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Abstract— An economic feasibility study of solar 

photovoltaic rooftop (PV) systems in our taluka multifamily 

buildings was carried out to examine the effects of current 

market conditions, incentive programmes, and building-

specific parameters. Economic analyses were conducted for 

108 electricity supply points for scenarios. Several cities and 

towns in the country are experiencing a substantial growth in 

their peak electricity demand. Municipal Corporations and 

the electricity utilities are finding it difficult to cope with this 

rapid rise in demand and as a result most of the Cities/towns 

are facing severe electricity shortages. Various industries and 

commercial Establishments e.g. Malls, Hotels, Hospitals, 

Nursing homes etc. housing complexes Developed by the 

builders and developers in cities and towns use diesel 

generators for Back-up power even during the day time. 

These generators capacities vary from a few Kilowatts to a 

couple of MWs. Generally, in a single establishment more 

than one Generators are installed; one to cater the minimum 

load required for lighting and Computer or other emergency 

operations during load shedding and the others for running 

ACs and other operations such as lifts/ other power 

applications. Finally, the study showed that in addition to 

support measures and other economic conditions, the PV 

system feasibility was highly sensitive to roof characteristics, 

electricity demand and fuse size. Our main objective is to 

make a case study of rooftop solar system for 5KW load. The 

objective this project is to select appropriate ratting of solar 

panel and wiring system, selection of charge controller, 

selection of inverter, selection of battery, considering their 

rating as per requirements.  

Key words: Solar photovoltaics, Buildings, Roofs, Economic 

analysis 

I. INTRODUCTION 

Renewable energy is energy generated from natural resources 

such as sunlight wind, rain, tides and geothermal heat which 

are renewable (naturally replenished). A majority of the 

renewable energy sources are inherently and DC in nature 

and therefore if they can be harnessed in their original from 

for the DC appliances using simple power electronics it will 

be a promising solution to DC micro grid concept DC micro 

grid concept is motivated be a number of factors such as the 

rapid increase in residential and commercial PV power 

system rapid growth in energy efficient product that utilize 

DC power the emergence of standards for DC voltages. DC 

micro grid is having several advantages over the AC grid. 

Several data centers are running on renewable energy source. 

PV energy is one of the potential candidates for fulfilling the 

energy for the places which remotely located and its sources 

is the sunlight. The focus of this work is to use this solar 

energy using power electronics and control to fulfill the 

greater percentage of energy demand. Solar energy is clean 

and free of emissions, since it does not produce pollutants or 

by-products harmful to nature. The conversion of solar 

energy into electrical energy has many application fields. 

Solar to electrical energy conversion can be done in two 

ways: solar thermal and solar photovoltaic. Solar thermal is 

similar to conventional AC electricity generation by steam 

turbine excepting that instead of fossil fuel; heat extracted 

from concentrated solar ray is used to produce steam and 

apart is stored in thermally insulated tanks for using during 

intermittency of sunshine or night time. The producing of 

electricity is ultimately responsible for hot and humid 

conditions i.e. global warming. A roof top SPV system could 

be with or without grid interaction. In grid interaction 

System, the DC power generated from SPV panels is 

converted to AC power using Power conditioning unit and is 

fed to the grid either of 11 KV three phase line or of 220V 

single phase line depending on the system installed at 

institution/commercial Establishment or residential complex. 

A. Necessity: 

 PV panels provide clean – green energy. During 

electricity generation with PV panels there is no harmful 

greenhouse gas emissions thus solar PV is 

environmentally friendly. 

 Solar energy is energy supplied by nature – it is thus free 

and abundant. 

 Solar energy can be made available almost anywhere 

there is sunlight 

 Solar energy is especially appropriate for smart energy 

networks with distributed power generation – DPG is 

indeed the next generation power network structure. 

 Solar Panels cost is currently on a fast reducing track and 

is expected to continue reducing for the next years – 

consequently solar PV panels has indeed a highly 

promising future both for economic viability and 

environmental sustainability. 

 Photovoltaic panels, through photoelectric phenomenon, 

produce electricity in a direct electricity generation way. 

 Operating and maintenance costs for PV panels are 

considered to be low, almost negligible, compared to 

costs of other renewable energy systems. 

 PV panels have no mechanically moving parts, except in 

cases of sun-tracking mechanical bases; consequently 

they have far less breakages or require less maintenance 

than other renewable energy systems (e.g. wind turbines) 

 PV panels are totally silent, producing no noise at all; 

consequently, they are a perfect solution for urban areas 

and for residential applications . 

 Because solar energy coincides with energy needs for 

cooling PV panels can provide an effective solution to 

energy demand peaks – especially in hot summer months 

where energy demand is high. 

 Though solar energy panels’ prices have seen a drastic 

reduction in the past years, and are still falling, 

nonetheless, solar photovoltaic panels are one of major 

renewable energy systems that are promoted through 

government subsidy funding (FITs, tax credits etc.); thus 
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financial incentive for PV panels make solar energy 

panels an attractive investment alternative. 

 Residential solar panels are easy to install on rooftops or 

on the ground without any interference to residential 

lifestyle. 

II. LITERATURE REVIEW 

India is located in the northern hemisphere, lying between 

latitudes 8°4′N and 37°6′N and longitudes 68°7′E and 

97°25′E; the country is divided into almost two equal halves 

by the Tropic of Cancer (23°30′N). The southern half which 

coincides with peninsular India lies in the tropical zone, while 

the northern half belongs to the subtropical zone. Due to its 

locational advantage, on average, the country experiences 

250 to 300 sunny days per year and receives an average 

hourly radiation of 200 MW/km2. The annual global 

radiation varies from 1600 to 2200 kWh/m2 [6], which is 

typical of the tropical and subtropical regions. NREL recently 

released 10 km resolution solar resource maps for India based 

on the SUNY satellite. Figure 1 shows the annual average 

direct normal irradiance (DNI) across India, which illustrates 

that most areas of the country have greater than 

5 kWh/m2/day of DNI. This image shows the areas of highest 

resource occurring in the state of Gujarat, Rajasthan, and the 

high elevation Himalayan region. Figure 1 also shows large 

areas with annual average DNI greater than 5.5 kWh/m2/day 

in the state of Madhya Pradesh, Chhattisgarh, and 

Maharashtra and smaller land areas with similar resources in 

several other states. This area could be further increased by 

the use of building-integrated PV. Though large-scale CSP 

has not yet been deployed in India; one study has estimated 

that this technology alone could generate 11,000 TWh per 

year for India. In addition, it also offers huge potential for 

decentralized distributed electricity supply system, which can 

address the problem of electricity to a remote location with 

less/lower transmission losses. In spite of huge solar energy 

potential, the portfolio of RE has developed in a very unique 

way in India, though, lately introduced wind power 

technology has left behind all the traditional RE technologies 

such as biomass, solar power, and SHP as shown in Figure 2. 

It also demonstrates that solar power has the maximum 

untapped potential as 97.9% of estimated potential of 

50000 MW. And the overall untapped potential of 81.3% 

seeks immediate attention of policy makers for exploiting this 

available RE resource in a very efficient and effective manner 

to overcome the problem of electricity shortage. The southern 

half which coincides with peninsular India lies in the tropical 

zone, while the northern half belongs to the subtropical zone.  

III. EXISTING ROOFTOP SOLAR SYSTEMS 

A. PV System: 

The word photovoltaic is a combination of the word "photo" 

which is Greek for Light, and the name of the physicist 

Allesandro Volta. The photovoltaic (PV) cell also known as 

solar cell, is a basic electronic device that generates electricity 

by the photoelectric effect when exposed to sunlight. 

Sometimes the term PV cell is used in a broader sense for a 

device that converts light from any source (not just sun) to 

electricity. 

 
Fig. 1: PV System 

B. Solar PV Panel: 

The process of converting light (photons) to electricity 

(voltage) is called the solar photovoltaic (PV) effect. 

Photovoltaic solar cells convert sunlight directly into solar 

power (electricity). They use thin layers of semi-conducting 

material that is charged differently between the top and 

bottom layers. The semi-conducting material can be encased 

between a sheet of glass and or a polymer resin. When 

exposed to daylight, electrons in the semi-conducting 

material absorb the photons, causing them to become highly 

energized. These move between the top and bottom surfaces 

of the semi-conducting material. This movement of electrons 

generates a current known as a direct current (DC). 

C. Types of Solar Panel: 

Different types of solar PV installations require slightly 

different components. However in the next two sections we 

have explained in detail all the main components that will 

make up your solar PV array and provide you with 100% 

renewable, free electricity. The solar panel is the key 

component of any solar photovoltaic system, which takes the 

sun’s energy and converts it into an electrical current. There 

are three main types of solar panel (as well as the hybrid 

version) currently in commercial production, all of which are 

based on silicon semiconductors 

1) Mon crystalline Solar Cell 

2) Polycrystalline Solar Cell 

3) Amorphous Solar Cell 

4) Hybrid Solar Cell 

1) Monocrystalline Solar Cells: 

 
Fig. 2: Mon-Crystalline Solar Panel 
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This type of solar cell is made from thin wafers of 

silicon cut from artificially-grown crystals. These cells are 

created from single crystals grown in isolation, making them 

the most expensive of the three varieties (approximately 35% 

more expensive than equivalent polycrystalline cells), but 

they have the highest efficiency rating – between 15-24%. 

2) Polycrystalline Solar Cells: 

 
Fig. 3: Polycrystalline Solar Cell 

This type of solar cell is also made from thin wafers 

of silicon cut from artificially grown crystals, but instead of 

single crystals, these cells are made from multiple 

interlocking silicon crystals grown together, hence they are 

cheaper to produce, but their efficiency is lower than the 

monocrystalline solar cells, currently at 13-18%. At the green 

age, in many cases, polycrystalline cells are most suitable, as 

they provide value for money while still also being relatively 

efficient. 

3)  Amorphous Solar Cells: 

 
Fig. 4: Amorphous Solar Cell 

These are the cheapest type of solar cell to produce, 

are relatively new to the market and are produced very 

differently to the two other types. Instead of using crystals, 

silicon is deposited very thinly on a backing substrate. There 

are two real benefits of the amorphous solar cell; firstly the 

layer of silicon is so thin it allows the solar cells to be flexible, 

and secondly they are more efficient in low light levels (like 

during winter).This, however, comes at a price; they have the 

lowest efficiency rating of all three types – approximately 7% 

– 9%, requiring approximately double the panel area to 

produce the same output. In addition, as this is a relatively 

new science, there is no agreed industry wide production 

technique, so they are not as robust as the other two types. 

4) Hybrid Solar Cells: 

 
Fig. 5:  Hybrid Solar Cell 

This is not a type of solar cell in its own right; 

instead it is a combination of both amorphous solar cells and 

monocrystalline solar cells. These are known as HIT solar 

cells (Heterojunction with Intrinsic Thin Layer – a bit of a 

mouthful!), and have higher efficiency ratings than any of the 

other three types of solar cell alone. In addition, they are also 

better suited in sunnier climes, where temperatures often 

exceed 250C, creating up to 10% more electricity. 

IV. SOLAR PANEL WIRING AND PRINCIPLES OF OPERATION 

This simplified solar panel wiring diagram illustrates the 

system's operation. 

 
Fig. 6: 

The shown system allows excess electricity that is 

generated by solar panels to be exported to the grid. Under 

normal conditions, the grid acts as an additional energy 

source to keep the system's batteries charged. If the grid fails, 

the inverter will automatically disconnects from the grid and 

supplies energy from the batteries to the critical loads wired 

to an auxiliary panel. UL1741 standard requires a grid tie 

inverter to disconnect from the grid within 0.1 second when 

input voltage goes off or drops below 60 VAC. When the line 

voltage returns, an internal AC contactor will automatically 

transfer the wiring system back to the utility. Note that in 

general, NEC® 2014 codes allow PV array voltages up to 

600VDC. However, if the battery connections are above 60V, 

you need to make "live" conductors not accessible. It often 

also has several pairs of fused DC inputs, which can eliminate 

the need for an external combiner. The above schematic 

diagram shows an example of a wiring configuration when 

the inverter has a low-frequency center-tapped output 

transformer for 120/240 VAC. Often a low-power 

residential-grade inverter provides only 120VAC. In this 

case, you need special "stackable" modules. You will need to 

stack in series two modules to get 120/240 output. Note that 

some models provide isolation in a high-frequency DC-DC 

converter stage and do not have a bulky low-frequency 

transformer. There are also transformer less models which 

require ungrounded DC busses and additional protection 

devices. 



Overall Study Of Solar Rooftop Systems in Maharashtra 

 (IJSRD/Vol. 5/Issue 04/2017/089) 

 

 All rights reserved by www.ijsrd.com 357 

A. Solar Panel Used: 

 
Fig. 7: 

Max.  power (Pmax) 3150 W 

Open CKT Voltage (Voc) 45025 V 

Short CKT Current (Isc) 9.29 A 

Max.  Power Voltage (Vmp) 36.75 V 

Max.  Power Current (Isc) 8.58 A 

Max.  System Voltage 1000 V DC 

Weight 22.5 Kg 

Dimension 1960*990*40 mm 

 

All values measured at STC 

25*C cell temp., 

1000W/m2, AM 1.5 

Table 2: Specification Of Solar Panel 

B. Solar PV Inverters: 

All the electricity produced by the solar panels is produced as 

direct current (DC), which differs from the electricity that is 

distributed through the grid and we use in our homes, which 

is alternating current (AC). For this reason most solar 

photovoltaic systems are now connected up with some type 

of inverter, which changes the DC to AC, allowing the 

individual to sell the electricity back to the grid (in grid-tied 

systems) or to be used easily in homes. 

C. Different Types Of Solar Inverters: 

Inverters are an important part of any solar installation; they 

are the brains of the system. Although the inverter’s main job 

is to convert DC power produced by the solar array into 

usable AC power, its role is only expanding. Inverters enable 

monitoring so installers and owners can see how a system is 

performing. Inverters can also provide diagnostic information 

to help O&M crews identify and fix system issues. These 

important components are increasingly taking on decision-

making and control functions to help improve grid stability 

and efficiency. With the growth of solar storage, inverters are 

also taking on responsibility for battery management. Here is 

a look at some different types of solar inverters. 

1) String Inverter 

2) Central Inverter 

3) Micro Inverter 

4) String Inverters 

Solar panels are installed in rows, each on a “string.” 

For example if you have 25 panels you may have 5 rows of 5 

panels. Multiple strings are connected to one string inverter. 

Each string carries the DC power the solar panels produce to 

the string inverter where it’s converted into usable AC power 

consumed as electricity. Depending on the size of the 

installation, you may have several string inverters each 

receiving DC power from a few strings. 

 String inverter advantages 

1) Allows for high design flexibility 

2) High efficiency 

3) Robust 

4) 3 phase variations available 

5) Low cost 

6) Well supported (if buying trusted brands) 

7) Remote system monitoring capabilities 

 String inverter disadvantages 

1) No panel level MPPT 

2) No panel level monitoring 

3) High voltage levels present a potential safety hazard. 

4) As with any other device, the “trusted brand” issue 

is an important one. Not all string inverters are 

created equal; as this video demonstrates. 

 Central inverter advantages   

1) Low capital price per watt 

2) High efficiency 

3) Comparative ease of installation – a single unit in 

some scenarios 

 Central inverter disadvantages 

1) Size 

2) Noise 

3) A single potential point of entire system failure 

 Micro inverter advantages: 

1) Increase system availability – a single 

malfunctioning panel will not have such an impact 

on the entire array 

2) Panel level monitoring 

3) Lower DC voltage, increasing safety. No need for ~ 

600 V DC cabling requiring conduits 

4) Allows for increased design flexibility, modules can 

be oriented in different directions 

5) Increased yield from sites that suffer from 

overshadowing, as one shadowed module doesn’t 

drag down a whole string 

6) No need to calculate string lengths – simpler to 

design systems 

7) Ability to use different makes/models of modules in 

one system, particularly when repairing or updating 

older systems 

 Micro inverter disadvantages 

1) Higher costs in terms of dollars per watt, currently 

up to double the cost compared to string inverters 

2) Increased complexity in installation 

3) Given their positioning in an installation, some 

micro-inverters may have issues in extreme heat 

4) Increased maintenance costs due to there being 

multiple units in an array. 

D. Suitable Inverters For Our Solar Pv System: 

When looking for which inverters to buy, ideally you want 

your alternating current (AC) to match that provided by the 

utility companies. Waveform relates to the quality of the AC 
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signal that an inverter produces. Cheaper inverters will 

provide modified sine wave signal, while the more expensive 

versions will produce the pure sine wave signal. Some 

appliances (such as computers) simply don’t work unless they 

are powered by a pure sine wave signal, so we recommend 

strongly that you spend a little more to get this type of 

inverter. Grid tie inverters differ slightly from your regular 

inverters in that the AC pure sine wave signal has to be 

perfectly coordinated with the waveform from the grid. As 

such, these tend to be more expensive than the typical 

inverters that you buy. They also have a built-in safety feature 

to cut off power from the solar array if the electricity grid 

goes down for any reason. It is also worth noting that most 

inverters now also have ‘Maximum Power Point Tracking’ 

(known as MPPT) installed within them, which helps to 

maximize the electrical output of your solar photovoltaic 

array system. The principle of MPPT is to extract the 

maximum available power from the photovoltaic module by 

making them operate at the most efficient voltage (known as 

the maximum power point voltage). The algorithm included 

in the MPPT inverter compares the output from the 

photovoltaic module with grid voltage and then fixes it at the 

most efficient voltage, to allow you to export the maximum 

amount of kWh of electricity back to the grid. An MPPT 

charger in your solar photovoltaic system will improve your 

power gain by 20-45% in the winter and 10-15% in the 

summer. 

 
Fig. 8: PV Grid Inverter 

Model Name Growatt 5000 UE 

Certificate Number  

Maximum DC Voltage 800V 

DC Voltage Range 140V-800V 

MPPT Voltage Range 200V-800V 

Max. Input Current Per String 9 Amp 

Max. Apparent Power 5 KVA 

Nominal Output Current 3*7.3 A 

Nominal Output Voltage 3/N/PE 230V/400V 

AC Frequency Range 50 Hz/44~55 Hz 

Power Factor 
0.9 Leading-0.9 

Laging 

Safety Level Class I 

Protection Degree IP65 

Operation Ambient 

Temperature 
-25*C - +60*C 

Table 2: Specification of Pv Grid Inverter 

1) Benefits: 

 All solar PV panels are rapidly decreasing in price 

due to better production techniques and increased 

competition between manufacturers and suppliers. 

 Monocrystalline solar PV cells are the most efficient 

type of solar PV cell (rated between 15-24%), so 

smaller panels can produce equivalent amounts of 

electricity compared to other solar cell types. 

 Polycrystalline solar PV cells are easier to produce 

than the monocrystalline solar PV cells and 

therefore cheaper to buy, still providing decent 

efficiency levels (13-18%). 

 Amorphous solar PV cells are the easiest to produce 

and as the silicon is deposited on any surface, these 

panels can be made into any shape. 

 Hybrid solar PV combine amorphous and 

monocrystalline cells giving you the advantages of 

both of these two types of solar cell. 

2) Limitations: 

 Polycrystalline and amorphous solar PV cells are 

less efficient than monocrystalline, and therefore 

bigger panels are needed to produce the equivalent 

electricity output. The technique for building 

monocrystalline solar cells is more difficult and this 

is reflected in the higher price of this type of panel. 

E. Solar Charge Controllers: 

 
Fig. 9: Solar Charge Controller 

Solar Charge Controllers (also known as Solar 

Charge Regulators) are used in solar photovoltaic systems to 

prevent the batteries from being overcharged. If you decide 

to implement a ‘grid-tied’ system, a solar charge controller is 

not necessary, as any excess electricity that you don’t use at 

any particular moment is sold directly back to the grid. 

However, for any of the other three setups, a charge controller 

is necessary; it acts to regulate the flow of electricity between 

the solar photovoltaic modules, the batteries and your 

appliances (known as the load). Incorporating a MPPT 

charger into your solar photovoltaic system will improve your 

power gain by 20-45% in the winter and 10-15% in the 

summer. 

1) Solar Array Mounting: 

As discussed earlier, the amount of power that your solar 

photovoltaic system produces is dependent on the intensity of 
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light hitting your solar array. There are three types of 

mounting you can get for your solar panels to help maximize 

the amount of light that they receive. 

2) Fixed Solar Array Mountings: 

These are the simplest of all the mounting systems, and also 

the cheapest. In this system, the solar panels will not move at 

all at any time during the year, so you want to ensure that 

when you put in the panels they are facing the equator to 

maximize sunlight. 

3) Manually Adjustable Solar Mountings: 

These can be changed a few times a year to adjust for the 

winter and summer sun. The sun is highest in the sky during 

the summer months and lower in the winter, so by being able 

to adjust the angle of your solar array ensures that the sunlight 

hits the array at the best angle to avoid reflection. These 

mountings track the sun, to ensure that at all times the angle 

of the solar array is maximizing sunlight. These are certainly 

the most expensive type as they are constantly moving, but 

they are also by far the most efficient. Despite this, it has been 

proven to be more cost effective to add an extra solar panel 

to your array and use the fixed or adjustable mountings. 

4) Solar Technology Generate Electricity: 

Put very simply, photovoltaic (PV) modules are made 

partially from a semiconductor, which acts as an electrical 

field, positive on one side and negative on the other. When 

light energy hits this, electrons come loose from the protons 

in the semiconductor. Conductors attached to the positive and 

negative sides form an electric current. 

F. Cable Used: 

 
Fig. 10: Black Color Solar cable 

 
Fig. 11: Red Color Solar Cable 

Type KEI SOLAR CABLE 

1CX4 sqmm 2016 

Material Copper 

Voltage 
0.6/1.0 KV (AC) 

1.8 KV (DC) 

Temperature 10*C -70* C 

Color Red/Black 

Table 2: Specification of Table  

G. Grid Connections: 

It is obvious that the electricity produced in a solar panel is 

DC. Electricity we get from the grid supply is AC. So for 

running common equipment from grid as well as solar 

system, it is required to install an inverter to convert DC of 

solar system to AC of same level as grid supply. 

 
Fig. 12: Parallel Grid Connections 

1) Components of Grid Tie Solar System: 

Grid tie solar systems are of two types one with single macro 

central inverter and other with multiple micro inverters. In the 

former type of solar system, the solar panels as well as grid 

Supply are connected to a common central inverter called 

grid tie inverter as shown   

 
Fig. 13: Grid connection 

The AC energy output of a solar array is the 

electrical AC energy delivered to the grid at the point of 

connection of the grid connects inverter to the grid. 

2)  On Grid System: 

Grid-interactive or grid tie inverter (GTI) is an electronic 

device that converts direct current (DC) voltage to alternating 

current (AC) voltage and that can operate in parallel with the 

electric utility grid. GTIs allow interconnection of renewable 

energy systems with the grid. The power processing circuits 

of a GTI have similar working principle as that of a 

conventional stand-alone DC-AC SMPS. The main 

differences are in their control algorithm and safety features. 

A GTI basically takes a variable voltage from a DC source, 

such as solar panels array or a wind system, and inverts it to 

AC synchronized with the mains. It should automatically stop 

supplying electricity to the power lines when the grid is 

down. A GTI can provide power to your house and even feed 

an excess of the electricity into the grid. 
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Fig. 14: Schematic diagram of ON Grid system 

V. CONCLUSION 

In this way we study the case study of rooftop solar system 

from this project we learned about various aspect of solar 

system, 

1) Roof top solar PV systems have great potential.  

2) There is a need for awareness creation both about rooftop 

solar PV systems. Technology packages as well as about 

the financing avenues available. 

3) There is need for standardization.  

4) The policy support is essential in terms of regulations for 

net metering, grid interconnection, and energy 

accounting. 

5) There is a need for promoting large scale, local 

manufacturing of dual function. Inverters (functionality 

of both grid-tied and hybrid inverters) to reduce cost. 

6) There is need for technical innovations in storage 

technologies - mainly to reduce costs and improve 

efficiency. 

7) Roof tops solar PV systems can play an important role in 

providing reliable and Assured power for buildings and 

establishments. 
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