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Abstract 

Most of the world’s electricity is being generated through conventional sources of energy like coal 

and nuclear. People are realizing the dire effect of using these fuels, and the amount of CO2 being 

released into the environment. Therefore, in recent year there has been a shift in emphasis towards 

cleaner ways of generating electricity. One such recent trend is solar photovoltaics (PV), which 

has seen rapid growth over the years. This ever-increasing trend of adopting PV system allows 

consumers to be producers or “Prosumers”. Due to the irregular production capability of solar PV, 

the need for an energy storage system like a battery bank is on the rise as well. 

This report evaluates how solar PV can be used in combination with a battery bank to supply the 

annual electricity demand for a household with little to no support from the grid. The building is 

assumed to be located in Bangalore, India. The energy demand for the household is estimated 

based on the requirements of a basic Indian house standard. The size and configuration of each 

component have been done with regards to the total load demand. Furthermore, the cost of the 

whole system is estimated in order to evaluate the feasibility of the grid-tied system from an 

economic perspective. 

The results show that a PV system consisting of four 270W solar panels, a battery bank of eight 

150Ah lead-acid batteries and a 48V 4kW inverter is required to meet the annual energy demand 

of the house. The results show that from a technical standpoint, the above-mentioned technology 

is feasible. The results from the economic evaluation show that the localized cost of energy 

(LCOE) for the system is ₹6.01/kWh or € 0.078/kWh or 0.84SEK/kWh and the payback time for 

the given system is 16.19 years. On the bright side, there are new technological advancements in 

the PV field every day, which could mean that an energy system of this type can be an achievable 

and practical alternative. 
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Sammanfattning 

Det mesta av världens el produceras genom konventionella energikällor som kol och kärnkraft. 

Människor inser den svåra effekten av att använda dessa bränslen och mängden koldioxid som 

släpps ut i miljön. Därför har det senaste året skett en tyngdförskjutning mot renare sätt att 

producera el. En sådan ny trend är solceller (PV), som har sett en snabb tillväxt under åren. Denna 

ständigt ökande trend med att installera PV-system gör det möjligt för konsumenter att vara 

producenter eller "Prosumers". På grund av den oregelbundna produktionsförmågan hos solceller, 

ökar också behovet av ett energilagringssystem som en batteribank. 

Denna rapport utvärderar hur solceller kan användas i kombination med en batteribank för att 

tillgodose den årliga elbehovet för ett hushåll med lite eller inget stöd från nätet. Byggnaden antas 

vara belägen i Bangalore, Indien. Energibehovet för hushållet beräknas utifrån kraven i en 

grundläggande indisk husstandard. Storleken och konfigurationen för varje komponent har gjorts 

med avseende på den totala lastbehovet. Dessutom uppskattas kostnaden för hela systemet för att 

utvärdera genomförbarheten för det nätbundna systemet ur ett ekonomiskt perspektiv. 

Resultaten visar att ett PV-system som består av fyra 270W solpaneler, en batteribank med åtta 

150Ah blysyrabatterier och en 48V 4kW inverter krävs för att möta husets årliga energibehov. 

Resultaten visar att ovanstående teknik ur teknisk synvinkel är genomförbar. Resultaten från den 

ekonomiska utvärderingen visar att den lokaliserade energikostnaden (LCOE) för systemet är 6,01 

/ kWh eller 0,078 € / kWh eller 0,84 SEK / kWh och återbetalningstiden för det givna systemet är 

16,19 år. På den ljusa sidan finns det nya tekniska framsteg inom PV-fältet varje dag, vilket kan 

innebära att ett energisystem av denna typ kan vara ett möjligt och praktiskt alternativ. 
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1.Introduction 
Photovoltaic (PV) energy/Solar energy, in general, is considered as an alternative source of energy 

due to its abundance, and for being eco-friendly. The everyday growing economy and its 

dependency on fossil-based energy production has had a dire effect on the environment and 

resulting in an alarming level of greenhouse gas emission. According to the latest global and CO2 

status report by the International Energy Agency (IEA), the total energy demand in the world has 

grown by 2.3% and electricity generation has grown by 4%. But Renewables, in general, have seen 

an increasing interest throughout the world [1]. Total energy demand is the total energy that is 

required throughout the world and electricity generation is the total energy produced by all energy 

sectors. PV systems are been used in many real-world applications like irrigation, home power 

supply, and commercial electric car charging stations. The amount of research and development 

that has been happening recently indicates that PV is the fuel for the future [1]. 

 

  

Figure 1: Growth in renewable electricity generation by region and technology, 2017-18 [1]. 

These developments in the field would mean PV technology becomes more affordable to the 

general public [2]. Various PV panel array manufacturers are constantly working to build a solar 

array with better efficiency. Even governments are considering moving away from fossil fuels and 

switching to PV as their primary source of energy to meet their demands. 

The main benefits of solar power are that it can be easily installed on or in connection to buildings, 

it has a long lifetime and per-unit cost of generation is low as there is no requirement for fuel and 

require very little maintenance. On the other hand, power production from PV cannot be consistent 

due to factors like the weather and the diurnal cycle. These problems can, however, be overcome 

using energy storage devices like batteries. Therefore, Most PV power systems can be categorized 

as: The conventional stand-alone system (Off-Grid) and the grid-connected system. Most off-grid 
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systems are simple but in order to extract the maximum power from the system, installing a battery 

bank is essential.  As any excess energy can be stored and later utilized. Grid-connected PV 

systems are comparatively advanced as they also send back power to the grid. Some of these 

systems utilize battery banks to supply the load and give back any excess power to the grid.  

The combination of both solar power and storage systems provide the consumers with a better 

opportunity to become more independent from the grid. These systems are beneficial to both the 

suppliers and the consumers, as the use of solar power during peak hours helps in balancing the 

load curve [3]. This report aims to provide a better understanding of both the technical and 

economic aspect of a grid-connected system. 

1.1 Aim and objective 

The aim of this paper is to present a model of a Grid-tied PV system where power from the PV 

array is used to power a house load and evaluating the techno-economic aspect of the system. The 

model is configured and sized to find an optimal solution from an economic point of view while 

ensuring that the energy demand is met. 

The thesis can be divided into the following objectives: 

1. Propose a model of a grid-tied system.  

2. Determine the required specification of the different components of the system to satisfy 

the demand of the household. 

3. Comparing the average yearly electricity consumption for a common household in a city 

and the amount that the proposed system can generate. 

1.2 Report structure 

The paper is divided into 5 chapters: Chapter 2 describes the theoretical background of the different 

components that are used in the system. Comparing the different technologies that are available in 

the market and the shortcomings of each technology. 

Chapter 3 describes the model and the working of the proposed system. It also describes the sizing 

of each component of the system and the economic analysis for the system. 

The findings of the techno-economic analysis done in chapter 3 are presented in chapter 4 and 

provide the results from the economic analysis. Chapter 4 also presents if it is feasible to adopt PV 

systems to power the household. 

1.3 Literature review 

There have been studies conducted on the different aspects of a grid-tied PV system that use 

batteries as their storage device. 

A paper by [4] demonstrates the use of grid-connected PV system that employed load management 

to differentiate loads as: time manageable, storage capable and non-manageable loads, experiment 

was conducted for a common household with and without load management, and how the 

incorporation of load management can benefit both the consumer and the utility company. The 

paper did not consider any seasonal variations in solar radiation and irregular load patterns 

variations. 
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Reference [5] investigates the performance of different material types of PV array and their energy 

output in Ghana. Other studies [6] have analyzed the techno-economic and environmental 

performances of grid-interconnected PV systems by using five PV arrays of different power rating 

and how lack of government policies in Greece have affected the growth of PV systems. The paper 

talks about how environmental analysis of larger rated PV systems indicate that they do not 

perform well in the environmental aspect. Reference  [7] performs a life cycle analysis a PV panel. 

Reference [8], provides a study of the major drivers and challenges associated with the rise of 

hybrid renewable energy systems. The article also evaluates the economic, environmental, political 

and technical aspect of hybrid systems, mentions the major issues while designing the system. 

All the above papers have performed different types of analysis on on-grid or grid-connected PV 

systems. Reference [4] employs a similar model as presented below but does not describe the 

component selection process nor the economics behind it. None of the above-mentioned papers 

have used any kind of energy storage in their analysis. 

The following paper aims to solve this issue. 
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2.Theory  
This chapter explains how each component and its various technologies work.   

2.1 Solar photovoltaics 

The physical background of solar photovoltaics is the photovoltaic effect which was discovered 

by Alexandre-Edmond Becquerel. He observed that certain materials could give off electric sparks 

when exposed to sunlight. It was in the 1950s that the first PV cell using silicon was created [9]. 

PV technology is subdivided into a crystalline, thin-film, compound semiconductor, and 

nanotechnology. In 2014, crystalline silicon (c-Si) solar cells held 90% of the market share in solar 

cells used [10].  

These technologies are described below. 

2.1.2 Crystalline silicon, c-Si 

Commonly known as the first-generation PV, c-Si is made of crystalline structures which use 

silicon to produce solar cells and exhibit a lifetime of 20-30 years depending on their rated output. 

c-Si cells are commonly divided into two subtypes: mono-crystalline or single crystalline (sc-Si) 

cells or multi-crystalline cells (mc-Si). mc-Si PV modules generally require a larger surface area 

to produce the same power as compared to sc-Si. 

Because of the high cost of c-Si, more and more research is taking place around the world to offer 

a low-cost solution. 

2.1.3 Thin film 

Thin film, commonly known as second-generation PV. These are created by a sputtering process 

where a thin layer of certain semiconductor material is deposited on a glass or stainless-steel 

substrates. The thickness of these deposited layers is usually less than 10µm compared to several 

hundred µm for the crystalline cells. Due to this, not only is the cost of material low but also a 

lower capability to absorb incoming radiation, which results in lower efficiency. There are four 

important types of thin-film cells: amorphous(uncrystallized) silicon (a-Si), thin poly-crystalline 

silicon on a low-cost substrate, copper indium diselenide (CuInSe2 or CIS) and cadmium telluride 

(CdTe). The last three types have been recognized as a promising PV material for thin-film 

technology [11]. Energy yield data from utility-scale installations find that CdTe outperforms c-Si 

by 5-6% [12]. 

2.1.4 Compound semiconductor  

These solar cells are made up of a complicated stack of crystalline layers with different band gaps 

in order to absorb most of the solar radiation. Gallium arsenide (GaAs) and indium phosphide 

(InGaP) multi-junction devices are an example of this technology which has obtained the highest 

efficiency Due to the size of the substrate, the cost of these cells is much higher than Si cells [13]. 
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Figure 2.1.1: Average module efficiency of some of the PV panels [14]. 

 

2.1.5 Nanotechnology 

Also referred to as third-generation PV. It is made up of different structures from nanotechnology 

products that absorb more sunlight in order to improve the PV conversion efficiency by managing 

the system’s energy bandgap. The devices commonly used in nanotechnology-based PV cells are 

carbon nanotubes (CNT), quantum dots (QDs), and hot carrier solar cells (HC), which are cost-

effective (lower material and manufacturing costs), lightweight, flexible and offer good electrical 

performance [15]. 

2.2 Battery systems 

Batteries play a vital role in everyday life for most people and many electronic devices depend on 

batteries for their continuous usage. The size and type of battery to be used depends on the 

application. In the case of PV systems, battery banks are necessary due to daily variations in the 

sun’s radiation. By converting the electrical energy from the PV system into chemical energy to 

store it and then converting it into electrical energy when it is needed. 

There are several important battery characteristics that are to be considered when selecting a 

battery. Some of the characteristics are capacity, depth of discharge (DoD), round-trip efficiency, 

type, and cost [16]. 

2.2.1 Capacity and Power rating 

The total amount of energy that the battery can store is the capacity of the battery, usually denoted 

by Ah. 1Ah means that the battery can continuously supply 1 ampere of current for 1 hour. 
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Capacity is an important factor while selecting a battery as a battery with higher capacity will give 

a longer backup time and vice versa. Another important battery property is the short circuit current 

(Isc), charge and discharge power rating, which describes at what rate the battery can receive or 

deliver electricity at a given moment, measured in kW. 

2.2.2 Depth of discharge (DoD) 

In simple words, DoD can be defined as the battery capacity that can be used without damaging 

the battery. A typical DoD vs. number of cycles for a lead-acid battery is shown in figure 2. 

 

Figure 2.1.2: Depth of Discharge curve for a lead-acid battery [17]. 

 

From figure 2, it is seen that at 30% DoD the number of cycles is more than 4000 cycles whereas 

at 70% DoD the number of cycles reduces to more than half. It is general practice not to let the 

battery discharge below 50% to ensure better life span for batteries. The DoD curve varies 

depending on the type of battery. 

2.2.3 Round trip efficiency  

Round trip efficiency refers to the amount of energy that can be drawn out from the battery to the 

amount of energy it took to store it. A higher round trip efficiency would get more value out of the 

battery. 

2.2.4 Types and cost 

The different types of batteries that exist for PV systems are lead-acid, lithium-ion (Li-ion) and 

Nickel-Metal-Hydride (Ni-MH). Their characteristics vary depending on the manufacturer. Some 

general advantages and disadvantages are presented in table 2.1. 
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Table 2.1: Advantages and Disadvantages of different types of batteries [18]. 

Battery Advantages Disadvantages 

Lead-acid Low cost, low self-discharge, high 

specific power, good performance at 

low and high temperatures. 

Low specific energy, slow charging, 

limited lifetime, uses toxic 

materials. 

Li-ion High specific power and energy, low 

self-discharge, long lifetime, fast 

charging, low maintenance. 

High cost. 

Ni-MH Easier to recycle, high safety. Short lifetime, lower efficiency, 

sensitive to overcharge, high self-

discharge. 

 

2.3 Charge controller  

A charge controller is a type of DC-DC converter that is either used to step-up or step-down 

incoming voltages. Charge controllers can mainly be divided into two types:  

2.3.1 Maximum Power Point Tracking (MPPT) charge controller 

In an MPPT charge controller, the controller optimizes the match between the PV array and the 

battery bank. In other words, they convert the high voltage DC output to the low voltage that is 

needed to charge the batteries. MPPT systems use algorithms to force the solar cells to operate at 

an optimal point, extracting the maximum power in relation to the incident radiation at that time. 

Many MPPT techniques [19] [20] [21] have been proposed in the past. Perturb and Observation 

(P&O) method is widely used because of its simplicity and ease of implementation. 

 

Figure 2.2: Performance of an MPPT controller and a conventional controller [22]. 

2.3.2 PWM charge controllers 

Pulse-Width Modulation (PWM) comes into play when the battery is full. During charging, the 

controller allows as much current as the PV array can generate to achieve the target voltage for the 
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charge state the controller is in. Once the battery approaches this target voltage, the charge 

controller quickly switches between connecting the battery bank to the panel array and 

disconnecting the battery bank, which regulates the battery voltage holding it constant. This quick 

switching is called PWM and it ensures your battery bank is efficiently charged while protecting 

it from being overcharged by the PV array. 

Table 2.1: Advantages and Disadvantages of different types of charge controllers. 

Controller type Advantages Disadvantages 

MPPT High charging efficiency, can be 

used with 60(change) cell panels, 

flexible while choosing the size 

of the PV array. 

Expensive compared to PWM 

controllers, shorter lifespan due to 

more electronic components and 

greater thermal stress. 

PWM Cheap, simple in design when 

compared to MPPT, smaller size. 

PV array and battery bank must be 

accurately sized. 

2.4 Inverters 

In most households, most appliances and lighting fixtures require AC supply for their working. 

The output voltage from the battery or the charge controllers is DC. An inverter is an electronic 

device that converts incoming DC voltage to AC current. 

Sizing an inverter depends on factors like the incoming DC voltage (can be 12V, 24V, 48V), 

Maximum power output at 25℃, surge power and efficiency of the inverter. 

2.5 Inverter charger 

Inverter chargers typically have a built-in transfer switch that will sense when you are plugged into 

an AC source such as a grid or a generator.  When AC is recognized by the inverter charger, the 

unit will act as a pass-through, power your devices from the AC source and charge the batteries if 

desired.  When the charger detects a loss of supply from the grid, the unit switch will switch over 

to DC mode and power the devices off the battery bank.  

The sizing of the inverter charger can be done on the same parameters as the inverter. 
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3. Method 
This chapter talks about the proposed model and discusses the workings. It also explains the 

working of the model. A simple block diagram of the proposed model is given below. 

 

 

 

Figure 3.1: Block diagram of the proposed system. 

3.1 Working 

The working of the proposed grid-tied PV system can be explained as follows: The PV array 

generates DC current this current is sent to the MPPT charge controller where the voltage is 

optimized to charge the battery bank. From the battery bank, this dc current is sent to an inverter 

that converts the incoming DC to AC. This AC current is fed to the load. 

The following are some of the cases of operation of the system: 

Case 1: When the sun is shining, the photovoltaic array starts generating DC power. This power 

passes through the Maximum Power Point Tracking (MPPT) charge controller. The current 

coming into the charge controller is regulated by the controller to charge the batteries more 

efficiently. The current from the charge controller is first used to charge the batteries, and power 

smaller loads. Once the battery is full, the load is supplied directly from the PV array and the 

MPPT controller regulates the current to best fit the inverter specification. The Inverter then 

converts the DC current to AC current and supplied to the load. 
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Case 2: When the amount of irradiance falling on the panel is not enough to satisfy the load or 

there is no irradiance (rainy/snowy day). Power is drawn from the battery bank to power the loads. 

The inverter draws in power from the battery bank and the DC current from the battery is converted 

to AC and is used to power the load. 

Case 3: When there is no irradiance falling on the panels and the battery bank has depleted, the 

power is drawn straight from the grid. The 230V AC from the grid is connected to an inverter 

charger that powers the load and recharges the batteries. When the inverter charger detects a loss 

of AC, it will switch to DC mode and power the load through the battery bank. 

 

 

Figure 3.2: Typical panel mounting in a Swedish household [23]. 
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Table 3.1: Comparison of different approaches and results 

Location Load (kW) System Specification Result Source 

Faisalabad, 

Pakistan 

0.85 PV array: Seven modules 

of 250W. 

Battery bank 

capacity:401.69Ah 

LCOE of System: 14.8 

PKR/kWh or 0.89 

SEK//kWh 

[24] 

Ås, Norway 2.07 PV array: Nine modules 

varying from 220-240W 

Battery bank: NA 

LCOE of System: 
US$0.356/kW h or 3.53 

SEK/kWh 

[25] 

Kerman, Iran 50 rural 

households 

PV array: 19kW 

Battery bank: 12nos. 

3000Ah 

LCOE of System: 

$0.247/kWh or 

2.39SEK/kWh 

[26] 

Greece 1.5 PV array: Six panels 

generating1590W 

Battery bank:24nos.150Ah 

lead-acid battery 

LCOE of System: 0.55 

to 0.62 €/kWh or 5.90 

SEK to 6.65 SEK/kWh 

[27] 

 

 

3.2 Selection/sizing of components 

For this, the system is assumed to be installed in a metropolitan city of Bangalore, India. 

Considering a typical usage in a two-bedroom house the system components are determined. 
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Figure 3.3: Typical panel mounting in an Indian household [28]. 

3.2.1 Load  

The total load assumed as per a typical household. The appliances connected are as below: 

Table 3.2: Different appliances and their rated wattage and total load. 

Quantity Appliance Rated 

Wattage (W) 

Hours 

connected 

(Hours) 

Total 

load(W) 

Total load 

(Wh) 

2 Television 35 6 75 420 

6 LED’s 10 6 60 360 

1 Refrigerator 180 8 180 1440 

3 Ceiling fan’s 75 2 225 450 

2 Mobile charger 5 2 10 20 

1 Laptop 60 3 60 180 

1  Router 6 24 6 144 

Total 616 3014 
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3.2.2 PV array sizing 

𝑇𝑜𝑡𝑎𝑙 𝑝𝑜𝑤𝑒𝑟 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 

= 𝐿𝑜𝑎𝑑 𝑊ℎ/ 𝑊𝑜𝑟𝑠𝑡 𝑐𝑎𝑠𝑒 𝑠𝑢𝑛 𝑝𝑒𝑎𝑘 ℎ𝑜𝑢𝑟𝑠/𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚(ƞ)  

Where,  

Load = the total load demand of the household (Wh). 

Worst case sun peak hours for a particular location= 4 hours. 

Even though there is an average of 7 hours of daylight in a day but on an average, only 3-4 hours 

of peak sun hours(The term "peak sun hours" refers to the solar insolation which a particular 

location would receive if the sun were shining at its maximum value for a certain number of hours) 

is achieved depending on the location i.e., worst case sun peak hours for a particular location is 

the average/the lowest peak sun hours that the location might receive. 

Efficiency of the system= 67%. 

Total power required by the system = 3014÷4÷0.67 = 1124.6 W 

 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑛𝑒𝑙𝑠 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 =  
𝑇𝑜𝑡𝑎𝑙 𝑝𝑜𝑤𝑒𝑟 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚

 𝑇𝑜𝑡𝑎𝑙 𝑤𝑎𝑡𝑡𝑎𝑔𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑃𝑉 𝑝𝑎𝑛𝑒𝑙 (𝑊)
 

Where,  

Total wattage of the PV panel= 270W 

Number of panels required=1124.6÷270 = 4.16. 

Since the number is not a whole number. It will be rounded off to the closest whole number i.e., 

4. 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑟𝑎𝑙𝑙𝑒𝑙 𝑠𝑡𝑟𝑖𝑛𝑔𝑠 =  
𝐼𝑛𝑣𝑒𝑟𝑡𝑒𝑟 min. 𝑣𝑜𝑙𝑡𝑎𝑔𝑒  (𝑉)

PV array Voltage (V)
 

Where, 

Inverter minimum voltage= the minimum voltage that the inverter requires to operate. 

PV array voltage= the nominal voltage of the PV array (24V). 

Number of parallel strings= 38V÷24V= 1.583 

This number is rounded to 2. 

The PV array is going to be a block of 2 parallel strings of 2 panels connected in series. The 2 

panels connected in series will bring the output voltage to 48V and the corresponding parallel 

connection will increase the current. 
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Therefore, the resulting combination will be generating an output voltage of 48 and an output 

current of 22.5 A. 

3.2.3 Battery sizing 

𝐷𝑎𝑖𝑙𝑦 𝑙𝑜𝑎𝑑 𝑑𝑒𝑚𝑎𝑛𝑑 (𝑊ℎ) =  𝐿𝑜𝑎𝑑 (𝑊ℎ)/ 𝐼𝑛𝑣𝑒𝑟𝑡𝑒𝑟 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦(ƞ) 

Where, 

Inverter efficiency, Ƞ = 90%-95%. 

Daily load demand= 3018÷0.95= 3172.6 Wh. 

 

𝑇𝑜𝑡𝑎𝑙 𝑙𝑜𝑎𝑑 (𝑊ℎ)

=  
𝐷𝑎𝑖𝑙𝑦 𝑙𝑜𝑎𝑑 𝑑𝑒𝑚𝑎𝑛𝑑 (𝑊ℎ) ∗  𝐷𝑎𝑦𝑠 𝑜𝑓 𝐴𝑢𝑡𝑜𝑛𝑜𝑚𝑦(𝐷𝑜𝐴) ∗  𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑒𝑟  

Depth of Discharge (DoD) 
 

 

Where, 

DoA = Number of days of battery backup (2 days). 

Battery temperature multiplier = 1.11 for battery bank at 25℃. 

DoD = 50% or 0.5 for longer battery life. 

Total load = (1183.7*2*1.11)/0.5 = 14086.3Wh 

𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 =
𝑇𝑜𝑡𝑎𝑙 𝐿𝑜𝑎𝑑(𝑊ℎ)

DC System Voltage (V)
 

 

 

Where, DC system voltage= 48V. 

Battery capacity = 14086.3/48= 293.4Ah 

 

𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑏𝑎𝑡𝑡𝑒𝑟𝑦 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 =  
𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑎𝑟𝑎𝑙𝑙𝑒𝑙 𝑠𝑡𝑟𝑖𝑛𝑔𝑠
  

Where, 

Number of parallel strings = 2. 

Minimum battery capacity= 293.4÷2= 146.7Ah 



15 
 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑎𝑡𝑡𝑒𝑟𝑖𝑒𝑠 𝑖𝑛 𝑎 𝑠𝑡𝑟𝑖𝑛𝑔 =
𝐷𝐶 𝑠𝑦𝑠𝑡𝑒𝑚 𝑣𝑜𝑙𝑡𝑎𝑔𝑒(𝑉)

𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝑣𝑜𝑙𝑡𝑎𝑔𝑒(𝑉)
 

Where, battery voltage =12V. 

Number of batteries in a string = 48÷12 = 4 

 

𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑎𝑡𝑡𝑒𝑟𝑖𝑒𝑠 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑

=  𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑟𝑎𝑙𝑙𝑒𝑙 𝑠𝑡𝑟𝑖𝑛𝑔𝑠 ∗  𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑎𝑡𝑡𝑒𝑟𝑖𝑒𝑠 

Total number of batteries = 2*4 = 8. 

The Minimum battery capacity needed is 146.7Ah and the number of batteries required is 8.the 

battery bank is going to be 2 parallel strings of 4 batteries connected in series. 

3.2.4 MPPT charge controller  

 

𝑇𝑜𝑡𝑎𝑙 𝑎𝑟𝑟𝑎𝑦 𝑝𝑜𝑤𝑒𝑟 =  𝑇𝑜𝑡𝑎𝑙 𝑤𝑎𝑡𝑡𝑎𝑔𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑃𝑉 𝑝𝑎𝑛𝑒𝑙 (𝑊) ∗  𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑛𝑒𝑙𝑠 

Where, 

Total wattage of panel= 270W. 

Number of panels= 4. 

Total array power = 270*4= 1080W 

 

𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑅𝑎𝑡𝑖𝑛𝑔 =  
𝑇𝑜𝑡𝑎𝑙 𝑎𝑟𝑟𝑎𝑦 𝑝𝑜𝑤𝑒𝑟 (𝑊)

𝑁𝑜𝑚𝑖𝑛𝑎𝑙 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑏𝑎𝑡𝑡𝑒𝑟𝑦 (𝑉)
 

Where, 

 Nominal voltage of the battery = 48V.  

Current rating = 270÷ 48= 22.5A. 

The calculated current rating is 22.5A. 

3.2.5 Inverters 

The important specifications that need to be considered while selecting an inverter are as follows: 

Input battery voltage range 

The output voltage that is coming out of the battery bank (usually 12V, 24V or 48V). 

Continuous power output@25℃ 

The maximum output power (W) that the inverter can produce without failure at a given 

temperature.  
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Surge power 

Some appliances draw 2-3 times its rated power when starting. The inverter must be equipped to 

handle these surges. Most inverters are designed to handle surges that are twice its power output. 

Efficiency (ƞ) 

Efficiency is key as an inverter with low efficiency would mean that power is lost in the process. 

Inverter efficiency ranges from 90% to 95% depending on manufacturers. 

3.2.6 Breaker 

Breakers play a vital role in any power systems; they are mainly used to protect the system from 

any overvoltage or current, but they are also needed during maintenance as the faulty component 

can be isolated and fixed without having to shut the whole system off. 

The breaker rating at different points are calculated as: 

Combined Strings 

𝐵𝑟𝑒𝑎𝑘𝑒𝑟 𝑅𝑎𝑡𝑖𝑛𝑔 (𝐴)

= 𝑆ℎ𝑜𝑟𝑡 𝑐𝑖𝑟𝑐𝑢𝑖𝑡 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 (𝐼𝑠𝑐) ∗  𝑁𝐴𝐶 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑜𝑢𝑠 𝑓𝑎𝑐𝑡𝑜𝑟 𝑓𝑜𝑟 3
− ℎ𝑜𝑢𝑟𝑠 (1.25) ∗ 𝑂𝑣𝑒𝑟 − 𝑖𝑟𝑟𝑎𝑑𝑖𝑎𝑛𝑐𝑒 (1.25) ∗ 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑡𝑟𝑖𝑛𝑔𝑠 (2) 

Where,  

Short circuit current (Isc)= 9.09. 

Breaker rating= 9.09*1.25*1.25*2= 28.6 

Between MPPT and battery 

𝐵𝑟𝑒𝑎𝑘𝑒𝑟 𝑟𝑎𝑡𝑖𝑛𝑔(𝐴) = 𝑀𝑃𝑃𝑇 𝑟𝑎𝑡𝑖𝑛𝑔 ∗  𝑁𝐴𝐶 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑜𝑢𝑠 𝑓𝑎𝑐𝑡𝑜𝑟 𝑓𝑜𝑟 3 − ℎ𝑜𝑢𝑟𝑠 (1.25) 

Breaker rating = 22.5*1.25=28.1A 

Between inverter and Battery 

𝐵𝑟𝑒𝑎𝑘𝑒𝑟 𝑅𝑎𝑡𝑖𝑛𝑔 (𝐴)  

=  
𝑅𝑎𝑡𝑒𝑑 𝑤𝑎𝑡𝑡𝑎𝑔𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑛𝑣𝑒𝑟𝑡𝑒𝑟

𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 (𝑉)
 ∗  𝑁𝐴𝐶 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑜𝑢𝑠 𝑓𝑎𝑐𝑡𝑜𝑟 𝑓𝑜𝑟 3

− ℎ𝑜𝑢𝑟𝑠 (1.25) 

Where, rated wattage of the inverter=2400W 

Battery voltage= 12V 

Breaker rating= (2400/12) *1.25=250A 

Between inverter and Load 
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𝐵𝑟𝑒𝑎𝑘𝑒𝑟 𝑅𝑎𝑡𝑖𝑛𝑔 (𝐴)  

=  
𝑅𝑎𝑡𝑒𝑑 𝑤𝑎𝑡𝑡𝑎𝑔𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑛𝑣𝑒𝑟𝑡𝑒𝑟

𝐴𝐶 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 (230𝑉)
 ∗  𝑁𝐴𝐶 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑜𝑢𝑠 𝑓𝑎𝑐𝑡𝑜𝑟 𝑓𝑜𝑟 3

− ℎ𝑜𝑢𝑟𝑠 (1.25) 

Breaker rating = (2400/230) *12=13A 

Table 3.3: Table showing the calculated current rating of the breaker and the selected 

breaker rating. 

Breaker location Calculated value (A) Selected Breaker (A) 

Combined strings 28.6 32 

Between MPPT and 

battery 

28.1 32 

Between battery and 

inverter 

250 270 

Between inverter and load 13 16 

 

3.3 Economic analysis 

There are several economic tools that can be used to determine the value of an investment. Payback 

time and the localized cost of energy (LCoE) are the 2 tools that are used in this thesis. 

3.3.1 Payback time  

Payback time refers to the amount of time required to expect a return on the investment. In this 

case, payback time is the number of days/ number of years it will take for the consumer to get the 

capital cost back. The simple equation for Payback time is given below: [29]  

 

𝑃𝑎𝑦𝑏𝑎𝑐𝑘 𝑡𝑖𝑚𝑒 =  
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 + 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑚𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒

𝑌𝑒𝑎𝑟𝑙𝑦 𝑠𝑎𝑣𝑖𝑛𝑔𝑠
 

 

𝑌𝑒𝑎𝑟𝑙𝑦 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 = 𝑌𝑒𝑎𝑟𝑙𝑦 𝑒𝑛𝑒𝑟𝑔𝑦 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛(𝑘𝑊ℎ) ∗ 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑢𝑡𝑖𝑙𝑖𝑡𝑦 𝑟𝑎𝑡𝑒 

Where, 

Yearly average production = 2350KWh[23]  

Average utility rate = ₹ 5.01 or 0.68SEK for a residential property with a load less than 5KW. 

Yearly savings = 2350*5.01=₹ 11773.5 or 1601.20 SEK. 

Payback time = (180639+10000)/11773.5 = 16.19 years. 
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The annual solar radiation strongly influences the payback time of the PV system. This is 

dependent on the orientation of the PV module and the location of the system. In general, the 

sunnier the location, the greater the energy produced and shorter the payback time. Another factor 

that affects payback time is the grid tariffs, higher the costs shorter the payback time. 

3.3.2 Localized Cost of Energy (LCoE) 

A common economic tool that is used in a lot of energy system context is the localized cost of 

energy (LCoE). It describes the price of each kWh of electricity that is produced during the 

lifetime. It is very useful as it gives the consumer a clear picture if adopting the PV energy system 

is better than buying electricity from the grid. It is calculated as follows: [29]  

 

𝑇𝑜𝑡𝑎𝑙 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 =  𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑐𝑎𝑝𝑖𝑡𝑎𝑙 +  𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝑐𝑜𝑠𝑡 𝑜𝑣𝑒𝑟 𝑡ℎ𝑒 𝑦𝑒𝑎𝑟𝑠 

 

𝐶𝑜𝑠𝑡 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 =  
𝑇𝑜𝑡𝑎𝑙 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡

𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚(𝑛)
 

 

𝐿𝐶𝑜𝐸 =  
𝐶𝑜𝑠𝑡 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟

𝑌𝑒𝑎𝑟𝑙𝑦 𝑒𝑛𝑒𝑟𝑔𝑦 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛(𝑘𝑊ℎ)
 

Where, 

Lifetime (n) = 25 years 

Assuming an interest rate of 6%. 

Discounted payments= ₹ 180639+₹ 10000*1.06-15 = ₹184811.65 

Annuity factor= (1.06-1)/ (1-1.06-25) =0.0782 

Required repayments per annum= ₹ 184811.65*0.0782= ₹ 14452.27 

Electricity generation costs= ₹14452.27÷2350 kWh = ₹6.01/kWh or € 0.078/kWh or 

0.84SEK/kWh 

Depending on the location and the initial investment for the PV system, the LCoE can vary. 

Additionally, the interest rate used for calculations will strongly influence the LCoE. The LCoE is 

a good indicator of the cost competitiveness of a certain energy technology. 
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4. Results 
This chapter begins with the results and findings from the modeling and sizing of the system. The 

results from the economic analysis have also been discussed in this chapter. 

4.1 The energy system  

4.1.1 Solar Photovoltaic (PV) array 

The PV system consists of 4 panels mounted on the top of the building, with a total capacity of 

1.1kW. The panels are poly-crystalline or multi-crystalline (mc-Si) and are assumed to have an 

efficiency of 18% and are rated at 270W per panel. The data from PVGIS resulted in an annual 

electricity generation of 2350kWh DC and considering a 95% efficiency from the inverter, that 

corresponds to 2232.5kWh AC. The annual electricity demand of the building is 900Wh. This 

generation surplus can be used to cover the losses in the system. Figure 4.1 shows the average 

PV monthly production for the considered location.

 

Figure 4.1: The average monthly output from PV system [30]. 
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Figure 4.2: Average monthly consumption in India [31]. 

A c-Si panel with similar specifications could have also been used. Thin film, in contrast, would 

require a larger area to reach the same capacity.  

4.1.2 Battery bank 

A lead-acid battery is considered the best option in this application although Li-ion batteries have 

better lifetime and better charging capacity. Li-ion batteries are relatively expensive than a lead -

acid battery. The Ni-MH batteries have some advantages over the others, but its shorter lifetime 

makes it unsuitable for the application. 

For the assumed load, the total number of batteries required is 8 i.e., 8 batteries of 150Ah capacity 

or 2 parallel strings of 4 batteries connected in series to get an output voltage of 48V. 

4.1.3 MPPT charge controller 

An MPPT charge controller is chosen over PWM even though MPPT chargers are twice as 

expensive as PWM solely because of its performance benefits. A 30A controller is chosen for the 

purpose. Newer models of MPPT charge controllers have other features like a mobile app that can 

give the user production details or alert in case of any malfunction. 

PWM controllers, on the other hand, don’t come with features like this. 
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4.2 The cost of the complete system 

The cost of different components in the system has been estimated based on the literature and 

analysis mentioned in the thesis. The estimated investment cost of each component is mentioned 

in table 4.2.1. The cost mentioned here is based on the higher scale of recent market trends.  All 

the costs are calculated in ₹ and 1₹ is approximately 0.013 € or 0.14SEK. 

Table 4.2.1: Price (₹) for each component in the system. 

Component Cost  

per quantity (₹) 

Quantity Discounts  Total (₹) 

Solar PV array 8,370 4 20 26,784 

Battery 13,218 8 10 84,595 

Inverter 23,102 1 15 19,636 

MPPT charge 

controller 

11,977 1 20 9,581 

Inverter charger 35,000 1 20 28,000 

Breakers - 5 30 12,043 

Total (₹) 180639 or 24468.46 

SEK 

 

While the capital cost for the system is important, it does not give a picture of what the electricity 

cost is. Thus, the LCOE of the grid-tied system is done. The LCOE depends on several factors like 

discounts, system lifetime and component lifetime. The results vary on the assumptions made. 

In the LCOE analysis, where the system lifetime was taken as 25 years and assuming that the 

batteries would have to be replaced after 15 years. The LCOE for the system is = ₹6.01/kWh or € 

0.078/kWh or 0.84SEK/kWh. 

The payback time for the system was found to be 16.19 years. 

 

4.3 Discussion 

It is difficult to predict the future of solar PV and battery storage technology. But according to 

trends in the market, the average prices for PV panels/kWh are at an all-time low. In the case of 

India, the solar power tariffs have fallen from ₹17/kWh (2.30 SEK/kWh) in 2009 to ₹2.44/kWh 

(0.33 SEK/kWh) in May 2017 [32]. If this trend continues, more attractive solar PV becomes. The 

results of the analysis conducted in the thesis show that the system is a feasible option for 

consumers. During the analysis, it was assumed that the system was connected to a constant load, 

practically the load varies daily. PV modules are known to degrade over time; thus, it is necessary 

to oversize some of the components while designing the system. This, consequently increasing the 

capital cost by a considerable amount. 

In the economic analysis, it is assumed that the battery needs to be replaced after 15 years. 

however, the battery may function even after fifteen years depending on the manufacturer. That 

could have a positive effect on the economic aspect of the system. On the contrary, the consumer 
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will have to sacrifice a considerable amount of roof space (in this case 12-15m2) for PV array and 

the battery bank. In table 4.2.1, It is clear that at least a quarter of the total capital is invested in 

the batteries. So, the development of battery technology in general and the reduction in overall 

battery cost is an important factor in the implementation of the system.  

It can be said that the chances of reduction in the cost of components like PV array and batteries 

can make the system more attractive to consumers. Current government policies encourage 

consumers to adopt clean sources of energy by offering tax rebates and subsidies (about 30% in 

India and USA) further brings down the cost for the consumers.  

 

4.3.1 Effect of PV build up on the local grid. 

The typical daily peak load curve for India is given in Figure 4.3. There are certain hours during 

the day where there is a peak demand on the grid. The morning peak usually during the hours of 

08:00-10:00. This usually due to people getting ready for the day, utilizing energy-hungry 

appliances like water heaters, toasters, etc. The Evening peak usually from 18:00-20:00 is mainly 

due to all the lighting fixtures being turned on. 

 

 

Figure 4.3 Typical Daily Peak Load in India [33]. 

.  

A PV system usually starts generating electricity from around 08:00 till 18:00. With the use of 

batteries, the stored electricity can be utilized at the above-mentioned peak hours. This not only 

saves the consumers from high tariffs rates but also contribute in balancing out the load curve. 
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Especially during the evening peak, where the tariffs are the highest and most of the loads 

connected during this time are lighting related.    

This kind of grid integration can have other benefits like: 

• The supplier does not have to run the generator at full load at peak hours (especially 

during evening peak hours). 

• Electricity suppliers will not have to buy additional electricity from neighboring states to 

meet the demand. 

• Reduction in irregular power outage. 

 

4.3.2 Effect of seasonal changes on the design of the system. 

Seasonal changes prominently affect the working of a PV system and precise battery bank sizing 

is necessary to accommodate these seasonal changes. From figure 4.2, the average electricity 

consumption for a household in India is close to a 100kWh/month. which the system will be able 

to produce even in the winter months. 

The geographical location also plays an important role in the design of the system. In a tropical 

country like India, there is ample sunlight in the winter months. Even though the production in 

the winter months is comparatively smaller, consumers might have to rely on the grid to 

compensate for it. 

If the goal is to achieve 100% supply from PV, then the size of the battery bank can be increased 

to offset the seasonal changes or smart and economic consumption of power during the winter 

months can be done to achieve the goal. Another option would be to increase the size of the solar 

array.  

Comparatively, Increasing the solar array size is cheaper than adding an additional battery. 

4.3.3 Why grid-tied and not autonomous? 

Grid-tied systems usually are more convenient to the consumers as it would be just a matter of 

turning a switch to change from PV to the grid (automatically in certain cases). Tying up with the 

grid also means that consumers can choose to sell any excess electricity produced. 

Autonomy would be a great option if the overall demand of the household is low. Ideally, a 

household in the countryside in India would be more beneficial with an off-grid PV system, 

mainly due to irregular, fluctuating power supply. 

The proposed design above combines the feature of both convenience and being autonomous. 

The system is enough to supply the household to a certain extent from the batteries. After which 

the power can be drawn from the grid. 
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5.Conclusion 
Solar power is a growing industry and more and more people are adopting solar power as an 

alternative to power their needs. In combination with storage systems like batteries the variations 

in the amount of energy produced from the system can be taken care of to better suit the consumers 

demand. 

This report has evaluated both the technical and economical aspect of the grid-tied system to fulfill 

the annual electricity demand of a house in Bangalore, India. The sizing of each component has 

been done manually. The results show that the mentioned technology can be adopted without 

compromising the comfort of the consumer. A technology like solar PV is suitable for a country 

like India, where the country receives close to 300 days of sun.  

Comparing the proposed grid-tied system to conventional electricity supply or the grid it can be 

said that it is an economically viable option as the consumer starts saving money on electricity 

charges from the grid. In order to increase the amount of savings every month and reduce the initial 

high capital cost, the average cost of a battery must decrease significantly. 

Furthermore, it can be concluded that a more in-depth analysis of the system must be done to 

completely determine the overall feasibility. It would also be substantial to investigate how other 

technologies would affect the economic outlook of the system. 
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