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Abstract 

The use of inverters with solar back-up has opened up an era of steady regulated power 

supply in Nigeria, especially in the regions with hot climate. A steady power supply provides 

a lot of advantages in our daily activities which when put together, ensures productivity 

nationwide. A 2.5KVA solar inverter is presented as a case study. This is a power generator 

in which the solar energy harnessed with the solar panel is employed to charge a battery and 

the direct current from the battery is then used to power an inverter to produce and/or give 

out a regulated alternating current. This can also be called a photovoltaic process because it 

consists of solar modules and solar charge controller that helps to charge the back-up 

batteries, while the inverter is then used to convert the direct current to alternating current for 

use. The result of this work and the output capacities depend on a number of issues which 

include: the capacity of the inverter in KVA rating, size of the solar panel, and of course, the 

number of back-up batteries among others. From a given experimental data in table 1, the 

following megawatts (MWs) of power viz: 115MW, 147MW, 239MW, 356MW, 579MW, 

864MW for 3m, 6m, 9m, 12m, 15m and 18m photovoltaic solar cells respectively were 

obtained showing that the larger the size of the photovoltaic solar cells, the more is the power 

generated.   

Keywords: Sunlight, solar inverter, solar cells, transformer, back-up batteries, direct current, 

alternating current.  

 

 

 

1.0 INTRODUCTION  

Solar energy is the energy transmitted from the sun in the form of electromagnetic radiation 

and requires no medium for its transmission
[1]

. The energy supply from the sun is quite 

enormous, on average the earths surface receives a total of 1.2 x 1017W of solar power
[2]

. 

The study is very important in generating electricity for developing countries such as Nigeria 

where there is an epileptic power supply. A power inverter and/or inverter is an electronic 

device or circuitry that changes direct current (D.C) to alternating current (A.C). It can exist 

entirely as electronic (static inverters) or a combination of mechanical and electronic circuitry 

(non-static inverter). The input voltage, output voltage, frequency and overall power handling 

capacity depend on the design of the specific device or circuitry.  

Note that the inverter does not produce any power; the power is provided by the d.c source 

(battery) which can be charged electrically through a mains supply or the use of solar 

modules. 
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An inverter can produce a square wave, modified sine wave, pulsed sinewave or pulsed width 

modulated (PWM) wave depending on the circuit design. The square wave is the simplest 

waveform but produces humming effects when connected to audio, therefore, the two 

dominant and commercialized waveforms of inverters as at 2007 are modified sinewave and 

sinewave. In fact, if only one percent of solar energy available is gainfully utilized, all the 

world 21
st
 century energy needs will be satisfied and the simplest way to harness this 

abundant natural endowment is by voltaic conversion
[3]

. 

 

Photovoltaic is the direct transformation of sunlight to produce electricity which can be used 

to power several utilities such as telecommunication industries, water pumping for irrigation 

etc. The main objective of starting the solar voltaic program is to cater for the power 

requirement of satellite system. This is due to availability of sunlight in space throughout 24 

hours. This was later extended to terrestrial applications such as we have today. 

 

2.0 PHOTOVOLTAIC POWER SYSTEMS  

A photovoltaic power system can be defined as a collection of electronic/electrical devices 

that is able to produce electricity directly from sunlight clearly and silently for more than 

twenty-five (25) years with very little maintenance as no moving parts are involved
[4]

. The 

capacity of photovoltaic power system can be from few watts to megawatts and can take the 

form of an autonomous or stand-alone system to a grid connected or utility interactive 

system. 

Innovation in Science and Technology has moved the use of solar voltaic from mere 

applications in electronic calculators and watches to giant breakthroughs and emergence of 

solar cars and even solar-powered helicopters. The use of solar voltaic in Nigeria is all-

encompassing and cut across every sphere of life including rural electrification scheme, 

communication industry, water pumping for drinking and irrigations, cathodic protection of 

oil and pipelines and desalination of sea water. Photovoltaic power system comprises of 

photovoltaic solar cells, bank of storage batteries, charge controllers and converters. The 

following subsections are the high lights. 

 

2.1 Photovoltaic Cells and Solar Array 

Solar energy is the radiant light and heat from the sun and is harnessed using a range of ever 

evolving technologies such as solar heating, photo-voltaic, solar thermal energy, solar 

architecture and artificial photosynthesis
[5]

. Photocells generate an electromotive force in 

proportion to the radiant light energy received and are similar in effect to photoconductivity. 

The most common photo-voltaic material is the selenium used in solar cells. They are made 

from single crystal PN junctions, same as diodes, with a very large sensitivity region but are 

used without reverse bias. When illuminated, the light energy causes electrons to flow 

through the PN junctions so that individual solar cell can generate an open circuit voltage of 

about 0.58V. 

The solar array is a collection of photovoltaic panels or modules connected in series and 

parallel combinations to give the desired power according to the system design. A typical 

solar cell can give about 0.5V and 1.0 ampere under standard temperature of 25
o
C and solar 

radiation intensity of 1000W/m
2 [4]

. The output from a solar cell is a direct-current mode 

suitable for most communication equipment and battery charging. Various types of solar cells 

exist, ranging from crystalline to amorphous types with different current voltage values and 

hence, different power levels. Solar cells like electrical generating devices may be connected 

in series to produce higher voltages and this can be achieved by connecting positive terminal 

of one solar cell to the negative of the next cell. They can also be connected in parallel to 

increase the current delivery if the positive of one cell is connected to the positive of the next 
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cell and the negative terminal of the first cell to the negative of the second cell. Photovoltaic 

module is the connection of solar cells in series to give the desired voltage. These modules 

are connected in series and parallel combination to give strings of different voltages and 

currents according to the desire of a particular system. Figure 2.1 shows typical photovoltaic 

cells while figure 2.2 shows different cell connections in strings.  

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.1: Photovoltaic Cells 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.2: Different Solar Cells Connections 
[4]

 

 

As solar array is a collection of photovoltaic panels and can be usually fixed to support 

structures. This can be permanently installed at a specific angle facing the sun (fixed arrays) 

or on mechanical devices to continually orient the modules to be perpendicular to the sun’s 

rays (tracking array). In most cases, arrays are mounted to face the direction more exposed to 

the sun and tilted to the latitude of the site; in Nigeria, they are made to face the south
[4]

. 

From a given experimental data, the power delivered by photovoltaic solar cells can be 

displayed in table 1. 

 

Table 1: Showing the size of photovoltaic solar cells in meter and the corresponding power 

output in (MW)
[5]

. 
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2.1.1 Bank of Storage Batteries  

This is the sourcing unit for this solar inverter which consists mainly of direct current (D.C) 

batteries charged by main supply and solar panel. Two 12V DC batteries were connected in 

series to give 24V direct current (D.C) supply to the inverter system when the alternating 

current (A.C) from the supply fails.  

A battery can be defined as a power generating device capable of converting stored chemical 

energy into electrical energy. There are different types of batteries but the two most popular 

types are the primary cells and secondary cells. While the primary or dry cells cannot be 

charged, the secondary or wet cells are rechargeable. Again, the primary or dry cells are 

inexpensive, light in weight and cannot be used for photovoltaic applications while the later 

are suitable for photovoltaic (PV) applications and should therefore be of high specific 

energy, low resistance, perform fine over wide temperature range and can withstand long 

cycle of charging and discharging.  

Batteries are very important tools in photovoltaic process; and while the photovoltaic array is 

designed to provide both the needed powers to run the equipment and charge the batteries 

during the day time, the batteries when charged in turn act as back-up to the PV array during 

the period of low solar radiation and at night time. The most suitable batteries for 

photovoltaic application are the lead-acid and lead-antimony batteries. They are available 

both as liquid electrolyte (flooded cells) and captive electrolyte (gel cells). The former is 

suitable for photovoltaic applications if made with lead-antimony or lead-cadmium plates. 

Note that periodic topping of distilled water is required to keep the lead plates fully immersed 

in the acid. The later (gelled/sealed) type is more maintenance free but has shorter life cycle.  

Batteries can be connected in series and parallel combinations similar to PV modules to give 

the desired battery bank capacity. Batteries to be connected must match each other in voltage 

and storage capacity characteristics. Figure 2.3 shows the different battery combinations to 

give different voltages/capacities. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.4: Showing different battery connections 
[4]
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2.1.2 Charge Controllers  

This is a device that serves basically as a current or voltage regulator to prevent the batteries 

from overcharge or discharge. Charge controller also protect against overvoltage by 

regulating the voltage and current coming from the solar panels and to the battery. This 

important function of the controller is to disconnect the photovoltaic array when the battery is 

fully charged and to disconnect the load when the battery is discharged below a safe level. 

This is a very important function because of the seasonal variation of the solar intensity 

which may result at times into excess or low powers. If the controller is not properly designed 

or checked, may lead to the controller failure and hence, damage to the batteries or load. 

There are two main types of solar controllers viz: (i) series controllers and (ii) parallel or 

shunt controllers. 

Series controllers allow the charging current to be fully turned on or off as the need may be, 

when the battery depletes or fully charged respectively. This type can be called a single stage 

controller. When the battery voltage rises to near full state of charge, the regulator simply 

shuts the solar modules off. When the voltage drops to some predetermined point, full 

charging current is allowed to flow into the battery again. The multistage series controller 

also exists and allows different charging currents according to the battery state of charge and 

this increases the battery life. 

Parallel or shunt controllers can utilize the energy produced by solar array or pass it away to 

some other loads when battery state of charge is reached without disconnecting the array 

from the battery. This type of controller can be used in a small PV power system but can 

combine with series regulators in or large PV power systems.  

 

2.1.3 D.C/A.C Inverters and D.C/D.C Converters  

The oscillating stage is the heart of the inverter design. An oscillator is essentially an 

electronic circuit design to produce an alternating current signal of known frequency and 

wave form. If the load is of alternating current type, the DC/AC inverter is required to 

convert the DC output of the solar array into alternating current (AC). If the load is of direct 

current type, DC/DC converter can be employed to match the output of the solar array with 

the load requirement. 

The inverter system needs to generate signal at a frequency of 50Hz and as a result, there has 

to be a kind of oscillator circuit to achieve this. Here, Pulse Width Modulation (PWM) 

regulator IC is used for the oscillator circuit. Inverters are categorized according to the type 

of waveform it produces viz: square wave, modified sine wave and sine wave. Both the 

square wave, modified sine wave inverters are less costly but are restricted only to resistive 

loads. They are not recommended for inductive and capacitive loads such as colour TV’s, 

motors, computers or transformer loads. However, most recent inverters produce pure sine 

wave often referred to as synchronous inverters. This type can conveniently be used in all 

categories of AC loads and can even be integrated into any utility grid such as GENCO, 

TRANSYSCO and DISCO. 

 

3.0 PHOTOVOLTAIC SYSTEM DESIGN  

Before any implementation is called out, specific designs involving the basic calculations of 

every circuit should be carried out to determine the values of each component to be used and 

where and how it will be applied in the circuit to achieve a standard workable system. The 

aim of the system design and/or sizing is to determine the most reliable, safe and cost 

effective system that will meet a particular load demand. 

Here, several factors are considered, such as the load analysis/calculations to determine their 

power needs; estimation of the required solar array sizing and battery capacity are also 

inclusive. More importantly is to determine whether the load is DC or AC powered. Again, 
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selection of an inverter is an important part of the design if the load is to be AC powered; but 

if the load is DC powered, DC/DC converter can be employed to match the output of the 

solar array with the load requirement. 

 

3.1 Design Specifications 

Inverter 

 Input voltage – 24DCV 

 Input current – 100AH 

 Output voltage – 220V 

 Output power rating – 2.5KVA 

 Capacity – 2000 watts  

 P.f. – 0.8 

 

3.2 Load Analysis and Battery Selection  

Here, the power consumption of the electronic equipment used in houses and offices were 

calculated for the design of the 2.5KVA solar inverter system; this is in order to know the 

battery size and solar panel suitable for charging the battery. Here is the table of the load 

analysis for the design. 

 

Table 3.1: Load Analysis for the 2.5KVA Solar Inverter Design 

Type of 

Appliance  

Wattage Number 

of 

Appliance 

A4 

Rated 

Wattage 

A5 

Adjustment 

Factor 

A6= A4/A5 

Adjusted 

Wattage 

A7 

Hours 

Used 

A8= A6xA7 

Energy/ 

Day 

Point light  60 5 150 0.85 176 8 1408 

Fan  75 2 100 0.85 118 3 354 

TV set  200 3 200 0.85 235 8 1880 

Laptop  50 3 100 0.85 118 3 354 

Total    550  647  3996 

 

From the design specifications and the table above: 

* Let inverter efficiency be  A1   = 85% 

* Battery bus voltage    A2   = 24 volts  

* Inverter AC Output   A3   = 220 volts  

* Total energy per day  A9 (sum of A8) = 3996 watt hr 

* Total amp hr demand per day  A10 (A9/A2)  = 3996/24=167AH 

* Maximum AC power required  A11 (sum of A4) = 550 watts 

* Maximum DC power required  A12 (sum of A6) = 647 watts 

 

Battery Sizing 

* Days of storage required   B1   = 2 days  

* Allowable depth or discharge limit B2   = 21V 

 If 24V = 100% for the battery bus voltage  

    21V = B2 

Therefore,𝐵2 = 2100
24 = 87% = 0.87 

* Required battery capacity B3 (A10 x B1/B2) = 167 x 2/0.87 = 384Ah 

* Number of batteries in series B4 (A2/selected battery voltage) 

 B4 = 24/12  =  2 batteries  
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Solar Panel 

Type     monocrystalline  

Max power    130 watts 

Max voltage   19.5V 

Max current   5.40 Amp 

Open circuit voltage 23.8V 

 

Charge Controller  

P/No    SC 330 

Type     automatic 

Input     12V or 24V solar panel 

Max input    50V dc, 30 amp 

Max load    30 amp 

Load switching   negative  

Battery    12V or 24V 

Charge control  3-stage charging  

 

3.3 Transformer Design  

The specifications for the transformer are as follows: 

KVA rating    = 2.5KVA 

Power rating   = 2000 watts 

Power factor (p.f)  = 0.8 

Primary voltage   = 24 volts  

Secondary voltage  = 220 volts 

Frequency    = 50Hz 

 

Table 3.2 assists in the selection of the gauge in inches or millimeters (mm) of the copper 

wire by matching them with the calculated current rating of the winding appropriately. 

Real power (S) = Apparent power x power factor  

Where power factor (p.f) = 0.8 and apparent power = 2.5KVA 

:. S =  2.5 x 10
3
 x 0.8  = 2000W 

For secondary current: 

 S =    I2V2 

 2000  =  220 I2 

Therefore, the secondary current rating I2 = 2000 / 220  =  9.09A 

For primary current: 

 S =    I1V1 

 2000  =  24 I1 

Therefore, the primary current rating I1 = 2000 / 24  =  83.33A 

 

The appropriate standard wire gauge (SWG) for the primary and secondary currents were 

obtained from the chart in table 3.2. 

 

Table 3.2: Standard Wire Gauge chart 

SWG Inches  mm SWG Inches  Mm SWG Inches  mm 

7/0 0.500 12.700 13 0.092 2.337 32 0.0108 0.24 

6/0 0.464 11.786 14 0.080 2.032 33 0.0100 0.254 

5/0 0.432 10.973 15 0.072 1.829 34 0.0092 0.234 

4/0 0.400 10.160 16 0.064 1.626 35 0.0084 0.213 

3/0 0.372 9.449 17 0.056 1.422 36 0.0076 0.193 
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2/0 0.348 8.839 18 0.048 1.219 37 0.0068 0.173 

1/0 0.324 8.236 19 0.040 1.016 38 0.006 0.152 

1 0.300 7.620 20 0.036 0.914 39 0.0052 0.132 

2 0.276 7.010 21 0.032 0.813 40 0.0048 0.122 

3 0.252 6.401 22 0.028 0.711 41 0.0044 0.112 

4 0.232 5.893 23 0.024 0.610 42 0.004 0.102 

5 0.212 5.385 24 0.022 0.559 43 0.0036 0.091 

6 0.192 4.877 25 0.020 0.508 44 0.0032 0.081 

7 0.176 4.470 26 0.018 0.457 45 0.0028 0.071 

8 0.160 4.064 27 0.0164 0.417 46 0.0024 0.061 

9 0.144 3.658 28 0.0148 0.376 47 0.002 0.051 

10 0.128 3.251 29 0.0136 0.345 48 0.0016 0.041 

11 0.116 2.946 30 0.0124 0.315 49 0.0012 0.030 

12 0.104 2.642 31 0.0116 0.295 50 0.001 0.025 

 

From the chart, 83.33A corresponds with 6SWG (5.38mm) and 9.09A corresponds with 

13SWG (3.25mm). 

 

Calculating the Number of Turns  

The number of secondary windings (N2) was obtained from the approximate design equation 

for 50Hz transformer and gotten to be 290 turns. The primary windings was obtained by 

using the transformer equations: 
V1

V2
=

N1

N2
 - - - - - - (3.1) 

Where 

 V1 = voltage in the primary winding  

 V2 = voltage in the secondary winding  

 N1 = number of turns in primary winding  

 N2 = number of turns in secondary winding  

 

Hence, from equation (3.1), 

N1 =
V1

V2
N2  

N1 =
24x290

220
= 32 turns  

To obtain the transformation ratio or turn ratio of the transformer, we apply 
N1

V1
or 

N2

V2
 

 

Therefore,
32

24
or 

290

220
 =   1.33 𝑜𝑟 1.32 

 

So, the transformer winding ratio is 1.3 turns: 1 volt  

    (1.3 : 1) 

 

4.0 IMPLEMENTATION OR INTEGRATION OF DESIGNED WORK TO 

PROMOTE STEADY POWER SUPPLY 

This section presents the actual integration of the designed work to produce solar inverter, 

and its significance in the life of Nigerians. Solar energy opportunities that abound in Nigeria 

should be harnessed and put into use to reduce air pollution. The frequent power outage 

which results in proliferation of conventional generating sets everywhere in the country will 
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reduce, when people tap energy directly through the sun. The problem of environmental 

pollution and climate change will become things of the past and can be swept under the 

carpet. Solar inverter and panel is a new innovation in Nigeria; it is eco-friendly, noiseless 

and can improve air quality in the country since no poisonous pollutant is involved. Again, it 

is cost effective because no monthly utility bills from local power companies are involved. It 

is light in weight and occupies little space, and so can be transported along easily during 

camping or trekking trips.  

Solar inverter consists of the following: sourcing unit, regulating unit, oscillating unit, driver 

unit, transformer unit, output unit, changeover unit, battery charging unit and low battery 

shutdown unit. For the development of 2.5KVA solar inverter system, the sourcing unit has 

two direct current (d.c) inputs into the inverter system which of course are controlled by an 

IC voltage regulator. These inputs are:  

(1) 24VDC batteries, each 12 VDC connected in series and charged by the mains supply;  

(2) single solar panel of 130W monocrystalline but 24V. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.1: The Final Package of a 2.5KVA Solar Inverter Unit 

 

The inverter system which is the oscillating unit of about 2.5KVA rating picks up the d.c 

voltage and current from these two input sources and convert them into AC voltage and 
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current. The output of the inverter is then pushed into a transformer of a similar voltage rating 

and step-up type, which steps up the voltage to about 220V. The output of this transformer is 

now connected to the consumer loads like television sets, refrigerators, radio sets, fans, air 

conditioners etc, while the step-down portion of the transformer uses rectifiers and capacitors 

to form the charger that charges the batteries in a feedback mechanism. When the power from 

power utility company is still on, the battery is continuously being charged by the battery 

charging units while the process of voltage and current conversion by the inverter is also 

continuous. When the power from power utility company (EEDC) is off, the circuit switch 

over to battery mode using the changeover unit and using the energy stored in the battery to 

maintain the cycle. When there is no more energy from the sun due to evening or night, the 

24V solar panel is cut off while the energy stored in the battery sustains the process and the 

cycle continues.  

For the low battery shutdown unit; when the battery which sustains the inverter is discharged 

to 21V below a set voltage, the inverter switches off because if it continues to draw from the 

discharged battery, the battery will get damaged. Therefore, a low battery cut off circuit is 

used to switch off the inverter.  

 

5.0 INTEGRATION OF SOLAR PANEL AND INVERTER INTO RURAL 

ELECTRIFICATION SCHEME  

The Rural Electricity Agency (REA) has signed a Memorandum Of Understanding (MOU) 

on behalf of the Federal Government with 37 federal universities and 7 teaching university 

hospitals to power them with solar energy
[6]

. Some of the universities whose MOU were 

signed include: Abubakar Tafawa University Bauchi, Bayero University Kano, Usman 

Danfodiyo University Sokoto, Federal University of Agriculture Makurdi. Others are 

NnamdiAzikiwe University Anambra, University of Lagos Akoka, Federal University of 

Petroleum Resources Delta, ObafemiAwolowo University Ile-Ife among others.  

This program according to the Agency is to energize the universities and teaching hospitals 

with solar power so as to provide uninterrupted power supply for the institutions. The aim is 

for these 37 federal universities to utilize the off-grid captive power plants to resolve power 

challenges in our institutions of higher learning. According to Ministry of Power, nine (9) of 

these power plants totaling about 26.56MW will be fuelled by solar energy
[6]

. This is a giant 

step in the right direction to mitigate the epileptic power challenges, staring with the citadel 

of learning where researches and all those are carried out to fight the course. Now, the 

problem is not with making good laudable programs, but the will power to implement them. 

Only God knows how many of these institutions are enjoying these benefits today after 

signing the MOU since 2017. 

Nigeria should wake-up in the mitigation struggle to wipe out the epileptic power supply in 

the country by starting with autonomous or stand-alone systems described in this paper to a 

grid connected or utility interactive systems. City of Aba in Abia State of Nigeria is a 

business and industrial hub of the nation today because of steady power supply, made 

possible by off-grid captive power plants fuelled by solar systems. Tailored outfits/garments 

and quality shoes or footwears rolling out of the centre today are living testimonies that can 

compete anywhere in the world. 

 

6.0 DATA ANALYSIS/RESULTS  

From data collected in table 1, a plot of solar cells against the power output was carried out in 

Matlab environment and the result is shown in figure 2.3. 
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From the graph, it is observed that the higher the size of the solar cell, the higher the output 

power in (MW). This gives credence to the fact that any size of solar inverter system can be 

designed and constructed according to the size of photovoltaic cells, project size, among 

others. Therefore, the solar inverter capacity is a function of the capacity of the sourcing unit 

or the solar cells.  

 

 

7.0 CONCLUSION  

Solar voltaic use in Nigeria is going to be all-encompassing, cutting across every sphere of 

life, including rural electrification scheme, communication industry, water pumping for 

drinking and irrigation, cathodic protection of oil and pipelines, and desalination of sea water. 

All these industries will provide job opportunities for the teaming youths and hence, reduce 

crime wave in the country. 

 

8.0 RECOMMENDATION 

Steady power supply, especially that harnessed from rich natural solar endowment, is the 

only panacea to solving Nigeria poor economic problems and must be taken seriously.  

 

 

  

Fig. 6.1: Showing a plot of solar cells (m) against power output (MW) 
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