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Abstract 

This research presented an analysis of alternative source of energy based on solar 

energy. Solar panel is a transducer device used in harnessing solar radiation, it 

converts sunlight into direct current (DC) electrical form. Total energy generated from 

PVC was found to be 6.144 KW and an average household in Nasarawa consumes 

4.836 KW of energy daily. This study shows that an average household in Nasarawa 

can survive only on the use of solar energy. This indeed shows the abundance of solar 

energy in Nasarawa Nigeria. 
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INTRODUCTION 

Renewable energy is commonly characterized as energy obtained from sources that 

are replaced naturally over time, such as sunlight, wind, rain, tides, waves and 

geothermal heat (Ellabban et al., 2014). In a general sense, renewable energy is a 

significant factor in global warming when it is currently viewed as being generated or 

retrieved without the undesirable effects inherent in fossil fuel, particularly high 

carbon dioxide emissions. 

As Nigeria strives to meet its energy needs, an international renewable energy expert 

has declared that even with the abundance of such alternative energy, Nigerian is 

under-utilizing its renewable energy potential for generating power. Currently, around 

2,937 Mega Watts (MW) are generated by the national grid which is considered 

seriously low to feed the country's over 160 million population (Salau, 2016). 

This work is therefore geared towards providing a way forward in optimally utilizing 

the abundance renewable energy sources in Nigerian considering solar energy 

generation and utilization. 
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The energy generation in the country is inadequate for domestic and industrial 

utilization. A better approach is to adopt smaller scale domestic power supply by 

means of renewable energy thereby controlling the rates of power outage from the 

main supply in the country.   

The aim of this research is on the renewable energy potential in Nigeria by Solar 

systems for off-grid utilization. This is partly to achieve the objective of electrifying 

75 percent of its population by 2020 (Salau, 2016).  

The objective is to analyse the amount of energy generated by solar panel in Nasarawa 

and to see if the generated energy is able to power an average house hold of two 

bedroom flat. 

 

RENEWABLE ENERGY 

Renewable energies are energy forms that are renewable, inexhaustible and ever more 

efficient. They differ mainly in their quantity and ability for use anywhere on the earth 

from fossil fuels, but above all in that they do not contain greenhouse gasses – which 

cause climate change – or polluting emissions (https:/www.acciona.com/renewable 

energy/). 

Merits of renewable energy include cleanliness, Inexhaustible, Reducing energy 

dependence, increasingly competitive and Benefiting from a favourable political 

horizon among others. 

 

General Climate of Nasarawa 

Nasarawa is located at 8 ° 31 '45 "N latitude, and 7 ° 43' 27" E longitude in the state 

of Nasarawa. The town is characterized by a tropical sub-humid climate, with two 

distinct seasons. The rainy season begins in May and ends in October, and the dry 

season runs from November through April. Most of the rain comes in between May 

and September, the wettest month being July and August. The rain comes here with 

thunder storms of high intensity especially at the start and end of the rainy season. 

Especially between March and April, temperatures are generally high during the day 

(Adesina, Sunday & Dul, 2015).  

 

Solar Energy 

The sun, our primary source of clean energy, is at the heart of the solar system, 

releasing energy as electromagnetic radiation at an incredibly high and nearly steady 

scale, every day for 365 days of the year (Adesina et al., 2015). 

The intensity at which this energy is released is equal to the energy coming from a 

furnace at about 6,000 K temperature. If we were to extract the electricity that comes 
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from the sun's surface of just 101,171 m2 (10 hectares), we will have enough to meet 

the world's existing energy demand (William & Michael, 2001). The energy is clean, 

inexhaustible and pollution-free. Like most other nations, Nigeria is blessed with 

massive quantities of sunshine during the year with an average 490 W / m2 / day sun 

power (Adejumobi et al., 2011).  

 

Horizontal Tilt 

The tilt angle from the sun is the angle from the horizon to the sun. Solar PV modules 

will produce the most energy when the sun is shining directly onto them. Ideally, for 

fixed PV modules, the best tilt angle is the same as the latitude of the site (Bergenius, 

1996).  

 

Solar systems 

Solar systems are largely categorised into two, the first is the one that converts solar 

energy to electricity and the second is the one that converts solar energy to heat. In 

this paper, attention shall be focused on the first type of solar energy system. 

 

Converting Sunlight into Electricity 

The light that enters a silicone solar cell causes the release of electrons and produces 

electricity. Solar power generating systems use this property to directly turn sunlight 

into electricity (Zhou, Yin & Michel, 2015). 

Solar panels (also known as 'solar modules') generate direct current (DC) that passes 

through a power inverter to become alternating current (AC) — energy that we can 

use at home or at the workplace, like that generated by a utility provider (Scott, 2005).  

There are two types of solar generation systems: grid-based systems attached to the 

commercial power infrastructure; and stand-alone systems providing energy to an 

array for immediate use, or to a storage battery (Zhou, Yin, & Michel, 2015). 

Grid-connected networks are used by residences, public buildings such as schools and 

hospitals, and industrial structures such as offices and shopping malls. Energy 

produced during the daytime can be automatically used, and in some situations surplus 

energy can be sold to the power provider. If the machine does not produce enough 

energy or generate zero (for example, on a cloudy or rainy day, or at night), energy 

will be collected by the public power company. Electricity production levels and 

surplus purchases can be verified in real time on a computer, an effective way to 

calculate everyday energy consumption (Sood & Abdelgawad, 2019). 
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In a variety of applications, stand-alone systems are used, including emergency power 

supply and remote power where traditional infrastructure is not available (Zhou, Yin, 

& Michel, 2015). 

 

Components of Solar Power System 

Aside from the obvious of time, tools and instructions, there are basically six main 

components that are needed for solar powered system. 

 

Solar panels:  

Solar panels are the most prominent component of a residential solar-electric system. 

The solar panels are installed outside the building, normally on the roof and turning 

sunlight into electricity (MEPCell.com). 

The photovoltaic effect is the method of turning sunlight into electricity. This process 

gives the solar panels their alternate name, PV panels (MEPCell.com). 

Solar panels have output ratings given in watts. This rating is the panel's maximum, 

under ideal conditions. The panel output ranges from 10 to 300 watts, with 100 watts 

being a common configuration (MEPCell.com) (Jäger, Isabella, Smets, Swaaij, & 

Zeman, 2014). 

 

Solar Array Mounting Racks:  

Solar panels are joined together into arrays and are commonly mounted in one of three 

ways: on roofs; on poles in free standing arrays; or directly on the ground 

(MEPCell.com). 

The free standing-pole fixed arrays can be set to height (MEPCell.com) to make 

maintenance simple. The benefit of easy maintenance must be weighed against the 

extra space needed for the arrays while ground systems are low and basic, but can not 

be used in places with daily traffic accumulations. Room is also a concern of such 

array mounts (MEPCell.com). 

They are either fixed, or tracked anywhere the arrays are installed. Set mounts are 

optimized for height and angle, and do not switch. Watching arrays shift with the Heat. 

The monitoring array travels with the sun from east to west and changes its angle to 

maintain optimal as the sun moves (MEPCell.com). 

 

Array DC Disconnect 

Using the Array DC disconnect, the solar arrays are disengaged from the home for 

maintenance (MEPCell.com). 
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Inverter:  

PVC and batteries produce direct current (DC) power, while most home appliances 

use alternating current (AC). An inverter converts the DC power produced by the solar 

panels and batteries to the AC power required by appliances. 

The power of the inverter is the ratio of power requirement in watts to the power factor 

(efficiency). 

Power of inverter =
power requirement

power factor
  

And most of the inverters have efficiency 60% or 70 % 

 

Battery Pack 

Solar power plants generate electricity at daytimes, when there is sun, at nights and 

cloudy days electricity are still demanded at home. Batteries are therefore used at 

nights and cloudy days to store electricity generated during the day by the solar system. 

Deep cycle battery is the type of battery recommended for use in solar PV systems. 

Deep cycle battery is specifically designed to be discharged for years to a low energy 

level and rapid recharging or cycle charging and discharging day by day. The battery 

should be large enough to store enough energy to operate the appliances in cloudy 

days and at night. To determine the battery size calculate as follows: (Campbell, 2014: 

  
 

Charge Controller:  

The power controller-also known as the power controller-mains the required charging 

voltage for system batteries. This is necessary because batteries can be overcharged, 

if fed continuous voltage. The charge controller regulates the voltage, preventing 

overcharging and allowing charging when required.  
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Usually the solar charge controller is measured against the Amperage and Voltage 

capacities. Note should be taken to ensure that there is enough room for the solar 

charge controller to accommodate the current from the PV array. 

For series charging controller type, controller size depends on the total PV input 

current being supplied to the controller and also depends on configuration of the PV 

panel (series or parallel configuration). 

The scale of the solar charge controller is to take the short circuit current (Isc) of the 

PV array and multiply it by 1.3 (SEIPA, 2012) according to normal practice. 

𝑆𝑜𝑙𝑎𝑟 𝑐ℎ𝑎𝑟𝑔𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑒𝑟 𝑟𝑎𝑡𝑖𝑛𝑔 =

 𝑇𝑜𝑡𝑎𝑙 𝑠ℎ𝑜𝑟𝑡 𝑐𝑖𝑟𝑐𝑢𝑖𝑡 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑜𝑓 𝑃𝑉 𝑎𝑟𝑟𝑎𝑦 × 1.3  

 

SOLAR RADIATION IN NASARAWA  

Solar radiation (H) readings for Nasarawa were obtained on hourly basis from January 

1st to December 31st 2013 using solarimeter. Measurement of sunshine duration 

(n) was also obtained for same period as mentioned above. Sunshine duration (n) 

is the sum of all the time period during the day when the direct solar radiation 

measured equal of above 120 W/m2 (Ejeh, 2008). In this study it means the total hours 

that the solar radiation is equal to or more than 120 W/m2. 

 

Table 1: Solar Radiation and Sunshine Duration in Nasarawa 

Month 𝑯𝒎 (W/m2) n     (hrs) 

January 311.5 9.61 

February 319.7 9.25 

March 281.2 9.81 

April 322.8 9.87 

May 284.4 9.45 

June 258.83 9.14 

July 212.7 6.71 

August 164.95 6.74 

September 182.5 6.97 

October 208.62 8.68 

November 236.83 9.87 

December 299.74 9.96 

Total 3083.77 2740.3 

Mean 239.14 8.84 
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Load analyses 

Electrical power is supplied from the batteries (DC) or via a 240 volt AC inverter. 

Usage of electrical energy is typically expressed in watt-hours (Wh) or kilowatt-hours 

(kWh). 

Multiply the strength of the appliance by the amount of hours a day it will work to 

calculate the actual energy consumption by an appliance. The effect is the energy (Wh) 

the that appliance absorbs per day. Appliances can be either DC or AC. For each form 

of appliance an energy assessment should be conducted systematically (SEIPA, 2012). 

So many solar powered systems failed not because of quality of the systems or their 

installation, but most often they fail due to poor energy consumption assessment. So a 

prototype of a solar panel may only design a device to satisfy the demand of electricity 

and energy. 

 

Table 2: A typical daily energy usage for an average family in a two-

bedroom flat is as shown in table below 

S/N Appliance No. Power (W) Usage time 

(hrs) 

Daily energy usage 

(Wh) 

1 Bulb 7 15 8 840 

2 Fan 4 70 10 2800 

3 Phone charger 2 10 3 60 

4 Radio 1 40 2 80 

5 TV 1 58 6 348 

6 Decoder 1 50 6 300 

7 Laptop 1 50 4 200 

8 Blender 1 350 0.25 87.5 

9 Freezer 1 10 12 120  
4835.5 Wh 

 

Solar Energy Output 

The amount of energy output from a solar panel depend on the following factors: -  

▪ Orientation and tilt of your installation (which will be optimised by your 

installer) 

▪ Whether there are shadows cast over your cells (due to trees, buildings etc) 

▪ The number of daylight hours (governed by where you live) 

▪ The intensity of the sunlight (governed by where you live) 

▪ The number of hours of full sun vs cloudy days (governed by where you live) 

 

http://www.solarchoice.net.au/blog/solar-panel-tilt-and-orientation-in-australia.html
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Table 3: Product Characteristics of DSP-285M-310M solar panel 

Quantity Details 

Model No. DSP-285M 

Maximum Power (Pmax) 285 Wp 

Voltage at Maximum Power (Vmpp) 36 V 

Current at Maximum Power (Impp) 7.91 A 

Open Circuit Voltage (Voc) 45 V 

Short Circuit Current (Isc) 8.21 A 

Power Tolerance (Positive) 5% 

Panel Dimension (H/W/D) 1946 x 982 x 45 mm 

Weight 25 kg 

Cell Type Monocrystalline 

Cell Size 156×156 mm 

Cell Number 72 

(https://www.enfsolar.com/pv/panel-datasheet/Monocrystalline/28805) 

 

Solar panel power output Using number of sunshine hours  

Using the panel above of 285 Wp rated panel, if you multiply the 285 watts each panel 

produces by the number of hours of full sun you get in a day, you’ll get the amount of 

kwh that panel produces per day (Zientara, 2017). 

 

Using the minimum sunshine hours of August which is 6.74 hours per day,  

Quantity calculations 

1 Solar panel output 285 × 6.74 = 1.92 𝐾𝑊ℎ  

4 Solar panels output 4 × 1.92 = 7.68 𝐾𝑊ℎ  

At 80% panel Efficiency 7.68 × 0.8 = 6.144 𝐾𝑊ℎ  

Hence, daily power needed for this household is 6.144 𝐾𝑊ℎ 

From the above estimates, 6.144 KWh reflects an optimal setting, and many factors 

are affecting how much of that capacity becomes available. The loss of energy from 

wire, DC-to - AC inversion, hot, cold, damp, e.t.c. will influence how the panels 

perform, because if 20 percent of the power output is believed to be lost, the power 

generated is 4,915 KWh. 

 

CONCLUSION 

The amount of energy usage in a typical house in Nasarawa was 4. 836 KWh in a day. 

Although this does not include electric water heater, washing machine and ironing 

appliances.  

https://www.enfsolar.com/pv/panel-datasheet/Monocrystalline/28805
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In Nasarawa, the amount of electric energy generated from four solar panel was 

calculated to be 6.144 𝐾𝑊ℎ. Tis result is computed based on 6.74 hours of daily 

sunshine whish was recorded in the month of August. Worthy of mention here is that 

august is about the peak of wet season in Nasarawa. 

This results shows that it is possible for a household to solely depend on solar energy 

for its daily energy consumptions. Although, the installation cost of solar system could 

be high, but after long usage the money saved makes it very much cheaper. 

 

RECOMMENDATIONS 

There is serious need for Nigerians to inculcate the habit of taking note of power rating 

of an electrical appliance before purchase. This will go a long way to monitor owner 

consumption in a home 

Energy savings electrical appliances should be sought for to reduce daily energy 

consumption. 

Light bulbs or any electrical appliance not in use should be switched off when not 

needed. 
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