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Abstract 

The demand for energy is increasing day by day globally. To overcome the problem of energy 

scarcity, Solar energy promises to be the best solution without significant increase of the carbon 

footprint of the atmosphere. The sun emits more than 10,000 times energy than it is required on 

the earth to fulfill the needs. The solar energy has many applications for heating up water to 

generate electricity. This work focuses on generation of electricity by the help of solar 

photovoltaic panels in a village and transmission problems associated with it. The primary work 

in the thesis is the generation of electricity by the help of solar power in order to fulfill electricity 

demands of the village. For efficient use of energy load was designed for each place, as per the 

efficient electricity norms and analyzed. According to consumption and energy losses, 

generation capacity of the plant was designed. In the power transmission further research was 

conducted on considering three cases for generated power transmission, as transmission and 

storage of power involves power losses and economical losses. The three transmission systems 

that are analyzed in the thesis are On Grid System, off grid system and Nano grid battery 

backup system. These system were analyzed on the basis of technical specifications, power 

losses while transmission and investment to be done while building the entire system. The 

calculations were done with the help of software, empirical formulas and previous researches 

conducted. A few assumptions and approximation were made while calculation and analyses of 

results. 

After analyses and calculation of all the three cases, the outcomes of research were in favor of 

Nano grid battery backup system, considering the power losses from the system and economic 

investment required in setting up the complete plant. On the basis of reliability, stability and 

future requirement the Nano grid battery backup system overshadows the other transmission 

systems in competition by a good margin. 
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1.0 Introduction 

 

In this chapter, the current scenario of energy and infrastructure of the energy in the country and 

the objective of the master thesis would be discussed. In the introduction and in its sub segments, 

the demography, economical conditions and the energy generation, consumption and its crises in 

the country are discussed. In the further segments the small scale energy generation in country 

and the location where the research is being conducted is discussed. In the objective segment, the 

aim of the research and on which areas the research would be conducted is discussed 

 

India is a developing country with population of 1.21 billion (the second most populated country 

in the world) according to the census of 2011 (Government of India, 2011) and it is estimated 

that in a coming decade it will surpass China and will become the most populated country in the 

world (United Nation Population Division, 2015). India is also known as “the country of 

villages” as more than half of the population lives in village and runs their lively hood. For any 

developing nation the key priority of its government is to provide its country’s citizen with basic 

amenities like access to clean water for drinking and domestic purposes, electricity, toilets, 

schools, roads, food but according to the report of 2008-09 (Commision, 2009) 82% of the 

village areas in country lack these basic facilities. Electricity is one the most important basic 

amenities as many of the other domestic activities and basic amenities are associated with it like 

pumping of water, lighting etc.  The electricity generation in country is done from various energy 

sources like fossil fuels (coal, natural gas,diesel),nuclear energy, hydropower, renewable energy 

(solar, wind, biomass). The total electricity generation in the country is around 302 GW in which 

fossil fuel accounts for 70 % and among which coal share is 62 %, whereas nuclear energy share 

is very low at. Just 2 %.  By 2032 it is planned to take it to 25 %. The renewable energy amounts 

to 14 % and the hydropower accounts for 14 % (Central Electricity authority, 2016). The 

electricity utilization in the country can be analyzed from the Figure 1.0 
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                            Figure 1.0 Sector wise Electricity consumption in India in 2014 ( IOA report 2015) 

According to the report of Government of India (Ministry of Power, 2011), till 2011 67.2% of 

country was electrified including rural and urban area, up from 55.85 in 2001. Electrification in 

urban area in 2011 went to 92.7 % from 87 % in 2001 and in rural area electrification increased 

by 55.3% in 2011 from 43.4 % in 2001. 

The problem of electrification in rural areas is due to many reasons but the two major reasons are 

the lack of infrastructure and poverty. 

In India, the government had launched many plans and schemes for rural electrification like 

Rajiv Gandhi Grameen Vidyutikaran Yojana, Deendayal Upadhyaya Gram Jyoti Yojana, In 

Deendayal Upadhyaya Gram Jyoti Yojana, according to the Rural Electrification Department 

(RED, June 2015) till 30th June 2015 intensive electrification of 320,185 partially electrified 

villages have been completed and 220.63 lakh free electricity connections have been released to 

below poverty line households. According to the data provided by RED, the Rajiv Gandhi 

Grameen Vidyutikaran Yojna, 1.05 lakh UN electrified villages have been completed and 

electrified and 1.95 crore free electricity connections have been given to the BPL households till 

30 April 2012,. These villages are electrified by the thermal power plants and in latest renewable 

energy (solar energy) is also used for electrification purpose. Especially in remote areas where 

electricity transmission is a major problem. 

But still there is a long way to go, still there are more than a millions of villages left that are 

required to be electrified. Moreover, the villages which are electrified they are facing the 

problem of load shedding. There are few rural areas which are facing the load shedding problem 

for about 15 hours a day. Among these villages, there is one village in Chhattisgarh in India, 

Devipur in Ambikapur district which is facing the load shedding problem of 8 to 12 hours in a 

day. This particular research work is conducted in the village Devipur for the uninterrupted 

supply of electricity generated by renewable resource during load shedding hours at economical 

prices and low transmission losses. 
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1.1 Small Scale Electricity generations in India 

In remote areas around the world, the sources for electricity generation are of many types like 

diesel generator, small scale hydropower plants, solar energy, wind energy, biomass, 

thermoelectric. The diesel generator is the cheapest in initial investment among all the discussed 

sources, but the maintenance and running cost is high and gives very low efficiency  and harmful 

for the environment, causes air and noise pollution. The renewable energy sources requires 

heavy capital investment and sometimes puts question mark on the criteria of stability and load 

variation, but they have very low service and maintenance cost and has very long lifetime as 

compared to diesel generators if the load calculation is done carefully. The renewable energy 

sources can also deal with the non-uniform energy consumption or peak loads (Heinz, 2014). 

Solar powers off grid projects are being constructed at a high pace in remote areas around the 

world, especially where good solar radiation is obtained. In African countries, many parts of 

Kenya are far from the national grid in this case the solar off grid projects were implemented in 

many villages. The generation from the solar panels generates enough electricity to provide the 

village with basic lighting, ventilation and other purposes (Holsten, 2014). Overall China is the 

leading nation generating highest electricity from renewable sources of energy. 

In India the small scale electricity production sources are wind energy, biomass energy, small 

hydropower, solar power, hybrid systems, waste to energy, these energy sources could be used 

for both on grid and off grid. In remote areas the off hybrid system of the wind and solar energy 

is used to generate the electricity, this type of hybrid system is beneficial in areas where solar 

radiation is unstable like in hilly and mountain areas. 2.7 MW capacity of solar and wind hybrid 

system had been set up till 2016. Bioenergy has also played a significant role in providing 

electricity to the remote areas of the country and as well as to the urban areas, the bioenergy 

includes biogas running turbines and biomass gasification, the total capacity of bioenergy in the 

country is around 8.1 GW till 31 March 2017. The small scale hydro power plant is a small form 

of hydroelectric power plant it is generally built in remote areas for off grid or decentralized 

connection system, till 31 March 2017 4.3 GW of capacity small scale hydropower plant has 

been built in remote areas for electricity generation. The solar power sector in the country is 

increasing day by day in both on grid and off grid connection, the country is planning to achieve 

100 GW power from solar power by 2022.Wind energy also shares a big share in country s 

energy supply source, primarily it is used for grid connected and used in hybrid system, in small 

scale for water pumping purposes in remote areas. Till date, 8000 villages have been electrified 

by off grid connection using different renewable power sources and country is planning to 

achieve 175000 MW of Renewable power by 2022 (Kapoor, 1992) 
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1.1.2 Renewable Energy in State 

In the state of Chhattisgarh, the renewable energy is used for both small scale electricity 

generation and large scale electricity generation, the primary renewable energy sources are solar 

energy, wind energy, biomass and small hydropower plants. Till 2016, the state’s total capacity 

of renewable energy was 4.5 GW, which would be increased to 7.1 GW by 2018, the state has 

total off grid solar electricity capacity of 3.7 MW, wind capacity of 77 MW, Small scale hydro 

power capacity of 62 MW, biomass power generation installed capacity of 254 MW, (Singh, 

2017). The government is also planning to distribute solar pumps to the farmer for agriculture 

purpose, so that the electricity expenditure on pumping can be eliminated, government is also 

planning to replace kerosene lamp with solar LED, the state government planned to invest total 

3125 million US $ in renewable energy sector by 2019. 

 

1.2 Background  

India is a seventh largest country by area which has 29 states and 7 union territories, with 707 

districts (government of India, 2016) and 640867 villages (government of India, 2011). The 

village governance is done by the village panchayat, the village panchayat comes under the 

district council which holds the member chosen democratically, district council comes under the 

state government and state government comes under the central government which is again 

chosen by a democratic procedure (elections.in). India has big diversity of climate with overhead 

sun round the year and good solar radiation is obtained in central and north western part of the 

country as tropic of cancer passes through this region, due to which there is a good scope for 

utilizing solar energy for generating electricity or other purpose. (siden, 2015) 

As discussed above India is also known as land of villages due to the majority of the population 

living in the countryside or rural area. In normal village in the country its 70 % of its population 

depends on agriculture for their livelihood which includes 70 % of males and 30 % females 

(Government of India Census, 2011), but the outcome they get from this is really very meager 

from which they hardly able to manage their food of two times basic amenities are far from this. 

The monthly household income for family of 5 people is just 77 $ and which is 0.5 $/day 

(Commision, 2009) 

Devipur is one of the above mentioned villages near Ambikapur district in the northern area of 

Chhattisgarh state, India. The area was badly hit by civil war, but after the strong actions taken 

by the government, the situation is in control in the area.  

The area receives good solar radiation as tropic of cancer passes, the average temperature 

annually is 30˚C and the highest temperature goes to 45˚C, the average annual rainfall received 

in the area is around 122 cm. (chhattisgarh, 2010) 

The total populations of village was 1861 in the year 2011.Mostly people in Devipur village are 

dependent on agriculture around 68 %, the other 32 % are employed in industries and factories, 
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with the literacy rate of 61% (Government of India, 2011). The village has received the 

electricity connection under the government scheme, but still, the villages faces the problem of 

load shedding of average 7-8 hours or sometimes more during the day time.  

 

1.3 Objective 

The objective of the thesis work is to evaluate various strategies that ensure uninterrupted power 

supply to the village Devipur at economical prices during load shedding by the help of solar 

energy. A technical and economic evaluation and simulation will also be conducted on the 

supply of electricity from generating unit to the end use customer for domestic purposes, 

agriculture and pumping purpose. Multiple options will be evaluated for financial and “total cost 

of ownership” viability. 

There has been a lot of traction recently for an off grid full battery backup system, which will 

also be evaluated as one of the options. 

The lists of cases to be analyzed are as follows:-  

1.  Case I: On Grid system 

In this case the power produced from the solar PV panels will transfer to the grid and then it will 

be supplied to the village for end use. This means that more power has to be generated in order to 

compensate for the transmission loss, which might lead to more expenditure on power generation 

and cabling which will be calculated in the economics section 

2. Case II: Off Grid Full Battery Backup system 

In this case, the power generated in the solar panel will directly transferred to the storage and 

stored power after getting converted into AC from DC with the help of inverter after that it could 

be used, in this particular case each household would be given its separate battery and inverter 

for the utility of electricity 

3. Case III: Nano Grid Partial Battery Backup system 

In this case there will be separate grid built up for the village, so that the electricity generated can 

be supplied to the nano grid and from their it could be supplied to the village, in this particular 

case battery backup system is only provided to the government buildings and education 

institution on the other hand people who wants to keep an alternate backup system they can 

purchase solar batteries at subsidized prices. 
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2.0 Literature Review 

 

2.1 Renewable Energy in India & its growth 

India is a developing country as well as a giant manufacturing nation and among the biggest 

importer (World Bank, 2015), a manufacturing nation consumes energy four to five times more 

than the world average and nine times more than the average for the developing countries 

(Bureau of Energy Efficiency, 2009). Therefore it could be said that energy is an important asset 

for a nation for its economy growth and development of its citizen. As the nation will develop 

and grow, there would be significant growth of energy demand in the nation, hence it is meant 

that development has a direct link with the energy demand. The country energy sector is heavily 

dependent on fossil fuel (like coal, crude oil, natural gas) for the energy, coal has large share in 

this coal account for 55 % in country’s energy sector and 75 % in country’s electricity generation 

sector (India energy portal, 2010), the high utility of coal and other fossil fuel has invited many 

problems like ozone depletion, global warming, hike in fuel price and depletion of fossil fuel 

reserve. In order to complete the energy demand of the nation, the country has started investing 

sustainable development, in past few years there is a significant growth in the renewable energy 

sector especially in solar and wind energy for electricity generation (India energy portal, 2010). 

India has renewable energy potential of 85000 MW on commercial basis.  

In current status, the per capita electricity consumption is around 566 kWh and it is estimated 

that this will further grow to 2280 kWh till 2021-22 and more to 4500 kWh till 2031-32 (Garg, 

2012).Renewable energy can play a vital role in securing country’s future in terms of electricity 

and can also help in reducing the carbon footprint level from the environment, it is estimated that 

1 GW of Renewable energy reduces 3.3 million ton of carbon dioxide every year (Sargsyan et al, 

2010).Geographical condition of India is quite favorable for solar energy and comes in top 5 

nations suited for solar energy utility as per Ernst & Young’s renewable energy attractiveness 

index (MNRE, 2011), as tropical of cancer passes through the country and almost all part of 

country has more than 95% of sunny days in a year, that means here is possibility to generate 

5000 kWh of electrical energy every year. Today India has installed capacity of 9.5 GW of 

cumulative solar power and targeted to achieve 100 GW by 2022 (MNRE, 2017). 

2.2 Government Programs & Policies 

The Indian government is taking keen interest in expanding renewable energy and specially the 

solar energy, keeping mind the problem of climatic change and environmental concern 

government has launched many solar projects as solar energy is a clean source of energy and has 

long life cycle. In year 2008 national action plan for climate change was launched by the central 

government under the ministry of renewable energy, under which off grid rural electrification 

also comes. According to this plan the villages in the country at remote locations will be 

electrified by off grid solar energy system and the street lights will be provided with LED bulbs, 

the central government will pay 90% cost of the renewable energy project and other remaining 
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costs could be paid by the state government or by any investor. Till 2016, 1400 village has been 

electrified by off grid solar power system and enjoying the benefit under this scheme  

2.3 Obstacles in Solar Energy Policies  

The consumer in rural areas, majority of them belongs to agriculture background who don’t have 

ample earning from their work. The maximum load provided to them was 58 W, which includes 

two points of 9 W each for lighting and one socket of 40 W for operating electrical appliances, 

which is practically very less. The panels installed by the central government under the scheme 

gives the estimation of providing electricity for 6 hours but in reality, the installed panels gave 

electricity for just 4 to 5 hours and if the radiation is low then this would go down to 2-3 hours. 

Here are some of the problems which were faced by the villages after installation of the PV 

panels 

• People complain regarding the bill as the bill paid by the customer was calculated for a 

lamp for 6 hours but the electricity is available for just 4-5 hours on average. 

• Majority of villagers complain about the unavailability of electricity at night, as they need 

electricity at night for social functions. 

•  Many villagers demanded that Max. Load provided them – 58 W – should be increased 

as they want to run their other appliances like television, heater, fans etc. Farmers 

complain they need high power to run their pumps in agriculture fields. 

• During the research, most embarrassing thing came across was that during the electricity 

supply, the bulbs used to fail frequently.  

• Although CREDA organized many training sessions for people in the village to train 

them and give them information about solar panels and other equipment, but majority of 

people were unaware, some of them even don’t know that the energy source of the 

electricity they are getting is the sun. The central and state governments both are trying to 

Figure out this thing, but the 2 major obstacles in this are huge capital investment and the 

other is the lack of skilled labor required for maintaining the plant. 
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3.0 Methodology 

 

In this particular section methods used to conduct the thesis would be discussed. The data were 

obtained from the annual reports of the country’s government energy department like power 

ministry and from the global organization like United Nations, International energy agency in 

order to identify the requirement, per capita average load in rural and urban areas, overall 

electricity consumption of the state, sources of energy for producing electrical energy, utility of 

renewable energy in current scenario in the state. After going through all the data regarding the 

sources of energy, geography and demography of the area. It was decided that solar energy 

would be the best source of renewable energy and has heavy potential to fulfill the electricity 

demand of the state. 

The data of the village regarding demography, living and economical condition were obtained 

from the government websites and survey conducted by them. 

Using the per capita average load in rural areas obtained in the survey, needs of the villagers and 

by the personal interviews about their electricity demand, keeping that in mind, average and peak 

load model was designed for the village for different areas and places like school, offices and 

residential areas. The average and peak load was estimated according to villagers routine and 

needs. The load was estimated considering government approved devices, for lighting, 

ventilation in households. In offices and schools apart from lighting and ventilation purpose, 

computers and other devices load were considered like printers, scanner etc while estimating the 

loads. 

In the geographical data it was found that the village is quite near to the place from where tropic 

of cancer passes, closer to the tropic of cancer more the solar radiation received (siden, 

Renewable Energy, 2015). The per m2 solar radiation received was simulated by the help of 

software PVGIS. The total electricity demand of the village was obtained by the help of 

estimating and modeling. Assuming the estimated demand value of whole village, the electricity 

generation capacity of panels were determined accordingly and simulated by the help of the 

software (Commission, 2010)  

After obtaining the data of solar electricity generation through simulation, the next was to supply 

the electric current to the village. For the supply of electricity to village there are three methods 

that could be used: 

• On Grid System (case I) 

• Off Grid System (Case II) 

• Nano Grid partial battery backup system (Case III) 

In this work, all the above mentioned three systems would be analyzed on the basis of power 

losses, life cycle, capital investment, previous works and reliability, the system which gives the 
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best result after calculations and observation, then that system would be used. Thus the three 

systems were divided in three cases. For case I, active, reactive and apparent power losses would 

be determined that tend to happen while long distance electricity transmission by the help of 

electricity transmission concepts (Saadat, 2010). The economic analysis would be done by the 

determining the cost of devices used in the system like inverter, transformer etc for transmitting 

power to grid and back to the village from the market. 

In case II, off grid system the devices like solar panels, solar inverter, solar battery would be 

chose according to the designed load model, calculations obtained using the electrical formulas 

(Saadat, 2010) and the outcomes of previous research as well. The economic analysis would be 

done by taking cost of all the devices used in the whole village under case II for the 

electrification purpose, including labor cost and cost of installation of panels. 

In case III, electricity generation result would be calculated by the software as discussed above, 

the transmission of electric current by designing a small network or small grid for the supply of 

current to the village. The grid would consist of two solar inverter connected both parallel to 

each other, the solar panels would be divided according to the load in two portion and would be 

connected to the grid. The result would be on the basis of output received from the solar inverter 

and the outcomes of previous researches. The economic analysis would be done by considering 

the prices of all the devices used for setting up this particular system and the cost associated of 

installing them  

Results of technical and economical calculations obtained from all the three cases would be 

analyzed and compared. The case which gives optimum results for current scenario and future 

aspects. 
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4.0 Study of Rural Village 

 

In this segment, the data obtained from the geographical survey report of the village, economic 

survey report of the village is discussed. In the further segment, the electricity consumption in 

the state is discussed and as per the survey reports and electricity consumption pattern of the 

villagers, an electricity consumption model is prepared. The model also comprises of estimated 

peak load and average load consumption of the electricity in the village. 

Now before implementing the project the study of the rural area or surveying of the area is an 

important work, in order to determine the electricity requirements of the village, what are its 

demand, what are the essential resources available on that area that could be beneficial in 

implementing the project, the geographical conditions would be susceptible for the plant to work, 

the project should not be harmful for the environment, the project should be accepted by the 

society and people should aware of it, as per the previous research on “Not in my backyard” 

there were outcomes in which project was accepted by the society after they were properly aware 

of it (Wonjun Chung, 2016). Therefore awareness is really important for people’s support for the 

project. These are few of the things which makes surveying and study of the area really 

important before implementing the project. 

 

4.1 Location and size of the Village  

The village in which solar electrification would be done is Devipur which is located near the 

town Ambikapur (approx. 44 km), in north eastern part of the state Chhattisgarh and lies close to 

the state Jharkhand. Geographically, village lies in central part of the country as mentioned 

previously the tropic of cancer passes from the state Chhattisgarh, Sonhat town which is just 70 

kms away from the village. The area has got hot climate the average temperature is 25-30˚ C 

round the year but goes till 45˚ C in summer, with average rainfall of 122 cm in whole year. 

(chhattisgarh, 2010). 
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Figure 4.0 Map of Chhattisgarh (Singh, 2017) 

 

4.2 Economic status of the village  

As mentioned in section 3.1, more than half of the village population is dependent on agriculture 

for their livelihood and the other left are employed in industries. In the village 35 % of the 

population in the village comes under below poverty line and could not able to manage the food 

for  two times in a day. In a survey the average earning of a farmer per is just 0.5 $ /day 

(Pattnayak, 2016). The villagers are dependent on government for their education, water for 

drinking and domestic purpose other basic amenities. Government has opened their own shops, 

in which BPL card holders can get grocery and other food products at subsidized rates. The 

people of this village cannot afford to get power backup system. The central government is also 

helping the poor farmer by providing them free liquid petroleum gas cylinder for cooking 

purpose under Ujwala yojna launched by government (India M. o., 2016) 
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4.3 Electricity Demand & Supply 

The electrical connection in the state from 2001 to 2011 the growth was of 25 % in which the 

rural electrical connection growth was of 70 % and urban growth was recorded by 170 % in all 

there was total growth in rural and village household was of 25 % as compared to 2001 (India G. 

o., 2001). The generation capacity of state in year 2001 was 7138 MU which has now increased 

to 15592 MU in year 2015 March, the fig 4.1 states the electricity consumption in different 

sector in state in 2015, which is the growth by 118 %, the per capita electricity consumption of 

Chhattisgarh in year 2015 was 1724 kWh which is greater than the average nation electricity per 

capita consumption (Singh, 2017). Therefore by increase in number of household and 

development there will be growth in the per capita consumption in both rural and urban areas in 

near future. The fig 4.20 states the per day electricity unit consumption in both rural and urban 

area and states the future consumption of electricity in both urban and rural area. According to 

the report of power ministry of India, Chhattisgarh would require 21499 MU of electrical energy 

in order to get 24 x 7 supply in year 2015 (Singh, 2017)  

 

Figure 4.1, State Consumption 2015 (Singh, 2017) 
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Figure 4.20, Estimated electricity Consumption per day per consumer(yearly)  (Singh, 2017)                            

 

 According to the census of 2011, the population of village was 1861, with 444 houses 

but it’s been six years when the survey was conducted. The system uses conservative 

estimates of the current values based on the average growth rates. Further information 

obtained by personal interview from the people living in village and by the help of the 

other reports on village. The village receives daily electricity cut off of 8 - 10 hours in 

the day time, but sometimes this problem is also faced at night but more often it occurs 

only in the day time. In the village the electricity is required in houses, schools, 

panchayat office, pumps for irrigation purpose and domestic water needs that will be 

discussed in details further. Therefore it is required to carefully analyze the load before 

designing and building the plant. Practically the load should be considered bit more than 

the actual load, as actual theoretical value decreases due to losses like transmission loss, 

conductivity loss, transformer loss, inverter loss etc. In order to avoid the power 

fluctuation occurred in previous projects implemented (Meenal Jain, 2016). 

 

4.3.1 Houses and Residential area 

Estimated there are 500 houses in the village, that are required be electrified. Right now 

considering four person per house, but if there are more people in house or they want more 

power than they can get it by paying extra amount to the electricity board. In a rural house the 

electricity is required for lighting, ventilation, heating water, running appliances like television, 

mobile charger and more. 

 For lightning purpose, providing 2 LED of 9 W each bulb connections with one LED tube light 

of 20 W. In the previous projects CFL (compact florescent lamp) was used but CFL will not be 
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used in this project as CFL consumes more electricity,has less life and more harmful to the 

environment as compared to LED (Blair, 2011). In present status government is also distributing 

LED at subsidized prices of 1.09 $ per unit and tube light 3.15 $ per unit (ministry, 2015). For 

ventilation purpose load allowance would be provided of 70 W for ceiling fan which is also 

distributed by government at subsidized price of 15.30 $ per unit (ministry, 2015). For running 

other appliances 3 free sockets will be provided in order to run other appliances as discussed 

above like television CRT of power 70 W or radio of 11 W. The highest expected load would be 

for the water heating rod - 250 W. Now the net load estimation of a single house is in table 4.1  

 

             TABLE 4.1- Net Load of village household 

 

 

 

 

 

 

 

 

 

If considered value of immersion rod that is 250 W will be used seasonally in the winter season, 

which means people can run any appliance which can be of capacity less than 250 W in summer 

season or when the immersion rod is not required. 

 

 

 

 

 

 

s.no       Purpose    Appliance Total Load 

1    Lighting Two LED bulb  

One Tube light 

38 W 

2 Ventilation  One fan  70 W 

3 Entertainment   Two sockets (television, radio)  80 W 

4 Heating water Immersion rod 250 W 

                                      Total estimated load  438 W 
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4.3.2 School 

Village Devipur has its own school which runs under the central government scheme “Sarva 

Shikhsha Abhiyaan”. The school is a middle school or junior school which means it’s only till 

eighth grade, the school has 10 rooms which include 8 class rooms, one principal office and one 

staff room.  It is estimated that the village population is 2000 and according to past reports there 

were 150 students and now in current scenario it could be considered to 200. Therefore the 

school would be provided with the load allowance of 464 W to the eight classroom for lightning 

purpose which comprises two LED tube lights of 20 W each and two LED bulb of 9 W each and 

for staff room and principal office there will be 38 W load allowance for lightning which will 

include 1 LED tube light and 2 LED bulbs. For education and official work load allowance of 

500 W given for 2 computers and 20 W for the printer. For the ventilation purpose load 

allowance of 1260 W would be provided for the whole building. One fan of 70 W will be fitted 

in the each room. 

The Net load of the school is given in table 4.2, table 4.3 and table 4.4  
               
                 TABLE: 4.2 Net Load of School Classrooms 

 

s.no       Purpose    Appliance Total Load 

1 Lighting for 8     class rooms Two LED bulb  

Two Tube light  

464 W 

2 Ventilation for 8 class rooms Two fan  1120 W 

3 Education or other purpose One socket     (computer) 520 W 

                   Total estimated load 2104 W 

                                      

TABLE: 4.3-  Net Load of office in School 

s.no       Purpose    Appliance Total Load 

1 Lighting for  offices Two LED bulb  

One Tube light  

78 W 

2 Ventilation for offices Two fan   140 W 

3 Official work  One socket  520 W 

                   Total estimated load 738 W 
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TABLE: 4.4 – Net Load of School                                   

S.no  Place Net load 

1 Classrooms 2104 W 

2 Staff room and principal office 738 W 

 Total load  2842 W 

 

The school would also be provided with the solar battery backup system in all the three cases 

which was discussed in previous segment. So that there could be uninterrupted power supply to 

the school in the day time. The generated electricity would be stored in the battery and after that 

it would be supplied to the load, as the battery will start getting discharge it would be again 

charged by the solar electricity. 

 

4.3.3 Panchayat Office  

In the village there is a panchayat office in an area of 40 m2 approx. It is a place where all the 

records and data related to village development scheme, projects, agriculture productivity are 

maintained. All the meetings and official work regarding village development and improvement 

takes place in the office and reported to the district headquarter. It is a very important place 

which is required to be electrified as most of the data now days  is stored digitally on hard disks 

and most of the hard copy data is also being shifted to computer and stored in the hard drive. In 

the office 500 W load allowance would be provided for the two computers. For lightning purpose 

87 W load will allowed to the office for 3 LED bulb 9 W each and 3 LED tube light of 20 W 

each. For ventilation there would be load 640 W which includes one desert cooler and two 

ceiling fans. For official purpose there will be load allowance of 250 W for computer in order to 

maintain the documents, files and data of the village. The net estimated load of the village 

panchayat office is defined in table 4.5 
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TABLE:- 4.5 Net Load of Panchayat Office 

 

 

Panchayat office will be provided with solar battery backup system. So that there could be 

uninterrupted power supply to the office as power failure in office may lead to future loss of 

village and their people. 

 

4.3.4   Post Office  

The post office in the country is run by the Central Government under the name “Indian Post”. 

Postal service helps villagers to send or receive their letters, money and parcel from their village 

to other place. The post office also provides the banking service and link to the government 

employment scheme like Mahatma Gandhi National Rural Employment Guarantee Scheme 

(devlopment, 2006).  Post office is an important asset for the village and would require 

electricity to work as now days all postal work including data management, banking and parcel 

tracking system are managed digitally on the computer. Load allowance for lightening purpose in 

post office would be of 49 W which includes one LED light of 9 W and two LED tube light of 

20 W, ventilation purpose the load allowance of 70 W. For official purpose load allowance of 

540 W provided for two computers and 2 printers. The Post office would be provided with the 

battery backup supply so that there could be no power failure and uninterrupted power could be 

supplied to the post office during the working hours. Sudden power failure might lead to loss of 

data from the computer and disturbance in parcel tracking     

 

 

 

s.no       Purpose    Appliance Total Load 

1 Lighting for Panchayat office Three LED bulb  

Three Tube light  

87 W 

2 Ventilation for Panchayat office   Two fan and one desert cooler 640 W 

3 Official work   One socket  270 W 

                   Total estimated load 997 W 
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Net estimated load is defined in table 4.6 

TABLE 4.6 – Net Load of Post office 

 

 

4.4 Load Estimation  

Now the total estimated maximum demand that could be drawn from the village can be observed 

in the following table 4.7  

TABLE: 4.7 – Net Load of the Village 

S.No Area Load 

1 Maximum load from residential Area 219000 W 

2 Maximum load from  school 2842 W 

3 Maximum load from panchayat office 997 W 

4 Maximum load from post office 659 W 

                             Total Maximum load 223498 W or 223.5 kW 

                                       

 

 

 

                                        

s.no       Purpose    Appliance Total Load 

1 Lighting for Post  office One LED bulb  

Two Tube light  

49 W 

2 Ventilation for Post office One fan 70 W 

3 Official work   4 socket  540 W 

                   Total estimated load 659 W 
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4.5 Electricity Peak Load & Average Load in village  

Peak load or peak demand term is used when the sales of a particular thing is high for a 

particular period as compared to average sales. In terms of energy the peak load or peak demand 

is used when the demand of energy for particular period of time is very high than the average 

energy demand (Dennis R. Landsberg, 1980). The peak demand generally stays for short period 

of time like one hour or two hour. In many European countries and in Australia, the price of 

electricity per unit is higher in peak hours than the cost during the average load hours (Supply, 

2017). In India the tariff plans are different, per unit cost varies with the amount of consumption 

of per unit (Supply, 2017). In this section, the peak load for domestic household in all the 

seasons would be calculated.  

Average demand or average load is referring to the average consumption of an object for a 

period. In terms of electricity the average demand term is used to when the consumption of 

electricity of particular is highest for a period of time like in a day or in a month  

4.5.1 Average and Peak load consumption in Village household 

The average and peak load consumption of electricity in the village varies with time and season. 

In winter season the demand of hot water would increase in the village, which would result in 

increase in load, but this load would decrease in summer season. The peak power load in summer 

for one village household is 359 W and the mean power load is 160 W. In winter the peak power 

load estimated to be of 369 W for two hours and the average power load would be of 163 W. The 

per day energy consumption for 500 households in winter is 896 kWh and in summer it is 882 

kWh .The load consumption is further discussed in the graph 4.3 and 4.4 

 

Figure 4.3 - Per hour Load consumption of household in summer 
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Figure 4.4 Per hour Load consumption of household in winter 

 Now comparing the Figure 4.3 and Figure 4.4. It is observed that in residential area the peak 

load duration for winters is more than the peak load duration in summers. This states clearly that 

electricity demand depends seasonally. 

 

4.5.2 Average & Peak Load consumption in Panchayat office  

The Panchayat office holds variable power consumption pattern as compared to the village 

households. In Panchayat office the average load would be higher as compared to the village 

household as the office has more electricity consuming devices for higher period of time. The 

office working hours are from 9 am to 17.00 pm. The Figure 4.5 shows the electricity consuming 

at different period of time  

 

Figure 4.5 Per hour Load consumption of Panchayat office in summer and winter 
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From the Figure 4.5 it could be observed that in winter season the electricity consumption would 

be low as compared to summer. In summer the average load is 0.97 kW and in winter the 

average load is 0.44 kW. The per day energy consumption in winter is 3.85 kWh as in cold 

climate there will be no requirement for cooling devices for ventilation in office and in summer 

the per day energy consumption is around 6.95 kWh. The office also has battery backup system 

for electricity, if there is any power failure or shortage because of low production through solar 

then battery could act as a backup supply. 

 

4.5.3 Average & Peak load of Post Office  

The post office has small load as compared to the  other loads in comparison, The working hours 

of post office is similar to the of panchayat office that is from 9.30 am to 17.00 pm. In summer 

the peak load is 0.69 kW and 0.70 kW for two hours the average load is around 0.63 kW. For 

winter seasons the peak and average load is almost similar, the avg. load in winter is 0.62 kW. 

The energy consumption in summer for per day is 5.26 kWh and in winter it is 5 kWh. The load 

distribution of post office according to the season can be observed in the Figure 4.6 

 

Figure 4.6 - Per hour Load consumption of Post office in summer and winter 

 

4.5.4 Average & Peak Load of School  

The power load consumption in the school is uniform throughout the year, there is no much 

difference in the power consumption in summer and winter. In summer the peak power load is of 

2.302 kW for one hour in the morning and the average power consumption load is of 1.9 kW. 

Where as in winter the peak power load is of 1.7 kW and the average power load is 1.5 kW. The 

school would be provided with battery backup system as well as mentioned in previous section 

as well and its capacity will be discussed in the further part. The energy consumption for summer 

is 12.35 kWh and for the winter its 11.1 kWh. 
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Figure 4.7 - Per hour Load consumption of school in winter and summer 

4.6 Electric Energy Consumption in village  

 

In Section 4.4.1 discuss regarding the load consumption in different sectors of village. In this 

segment the overall electrical energy consumption of the village in a day, month and year and for 

different season would be discussed. The total energy consumption is further discussed in the 

table below 4.8. For the annual energy consumption estimation, the energy consumption in 

summer and autumn season is almost same. Therefore the energy consumption for both the 

seasons are considered same So monthly energy consumption for summer is considered for 8 

months and the monthly consumption for winter is considered for 2 months.   

TABLE: 4.8 Annual Estimated Energy Consumption of the Village 

S.No Energy Consumption  Sector Energy consumption 

in summer (per day) 

Energy consumption in 

winter (per day) 

1 Residential 882 kWh 896 kWh 

2 Panchayat office 6.95 kWh 3.84 kWh 

3 Post Office 5.26 kWh 5 kWh 

4 School 12.35 kWh 11.1 kWh 

 Total energy consumption per day  906 kWh 916 kWh 

Total energy consumption in a month 27.18 MWh 28.39 MWh 

Total annual energy consumption 328.58 MWh 
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5.0 Source for Electrification in village 

 

 In this chapter, the technical part of the thesis is discussed like solar radiation received at the site 

and utilized for generating electricity in the village. Apparatus and   devices used for generating 

electricity, energy storage devices and electricity transmission system are also discussed. Solar 

pump is also discussed in this chapter which would be distributed in villagers for pumping 

purpose.  

 

In village or remote areas small scale electricity generation is preferred, which is mostly done by 

utilizing renewable energy sources. In village Devipur the solar energy would be used for electricity 

generation by the solar photovoltaic panels and which would be further transmitted to the village. Among 

all the renewable energy sources, solar energy would be the best source for generating electricity because 

of its stability, reliability and less maintenance as compared to other renewable fuels like wind, 

geothermal, hydro and biomass. The village doesn’t have flowing water body from which energy could be 

extracted and used for generating electricity. Hence solar energy becomes the exclusive renewable 

resource in village to be utilized for electricity generation. The area receives good solar radiation is also 

one of the factor for consideration of solar energy that would be further discussed in section 5.2. 

 

5.1 Solar Power 

The sun is a basic source of energy. Majority of energy sources on earth are byproduct of the 

solar energy. The sun emits 10000 times more energy than the human need, sun emits more than 

533 EJ of energy. The sun emits 5.4 million EJ of energy out of which 30 % reflected back to the 

universe and 3.8 million EJ of energy reaches the earth’s surface (siden, 2015). Solar collectors 

and PV module could be efficient devices to heat up water and to generate electricity. 23 % of 

solar energy is associated with water cycle in which water evaporates and condenses in form of 

rain and fills the water bodies (which is the source of hydro power), 0.2 % of solar energy helps 

in wind flow on the earth and 0.05 % of solar energy is associated with photosynthesis from 

which the byproduct obtained in form of biofuels and also fossil fuels which takes millions of 

years to get develop. The maximum average solar radiation received on earth is 275 W/m2 which 

is received in Asia in Sahara desert area around Saudi Arabia and the minimum average solar 

radiation received on earth is 75 W/m2 which is obtained on poles of the earth, the mean global 

solar radiation is 175 W/m2 (siden, 2015) 

The geographical lines also play a vital role in determining the solar radiation. The solar 

radiation obtained on earth is not even, earth is warmed mostly around the equator and regions 

close to it but the solar radiation obtained is not highest around the area or on the equator. This is 

because when the earth heats up at equator the clouds gets accumulated in this region therefore 

less solar radiation is obtained. The highest solar radiation is obtained in the area on or around 
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the tropic of cancer like the Sahara desert region or Saudi Arabia which receives the highest solar 

radiation, as the tropic of cancer passes through this region. 

 

   Figure 5.0.1 – Average Solar Irradiance Received in India 

India receives two average annual solar radiations for two different regions, northern region and 

southern region. In southern region, the average annual solar radiation obtained is around 2000 

kWh/m2 and in north central region the radiation obtained is 2050 kWh/m2. The power of solar 

radiation would may increase to 2075 kWh/m2 more the proximity to the tropic of cancer(GIS, 2010). 

The mean value for this region is 225 W/m2 (siden, 2015). For designing the solar parks and off 

grid solar electricity generation, this particular value is not used it’s just for a rough calculation. 

For accurate and precise calculation many different solar radiation software are used. These 

particular software gives the result after analyzing the geographical location, other external 

factors that diffuses the radiation, line loss and also calculates the possible electricity generation 

from the solar PV module. There are many software for solar radiation calculation and electricity 

generation like Photovoltaic Geographical Information System (PVGIS) designed by Institute of 

energy and transport European commission and PV syst, etc. In this thesis work PVGIS software 

used for the analysis. 
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5.2 Incoming Solar Radiation at Site 

The geographical location of the village is near to the tropic of cancer, as discussed in section 

4.4. Region closer to the line of tropic of cancer higher would be the obtained solar radiation. 

The tropic of cancer passes through Sonhat town in Chhattisgarh, which is a nearby to the village 

Devipur, 70 km away from the town (google, 2005). According to the geographical map the 

average radiation in this area was 250 W/m2. 

Now according to the (PVGIS) software the slope angle was considered 28˚ and azimuth angle 

was -2˚, theoretically at 45˚ high production is obtained but in software less output is obtained at 

45˚ angle as compared to 28 ˚. The highest solar radiation obtained in the month of march that is 

7.2 kWh/m2/day and lowest would be in July 4.2 kWh/m2/day. The graph (Commission, 2010) 

below depicts the comparison between solar irradiance collected between the horizontal plane, 

the tilt angle of 28˚ (optimal angle) and tilt angle of 45˚. 

 

 

                                Figure 5.0.2 – Comparison between per m2 solar radiation received at 3 different angle (Commission, 2010)     

 

According to the Figure 5.0.2 and analyses done by the software at an angle 28˚ is an ideal angle 

for electricity generation and more electricity would be generated at this particular than the 45 ˚ 

angle in comparison. The average annual solar radiation received is 5960 kWh/m2/day and mean 

annual radiation received at 45 degree angle is 5740 kWh/m2/day. So therefore high radiation is 

obtained at optimized angle analyzed by the software than the theoretical angle of 45 degree. 
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5.3 Solar Module 

The solar module is a device which converts solar energy obtained from the sun into the 

electrical energy. The solar module consists group of solar cells connected in series or in parallel 

connection. The utility of solar cell varies from powering one small calculator to large solar 

modules of 300 W (siden, 2015). The solar cell works on the principle of photovoltaic effect, 

sunlight comprises of photon. When photon strikes the surface of the cell, they are absorbed by 

the solar cell. Photon transmits its energy to the electron in the solar collector, therefore electron 

in the collector gets excited and jumps from valence band to the conduction band and generates 

direct electric current. The band gap is the energy required by the electron to move from valence 

band to the conduction band, generally for silicon the band gap is of 1.1 eV (siden, 2015) 

                                   

Figure 5.1 Hole moving from valence to conduction band                     Figure 5.2 e- moving from valence to conduction band (siden, 2015)                                

                                                             (Multiband Solar Cell, 1997)                                                                                                                                                     

The solar cell is a semiconductor device made up of pure silicon by doping it with two other 

elements.  The N type semiconductor is formed by doping silicon with phosphorus, silicon has 

four valence electron and by doping it by phosphorus only one valence electron left.  The 

negative conductivity of the N type semiconductor device increases Figure 5.3. In P type 

semiconductor the silicon is doped with the boron now in this silicon has four valence electron 

and boron which has 3 valence electron, therefore there would be lack of one electron known as 

hole, this hole work as a positive charge carrier Figure 5.4 

                                                                              

     Figure 5.3- Structure of N type semiconductor (siden, 2015)            Figure 5.4 – Structure of P type Semiconductor (siden, 2015)                                                                                                                                                                                  
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  The solar cell consist of both P and N type semiconductor material, N type semiconductor layer 

is on top side while the P type semiconductor layer is at the bottom with metal layer that 

conducts charge. 

A solar module consists of group of solar cell connected in series or parallel.  Solar panel is an 

arrangement of two or three solar module in order to produce electricity, solar array is an 

arrangement of solar module to produce electricity on a bit high scale as compared to other, this 

type of arrangement is generally used in solar parks it’s the main electricity generating unit for a 

power plant, the Figure 5.5 can make the picture clear. 

                             

                                             Figure 5.5 – PV cell arrangement in ways as per the utility (direct, 2015) 

 In the village 340 W solar panel of Solar World Company would be used. It is a mono 

crystalline type cell with voltage direct current of 38.00 VDC and current 9.01 A. Total 882 solar 

panels would be used for the total load of 300 kW and electric production around 1 MWh/month                                                                    

                                 

                                              Figure 5.6 – Solar PV module, module at an angle of 28 degree  

                                             

As discussed in the segment 5.2, the highest solar radiation would be obtained at 28 degree the 

Figure 5.6 depicts the solar panel at an angle of 28 degree that would stand in the field for 

electricity production. For the case II analysis as it would be a standalone system the panels 

would be chosen according to the per building load. For example for one house the total 

maximum load is 438 W.  
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5.4 Solar Inverter 

An inverter is a device that converts direct current into alternating current, inverter can be on 

grid or off grid. The solar inverter is directly connected to the solar PV panel.  The inverter 

should have maximum power point tracker (MPPT), so that high efficiency can be obtained, 

especially in off grid system where power is obtained from solar battery (company, 2017).The 

off grid converter are used on small scale require not much attention, it could be adopted 

according to the requirement. This type of inverter is used mostly in areas suffering from power 

shortage for supplying electricity from batteries and in places lighted by off grid solar energy. 

The on grid solar inverter, in this case the inverter is connected to the solar panels and then to the 

grid. The inverter should match the frequency of grid, the frequency of supply in the grid is not 

always stable so an inverter would be required that automatically adjusts according to the 

incoming supply from the grid. Pure sinewave inverter would be used on grid connection so that 

it could match with the fluctuation. Important precautionary measure should be taken 

recommended by the Institute of Electrical and Electronics Engineers (IEEE) Standard 1547 

(Dame, 2005). Inverter should be closed in the situation of blackout so that there would be no 

supply of current to the grid, so that maintenance work can take place. 

In the thesis 50 kVA maximum input power, sukam inverter would be used, it is a pure sine 

wave inverter and whose maximum power output is of 48 kW and voltage of 230 V. Its 

efficiency is more than 97 %. It would be connected to the grid for the supply of AC current, 

ideal for analysis of case III. For the analysis of the case II the inverter used would be off grid 

inverter of different capacity for different sector and voltage output off 230 V. For case one 

normal inverter would be used of 10 kVA 

 

5.5 Solar Batteries 

A battery is a device that has series of cell in it,  could be either one or more in number. The cell 

stores the electrical energy in the form of chemical energy and an energy storage device. The 

primary batteries could be only used for a period of time then need to be thrown after a period of 

time as they are of no use. The reaction in them occurs for certain period then they are no more 

active. The secondary batteries are the batteries which could be used recharged again after it gets 

discharged by passing current into it. Lead and acid battery is the most common type of 

rechargeable battery used in vehicles and in electricity backup system. It consist of lead as anode 

and lead oxide as cathode and sulphuric acid as electrolyte. The battery has less life and 

efficiency as compare to other batteries like nickel and cadmium but they are bit expensive than 

lead and acid battery and solar batteries (Chaurasia, 2014)  

Solar batteries are the secondary batteries which are particularly designed for storing electric 

power generated from the solar panels, its much expensive than the lead and acid battery and 

other batteries. Solar batteries also have better efficiency and longer life cycle as compared to the 
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other batteries. The solar battery can be of lead & acid and lithium & ion, the solar battery 

constitutes lead and acid as chemical component has better efficiency and life cycle as compared 

to normal secondary lead and acid battery because of their designing and internal construction. 

Solar lead and acid battery is commonly used in the off grid solar power system as its much 

cheaper than lithium cadmium solar battery, lithium & cadmium battery costs around 1020 Euro 

for 1 kWh but the solar lithium ion has charge cycle of more than 8000 cycles and can work for 

more than 10 years without maintenance which is quite high as compared to solar lead acid 

batteries (Mayr, 2016). 

 

5.6 Solar Pumps 

Solar pump is similar to the normal pumping device. It is just that it run by the help of electricity 

generated by the solar panels assembled to it, normal pumps runs on the electricity generated by 

the external source.  In solar pumps the electricity is produced at same time and utilized 

(Callahan, 2013). The solar pumps are of two type’s surface pump and submersible pump. The 

water discharge in solar pumps entirely depends upon the solar radiation received on the panels 

of pump. The three major parts of solar pumps are defined and depicted in Figure 5.7 below:- 

• Solar Panels :- solar panels collects the solar radiation from the sun and convert it into the  

direct electric current, it is an main electricity generating unit for the pump  

• Electrical Controller :-  The electrical controller consist of safety device and operating 

device, its function is to provide the input supply to the pump from the output obtained from 

the solar panels, the controller ensures to keep the pump on standby mode until the sufficient 

power is generated to run the pump and sometime it limits the flow of current in order to 

keep the pump safe from over loading  

• Pump :- the pump is a device which runs by the help of electricity in order to pump water 

from one place to another like from deep underground well to the surface or from the natural 

water source to the required place, in solar pump centrifugal pump is used and for high heads 

and small flow rates helical pump is used. 
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                                     Figure 5.7- Solar Pump and its major parts (solar pumps, 2010) 

The solar power pumped generally uses the DC motor as the current generated from the solar 

panel would be in DC form. So in order to prevent the cost of inverter and losses caused by it, 

the DC motor is used rather than AC motor. While choosing the pump several criteria are 

determined like ground water level, discharge required, generation of electricity, amount of 

water required. 

In the village the total irrigation land for agriculture is around 360 hectares and has good ground 

water level availability at 70 feet. The average per hectare water requirement for irrigation is 

2000 gallon per hectare for drip irrigation (school, 2005). So therefore solar pump of 10 HP 

would be used for every 30 hectare of land, in all total 36 solar pumps would be required to 

water the whole land area in the village of 360 hectares with optimum discharge 160m3/hour, 

would be used in fields. 

 

 

5.7 Nano Grid 

An electric grid is a complex distributing network or a system to supply electrical energy from 

the source to the end users. The flow of electricity from plant to end user is depicted in the 

Figure 5.8. Electrical grid consists of transformers, substations and high voltage power lines in 

order to transfer electricity to long distances. The generated electricity from the source is 

transferred to the grid by increasing the voltage after receiving in the grid. The obtained electric 

power is further step up by the help of transformer and transferred to the end user. At the 

customer’s end the voltage of the electric power is decreased by the help of the step down 

transformer before end user receives it. (informationAdministration, 2017).  
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        Figure 5.8 – transmission of power from plant to end customer by grid (informationAdministration, 2017) 

The grids are further classified according to their capacity of power they can transfer or receive, 

the power capacity of grid varies from GW to kW and onto that they are further categorized. In 

this particular work the grid would be designed is for the load of 250 kW. Hence it falls in the 

category of nano grid. 

The layout of the nano grid shown in the Figure 5.9. The electricity is generated in the solar 

photovoltaic panels as per the obtained solar radiation from the sun. The generated DC current is 

transmitted to two parallel loads that is critical and non-critical load.  Non-critical load comprises 

residential areas, in which the supply is regulated and controlled by the help of solar inverter. In 

earlier research done on micro grid (Shivani Mishral, 2016) in which control unit was used for 

the current regulation.  In this particular work current regulation is controlled and regulated by 

the solar inverter. Therefore solar inverter act as both inverter and current regulator. 

  The critical load in parallel to non-critical load comprises all the government aided institutions 

and offices. The DC power from the panels is passed through the inverter in order to obtain the 

alternating current and DC current is also supplied to the battery for charging. If the power 

required to the load is less as compare to generation then inverter would utilize the power stored 

in the battery and when the production is ample the battery would be charged by the help of the 

electricity generated by the panels.  
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                                             Figure 5.9 Block diagram of Nano grid and electricity supply to grid 

 

The maximum power consumption for critical load is 4.5 kW and maximum power consumption 

for non-critical load is 219 kW. One solar inverter of 50 kVA capacity would be used for non-

critical load and for non-critical load five 50 kVA capacities solar inverter would be used. The 

battery would be used according to the critical load that is twelve batteries of 150 Ah and six 

batteries 100Ah. 
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6.0 Results and Analysis 

 

In this section, results of all the segments are discussed that includes the generation of electricity, 

transmission of electricity to the village, calculation of power storage devices, power losses 

while transmission and generation. Based on that analysis is done in further segment, further 

segments comprises results of all the three cases obtained after calculations and observations, 

using empirical formula and previous research done in past. Drawbacks of all cases are also 

discusses in its own segment. 

 

In this particular work three cases were analyzed and accordingly different results were obtained. 

The generation of electricity from solar PV panels of capacity 300 kW is obtained by the by the 

help of software. The entered value for slope angle is 28˚ and azimuth angle -2˚.The total losses 

are considered to be 28% of generation which includes inverter losses, cable losses of 14%, 2.6 

% angular reflection loss and 13.4 % loss due to temperature and irradiance effect. The generated 

electricity data are as follows in table 6.1 and can be seen in the Figure 6.1 and Figure 6.2:- 

TABLE 6.1 – The annual solar electricity generation 

S.no Electricity generation Period Electricity generated 

1 Average daily electricity generation 1280 kWh 

2 Average monthly electricity generation 39000 kWh 

3 Highest electricity generation month 47600 kWh (march) 

4 Lowest electricity generation month 28700 kWh (July) 

5 Total electricity generation annually 468000 kWh 
                              
                                                                      

                                          

                            Figure 6.1- Annual Per m2 solar radiation received (Commission, 2010)                
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                    Figure 6.2- Annual Electricity generation by 300 KW capacity solar panels (Commission, 2010)                                                                                                                                                       

 

6.1 Solar Electricity generation with respect to load 

The net estimated electricity load from the village is calculated in the segment 4.4.1. The net 

electricity generation through solar panels data discussed in segment 6.0. The question arises, 

generated electricity would be able to satisfy the village demand. This would be done by 

analyzing the data of the load from all the sectors and the generated electricity data. The data of 

both generation and demand would be compared in the table 6.2 

TABLE: 6.2 Comparison of Energy generated and demand 

S.no Energy generation period Generated 

electricity 

Energy Consumption  

period 

Energy 

demand 

1 Daily average energy generation 1280 kWh Daily average energy 

consumption 

911 kWh 

2 

 

 

Monthly average electricity 

generation 
39 MWh Monthly average electricity 

load 

27.8  MWh 

 

Total yearly electricity 

generation 

468 MWh Total yearly electricity 

demand 

328 MWh 

                                                

Therefore the electricity generation is more than the electricity demand of the village.  The plant 

would be able to supply more than required amount of electricity. The total power of solar panels 

laid is 300 kW and the total estimated load of village is 223.5 kW. There is a big difference 

between the demand and generation, due to the lack of per day electricity generation in few 

moths was less than the demand. Therefore bit higher generating units are used to generate 
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electricity and fulfill the demand. The obtained values of demand and generation would be 

constant for cases one and three for second case each building would have its own roof top solar 

panel, obtained results would be further discussed. 

 

  6.2 On Grid system (Case I) 

In on grid system the power plant is directly connected to the grid. The generated electricity is 

transferred to the grid by increasing its voltage by the help of step up transformer and from the 

grid the electricity is again supplied to the end user by raising its voltage by the help of step up 

transformer. The receiving transformer in domestic areas receive electricity at 11 kV (Chan, 

2016). Electricity is transmitted from grid at much higher voltage than this in order to 

compensate the transmission losses and voltage is stepped down at the end user by the help of 

step down transformer. Formula for power loss  

   𝑃𝑜𝑤𝑒𝑟 𝑙𝑜𝑠𝑠 =  𝐼2𝑅 − − −  (1)       

  𝐴𝑝𝑝𝑎𝑟𝑒𝑛𝑡 𝑃𝑜𝑤𝑒𝑟 (𝑆)  =  𝐼 𝑉 𝑜𝑟 𝑃/𝑐𝑜𝑠𝜑   --------- (2)                   I= current, P = Active Power 

   𝑆 =  √𝑃2 +  𝑄2   − − − − −  (3)                  V = Voltage, Q = Reactive power, R = resistance  

The nearest grid to the village devipur is at Bhaisama which is 180 km away from the village, 

consider the electricity demand of village is of 225 kW from the grid at a particular period of 

time. So therefore apparent power obtained at the village would be 281 kVA and apparent power 

at Bhaisama grid would be 297.54 kVA. The reactive power at Grid would be 194 kVAr. 

Reactive power at village would be 168 kVAr. Active power at solar station in grid would be 235 

kW, additional 9 kW active power losses because of inverter loss (IL), transmission loss of 1 kW 

and active power at village 225 kW. The supply voltage is 13.8 kV and receiving end voltage is 

11 kV. Therefore results obtained from the calculation shows the amount of loss from supplying 

current from Bhaisama grid to the Devipur Village and same amount of loss would be obtained 

when the power would be supplied from the grid to the village are in table 6.3 

Table: 6.3 Loss of Power in transmission from Grid to village 

                                                                           

              

                                          

 

 

 

Type of Power Grid Devipur Loss 

Apparent Power 297.5 +11.5(IL) = 309   kVA 281 kVA        28  kVA 

Reactive power 194+6.75(IL) = 200.75  kVAr 168 kVAr                32.75 kVAr 

Active Power 226 + 9(IL)  =    235   kW      225 kW            10   kW 
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6.2.1 Drawback of on grid System 

• Loss of electric Power  while transmitting power to and from grid to village and village to 

grid   could be observed in table 6.3 

• Long transmission line would be required would lead to increase in set up and 

maintenance cost as distance from grid to village is 180 km  

• Error in the grid or its failure might lead to interruption in electricity or electricity 

blackout in the village 

• Failure in long transmission line may lead to failure of incoming electric power in the 

village  
 

 

6.3 Off Grid System (Case II) 

In the case II off grid system, the DC electricity generated through the solar panels would not be 

transferred to the grid in other words the grid connection is eliminated instead of that the 

produced electricity would be stored in the storage devices like solar batteries.  Solar battery is of 

12 V and its capacity would vary from demand to demand. The inverter would be chose 

according to the output, which is discussed in table 6.4. While designing the off grid system 

average load was considered of each sector be it residential, school and offices 

 

TABLE: 6.4 overall result for the off grid system   

S.no Utility Place Avg. 

Load 

One 

Battery 

capacity 

Number of 

Batteries 

Power 

Backup time 

One 

Inverter 

capacity 

Solar 

panel 

capacity 

1 

 

Residential area (for 1 house) 188 W 60 Ah 3 10 hrs 250 VA 900 W 

For 500 houses 94 kW 60 Ah 1500 10 hrs 250 VA 450 kW 

2 School 2 kw 150 Ah 9 6 hrs 3 kVA 5 kW 

3 Panchayat office 828 W 100 Ah 6 8 hrs 1 kVA 3 kW 

4 Post Office 635 W 150 Ah 3 8 hrs 800 VA 2 kW 

 

Therefore the results in table shows estimated power output that is obtained from the calculation 

by the help of formulas.  Theoretical study states clearly that off grid system would help in 

supplying uninterrupted electricity to the village. The battery would take approximately 3 hours’ 

time to recharge and supply electricity, but in practicality there are many things which cause 



41 
 

problem. According to the research on Rural Electrification through Solar Energy by Meenal 

Jain, Meenakshi Mital and Matt Syal, the off grid system lacks reliability and stability, the off 

grid system for the house they designed theoretically claims to provide electricity for 6-7 hours 

but it just provide electricity for 3-4 hours. The supplied electricity during this period was also 

not uniform and there was decrease in the power storage ability of the battery. Battery claims to 

give 100 % efficiency for ten years but after a period of time the efficiency of the battery started 

decreasing and which result in decrease in solar power back up time. According to the  research 

there is the possibility that estimated power backup period of 10 hour for houses in village might 

reduce to 6-7 hour or less, or might decrease in life and efficiency of the battery. The 

commitment and reliability of off grid system comes under uncertainty or doubt 

 

6.3.1 Drawback of Off Grid System 

 

• The reliability and stability of the off grid system comes in question mark, as per the 

previous research 

• The initial investment cost of the project is very high 

• The battery which has high initial cost, claims to have long lifecycle but efficiency 

decreases after a period of time 

• Fluctuation of power during the flow  

 

 

 

6.4 Nano Grid with Battery backup System (CASE III) 

The purpose of nano grid is to supply uninterrupted electricity supply to the village. The 

electricity demand of the customer in village is 223 kW. The nano grid is design to bear the load 

of 250 kW. The grid is designed to supply electricity to the two loads that is critical load and 

non-critical load. Non-critical load is the residential or housing of  capacity 219 kW which would 

obtain electricity as per the electricity generated by the solar panels of and critical loads are 

offices and school are of demand 4.5 kW.  solar battery backup system is also provided to supply 

uninterrupted power to the few buildings during low generation or power failure. The calculation 

for critical load (School, post office and Panchayat office) for battery backup would be 

considered what is done in case 2. Both the non-critical load and critical load are connected 

parallel to each other. The demand of the consumer varies seasonally the load in the winter is 

more as compared to the summer.  

The electricity generated by 300 kW of solar panels is discussed in table 6.1. The highest 

electricity production obtained is in month of March 47600 kWh and lowest in the month of July 

28700 kWh and average daily production of electrical energy is 1280 kWh 
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The total electricity generation capacity is of 300 kW and the capacity of grid is of 250 kW, if 

the generation is more than the demand than the control unit in the solar inverter regulated the 

supply of current, if the generation is less as compared, small generation would be supplied to 

the non-critical load.  Battery would supply the electricity which lacks to the critical load as a 

backup system to the critical load for uninterrupted supply of electricity. The solar inverter 

converts the DC electricity into the AC electricity at optimized voltage, current and frequency. 

 

The electricity obtained from the nano grid is at 220 V to 230 V which is essential requirement at 

the domestic household for the fulfillment of domestic needs and appliances to work and at a 

transmission frequency of 50 Hz at active power loss of 9 kW, apparent power loss of 11.5 kVA 

and reactive power loss of 6.75 kVAr in total, when 229 kW of DC electricity was produced and 

converted into AC and transmitted to the village  

 

6.4.1 Drawbacks of Nano grid battery backup system  

 

• Complex form of system require surveillance and monitoring  

• Requires periodic maintenance and skilled technicians  

• Bit costly as compare to on grid system     

 

 

 

                Figure 6.3 Power Transmission Losses in Case 1 and Case 3 

 

The Figure 6.3 clearly states heavy loss of power in electricity transmission in case 1 as 

compared to the case 3. The active power loss is quite similar in both case 1 and case 3, whereas 
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reactive power loss surged to 30 kW which is 4.5 kW in case 3, apparent loss rose to 24 kW in 

case 1 which is just 7.5 kW in case 3. In overall lower power loss would be obtained in case 3 as 

compared to case 1  

7.0 Economic Analysis 

Economic analysis plays a vital role in building any power plant or project. Analyses is done in 

order to check whether investment done in building the plant could be paid back or not, or will 

the project worth the amount of money invested in it or not. In this section, the economic 

analysis all the three cases would be done which includes, solar panels, solar batteries, solar 

inverter, solar pumps, including the devices that are used for lightning, ventilation. As these 

devices would also be provided by the government on subsidized prices. The cost analysis for 

solar panels for case 1 and 3 as there is same amount of solar panels used and the difference is 

just in the supply of electric current. For case 2 the amount of solar panels used are more and the 

inverter used is also of different capacity 

 

7.1 Cost Analysis of all three Cases  

As mentioned in the segment 7.1, the number of solar panels used in case one and case three are 

same and different in case two. The cost analysis of solar panels for case one and case three 

would be same. For case one and case three, the overall cost is discussed in table 7.0 table 7.1 

and table 7.3. 

 

7.1.1 Case 3 

In this segment, the total cost analysis of all the devices that would be used for setting up Nano 

grid battery backup system for generating electricity would be discussed. The total cost for 

setting up case 3 is discussed in table 7.0 

Table 7.0 – Solar panels, batteries and inverter investment in case III  

 

S.no Device Power of each unit Cost of each unit Number of unit 

used 
Total cost 

1 Solar Panel 340 W 350 $ 882 308700 $ 

2 Solar Inverter 50 kV 6987 $ 5 42000 $ 

3 Solar Batteries  

 School 150 Ah 256.24 $ 9 2304 $ 

 Post office 150 Ah 256.24 $ 3 768 $ 

 Panchayat office 100 Ah 215.00 $ 6 1290 $ 

     Total  355062 $ 



44 
 

7.1.2 Case 2 

In this segment, the total cost analysis of all the devices that would be used for setting up off grid 

battery backup system for generating electricity and storage of it would be discussed. The total 

cost for setting up case 2 is discussed in table 7.1 

 

Table 7.1- Solar panels, batteries and inverter investment in case II  

 

 

Residential Area 

S.no Device Power of each unit Cost of each unit Number of unit 

used 

Total cost 

1 Solar array 900 W 630 $ 500 315000 $ 

2 Solar Inverter 250 VA 78 $ 500 3900 $ 

3 Solar Batteries 60 Ah 60 $ 1500 90000 $ 

     Total  408900 $ 

School 

1 

 

Solar Panel 

 

340 W 

 

350 $ 15 

 

5250 $ 

 

2 Solar Inverter 1 kVA 215 $ 3 645 $ 

 

3 Solar Batteries 150 Ah 256.24 $ 9 2304 $ 

 

     Total: 8200 $ 

Panchayat Office 

1 Solar Panel 340 W 350 $ 9 3150 $ 

2 Solar Inverter 500 VA 520  $ 2 1040 $ 

3 Solar Battery 100 Ah 215 $ 6 1290 $ 

    Total 5480 $ 

Post Office 

1 Solar Panel 340 W 350 $ 6 2100 $ 

2 Solar Inverter 1 kV 215 $ 1 215 $ 

3 Solar Battery 150 Ah 256.24 $ 3 768.72 $ 

     Total 3084 $ 

Grand total 425664 $ 
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7.1.3 Case 1 

In this segment, the total cost analysis of all the devices that would be used for setting up on grid 

for generating electricity would be discussed. The total cost for setting up case 1 is discussed in 

table 7.2 

Table 7.2 – Solar panels, batteries and inverter investment in case I 

 

 

7.2 Cost Analysis of Lighting & Ventilation 

For the ventilation and lighting purpose in the village the government is distributing and 

providing the LED lights of 9 W and tube lights of 20 W at subsidized rates and for ventilation 

government is providing   ceiling fan of 70 W at subsidized rates. In this work for residential 

sector 2 LED bulbs and 1 tube light would be provided with one, the price would be taken back 

in installments through monthly electricity bills. The economic analysis of all village areas is 

done in this segment. 

TABLE 7.3 Lighting and Ventilation Investment in Residential Sector 

Residential Sector 

S.no Device Power of each unit Cost of each unit Number of unit Total cost 

1 LED Bulb 9 W 1.09 $ 2 2.18 $ 

2 LED Tube light 20 W 3.53 $ 1 3.53 $ 

3 Fan 70 W 15.30 $ 1 15.30 $ 

    Total 21 $ 

For 500 houses 10500 $ 

 

S.no Device Power of each unit Cost of each unit Number of unit 

used 

Total cost 

1 Solar Panel 340 W 350 $ 882 308700 $ 

2 Inverter 10 kV 1218 $ 30 36540 $ 

    Total cost 345240 $ 
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TABLE 7.4 Lighting and Ventilation Investment in School 

School 

S.no Device Power of each unit Cost of each unit Number of unit Total cost 

1 LED Bulb 9 W 1.09 $ 18 19.62 $ 

2 LED Tube light 20 W 3.53 $ 17 60.01 $ 

3 Fan 70 W 15.30 $ 18 275.40 $ 

    Total 355.02 $ 

 

 

 

TABLE 7.5 Lighting and Ventilation Investment in Panchayat office 

Panchayat office 

S.no Device Power of each unit Cost of each unit Number of unit Total cost 

1 LED Bulb 9 W 1.09 $ 1 3.27  $ 

2 LED Tube light 20 W 3.53 $ 2 7.06 $ 

3 Fan 70 W 15.30 $ 1 15.30 $ 

    Total 25.63 $ 

  

TABLE 7.6 Lighting and Ventilation Investment in Post office 

Post office 
S.no Device Power of each unit Cost of each unit Number of unit Total cost 

1 LED Bulb 9 W 1.09 $ 3 3.27  $ 

2 LED Tube light 20 W 3.53 $ 3 10.59 $ 

3 Fan 70 W 15.30 $ 2 30.60 $ 

    Total 44.46 $ 

 

TABLE 7.7    Overall Lighting and Ventilation Investment in village 

S.no Place Total cost 

1 Residential 10500 $ 

2 Panchayat office 25.63 $ 

3 School 355.02 $ 

4 Post office 44.46 $ 

Grand Total 10925 $ 
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The overall cost for lighting and ventilation would be uniform while calculating overall project 

cost for case one, case two, case three. 

7.3 Solar Pump cost analysis 

According to the report of Chhattisgarh government, till 2017 government has distributed 551 

pumps of 1180 kW capacity in the state (Singh, 2017). The government is also planning to 

increase the distribution and giving total subsidy of 0.76 $/ watt on the bill for hybrid solar pump 

(Shukla, 2017). Therefore solar pump in village would be distributed totally free of cost to the 

farmers for irrigation, hence the total expense of solar pumps is discussed in table 7.8 

TABLE 7.8 Investment for Solar Pump in whole village 

S.no Device Power of each unit Cost of each unit Number of unit Total cost 

1 Solar Pump 7.5 kW 8770$ 36 315692.30 $ 

 

The total cost of solar pump would be same in all the three cases considered for the study 

7.4 Overall Investment cost for all 3 cases in Village 

In this segment the overall estimated cost of building the plant will be analyzed for all the three 

cases, total cost includes investment done in solar panels, inverters, solar inverters, solar 

batteries, solar pump, devices for lighting and ventilation and labor cost, the average labor cost 

for building a solar power plant is 0.5 $/ W (Lab, 2016) 

TABLE 7.9 Overall investments to be done in case I 

 

  

  

 

 

 TABLE 7.10 - Overall investment in case II 

 

 

 

 

 

 

S.no Device Total cost 

1 Solar Panel 308700 $ 

2 Inverter 36540 $ 

3 Lighting& ventilation 10925 $ 

4 Solar Pumps 315692.30 $ 

5 Labor cost 150000 $ 

 Grand Total 821857  $ 

S.no Device Total cost 

1 Solar Panel 325500 $ 

2 Solar Inverter 42000 $ 

3 Solar batteries 94362.72 $ 

4 Lighting& ventilation 10925 $ 

5 Solar Pumps 315692.30 $ 

6 Labor cost 230500 $ 

 Grand Total 1018979.72 $ 
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TABLE 7.11 Overall investment Case III 

 

 

 

 

 

 

 

Figure – 7.0 Cost comparisons of all cases 
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S.no Device Total cost 

1 Solar Panel 308700$ 

2 Solar Inverter 42000 $ 

3 Solar batteries 4362.72$ 

4 Lighting& ventilation 10925 $ 

5 Solar Pumps 315692.30 $ 

6 Labor cost 150000 $ 

 Grand Total 831680 $ 
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7.5 Payback of Investment 

The entire project would be funded by both state government and central government. The 

payback cost will be received by the government from the village in the form of monthly 

electricity tariff. The electricity tariff would be only bear by the residential sector of village and 

the panchayat office. The schools and post office are run by the government only. The per unit 

electricity price vary with the electricity consumption in the month and the single phase and 

double phase electricity connection. Different electricity prices for different monthly consumed 

units. In this work monthly tariff would be charged for single phase of 0.61 $ and monthly unit 

slab of below 200 unit in which price was 0.05 $ / unit (Mukherjee, 2017). Therefore the yearly 

electricity tariff received from village is in table 7.8. 

 

TABLE 7.12 Annual Tariff to be received from village 

S.No Consumer Monthly unit 

consumption 
Phase type/ Tariff Per unit tariff Total tariff 

1 Household 54  Single/0.61 $ 0.05 $ 3.31 $ 

500 Household 27000 Single/0.61 $ 0.05 $ 1350 $ 

2 Panchayat office 161.85 Single/0.61 $ 0.05 $ 8.7 $ 

    Total monthly tariff 1362 $/month 

    Total yearly tariff 16350.43 $ /year 

 

 

TABLE 7.13 Pay Back period of all cases   

S.No Cases Yearly Tariff from 

village 
Total Investment Payback period 

1 Case 1 16350.43 $  821857 $ 50 yrs. 

2 Case 2 16350.43 $ 831680 $ 62 yrs.  

3 Case 3 16350.43 $ 831680 $ 51 yrs.  

 

The yearly obtained tariff from the village will almost take minimum 50 year of time period for 

the project in all three cases to get free from the investment made. As mentioned in the starting 

of the segment that it would be a government funded project. Thus payback is not considered 

much as it would be for the welfare of the village and its people. Hence the case which would be 

considered for plant would be on factors like reliability, stability, maintenance, service, power 

losses, and investment. 
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8.0 Discussion 

 

In this segment, the future utility of the solar power plant is discussed that how the electricity 

generated through solar energy is beneficial and profitable in the future scenario. Apart from that 

some of the approaches are also discussed which could help in eliminating the obstacles faced in 

previous projects and research related to the electricity generation through solar energy.  

 

8.1  Future Viability of the Whole System  

Considering the future prospective there are possibilities of increase in electricity prices in the 

country, according to the reports of International energy organization, the price of generating 

electricity by coal would double in upcoming year because of increase in demand of the coal by 

2% every year and shortage of coal due to over deletion of it (Organisation, 2017). In that period, 

the solar power plants and solar powered pumps can give profitable outcomes, unaffected by the 

increase in prices of electricity in the country. This is a big advantage of solar pump and solar 

power plants on economical as well as environmental point of view as compared to other 

obsolete conventional fuels used for electricity generation and water pumping purpose. 

Considering environmental factor solar power overshadows the thermal power stations, as solar 

electricity doesn’t gives out any harmful emission or residue that could be harmful for 

environment, which is also an important advantage for country like India.   

 

8.2  Discussion on methods to overcome obstacles in Solar Policy  

 

In section 2.3, the challenges in implementation of solar policies were discussed. In this 

particular segment, few methods would be discussed that might help in overcoming the obstacles 

faced in implementing the solar policy. 

Complains regarding bill as bill paid by the customer was for per lamp for 6 hours but the 

electricity is available for just 4-5 hours on average! 

Electricity tariff meter could be installed with each off grid solar power set in order to charge fair 

tariff from people according to the electricity consumption, as there were complains of unfair 

electricity consumption charges. 

Majority of villagers complain about the unavailability of electricity at night, as they need 

electricity at night to celebrate social functions! 

Major drawback of solar energy is its unavailability at night and people demand for electricity at 

night. This obstacle could be avoided by increasing the capacity of the solar battery or if 
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temporary higher loads are needed to be operated for social functions, diesel generator on rent 

could also be a good option. 

During the research, most embarrassing thing came across was that during the electricity 

supply, the bulb use to fail frequently while working! 

Good quality solar inverter fitted with current regulator could be a good option in order to deal 

with the problem of electricity fluctuation and instability. 

Majority of people were unaware, even don’t know that the electricity they are getting its 

energy source is the sun, major obstacle is the lack of skilled labor required for 

maintaining the plant! 

Government agencies organize many workshops in order to create awareness among the village 

about the solar power system and electricity generated through it. Apart from creating awareness, 

agencies can also provide training and skills to the villagers regarding service and maintenance 

of panels and other devices associated with it. This would not only create awareness among 

people but would also create employment for villagers. 
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8.3  Future Expansion 

The project is on rural electrification from solar energy with Nano and battery backup system. In 

the near future the population of the village would increase, therefore there would be increase in 

demand of the electricity and increase in the average load of the village and chances of increase 

in peak load as well, in order to fulfill this demand the capacity of the plant could be increase to 

350-400 KW and thereby increasing the capacity of grid to 300 kW, so that average load of per 

household, school and offices could be increase 

The plant can also be expanded by increasing the electricity generation capacity of the plant and 

increasing capacity of the grid, connecting the other small non electrified villages near to the 

village Devipur so that these small villages can get electricity for a period of time. Thus grid of 

the village can be made as center grid by connecting the other small villages around the village 

Devipur. This would help economic as well as social development in the area  

The peak load time of the residential area could be increased by providing solar batteries backup 

system to the grid for power supply during peak hours and after the peak hours, when the peak 

period is over and the average power is supplied, the batteries are recharged by the help of 

electricity generated by solar panels, so that they could be used again during the peak hours. 
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9.0 Conclusions 

 

The data obtained from the results clearly mentions that village Devipur has great potential for 

the solar energy. The per m2 radiation received in the region is enough to meet the current 

demand and potential future demand of the village and the areas nearby to the village. The 

average solar electricity generation in few months was much higher than the needs, but high 

capacity of panels were used than the load as in month of July and august the electricity 

generation was not optimum, so therefore bit high capacity panels were used so that there could 

be no electricity shortage.  

The thesis work focused on the electrification of village by the solar energy and the three cases 

associated with the supply of the electricity to the village. The three cases analyzed according to 

supply of electricity are on grid system, off grid system and Nano grid battery backup 

system. Primarily the load of the village was managed for every sector, after that average and 

peak demand were analyzed from the different sectors of the village technical and economic 

analysis was done of the electricity generation, electricity demand and all the three cases. After 

analyzing the economical results, power losses associated with transmission and generation, 

flexibility and reliability.  

Nano grid battery backup system gives the most optimum results as compared to case two and 

case one. Construction and implementation of case one that is on grid electricity supply system is 

bit cheaper than case two and case three but there is a heavy loss of power while transmitting 

from grid to the village, where as there is no heavy loss of power in case three where as in case 

one it requires long transmission lines for power supply and failure in power line may lead to 

blackout in the village. While the case two that is off grid system it cannot be considered because 

of the heavy capital investment onto that after such heavy investment there is no assurance of 

uninterrupted electricity supply   to the customer, as per the previous researches on off grid solar 

electricity, there were complaints regarding the battery problem, electricity supply for less hours 

as estimated and decrease in the efficiency of the battery after a period of time. So therefore off 

grid system is not stable and trustworthy source of electricity. In case three a nano grid is 

developed with the help of solar inverter, the losses are very nominal in this system and does not 

require big step up and step down transformers to increase voltage for transmission to grid and 

receiving back at lower voltage, the output received would be of 230 V at the frequency of 50 

Hz. Nano grid eliminated the solar battery cost, battery backup system is provided to the 

important places which require uninterrupted power supply, so that if the generation is low then 

the battery could supply the lacking power. Hence the case three, Nano grid battery backup 

system is the best suited option for supplying the generated electricity to the village by 

economic, technical point, sustainable and reliable point of view.  
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APPENDIX 

 

• Monthly  irradiation Village data 

• Latitude: 23°10'53" North,  

• Longitude: 82°52'18" East 

• Optimal inclination angle is:  28 deg. 

• Annual irradiation deficit due to shadowing (horizontal):    0.0 % 

 

Month Hh Hopt H(28) Iopt 

Jan 4660 6360 6360 51 

Feb 5620 7010 7010 42 

Mar 6590 7260 7260 28 

Apr 7040 6890 6890 11 

May  7060 6350 6350 -3 

Jun 5480 4830 4830 -9 

Jul 4720 4290 4290 -5 

Aug 4600 4370 4370 4 

Sep 4910 5060 5060 19 

Oct 5310 6220 6220 36 

Nov 4920 6510 6510 48 

Dec 4550 6390 6390 53 

Year 5450 5960 5960 28 

Hh: Irradiation on horizontal plane  (Wh/m2/day) 

Hopt: Irradiation on optimally inclined plane  (Wh/m2/day) 

H(28): Irradiation on plane at angle: 28deg.  (Wh/m2/day) 

Iopt: Optimal inclination (deg.) 
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• Solar electricity generation by the help of PV panels of 300 kW capacity 

o Latitude: 23°10'53" North,  

o Longitude: 82°52'18" East 

o Nominal power of the PV system: 300kWp 

o Inclination of modules: 28deg. 

o Orientation (azimuth) of modules: -2deg. 

 

Fixed angle       

Month Ed Em Hd Hm 

1 1420.00 44200 6.36 197 

2 1530.00 42800 7.01 196 

3 1540.00 47600 7.26 225 

4 1430.00 42900 6.89 207 

5 1300.00 40400 6.35 197 

6 1020.00 30600 4.83 145 

7 926.00    

8 943.00    

9 1090.00 32700 5.06 152 

10 1340.00 41600 6.22 193 

11 1420.00 42700 6.51 195 

12 1430.00 44400 6.39 198 

Year 1280.00 39000 5.96 181 

 

Ed: Average daily electricity production from the given system  (kWh) 

Em: Average monthly electricity production from the given system  (kWh) 
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Hd: Average daily sum of global irradiation per square meter received by the modules of the 

given system  (kWh/m2) 

Hm: Average sum of global irradiation per square meter received by the modules of the given 

system  (kWh/m2) 

 

• Average load in household  

 

In summer total per day electricity consumption for 500 houses= 882 kWh 

Per day consumption = 882000/500 =1764 Wh 

Mean load for the house = 1764/ Number of sunny hours 

                                     = 1764/10  

                                       = 176 .4 W 

In winter total per day electricity consumption for 500 houses= 896 kWh 

Per day consumption = 896000/500 =1792 Wh 

Mean load for the house = 1792/ Number of sunny hours 

                                     = 1792/10  

                                       = 179 .2 W 

• Average load in school 

In summer total per day electricity consumption for school= 12.35 kWh 

Mean load for the school = 12.35/ Number of working  hours 

                                     = 12.3/7  

                                       = 1.9  kW 

 

 

In winter total per day electricity consumption for school= 11.1 kWh 

Mean load for the house = 11.1/ Number of sunny hours 

                                     = 11.1/7  

                                       = 1.5 kW 

• Average load is Post office 

 Average load in post office 

In summer total per day electricity consumption for post office = 12.35 kWh 

Mean load for the school = 12.35/ Number of working  hours 

                                     = 5.26/7.5  

                                       = 0.70  kW 

 

In winter total per day electricity consumption for school= 5 kWh 

Mean load for the house = 11.1/ Number of sunny hours 

                                     = 5/7.5  



61 
 

                                       = 0.66 kW 

• Power losses while transmission of electricity from grid to village  

Distance = 180 km  P2 = 0.225 MW  cosφ = 0.8   V2 = 11 kv   sinφ = 0.6, R = 0.125 ohm/km  

X= 0.4 ohm/ km  R=  22.5 k ohm 

S2= 0.225/0.8 = 0.281 MVA 

 

I= 0.281/11 = 0.025 kA 

 

Q2 = 0.281* 0.6 = 0.168 MVAr 

 

𝑃𝑜𝑤𝑒𝑟 𝐿𝑜𝑠𝑠 = 𝐼2𝑅 = 0.02 *0.02* 22.5 = 0.00098 MW 

𝑄𝑙𝑜𝑠𝑠 = 𝐼2𝑋 =0.02*0.02*72  =  0.0256 MVAr 

 

P1 = 0.225 + 000.98 = 0.226   

       Q1  =  0.168+ 0.0256 = 0.194 MVAr or 194 kVAr 

𝑆1 = √(𝑃2 + 𝑄2 = √226 ∗ 226 +   194 ∗ 194 

S1 = 297.84 kVA 

• Batteries required per house in off grid system 

 

Avg. load =188 W 

VDC = 36 V 

I = P/V = 188 /36 = 5.27 A 

Electricity required hours 

T = 5.27 * 10 = 52.7 Ah 

Or 60 Ah, 3 batteries of 60 Ah 

 

• Batteries required in Panchayat office 

Avg. load = 828 W 

VDC = 36 V 

I = P/V = 828/36 = 23 

Electricity required hours 

 

T= 23 * 8 =184 Ah 

     184/100 =1.84 or 2  

     2*3 = 6, 6 batteries of 100 Ah would be required 

• Batteries required in Post office 
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Avg. Load = 635 W 

VDC = 36 V 

I = P/V = 635/36 =17.6 A 

 

Electricity required hours 

= 17.6 * 8 = 141 Ah 

 

141/150 = 0.94 or 1 Ah  

 

3 batteries of 150 Ah would be required 

• Batteries require in School 

 

Avg. load = 2 kW 

I = P/V = 2300/36 = 64.2 A 

 

Electricity require hours 

 

64.2 *6 = 387 Ah 

 

387/150 = 2.58 or 3 

       3*3 = 9  

     9 batteries of 150 Ah would be required for 6 hours backup in school  
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