
	200 W

	Radio
	60 W
	1
	60w

	
	
	
	500w 


Input power estimation: Assume, inverter efficiency is 90%. Then

Inverter input power = output power/efficiency =500/0.9=556 w 

Maximum input current estimation 

Input current=input power /voltage =556w/12v=46.33A

The inverter should be able to supply this current, the wire should be chosen to withstand this amount of current

Output voltage and frequency of inverter: These values should match with loadrating values. So, 230 V and 50 Hz are to be chosen.

Surge capability of inverter: For accurate surge estimation, we need to know the surge of all individual loads. Normally, 3 to 4 times of output power is sufficient to meet the surge of loads. So, inverter should be capable of providing 500 × 4

= 2000 W surge power.

DC to DC Power Converters

DC to DC converters are used for converting one level of DC voltage (usually raw, unregulated or un-controlled voltage level) to another level of DC voltage (regulated or controlled voltage level) as shown in Figure 8.8. Sometimes, DC to DC converters also written as ‘DC/DC’ converters. Other than converting unregulated voltage level to regulated voltage level, the DC to DC converters are also used for converting one level of voltage to other level (higher or lower level). For instance, a PV system may be designed to give 24 volt but when we want to convert the DC power toAC power with output voltage of 230 V (device is called inverter), then the input voltage requirement to the inverter is high. In this case, a DC to DC converter issued which becomes a part of the inverter itself. These converters play a vital role in PV systems where they are used as charge controllers, maximum power point trackers and for interfacing the PV source with different types of loads. The DC to DC circuits are also used for noise isolation, power bus regulation and current boosting.
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In DC to DC converter, both input side and output side work on DC power, i.e., DC current flows at input side and DC current flows at output side. If we know the current and voltage at the input side we can find out the DC power feed at input side. Similarly, if we know the current and voltage at the output side, we can calculate the DC power at the output side. Once we know the DC power at the input side and DC power at the output side, we can calculate the efficiency of the DC to DC converters. Remember that power is the product of current and voltage.

Example

For a DC to DC converter as shown in Figure 8.9, a battery of 25 V is connected and the input current is 4 A. At the output side, a voltmeter shows 50 V across the load and the output current is 1.8 A. Find

(i) Power input to the converter

(ii) Power output by the converter or absorbed by load

(iii) Power lost in the converter due to losses

(iv) Efficiency of the converter.
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Solution

Following parameters are given for the DC to DC converter:

Input side voltage = 25 V

Input side current = 4 A

Output side voltage = 50 V

Output side current = 1.8 A

The input power to the converter is the product of input current and input voltage.

Input power = input current × input voltage = 25 × 4 = 100 watt

The output power of the converter is the product of output current and output voltage.

Output power = output current × output voltage = 50 × 1.8 = 90 watt

Power loss inside the converter = Input power – Output power = 100 – 90 = 10 watt

Efficiency of converter= (output power/input power)*100

                                     =90/100*100=90%

Charge Controllers

Charge controllers, as the name implies, control the flow of charge from the battery and to the battery. They protect the battery by preventing over-charge or deep discharge of batteries to preserve their life and performance. When the battery gets overcharged by solar PV module, a charge controller will cut it off from the circuit so that no more charging is possible. Similarly, if a battery goes into deep discharge (or over discharge) due to excessive use of batteries by the load, a charge controller detects and disconnects the battery from the circuit so that no current can be drawn from the battery. In this way, a charge controller protects the battery. Note that both overcharge and deep discharge conditions damage batteries. Both the situations result in decrease in the life of batteries. The block diagram of a standalone PV system with battery back-up and a charge controller is shown in Figure 

Working of Charge Controller

The status of over-charge and deep discharge is detected by measuring the voltage level of batteries. In overcharge condition, the battery voltage increases beyond certain level and in deep discharge condition, the battery voltage decreases belowa certain level. In overcharge and deep discharge voltage conditions, the charge controller disconnects the battery. Also, when the battery voltage level reaches within the normal operating level, the battery gets connected to the circuit. In case

of over-charge, battery gets cut-off due to high voltage of battery. After high voltage cut-off, if the battery is used by load which means some discharge of battery, then its terminal voltage will fall. The charge controller will detect this and connect the battery again for charging

Similarly, in the case of deep discharge, the battery gets cut-off due to low voltage of battery. Now, if the battery is under charging condition, its terminal voltage will increase after sometime due to charging. The charge controller will detect the increase in voltage and when voltage increases above the low voltage cut-off level, the charge controller will connect the battery to the circuit so that power can be extracted from the battery by the load.
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Types of Charge Controllers

The following two types of charge controllers are mostly used nowadays

1. Pulse Width Modulation (PWM) charge controller or standard charge controller

2. Maximum Power Point Tracking (MPPT) charge controller.PWM charge controllers have same nominal voltage across battery bank and PV array. MPPT charge controllers can have different voltages across battery bank andPV array and operate at the maximum power point tracking (MPPT) of the PVpanel. MPPT charge controller allows us to have a solar panel array with a much higher voltage than your battery bank voltage.
For the same power flow, when voltage is high, current that will flow in the wires is small. Power is equal to current multiplied by voltage. Normally, it is desired to keep the current flow to small level. Therefore, a big advantage of having higher voltage solar panel array is that we can use smaller gauge wiring to the charge controller, and the use of small gauge wire reduces the wiring cost. MPPTconcept is further discussed in the next section.

Features of Charge Controller

For the operation of charge controllers, various voltage and current levels aredefined. These levels are as follows:

Nominal system voltage: This is the voltage at which battery and charge controlleroperate in a PV system.

Nominal load current: This is the maximum load current that charge controller should be able to handle.

Nominal PV array current: This is the maximum PV array current that charge controller should be able to handle. This is nothing but the Array short circuit current. A safety factor of 1.25 is used to account for variation in Short circuitcurrent at non STC.

Charge regulator set points: Charge controllers regulate the charging and Discharging of a battery. Charge controller senses the voltage of the battery (or ‘state of charge’, SoC) and decides either to disconnect it from the source (PV arrayin this case) to prevent it from overcharging or to disconnect the load (from thebattery output) to prevent deep discharging. Such controllers are mainly used where loads are unpredictable and the batteries are optimized or undersized to minimize the initial cost. The charge control algorithm has set points (threshold values) depending upon which it takes decisions. The commonly used set points are briefly described below and are shown in Figure
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Voltage regulation set point (VR): It is the maximum voltage up to which battery can be charged (without getting overcharged). If this threshold is reached, the controller either disconnects the battery from the source or starts regulating thecurrent delivered to the battery

Voltage regulation hysteresis (VRH): It is the difference between VR and the voltage at which the controller reconnects the battery to the PV source and starts charging. If VRH is too small, it will result in tighter voltage regulation but the control will be oscillatory and may deteriorate the battery life. At the same time, a large value of VRH may lead to ‘slight’ overcharging of the battery during every cycle. So, in practice, there is a trade-off. VRH also determines how effectively the controller can charge the battery.

Low voltage disconnect (LVD): It is the minimum voltage up to which the battery can be allowed to discharge, without getting deep discharged. It is also defined as the maximum depth of discharge (DoD) of the battery. The charge controller disconnects the load from the battery terminals as soon as the battery voltage touches LVD, to\prevent it from overdischarging.

Low voltage disconnect hysteresis (LVDH): It is the difference between LVDvalue and the battery voltage at which the load can be reconnected to the battery terminals. LVDH is not kept too small, or else the load will be switched on and off more frequently which can adverselyaffect the battery and the load. Charge controllers are available for various ratings of Nominal system voltage and PV array current. Typical ratings of 12 V, 6 A rated PWM charge controller are shown in Table 

	Typical ratings of 12v,6A rated PWM charge controller

	Nominal system voltage
	12v

	Nominal PV array current
	6A

	Nominal load current
	6A

	Regulation voltage
	14v

	Low voltage disconnect
	11v

	Low voltage reconnect
	13v

	Type of charging
	Series pwm

	Temperature
	-20C to 55 C

	Self consumption
	10mA maximum


Solar PV System Sizing

1) Solar Panel Load Sizing

Determine the power consumption demands

Calculate the Total Watt hours per day :This is calculated by measuring the average watt hours consumed by different appliances per day. Then Calculate the Total Watt hours per day to be output by the Solar modules : Multiply the Total Watt hours per day by 1.3(the energy lost in the system). This gives the Total power that needs to be supplied by the Solar Panels.

2) Solar PV Array sizing

Different size of PV modules will produce different amount of power.

Sizing a Solar PV module –In the previous step we calculated the Total Watt hours to be output per day by the solar modules. Now calculate the average daily peak sun hours in your location. Divide the total output to be delivered by the Solar PV system by the daily peak sun hours. This gives approximate array size in KWh. Divide this value by the efficiency factor of the solar panels to get the power output of the Solar panels.

To calculate the number of panels needed – Divide the Total Watt hours to be produced by the rated power output of the PV modules. This provides the number of PV modules needed.

3) Solar Inverter Sizing

Solar Inverter converts The DC output from the Solar Panels to usable Ac power. Hence sizing the Solar Inverter is important so that the conversion happens properly.

The inverter is rated in Watts. The inverter watt rating should be same or more than the SolarPV systems watt rating. In case of appliances like motors the Inverter size should be a minimum times the capacity of those appliances. This is to handle the surge current during starting those type of appliances. For grid tied system, the input rating should be same as PV array rating to allow for safe and efficient operation.

4) Solar Charge Controller Sizing

The Solar Charge controller is rated with Amps and Volt capacities. Choose a Solar Charge controller to match the voltage of the PV Array and Batteries. Ensure that the solar charge controller has the capacity to handle the current supplied from the Solar PV system.

5) Battery Sizing

A battery is not needed in case of Solar On-grid system. It is needed in case of Solar Off-grid system or Hybrid Solar system (a mix of Solar On-grid or Solar Off-grid).Choose a battery with a capacity equal to or more than that of the Solar panels. Battery capacity is measured in Ampere hours. Find out the Watt hours by multiplying Ampere hours and voltage of the battery.

Ex: For a 40AH, 10V battery the Watt Hours figure is 40(X) x 10(Y) = 400 WH (Z)

This means the battery should supply 400 Watts for 1hr or 200 Watts for 2 hrs.i.e the more energy you take more faster the battery is discharged. However one cannot take all the power from the battery. This is because once the voltage drops below to that of the equipment it’s supplying, it will not be able to power it.

Experiment -1 

Aim: To connect two solar PV panel in series connection of identical rating and calculation of max power of PV module array

Apparatus required:

	
	Equipment 
	Rating 
	Type 
	quantity

	1
	Mono crystalline panel
	80w solar panel
	-
	2/3

	2
	DC Volt meter 
	(0-60)V
	mc
	1

	3
	DC ammeter 
	(0-20)A
	MI
	1

	4
	Variable rheostat 
	50ohm.5A 
	wwc
	1


Circuit diagram :
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Procedure

1. Connect the two 80w panel in series 

2. Measure the voltage(Vm)

3. measure the current (Im) for a load of 50ohm rheostat 
Observations:
	No of panels connected
	Voltmeter reading (VL)
	Ammeter reading

 (IL)
	Power 

VL*IL

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	

	6
	
	
	

	7
	
	
	


Result

Experiment -2

Aim: To connect two solar pv panel in parallel connection of identical rating and calculation of max power of pv module array

Apparatusrequired :

	
	Equipment 
	Rating 
	Type 
	quantity

	1
	Mono crystalline panel
	80w solar panel
	-
	2 OR 3

	2
	DC Volt meter 
	(0-60)V
	mc
	1

	3
	DC ammeter 
	(0-20)A
	MI
	1

	4
	Variable rheostat 
	50ohm.5A 
	wwc
	1


Circuit diagram:
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Procedure

1. Connect the two 80w panel in parallel

2. Measure the voltage (Vm)

3. Measure the current (Im) for a load of 50ohm rheostat 
Observations:

	No of panels connected
	Voltmeter reading (VL)
	Ammeter reading

 (IL)
	POWER

VL*IL

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	

	6
	
	
	

	7
	
	
	

	8
	
	
	


Result

Experiment -3

Aim: To connect two battery in series connection of identical rating and calculation of power of battery delivered to load

Apparatusrequired :
	S no
	Equipment 
	Rating 
	Type 
	quantity

	1
	40 ah battery
	40AH
	C20
	2

	2
	DC Volt meter 
	(0-60)V
	mc
	1

	3
	DC ammeter 
	(0-20)A
	MI
	1

	4
	Variable rheostat 
	50ohm.5A 
	wwc
	1


Circuit diagram:
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Procedure

1. Connect the two battery in series (first battery positive polarity to second battery negative polarity 

2. Measure the voltage (Vm)

3. Measure the current (Im) for a load of 50ohm rheostat 
Observations:
	s.no 
	Voltmeter reading (VL)
	Ammeter reading

(IL)
	Power

(PL)

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Result

Experiment -4

Aim: To connect two battery in parallel   connection of identical rating and calculation of power of battery delivered to load

Apparatusrequired :
	
	Equipment 
	Rating 
	Type 
	quantity

	1
	40 ah battery
	40AH
	C20
	2

	2
	DC Volt meter 
	(0-60)V
	mc
	1

	3
	DC ammeter 
	(0-20)A
	MI
	1

	4
	Variable rheostat 
	50ohm.5A 
	wwc
	1


Circuit diagram:
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Procedure

1. Connect the two battery in parallel (join all positive polarity. Join all negative polarity)

2. Measure the voltage (Vm)

3. measure the current (Im) for a load of 50ohm rheostat 
Observations:
	s.no 
	Voltmeter reading (VL)
	Ammeter reading(IL)
	Max power(PL)

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Result

Unit-IV

Site preparations

Experiment :1

To study the measures to consider during Site preparation for PV installation:

Surveying Your Site:

The site survey is one of the most important aspects of designing a successful solar system. It will identify whether or not your site is suitable for solar. If it is, the survey identifies the ideal position to install your system, ensuring that you get the best value for money and the best possible performance.

For a solar electric system to work well, we need the site survey to answer two questions:

· Is there anywhere on the site that is suitable for positioning my solar array?

· Do nearby obstacles such as trees and buildings shade out too much sunlight?

The first question might at first sound daft but, depending on your project, it can make the difference between a solar energy system being viable or not.

By answering the second question, you can identify how much of the available sunlight you will be able to capture. It is vitally important that you answer this question. The number one reason for solar energy failing to reach expectations is obstacles blocking out sunlight, which dramatically reduces the efficiency of the system.

To answer this second question, we need to be able to plot the position of the sun through the sky at different times of the year. During the winter, the sun is much lower in the sky than it is during the summer months. It is important to ensure that the solar array can receive direct sunlight throughout the day during the winter.

You will need a compass, a protractor, a spirit level and a tape measure. Inevitably a ladder is required if you are planning to mount the solar array on a roof. A camera can also be extremely useful for photographing the site. 

Once you have more experience with doing solar site surveys, you will find it does not actually make much difference whether you do your site survey on a sunny day or an overcast day. As part of the site survey, we manually plot the sun’s position across the sky, so once you have more experience, sunny weather actually makes little difference to the quality of the survey.

Experiment :2

To study the methods of finding Shading during solar PV installation

As mentioned in a previous chapter, shading can have a very significant impact on the performance of your solar energy system. Even a tiny amount of shading can have a huge impact on the amount of energy that your system is able to generate. Therefore, it is important that your solar array remains shade-free whenever possible.

You can carry out this analysis in various ways. You can use a professional obstacle analysis tool, you can download an obstacle analysis tool onto your cell phone or you can use paper and pencil to come up with a rough plan. 

Professional tools for obstacle analysis

In the past, a product called a Solar Pathfinder was one of the best tools you could get. This was a plastic unit with an angle chart mounted on the top. A glass dome was then placed on top of the chart. You would mount the unit onto a tripod at the desired location. 
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Obstacles were reflected in the glass bubble and this would allow you to manually plot the obstacles on the chart and then manually work out your shading issues.

The Solar Pathfinder is surprisingly effective, as it can be easily moved around in order to find the best location for solar panels. Many professional solar installers still use a Solar Pathfinder for quick checks, despite also using the more expensive and advanced electronic equipment to provide a more detailed analysis.

Some solar suppliers can rent you a Solar Pathfinder for a small daily or weekly fee and can do the manual calculations for you once you have plotted the obstacles.

Today there are electronic systems that use GPS, tilt switches and accelerometers to do this work electronically. They are expensive to buy or rent on a daily basis.
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They do provide extremely comprehensive solar analysis, however, and if you plan to take up solar installations professionally, they are a worthwhile investment.

Orientation of solar panel:

If you are in the Northern Hemisphere, look from east, through south and to the west to ensure there are no obvious obstructions that can block the sunshine, such as trees and other buildings. If you are in the Southern Hemisphere, you need to check from east, through north to west for obstructions. If you are standing on the equator, the sun passes overhead, so only obstructions in the east and west are important.
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Experiment :3

To study the Installation surfaces of solar array

As we discovered in the last chapter, solar arrays perform at their best when tilted towards the sun. If you are planning to install solar energy for a building, then the roof of the building can often be a suitable place to install the solar array. This is effective where the roof is south-facing or where the roof is flat and you can fit the panels using angled mountings.

Other alternatives are to mount solar panels on a wall. This can work well with longer, slimmer panels that can be mounted at an angle without protruding too far out from the wall itself. Alternatively, solar panels can be ground-mounted or mounted on a pole.

When considering a position for your solar array, you need to consider how easy it is going to be to clean the solar panels. Solar panels do not need to be spotless, but dirt and grime will reduce the efficiency of your solar system over time, so while you are looking at mounting solutions it is definitely worth considering how you can access your panels to give them a quick wash every few months..

Roof-mounting

If you are planning to mount your solar array on a roof, you need to gain access to the roof to check its suitability.

Use a compass to check the direction of the roof. If it is not directly facing south, you may need to construct an angled support in order to get the panels angled correctly.

You will also need to find out the pitch of the roof. Professionals use a tool called a Roof Angle Finder to calculate this. Roof angle finders (also called Magnetic Polycast Protractors) are low-cost tools available from builders’ merchants. You press the angle finder up against the rafters underneath the roof and the angle finder will show the angle in degrees.

Alternatively, you can calculate the angle using a protractor at the base of a roof rafter underneath the roof itself.

Solar panels in themselves are not heavy: 15–20 kilograms (33–44 pounds) at most. Yet when multiple panels are combined with a frame, especially if that frame is angled, the overall weight can become quite significant.

Check the structure of the roof. Ensure that it is strong enough to take the solar array and to ascertain what fixings you will need. It is difficult to provide general advice on roof structures and fixings. There are so many different roof designs it is not possible for me to provide much useful information on this subject. If you are not certain about the suitability of your roof, ask a builder or an architect to assess your roof for you.

[image: image84.jpg]



Roof-mounting kits are available from solar panel suppliers. Alternatively, you can make your own. If it does not compromise your solar design, it can be quite useful to mount your solar panels at the lowest part of the roof. This can make it considerably easier to keep the panels clean: most window cleaners will happily wash easily-accessible solar panels if they are situated at the bottom of the roof, and telescopic window cleaner kits are available to reach solar panels at the lower end of a roof structure.

Measure and record the overall roof-space available for a solar array. It is also a good idea to use the cardboard cut-outs you made earlier and place these on the roof to give a ‘look and feel’ for the installation and help you identify any installation issues you may have with positioning and mounting the solar array.

Ground-mounting

If you want to mount your solar array on the ground, you will need a frame onto which you can mount your solar panels. Most solar panel suppliers can supply suitable frames or you can fabricate your own on site.

There are benefits for a ground-mounted solar array: you can easily keep the panels clean and you can use a frame to change the angle of the array at different times of year to track the height of the sun in the sky.
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Take a note of ground conditions, as you will need to build foundations for your frame.

Incidentally, you can buy ground-mounted solar frames that can also move the panel to track the sun across the sky during the day. These Solar Trackers can increase the amount of sunlight captured by around 15–20% in winter and up to 55% in summer.

Unfortunately, at present, commercial solar trackers are expensive. Unless space is at an absolute premium, you would be better to spend your money on a bigger solar array.

However, for a keen DIY engineer who likes the idea of a challenge, a solar tracker that moves the array to face the sun as it moves across the sky during the day could be a useful and interesting project to do. There are various sites on the internet, such as instructables.com, where keen hobbyists have built their own solar trackers and provide instructions on how to make them.

Pole-mounting

Another option for mounting a solar panel is to affix one on a pole. Because of the weight and size of the solar panel, you will need an extremely good foundation and a heavyweight pole, in order to withstand the wind. You can mount up to 600-watt arrays using single-pole mountings. Larger arrays can be pole-mounted using frames constructed using two or four poles. Most suppliers of solar panels and associated equipment can provide suitable

poles.
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Experiment:4

To study and analyse work plan schedules during PV installation.
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Gantt chart for work schedule as shown in figure below
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Unit-V

INSTALLATION OF SOLAR PV SYSTEM

Summary of PV System Components

There are various components needed to make a complete solar PV system depending on the requirements of the load. The load could be domestic like fans, TV, etc. It could be water pump, a grid-connected load or a solar power plant. In designing and installing all possible types of PV system, several components are used in PV system. The list of system components includes:

1. Solar PV module

2. Module mounting structures

3. Batteries

4. Electronics control circuitry (Charge controllers, Inverter or DC-DC converters)

5. Load (AC or DC type)

6. Junction boxes or combiner boxes
7. AC and DC cables

8. Energy meter

9. Circuit breakers

10. Power distribution box

Note that all the above components may not be there in all PV systems. Depending on the load and power rating, as well as user requirements, certain components maybe added or removed. An example of a solar PV system with its possible components for domestic applications is shown in Figure
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Summary of Types of Solar PV Systems

There are three basic configuration of solar photovoltaic system. These include:

1. Standalone SPV system

2. Grid-connected or On-grid SPV system

3. Hybrid SPV system

Standalone SPV System

There are many locations in India where electricity grid is not available. In this case, if we need to design a power system, solar PV modules will be only source of the power supply. This type of SPV systems are known as standalone PV systems. They do not depend on grid or any other electric power supply. That is why they are also called off-grid PV systems. In the standalone PV systems, if the load needs to be operated in the nighttime, there has to be some means of energy storage. Therefore, batteries are an important part of standalone systems. But, if the load needs to be operated during the daytime only, like solar water pumping, then the Use of battery can be avoided. The standalone solar PV systems are suitable for small electrical loads located at the remote places where Grid supply is not present. Some of the examples of Standalone PV systems are solar lanterns, solar home lighting systems, and solar water Pumping systems, etc. Standalone solar PV systems are one where the only source of power is solar pv modules. Even in the standalone PV system, there are different ways to configure the Systems depending on the type of load and control circuitry. Based on these, the Standalone solar PV system can be categorized in the following ways:

1SPV system with only DC load

2 SPV system with DC load and Electronics control circuitry

3 SPV system with DC load, Electronics control circuitry and Battery

4 SPV system with AC/DC load, Electronics control circuitry and Battery
SPV system with only DC load

This type of PV system configuration is the simplest of all SPV system configurations. This type of system configuration is used when the load is operated during the daytime only. In this system, there are only two components; first is SPV modules or array of modules and the second component is the load itself. This type of system is shown in Figure . Since the load is DC and PV modules also generate DC power, in this configuration, the load is directly connected to the SPV modules or array of modules. This system is designed for operating during sunshine hours only. As the sunshine varies throughout the day, the electricity generated will also vary. Therefore, this type of system configuration is chosen when the precise operation of the load is not required. For example, the use of solar water pumps to lift water for drinking application or irrigation. In this case of solar water pumping, it is not required to pump fix amount of water every hour. Variation in pumped water per hour due to variation in solar radiation intensity is acceptable.
Another example is running of DC fan directly using solar PV modules; this will be acceptable solution when the operation of DC only daytime is required and the constant speed of the fan throughout the day is not required.

In this system configuration, there is no control circuitry for optimal utilization of the power generated by SPV module/array, therefore, this system is also called unregulated system. This system is mostly suited for operating direct DC loads in which the rate of generation of electricity is not so critical.

A DC load directly connected to solar PV modules is simplest possible PV System
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SPV system with DC load and electronics control circuitry

This type of SPV system configuration is similar to the previous system configuration but the only difference is the use of control circuitry is added to improve the utilization of the power generated by SPV module/array. This control circuitry can be electronic solar charge controller (SCC) (voltage or current regulator) or a maximum power point tracker (MPPT), etc. A charge controller (between solar PV modules and DC load) may regulate the voltage or current supplied from the PV module to the DC load and hence it can regulate the function of the load. The MPPT circuit is used to extract maximum power from the PV modules under all conditions. Thus, the use of MPPT in this system configuration will ensure the best utilization of PV

Modules. As shown in Figure the control circuit is added between the PV modules and the DC load
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The control circuit is inserted for smooth operation of the load and/or to ensure the maximum utilization of the PV panel. In this configuration, the PV system cost will be higher due to extra cost of the additional component but the extra cost should be balanced with the increase in the system performance. This type of system configuration is suitable for operating a daytime DC load where the precise functionof the load is not required like DC fan or DC pump, etc. as shown in  aboveFigure

SPV system with DC load, electronics control circuitry and battery

In most situations, we need to run the load during the non-sunshine hours. Therefore ,in the PV system configuration, a battery is added to store the energy for the night applications. This SPV system has four main components which includes; SPV module/array, electronics control circuitry, battery/batteries and DC load as shown in below Figure

[image: image92.png]



In this type of PV system configurations, batteries store the energy during the daytime. The energy generated by the PV modules is used to charge the batteries. The energy stored in the batteries is used to drive the load during the daytime as well as during the night-time. The control circuit controls the flow of charges into the battery and out of the battery. The control circuit protects the battery from overcharging and over discharging.

This system can be used for operating direct DC loads like DC television, LED lighting system (e.g. home lighting, street lights), etc. The LED lamps work on the DC power. The LED lamps for lighting of offices and homes are now becoming common applications. Moreover, the LED based solar lanterns are also been used widely and available in various shapes, sizes and cost

SPV system with AC/DC load, electronics control circuitry and battery

The solar PV modules generate power in the DC form and the batteries store the

Energy in the DC form, therefore, it is easy to operate DC loads in the solar PV Systems. But most of the loads around us use AC power. Therefore, we need to make a PV system configuration which can supply power to AC loads as well. In order to do this, an additional system component which converts DC power into AC power is added in the PV system configuration. This component is called inverter. Also, the batteries are used for energy storage device which provides output in DC form. Therefore, in this type of PV system configuration, both AC and DC loads can be operated. The various components, used in this SPV system are; SPV module/arrays, electronics control circuitry, battery/batteries, inverter, AC and DC loads as shown in below Figure. In many cases, DC load may not be connected in the system. Inverter in the PV system is used to convert DC power into AC power. Most of the loads around us use AC power for their operation.
This system is a universal system in which any type of AC or DC load can be operated. This type of PV system configuration is the most commonly used as standalone PV system. All kinds of load like fan, computer, TV, tube lights, CFL, LED lamps etc. can be operated using this type of system configuration. This System can be suitable for remote locations where there is no grid connectivity. This system configuration is also useful in areas where grid electricity is available only for short time. In this case, the solar PV system will be an additional source of electricity.

A standalone SPV system with battery storage and capacity to operate both AC

And DC loads is most commonly used PV system.
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Grid-connected SPV System

One may be seeing electricity grid every day. Grid is a network of the transmission

Lines or wires from various power plants to our homes and industries. The function of these wires is to transfer electricity from power plants to our homes. The whole country is connected with the grid. Using the grid, the power generated at one place can be transferred to any other places and can be used. For example, if power is generated in Gujrat, then using the grid, it can be transferred to Madhya Pradesh and can be utilized in Madhya Pradesh. The network of the grid in the form of wires is hundreds of kilometers long.
The existing electricity grid can also be used for transferring the power generated by a large solar PV power plants. The solar PV plants are normally of more than1 MW capacity. In the grid connected solar PV systems, the power generated by the solar PV modules is feed into the existing electricity grid and that is why they are called grid connected SPV systems. The function of large solar PV power plants is to generate electricity and supply it to the grid whenever there is sunlight. The solar PV power plants do not consume power and they do not need power during the night hours. Therefore, in the grid connected solar PV plants, the storage of energy in the form of battery is not required. However, in many countries, the small capacity( 1 to 5 kW) solar PV systems installed for household usage can also be connected with the grid. When the PV systems at houses are connected with the grid, the systems use grid as energy storage medium. When more electricity than Required by the household is generated, the extra electricity is transferred to the Grid, and when load needs more electricity than the electricity produced by the PV modules, the electricity is taken from the grid. In this type of grid-connected Household PV system, no battery storage is required. In very rare grid-connected systems, people use battery for storing energy. The existing electricity grid can also be used for transferring the power generated By a large solar PV power plants. The solar PV plants are normally of more than1 MW capacity. In the grid connected solar PV systems, the power generated by The solar PV modules is feed into the existing electricity grid and that is why they Are called grid connected SPV systems. The function of large solar PV power plants is to generate electricity and supply it to the grid whenever there is sunlight. The Solar PV power plants do not consume power and they do not need power during the night hours. Therefore, in the grid connected solar PV plants, the storage of Energy in the form of battery is not required. However, in many countries, the small Capacity( 1 to 5 kW) solar PV systems installed for household usage can also be Connected with the grid. When the PV systems at houses are connected with the grid, the systems use grid as energy storage medium. When more electricity than

Required by the household is generated, the extra electricity is transferred to the grid, and when load needs more electricity than the electricity produced by the PV modules, the electricity is taken from the grid. In this type of grid-connected household PV system, no battery storage is required. In very rare grid-connected PV systems, people use battery for storing energy.

The configuration of grid connected SPV system is different from the off-grid or

Standalone solar PV system. There are two main components in the grid connected

PV system, a solar PV module and a solar inverter. Among these, the solar inverter is the most important component which converts DC power generated by PV modules into AC power and feeds into the grid at desired voltage and frequency.

Based on the use of battery or no battery in the grid-connected systems, they can be divided in two categories:

1. Grid-connected SPV system without battery storage

2. Grid-connected SPV system with battery storage.

Grid connected SPV system without battery storage

Grid connected SPV system contains only three components; SPV array, Grid tied Inverter, and the grid in which this system is connected as shown in below fig This type of system configuration is used for large capacity solar PV plants. The electricity generated by the PV system is needed to be feed to the grid. Therefore, the voltage and frequency of the PV system generated electricity should be same as that of the grid voltage and frequency. Normally, Indian grid works on 50 Hz frequency, therefore, the output of the grid connected solar inverter should also be50 Hz. The voltage level of the grid can be different, depending on the point where the electricity is being fed to the grid. The voltage level could be 230 V, 440 V,11 kV, 33 kV etc.
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The grid connected inverter also has electronic control circuitry which regulates the generated electricity with the help of solar charge controller (SCC), Maximum Power Point Tracking (MPPT), etc. (as studied in previous chapters). The function of the electronic control circuit is to maintain the voltage and frequency as desired. In this type of PV systems configuration, no energy storage is used because the main function of such systems is to generate power when the sun shines. The PV plants themselves do not consume power and, therefore, no energy storage for non-sunshine hours is required. PV system configuration of a grid connected system is used for large PV power\plants. Using the grid, the power can be transferred to long distances.

Grid connected SPV system with battery storage

In this type of PV system configuration, an energy storage component is added in

the systems. An example of such system is shown inbelow  Figure
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The addition of energy storage elements depends on the operation of the load, whether it has to be operated only during the day or even at night-time or 24 hours.

This type of PV system configuration is used in telecom towers or hospitals where the running of load for 24 hours is critical. The energy is stored in the battery to supply the electricity when grid electricity is not available

Hybrid SPV System

The PV modules generate power when sunlight is falling on it. The solar PV system can generate power during the daytime only. During the night, since the sun does not shine, the SPV system cannot generate power. In order to fulfill the load requirement during night, one option is to use battery bank for energy storage. The use of battery bank not only increases the cost of system significantly, but it also reduces the reliability because the battery bank requires maintenance. Another option is to supply power to the load during non-sunshine hours to use another power generating unit. The other power generating unit could be diesel generator, wind mill, fuel cell, etc. In this way, a system will have two power generating units; one is solar PV modules and other could be any other power generating unit. There can be more than two power generating units connected to a system. For example, PV modules, wind turbine and diesel generator. These types of system configuration where multiple power generating units are connected in a system is called Hybrid SPV system. The use of multiple power generating unit ensures that the power is supplied to the load whenever it is demanded. In this way, the hybrid systems are basically used to increase the reliability of load operation.

SPV-diesel generator hybrid system

In this system, there are two power generating sources; one is SPV and other

is a diesel generator as shown in Figure  The switching of power source is Controlled with the help of Electronic Control Circuitry (ECC). In this case, a diesel generator generates the power in the AC waveform but it requires to be regulated in order to supply to load. The function of power regulation is done by ECC. When solar PV modules generate power, the ECC connects the load to SPV and in the absence of sunlight, the ECC connects the load to the diesel generator. In this system, both AC and DC loads can be operated.
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Solar PV-diesel hybrid system use two power generating units; PV module and

Diesel generator which increases the reliability of the system

SPV-wind hybrid system

In this system, there are two power generating sources; one is SPV and other is a wind turbine as shown in Figure The connection of power sources to the load is controlled by Electronic Control Circuitry (ECC). In this case, since both PV power and wind power is fluctuating in nature, some battery back-up may be used in this type of system configuration
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The approximate design of solar PV systems can be done in the following design

steps:

Step 1: Determine the connected load and their energy estimation (watts, and Wh).

Step 2: Determine the size and choice of electronics components (their power

rating, voltage and current at input and output of the electronics).

Step 3: Determine the battery size (their number, capacity, voltage and Ah ratings).

Step 4: Determine the PV module size (their number, power rating, voltage and

current ratings).

Step 5: Determine the size of wires (in mm), fuse (A), Junction box (V, A)sizing, etc.

Let us now begin learning the design of solar PV system by considering steps

in the design one by one.

Load estimation 

The load refers to any appliance that needs to be powered by the PV system. In this

step, one needs to estimate how much energy is required for the operation of the load. Energy consumed by a load in a given day is obtained by simply multiplying its power rating by the number of hours of operation. Thus, the unit of energy would be watthour or watt-hr or simply Wh. If there are more loads of the same type, then total energy consumed by each type of load is obtained by multiplying Wh by the number of loads of given type. Normally, the tables are prepared for the estimating the energy requirement for each load. Tables are created for both AC and DC types of load. Normally, in our households, only AC types of loads are being used. But these days, with the increase in application of LED lamps (which is a DC load),DC loads are also being used.

	S.No
	Appliance
	Watts
	No
	Total Watts (w * No)
	No of hours(n)
	Energy = (Total watts × No. of hours) (Wh

	1


	FAN
	100
	1
	100
	6
	600

	2
	TUBELIGHT
	50


	2
	100
	8
	800

	3
	CFL
	18
	5
	90
	5
	450

	4
	LCD TV
	80
	1
	80
	5
	400

	
	Total
	
	
	370w
	
	2250wh


Step 2: Sizing and choice of electronics components (volts and amperes)

After estimating the energy requirement of the load, the next step is to choose appropriate electronics suitable for this PV system. The Electronic components include an Inverter (DC-AC converter), DC-DC converter (for higher or lower DC voltages) and MPPT/charge controllers (for optimal generation of electricity). The determination of capacity of these components depends on the total voltage and current of the loads. In the case of inverter, the capacity of inverter is given in terms of voltage × current or VA. The capacity of the inverter depends on the total wattage of the load and inverter efficiency. Inverter efficiency is output power capacity (watt) divided by input power capacity (watt).

Inverter selection

The inverter should be selected in such a way that it should supply the desired power to the load. The desired power for the load is the total power (see below Table) of connected to the load. The total connected power of the load is equal to the desired output power of the inverter. In practice, it is good to choose an inverter having power capacity higher than the total connected load once knowing the output power of the inverter we need to know what power must be supplied to the inverter. By considering the efficiency of the inverter, one can estimate the required input power to the inverter. Relationship between output power, input power and efficiency of inverter is shown in below Figure
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Here, three parameters are given. The only parameter to estimate here will be Input power capacity of inverter. Let us consider the example of the household given in Table for which we need to determine the appropriate inverter now. The output power capacity of the inverter will be equal to the total wattage of the AC loads that needs to be powered (see below table. Consider a load and energy estimation chart for AC loads given in below Table In that table, the total wattage for all appliances is calculated as370 watts. This value should be equal to output power capacity of the inverter. Consider, inverter efficiency equal to 93%. In this case, calculation will be as follows in below table 
	Load
	Inverter
	
	

	Total wattage
	Output
	Efficiency
	Input (VA) (output (W) × 100) ÷ Efficiency

	370
	370
	93
	(370 × 100) ÷ 93 = 37000 ÷ 93 = 397.84 VA ≈ 400 VA


We have done calculation of input power (in above Table) that must be fed into the inverter. Similarly, we can do the calculation of input energy that must be fed into the inverter to get sufficient energy output to meet the demand of the load. Both input power and input energy for the inverter are higher than the output power and energy due to efficiency losses of the inverter. An example of the estimation of

Required input energy at the inverter input is given in above Table

Experiment -1 

Aim: Install and analyze the SPV system with DC load, electronics control circuitry(charge controller ) and battery.
Apparatus required: 

	
	Equipment 
	Rating 
	Type 
	quantity

	1
	Mono crystalline panel
	80w solar panel
	-
	1

	2
	Charge controller 
	12v,20A
	
	1

	3
	Volt meter 
	(0-60)V
	MC
	1

	4
	Ammeter 
	(0-5)A
	MC
	1

	5. 
	DC load 
	12v,20w
	Led type
	1


Circuit diagram:
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Procedure

1. Connect the DC terminal of spv module to electronics control circuitry

2. connect the battery terminal to electronics control circuitry

3. connect the voltmeter and ammeter as shown above

4. measure the VL,IL and calculate the maximum power consumed by load 

Tabular column

	s.no 
	Voltmeter reading (VL)
	Ammeter reading(IL)
	Max power(PL)

	
	
	
	


Result:

Experiment -2
Aim: To Install and analyze hybrid solar inverter interconnected with Ac load, solar pv modules and battery 
Apparatus required: 

	
	Equipment 
	Rating 
	Type 
	quantity

	1
	Mono crystalline panel
	80w solar panel
	-
	1

	2
	Volt meter  
	(0-300)V MI type
	MC
	1

	4
	Ammeter  
	(0-5)A  MI type
	MC
	1

	5. 
	Watt meter 
	300v,5A,upf 
	upf type
	1

	5
	Ac load 
	60w load 
	Resistive
	1


Circuit diagram:

[image: image100.jpg]Different OC loads.

Co | B ee—

Telovsion

(0-5) ami type

300v,5A ,UPF





Procedure:
1. Connect the DC terminal of spv module to electronics control circuitry

2. Connect the battery terminal to electronics control circuitry

3. Connect the voltmeter and ammeter and resistive load as shown above

4. Measure the VL,IL and calculate the maximum power consumed by load 

Tabular column

	s.no 
	Voltmeter reading (VL)
	Ammeter reading(IL)
	Max power(PL)

	
	
	
	


Result

Unit -6

Maintenance and trouble shouting

Maintenance of Solar PV System

Maintenance refers to fixing any sort of mechanical, plumbing or electrical work so that the component or equipment or system does not become out of order or broken. Maintenance can be of many different types; two of which are mainly employed almost everywhere are mentioned below:

Unscheduled maintenance: Unscheduled maintenance is performed when there is a sudden fault or damage to the system or its components. This maintenance involves repair or replacement of components of the system.

Scheduled maintenance: For any system, it is necessary to perform a routine Check up or to maintain the components of a system so that the system and its Components have a proper working condition and its life. Scheduled maintenance is done on periodic basis. The photovoltaic systems and its components require a less maintenance as compared to other power systems although a few periodic maintenance tasks should be performed on the PV system components.
While performing maintenance to the PV components it is must to refer the component specification sheet or the catalogue provided by the supplier so that one is properly familiar with the component and also the necessary precautions to be taken while maintaining the component. Here, let us briefly discuss the maintenance requirement of various components of solar PV systems.

Photovoltaic array

The PV array needs very little maintenance. If the system is in dusty climate then the photovoltaic modules need to be cleaned off regularly. One can use a soft cloth for cleaning the photovoltaic modules where the climate is hot and moisture content is low in the atmosphere. In some places where the atmosphere is little rainy or moisture content is high, the photovoltaic modules can be cleaned with water. Use of mild detergent can also be done to remove the bird droppings. Shadow on PV modules should be checked. It is possible that after installation some tree or tree branches have grown enough to shadow module which were not there at the time of installations. Avoiding shadow is necessary for getting higher energy production from PV system. Connections in the PV array should be checked regularly to avoid loose contact or breakage in wires.

Array junction box

As it is said previously, all the connection should be checked regularly to avoid loose contact or breakage in wires, same way the array junction box should be periodically checked for loose contacts, breakage and also for weather protection.

Batteries

Batteries are the key components in the solar PV systems with battery back-up capability. Batteries require periodic inspections to ensure the proper operation. The battery maintenance depends largely on the battery type. It is recommended to perform periodic maintenance for batteries depending on the type of battery. While performing battery maintenance, it is essential to estimate the state of charge of the battery. One can make the use of a multi meter to check the voltage of the battery (operating a load for several minutes can stabilize the battery voltage). It is recommended not to check the voltage while the battery is charging or discharging. While checking the battery voltage, all the loads and the PV array connected to the battery should be disconnected. The measured voltage readings can be compared with the battery manufacturer’s data for the state of charge. For liquid electrolyte batteries, the state of charge can be determined by checking for its specific gravity

Sealed Maintenance Free (SMF) batteries: 

The sealed maintenance free batteries (NiCd, VRLA etc.) are the batteries which require the least amount of annual maintenance. Even though they are called ‘maintenance free’ batteries, they require inspections for the casing, terminal connections, wiring, voltage and the venting strategies in VRLA batteries
Tubular lead-acid (Liquid electrolyte) batteries:

The tubular lead-acid batteries are the deep discharge liquid electrolyte lead-acid batteries which are also used in electric vehicles and automobiles, and these are the batteries which require the most maintenance. These batteries have higher amount of gassing than other types of batteries and require addition of distilled water.

Determining status of charge by measuring specific gravity:

 The batteries can be precisely tested for the state of charge by measuring the electrolyte’s specific gravity with a hydrometer. It is required that for proper operation, the specific gravity of battery to be maintained in a certain range. A hydrometer is a bulb like cylindrical syringe having a glass rod inside which is calibrated with the weight of mercury or lead. Figure shows the parts of a hydrometer. The glass rod has scale on it, this floats in the liquid electrolyte which is drawn by the hydrometer from the battery the scale on the floating glass rod gives the reading of the specific gravity where the level of the liquid inside the hydrometer touches the scale of the floating glass rod. The lower the glass rod sinks in the electrolyte, lower is the specific gravity and lower is the state of charge of the battery.
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Adding distilled water in the battery
The electrolyte has a considerable amount of lead-acid and distilled water which, in turn, constitutes the proper specific gravity. Hence after checking the specific gravity of the electrolyte, one can judge to add distilled water in the composition to get the required specific gravity. If the glass rod in hydrometer sinks more in the electrolyte, it indicates high specific gravity which means that there is need of adding distilled water in battery. After addition of distilled water to the battery, one should not immediately check for the specific gravity with the hydrometer, instead the water must be thoroughly mixed with the electrolyte by charging the battery

Troubleshooting of PV System Components

Troubleshooting is a form of problem-solving, often applied to repair failed products or processes or systems. It is a logical, systematic search for the source of a problem or faults so that it can be solved, and so, the component or process or the system can be made operational again. Troubleshooting would not be required if the system is working properly without any faults. Proper working of the PV system would be possible if during the initial phase of installation, high quality and properly designed system is installed, and also, by implementing regular maintenance to the system and its components, the faults can be avoided.

The faults in a PV system could be due to cloudy weather, shading of PV modules, dusting of PV modules, blowing of fuses, empty batteries, tripping of circuit breakers and bad connections. Troubleshooting in a PV system can be performed by some visual inspection for the following components:

Check the PV array for partial shading or dirt.

1 Check all fuses and the circuit breaker.

2Check the junction boxes, distribution boxes and wiring for loose connections and/or corrosion.

3 Check the PV modules and batteries for proper series-parallel configurations.

4 Check system wiring for proper polarity.

5 Check the meters installed in the system for proper voltage and current readings.

Let us now discuss how different faults or problems in a PV system can be found out and repaired in a systematic way.

Troubleshooting faults in a PV system using multi meter
A multi meter can be used for measuring and checking parameters like voltage current, continuity and polarity. If the measured voltage and current is not as per the expectations then it indicates a fault in the component or interconnection of components
Measuring voltage

For the measurement of voltage of a circuit, multi meter setting should be chosen properly for AC/DC voltage and range of voltage.

We should follow the following steps for voltage measurement:

1. Select the voltage to be measured as DC or AC on the multi meter.

2. Select the proper range for voltage measurement.
3. Connect the multi meter leads to the circuit for voltage measurement For DC voltage measurement, some meters have positive (+) and negative (–) values. If meter leads are connected correctly then it will read the positive value for voltage and if the leads are placed on wrong wires then the meter will read negative value.
For voltage measurement in alternating current circuit, set the meter to AC voltage .Some meters have the symbol (~) for AC measurements. In the same way, as in DC, if the meter leads are connected on wrong wires, then the meter will read the negative value. The range selection on the meter is important for the meter to read the value, if the voltage value is unknown set the range for maximum voltage scale.

Measuring current

Measurement of current in a circuit is similar to voltage measurement, except that the current flows through the circuit whereas, the voltage is the potential in the circuit and can be obtained at two opposite points in the circuit. Following are the steps for voltage measurement:

1. Select the current to be measured as DC or AC on the multi meter.

2. Select the proper range for current measurement.

3. Plug the red lead in positive (+) jack A, and plug the black lead in the common (–) jack of the multi meter.

4. Connect the red lead to the positive (+) and black lead to negative (–) in the circuit.For direct current measurement, some meters have positive (+) and negative (–) values. The meter leads are connected correctly then it will read the positive value for voltage and if the leads are placed on wrong wires then the meter will read negative value. For current measurement in alternating current circuit, set the meter to AC current. Some meters have the symbol (~) for AC measurements. Same way as in DC, if the meter leads are connected on wrong wires, then the meter will read the negative value. The range selection on the meter is important for the meter to read the value. If the current value is unknown, then set the range for maximum current scale
Checking polarity

Polarity of a circuit refers only to DC current circuits. In any circuit, it is important to check for its correct polarity before giving supply to the circuit. There can be many disadvantages and hazard due to reverse polarity. The DC motors may run backwards. In many appliances, overheating may occur, and in many cases, the appliances will simply not work at all and also, the appliances will be destroyed because of reverse polarity. Following are the steps for checking polarity in a circuit

1. Disconnect the circuit and verify if it is open by using a multimeter.

2. On multi meter, select the type of voltage as DC.

3. Plug the red lead in positive (+) jack V, and plug the black lead in the common (–) jack of the multimeter.

4. Connect the red lead to the positive (+) and black lead to negative (–) of the circuit.

If the value is positive, then the polarity is correct and if the meter reads negative value, it is due to reverse polarity. Checking continuity

Checking continuity indicates whether a circuit is open or closed. This is usefulwhen checking for broken wires, short circuits, fuse or switch operation. 
Followingare the steps for checking continuity in a circuit:

1. Select the continuity mode in the multimeter.

2. Plug the red lead in positive (+) jack V, and plug the black lead in the common (–) jack of the multimeter.

3. Connect the leads of multimeter to the two points in the circuit whose continuity is to be tested. The multimeter simply gives a beep if continuity exists; otherwise, if continuity does not exist, then the multimeter will not give any beep sound.

Safety in Installation of Solar PV Systems

Various safety measures are to be taken into consideration while doing installation, maintenance and troubleshooting in a PV system. Usually, safeties for various categories like electrical, chemical, mechanical, environmental and heath are to be considered.

Electrical Safety

As safety is concerned for the onsite working professionals, electrical safety is considered to be the most important part. Some electrical safety points, while installation and maintenance in PV system, are mentioned below:

Handling PV modules exposed to sunlight

Always a warning on the back side of the PV modules is mentioned regarding handling of PV modules. One should read the warning and cautions mentioned. As PV modules produce electricity when they are exposed to sunlight, precautions should be taken so that the personal carrying or handling the PV modules does not get a shock. Also, the positive and negative terminals of the PV modules should be kept away from each other to avoid the shorting of terminals when the PV module is under sunlight.

Handling batteries in PV system: Always remember to disconnect the batteries before moving or handling them. Avoid shorting the terminals of batteries to avoid severe damage. While checking the battery voltage with multimeter, always check if the multimeter is in voltage mode. If the multimeter in current mode is connected to the battery terminals, then short circuit to the battery terminals will take place which can result in severe damages and also causes fire.
Safe distance from exposed electrical conductors: It is always a good practice to know the location of an exposed electrical conductor so that one can keep a safe distance from it. At the same time, it is necessary to know the potential in that conductor and the safe distance to be kept by a personal.
Understand proper work practices in wet or damp locations containing electricity: Working area selection is must for electrical safety, before working on electrical
conductors or equipment, location should be noticed for sufficient space, conducting materials around and also, if the place is wet or damp

The proper lockout/tag-out procedures for electrical equipment and systems:

Lockout/tag-out procedure is always required for electrical equipment and systems This practice is carried out to ensure that only one person is responsible for the operation of the equipment or system as he himself has the authority to lock and open.

Note to unplug tools and equipment before cleaning, adjusting, or repairing

them: Manytimes in many cases, there are severe accidents due to electricity as the working personal forgets to unplug from the electrical mains before doing maintenance work or handling the live conductors or equipment. This should always be kept in mind to unplug from live mains to ensure electrical safety

Safety Precautions for Batteries Sulfuric acid: The battery contains sulfuric acid that could cause burns and other injury. When battery is damaged, the sulfuric acid will flow out from it. For this purpose, appropriate precaution by the means of wearing apron, wearing gloves and protective glasses should be taken. In case of contact with sulfuric acid, flush immediately and thoroughly with water and go to hospital for a treatment.
Gas: Explosive gas may be generated in the battery, so, combustibles such as spark, flame and fumy materials should be prohibited in the battery room. Fire extinguisher should be equipped in battery room. All the installation tools should be wrapped with the insulated electrical tape in order to reduce the possibility of short circuit while installing battery. It is prohibited that leaving tools, sundries and other conductive things on the battery.

Electrical shock: The system that includes many cells might create high voltage, so, we should avoid the danger of electrical impact while installing battery

Mechanical Safety

While installation of PV systems, mechanical safety for the onsite working professional is the key point to be considered. The working professional should be equipped with mechanical safety equipment’s for carrying himself while installing the PV modules on the rooftop.

Installation and Troubleshooting of Solar PV Power Plants

Installation and troubleshooting of solar PV plant is bit different than the standalone solar PV plant as the power rating of the PV plants is normally higher. In this section, we will see how one can proceed from beginning to end for the installation of solar PV power plants and precaution should be taken in installation and maintenance of the plants.

Preparation for Installation

Obtain necessary permits from the building and electricity authorities before installation.

1 Keep all safety equipment ready to be used during installation.

2 Ensure all equipment inclusive of spares is received, tested and available at hand for installation.

3 Review installation instructions for each component and become familiar with the installation process.

4 Ensure the roof area or other installation site is capable of handling the desired system size.
General Considerations for Installation
If roof mounted, verify that the roof is capable of handling additional weight of PV system.

1) Install equipment according to manufacturer’s specifications, using installation requirements and procedures from the manufacturers’ specifications.

2) Observe specifications for external mounting of modules, combiner boxes and DC cabling (IP protection, weather resistance etc.). Pay particular Attention to DC installation of PV array.

3) Properly ground the system parts to reduce the threat of shock hazards and induced surges.

4) Check for proper PV system operation by following the checkout procedures on the PV System Installation Checklist.

5) Ensure the design meets local utility interconnection requirements.

6) Have final inspections completed by the concerned authority and the utility if required.

Installation of Array Support Structure

PV array support structure is pre-fabricated and surface treated ready to be installed on the roof or on ground.

1) The rooftop support structure is typically embedded into concrete blocks cast on the roof.

2) A number of PV modules are installed on one support structure called PV panel. The PV modules in one panel are usually connected in a series string.

3) The PV panel is designed for small (1 cm) gaps between modules when assembled. This arrangement results in higher wind resistance.

4) Two PV panels are installed in a row with sufficient space (0.5 – 1.0 m) between them for maintenance access.

5) Two rows of PV panels are mounted with space adequate to avoid shadow of one row of panels onto the other. As a rule of thumb, minimum width between two rows is equal to the height of the panel structure.

6) The support structure is oriented to south with a tilt angle equal to the latitude of the plant location. This arrangement results in maximum annual yield.

7) We should leave vacant space around parapet wall when installing array on rooftop. The minimum width of the space to be left vacant should be equal to the height of the parapet wall.

General Notes on DC Installation
The modules are electrically live when installed and cannot be switched off. Therefore, modules without shrouded connectors should be covered with lightproof material during installation.

The level of module DC current output is proportional to the amount of solar radiation, however, the nominal output voltage is attained even when radiation is low.

1) The module/array DC current can cause permanent arc if there is an insulation fault. All installations above 50 V DC must be ground fault and short circuit proof.

2) The short circuit current of PV module/array is around 20% above nominal current. DC fuses/circuit breakers should take this into account.

3) Ensure correct polarity when connecting PV modules, strings, arrays, Combiner boxes, DC circuit breakers and DC cables. If the polarity is reversed, bypass diodes and inverter’s input stage may be damaged.

Installation of Modules

Monitor module Voc and Isc and check that they are within specified limits before installing the module.

1) Modules with shrouded (touch proof) MC4 connectors are preferred as they are electrically safe to install and convenient to isolate from the string.

2) The installation of modules should be done in dry weather conditions using dry tools to avoid risk of electrical shock.

3) Use mounting system (clamp/fastener, mounting points) recommended by manufacturer. Use predrilled mounting holes. Additional holes drilled in the frame may void the warranty.

4) Modules should not be stepped on during installation. No heavy or sharp edge items should be placed on them to avoid damage to the glass cover.

5) Ensure accessibility of roof structure after modules are installed for maintenance. Preassembled and prewired modules may be used for roof areas difficult to access.

6) The corners and edges of frameless modules (typically thin film types) are particularly sensitive and are subject to high level of breakage risk during transport and installation. Extreme care in handling these modules during installation is required.

7) When installing multiple modules on a support structure, lay out all modules

Before fastening to ensure they are aligned leaving gaps between them

Interconnection of Modules, Strings and Combiner Boxes

To avoid losses due to mismatching of modules, ensure that modules with

Similar MPP currents are interconnected in a series string.

1) Interconnect module connectors under open circuit. Do not short circuit module outputs to avoid arcing and damage to connectors.

2) For modules without connectors, use suitable clamp terminals, strain relief and waterproof cable feed-through when connecting cables into the module junction box. Ensure that the junction box cover is sealed and watertight.

3) Do not disconnect module connectors under load. Switch off the inverter and trip the DC circuit breaker to isolate load before disconnecting module connectors. The module connectors can be disconnected under open circuit voltage.

4) Measure string open circuit voltage before connecting in parallel with other strings. Ensure that string open circuit voltages are matched within specified limits. The measurement of short circuit current and insulation resistance to frame/ ground are recommended for safe and secure installation.

5) The measurement of string I/V characteristics ensures that string MPP voltages and currents are matched within specified limits.

6) The locations of string/array combiner boxes are determined to minimize DC cable lengths. Ensure ease of access for interconnections and maintenance while installing the boxes.
7) String fuses, blocking diodes and DC surge/lightning protection devices are installed and wired inside combiner box.

8) When connecting DC main cable into the combiner box, ensure that combiner box is isolated from PV string/array to avoid high risk of arc as a result of DC power input.

9) For systems using string inverters without combiner boxes, isolate the string at a module cable using DC disconnect switch to avoid risk of DC arcing when connecting DC main cable.

10) When connecting DC main cable into inverter DC input, ensure that inverter DC input is isolated using DC circuit breaker.

DC and AC Cable Layout and Connection Guidelines

DC and AC cables should be installed in separate conduits or enclosures and labelled.
1) Careful attention is required to the cable’s permitted bending radius.

2) For roof mounted installations, fix cables to the roof supports using suitable fastenings.

3) Cables should be laid in shadow areas where possible and they should not impede rain water runoff.

4) Cables, fasteners and cable ties should be weather resistant.

5) Cables should stay away from lightning conductors.

6) Avoid sharp edges and mechanical damage to cable insulation.

7) Use proper recommended tools and follow cable termination guidelines.

8) Cable termination should be either crimped or soldered to suit terminal design. Avoid combination of crimping and soldering the same joint. Crimped terminals are preferred over soldered joints.

9) All terminations should use proper terminals, no cable to cable joints should be used.

10) Ensure DC and AC circuits are isolated when cables are interconnected.
Grounding Considerations

Equipment and system grounding is required to provide earth as common reference point for various voltages, to limit voltages due to lightning, line surges or accidental contact with high voltage lines and to provide current path for operation of over-current protection devices.

1) The grounding consists of grounding electrode, grounded conductor and grounding conductor. Grounded conductor is grounded at one point via grounding electrode and grounding conductors connect all equipment enclosures to grounding electrode via grounded conductor.

2) Equipment grounding provides protection from shock caused by ground fault and is mandatory in all PV systems. The equipment chassis is connected to grounding electrode via grounding conductor. PV array, combiner box, inverter, DC and AC distribution box require grounding. The grounding conductor must not be fused or switched. Array support structure should have equipotential bonding and grounding arrangements for safe conduction of capacitive discharge currents to ground.

3) All grid-connected PV systems have DC voltage (400 – 800 V) well over 50 V and require system ground. DC system grounding is done by connecting negative conductor to ground at one single point. The single point ground is located near the PV array for better system protection from voltage surges.

AC system can use the same grounding electrode. If two separate electrodes are used for DC and AC systems, they need to be bonded together.

4) Jumpers may be installed for equipment and system grounding conductors to maintain ground continuity in the event, one of the equipment is removed from the system.

5) Ground fault detector and interrupter (GFDI) is used to isolate grounded negative conductor from ground underground fault condition. GFDI also isolates ungrounded positive conductor. Most Grid-tied inverters provide built-in ground fault protection. If not, external ground fault protection is required.

Installation of DC and AC Power Distribution Boxes

The DC and AC distribution boxes are located near the inverter.

1) The array output wires from combiner box are routed to DC distribution box along the shortest route.

2)Ensure that the installation of wiring to the DC or AC isolator switch and surge protection devices is ground fault and short circuit proof.

3) For DC voltages > 50 V, the two pole DC isolator switch must have at least 5 mm gap between the contacts in order to enable safe and reliable isolation.

4) Ensure that the type plate of the DC isolator clearly states the DC voltage level of operation.

5) The inverter input should be isolated when connecting to DC distribution box and inverter output should be isolated when connecting to AC distribution box.

6) The AC distribution box may be combined with Load distribution box. If separate, it should be located near load distribution box.

7) The DC PV energy meter is installed inside DC distribution box and the AC PV energy meter is installed inside AC distribution box.

8) The DC and AC distribution box enclosures should be connected to ground

Installation of Inverter

The inverters should be installed in a location where faultless operation

Is guaranteed. Factors to consider are ambient temperature, humidity,

Ventilation, heat dissipation capability, noise emission as well as possible

ingres of dust, water and pests.

1) The inverters must be easily accessible with sufficient space around for maintenance and servicing.

2) The inverter mounted on ground or wall should be at a height convenient for reading its display.

3) The inverter for large power application is mounted on ground and is securely bolted to concrete floor.

4) The inverter for small power application is mounted on wall and is securely bolted to wall.

Ensure adequate open space is provided around ventilation panels for heat dissipation.

5) The string inverter installed outdoors is IP65 rated. The string/central inverter installed in semi-controlled environment is IP54 rated. The central inverter installed in controlled environment is typically IP21 rated.

Solar PV Plant Installation Check List
Isolate output of PV array from inverter using DC disconnect switch.

1) Check resistance from PV array mounting structure to ground is within permissible limits. (Typically 0.1 ohm)

Electrical Testing of PV Array

Field Wet Resistance Test (FWRT): Check insulation between PV array positive output and ground within specified limits. Minimum leakage resistance in megaohms should be 36/A, where A is array test section surface area in square metres. The test voltage is limited by system voltage rating
of the module. (typically 1000 V DC).

1) Ensure that megaohm meter/insulation tester voltage does not exceed surge arrestor voltage rating. Also, ensure that GFDI devices are not damaged by insulation tester. Disconnect surge arrestors/GFDI devices if required before insulation test and reconnect after the test.

2)Monitor back surface temperature of the module in each array section with a thermally bonded thermocouple (TC) probe.

3)Check open circuit voltage of array is within acceptable limits (typically, 0 to + 3%). Open circuit voltage should be checked on a bright sunny day making allowance for the temperature coefficient of the module.

4)Check short circuit current of array is within acceptable limits. (Typically, 0 to + 3%). Short circuit current should be checked on a bright sunny day making allowance for solar irradiance in the plane of array. The disconnect switch used for testing short circuit current should withstand full array open circuit voltage when short circuit is removed. Use clamp-on current probe to monitor short circuit current. It is recommended to disconnect shorting conductor under no light conditions (array covered or in darkness) to avoid arcing.

Consider a factor of 0.95 to allow for array soiling, misalignment and any other factors when measuring array short circuit current.

5) Array I-V curve testing is useful in characterizing array performance. String or sub-array I-V curve tests are conducted by isolating individual strings or individual sub-arrays by pulling out fuses in string or array combiner boxes. Isolate all three legs (positive, negative and ground) of the array from the inverter prior to I-V curve test. Monitor at least 10 I-V pairs, solar irradiance in the plane of array and module back surface temperature. All I-V curves should have similar shapes (under identical solar and environmental conditions). The fill factor and maximum power monitored should meet system specifications for given solar and environmental conditions

Electrical Testing of Inverter

Visual Inspection: DC/AC disconnects, protection components, wiring, enclosures, and grounding.

 1) Verify operation of emergency stop and other safety controls.

2) Turn inverter ON in shutdown mode.

3) Connect inverter output to main AC grid via AC disconnect switch.

4) Connect PV array output to inverter input via DC disconnect switch Press start-up switch to start inverter operation.

5) Double check inverter shutdown and restart operation.

6) Monitor MPPT operation. Record MPPT voltage and current and verify

Maximum PV power produced is within system specifications for given solar and environmental conditions.

7) Monitor AC output voltage and current and verify AC output power of the plant within system specifications.

8) Monitor AC output frequency and phase and verify that the results are within specified limits.

9) Monitor AC output energy produced by PV plant for one complete day and verify that the results are within expected range.

Testing of Islanding Protection
The purpose of this test is to verify proper operation of the inverter under the loss of utility condition and subsequent restoration of utility.

1) In this test, the time it takes for the inverter to disconnect from the AC grid after loss of utility voltage and to connect to AC grid after resumption of utility voltage is determined.

2) If multiple inverters are connected to the grid in near proximity, this test should be performed one inverter at a time and then with all inverters operational.

3) Remove or shutdown all nonessential loads that are on the inverter side o the ‘loss of utility’.

4) Monitor AC grid voltage with inverter output connected to grid. Ensure grid voltage drops to zero shortly after utility grid is turned off.

5) Monitor inverter output current using clamp-on current probe. Ensure inverter supplies current to load/grid shortly after grid is turned back on.

6) A Digital Storage Oscilloscope (DSO) may be used to monitor the line-side ac voltage and the inverter ac contactor status. Determine time delay between the two for both ‘grid turned off’ and ‘grid turned on’ operation.

7) Inverter should shut down and restart within the time specified in Standard929 – 2000 or as required in other national standards or as per the utility interconnection requirements
Experiment -1 

Aim: To test the health of battery using battery tester
Apparatus required: 

	
	Equipment 
	Rating 
	Type 
	quantity

	1
	Battery tester
	2-6-12v ,4-500Ah
	Resistive 
	1


Circuit diagram:

[image: image102.jpg]



Procedure
1. Connect the battery terminal to battery tester

2. Turn on the battery tester 

Indicators

1. Red- replace battery 

2. yellow- weak battery 

3. green- battery condition good

	S.No
	Voltage indicated
	Color indicated

	
	
	

	
	
	


Result:

Conclusion
Experiment -2
Aim: To test the health of battery using hydro meter and state of charge of a given battery
Apparatus required
	
	Equipment 
	Rating 
	Type 
	quantity

	1
	Hydrometer 
	-------
	Gravity based
	1


Circuit diagram:
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Procedure
1. Insert the hydro meter into the electrolyte

2. Squeeze the pump of hydrometer 

3. The specific gravity of the electrolyte is indicated

Indicators 

1. Red- replace battery 

2. yellow- weak battery 

3. green- battery condition good

Specific gravity vs state of charge indicating table

[image: image104.jpg]Specific Gravity | State 'of Charge
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	S.No
	Specific gravity indicated valve
	Condition of battery



	
	
	

	
	
	


	S.No
	Specific gravity indicated valve
	State of charge of battery 



	
	
	

	
	
	

	
	
	


Result:

Conclusion:
Experiment -3
Aim: To test the health of battery using voltmeter and identification of state of charge of battery
Apparatus required: 

	
	Equipment 
	Rating 
	Type 
	quantity

	1
	Voltmeter 
	0-30v 
	MC 
	1


Circuit diagram:

	
	Equipment 
	Rating 
	Type 
	quantity

	1
	Voltmeter 
	0-30v 
	MC 
	1
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Procedure
1. Connect the battery terminals to the voltmeter +ve and –ve terminals

2. Measure the reading of voltmeter and calculate the state of charge of the battery  

Voltage vs state of charge indicating chart
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	S.No
	Voltage indicated in voltmeter 
	State of charge of battery 



	
	
	

	
	
	


Result:
Conclusion:
BATTERY





BATTERY          
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