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INTRODUCTION 
he gradual rise in the need of renewable energy in 

running day to day activities of humans made it 

necessary for professionals in the field of 

renewable energy and other related fields to find ways of 

harnessing and making maximum use of these energy 

sources as it is becoming more challenging day by day for 

especially the developing countries around the world. The 

increasing demand for energy has brought about ways in 

which renewable energy finds its numerous applications 

from small scale application in homes to large scale 

application in industries. Other areas include agriculture, 

economy, infrastructure, ICT and so on. 
Street lighting is one of the important parts of a city’s 

infrastructure where the main function is to illuminate the 

city’s streets during dark hours of the day. Previously, the 

number of streets in the town and city is very small. 

Therefore, the street lamps are relatively simple but with 
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the development of urbanization, the number of streets increases rapidly with 

high traffic density due to population (Husin et al., 2012).  

There are several factors to consider in order to design a good street lighting 

system. These are night-time safety for community members and road users, 

provide public lighting at cost effective, the reduction of crime and minimizing its 

effect on the environment. At the beginning, street lamps were controlled by 

manual control where a control switch is set in each of the street lamps. It is called 

first generation of the original street light. After that, another method that has 

been used was optical- control method. This method is using high pressure sodium 

lamp in their system. It can be seen that this method is widely used in the country 

nowadays. This method operates by setting up an optical control circuit, change 

the resistance by the use of light sensitive device to control street lamps which 

light up automatically at dusk and turn off automatically after dawn in the 

morning. Due to the technological development nowadays, road lighting can be 

categorized according to the installation area, performance and their used, for an 

example, lighting for traffic routes, lighting for subsidiary roads and lighting for 

urban center and public amenity areas. While, the wireless sensor network (WSN) 

single unit. This technology is now giving room for little design and more 

installations. In this system, design, construction and installation was achieved 

with the use of the solar lighting system that comes in the form of a module. The 

design involves the civil work, mechanical work and as well as the electrical work. 

The height of the support used was 11ft having a diameter of 4inch and a base 

dimension of 1ft2. The size of the space meant for the installation is 300m2, where 

4 street lighting systems were installed, each located at an angle of the space. The 

depth of the hole dug was 1.8ft. The system comes with a proximity sensor that 

senses the presence of humans and a light detector that senses the strength of 

light intensity, thereby switching ON and OFF depending on the light intensity. 

Observations after the installation showed that the system gives full light in the 

presence of human interference within a distance range of about 7m and then 

returns to dim in 20seconds without movement of people within the 7m. The 

system performed effectively as expected. 
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helps in improving the network sensing for street lighting (Husin et al., 2012). 

Meanwhile, street lighting technology can be classified according to the type of 

lamps used such as incandescent light, mercury vapor light, metal halide light, high 

pressure sodium light, low pressure sodium light, fluorescent light, compact 

fluorescent light, induction light and LED light (Husin R. et al., 2012). 

Traditional street lighting has been around for a very long time. The raised source 

of light on the edge of a road or path is used to help people see at night. Traditional 

street lights are connected to the electrical power grid and there will be a monthly 

bill for the electricity that the street lights use. Recent incorporation of LED light 

bulbs has improved energy efficiency and many cities have switched to LED street 

bulbs to save on operational costs (Allery et al., 2018). 

Solar street lighting, unlike traditional street lighting, has not been around for 

many years. 

These street lights are not connected to the electrical power grid: the solar light 

will produce its own energy from the sun (photovoltaic panel) and store the 

energy in a battery until the light turns on once it is dark enough. There are a few 

different ways that solar lighting can be used off grid. One way the solar can be 

connected through a micro grid which essentially a mini power grid used 

specifically for the lights; another way is that each street light can be a stand-alone 

system (Allery et al., 2018). 

In today’s world, street lighting systems come in an embedded form containing 

most of the accessories that are needed to make the system function properly. 

The accessories are the battery, charge controller, solar panel, LEDs which comes 

in a module form. This new technology makes it easier for the installation. 

 

REVIEW OF RELATED WORKS 

Husin et al. (2012) designed energy efficient based controller for controlling the 

Light Emitting Diode (LED) based street lamp via appropriate lighting levels 

control. This system consists of a microcontroller, light sensor, rain sensor, laser 

sensor and a set of the light emitting diode (LED) module. While, the controlling 

and managing of the system is based on the number of traffic and five different 

level of street light brightness has been used for lighting up the street and 

proportional to the number of traffic. The system was programmed to 

automatically turn off during the hours of daylight and only operate during the 

night and heavy raining or bad weather. Several numbers of tests have been 
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conducted to test and validate the proposed prototype in the different 

environment. As conclusion, around 77%-81% reduction in power consumption can 

be achieved through this proposed automatic street lighting system for energy 

efficiency system design. 

Abhishek and Srikanth (2015) designed a smart street lighting system which uses 

LEDs and multiple sensors interconnected with ZigBee protocol that helps in 

designing energy efficient method for controlling the street lights from a remote 

location; the information is transmitted point-to-point via ZigBee based 

transmitters and receivers which are controlled by a centralized server. It enables 

checking in case of system failure. This model is also equipped with unique 

functions like sensing frequency of persons passing by and with sensing devices 

like gas sensors and LDR. The main purpose of this project is to design a smart and 

efficient street lighting system that results in maximum energy savings by 

employing new technology.  

Long et al. (2009) designed an alternative solution based on a novel 9LEDM (9-

LED module) and adaptive driver. The design of the 9LEDM is derived from the 

thermal, photometric, power electronics techniques to meet the application of 

street lighting. The 9LEDM performances with a price less than 1$/Watt (W) and 

luminous flux higher than 110 Lumens (Lm)/W compared with traditional ones. 

Furthermore, several restrictions of driving the solid-state lighting loads are 

overcome by an adaptive street lighting driver with an AC/DC converter of a quasi-

resonant operation flyback topology and with Soft Startup, Full ON, Half ON 

functions by sensing the ambient light and working temperature. Finally, a high 

performance/cost 50 W pole head as a design example is conducted to illustrate 

the complete design process, and the results from the demonstration projection 

with two pole heads of 50 W for a 12 m pole show a luminous intensity range from 

38 to 19 lux with a heat sink temperature of 588Cand an energy saving more by 

72% compared with conventional street lighting after three months of running. 

Kadirova and Kajtsanov (2017) worked on a real time street lighting control 

system. The developed electronic system eliminates the disadvantages of the 

existing systems by taking date and time from the GPS, as it also gives information 

about the position of the system. Based on the results the microcontroller 

calculates and automatically detects geographical area and retrieve relevant data 

for sunrise and sunset in the area, respectively ensures very precise ON/OFF mode 

of the lighting system. It doesn’t need operator maintenance and initial 
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installation setup. The developed electronic device increases bulb life in result of 

the dimming effect. On the other hand, this decrease of the illumination leads to 

reduce in the energy consumption. 

Cho et al. (2019) worked on a smart security lighting system, which was namely 
the Connected Security Lighting System (CSLS), has been designed to reduce the 
pedestrians’ fear of crime in smart cities. The CSLS increases the brightness of 
security lighting by turning on additional lights to relax pedestrians’ psychological 
fear of crime because of the increased sense of surveillance. Such a change may 
also deter potential offenders. The CSLS employs various sensors and information 
communication technologies that are widely used in interior and outdoor smart 
lighting applications. It also uses a beacon device and smartphone application to 
effectively detect pedestrians while infrared sensors in the CSLS are activated to 
detect any pedestrians approaching from the opposite direction after the beacon 
device is initiated. The method for controlling the CSLS is described and a 
prototype system is presented to demonstrate the feasibility of this security 
lighting system in smart cities. 
 
METHODOLOGY 
The methodology is composed of the location of the system, design, block 
diagram, design architecture, installation procedure and maintenance of the 
system. 
 
Location 
The location of the street lighting system is cited within latitude 10.2578795 and 
longitude 9.7669242 as shown in figure 1 below 

 
Figure 1: Showing the location of the system (Google Map (2022)) 
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System Block Diagram  

The block diagram of the system is composed of the Sun (Solar Radiation), the 

solar panel, charge controller, the battery, the load (LED) and a motion sensor. 

The Sun supplies the radiation to the Solar panel which provides the supply 

voltage in the form of electrical energy. The battery stores the energy received 

with the aid of a charge controller which regulates the flow of charges to the 

battery. The battery supplies this energy to the LEDs thereby powering the LEDs. 

The motion sensor is used to reduce energy consumption. It reduces the flow of 

current to the LEDs when it senses the absence of a moving object be it human, 

vehicle or animal, thereby glowing the LEDs in a dimmer state. As the system 

senses the presence of an object, it allows full current flow to the LEDs, thereby 

glowing the LEDs in a full state. The system also detects the presence of light with 

the aid of a light sensor, thereby controlling the ON and OFF states in the evening 

and Dawn times of the day, respectively. 

 
Figure 2: System Block Diagram (Author’s Work) 
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Design 

The design involves the surveying of the location, determination of the number of 

points of lights, Civil work and the Mechanical design of the system, which only 

require the design of the pole to mount the street lighting system module.  

The surveying work involves citing a location that requires illumination, availability 

of sunlight and the location should be free from obstacles that will obstruct the 

sun rays from striking the solar panel.  

The Civil work has to do with digging of the required size of hole that will be 

needed for erecting the support pole. It also involves mixing of coarse sand, stone, 

water and gravel to form the concrete that will be used as the concrete base as 

well as positioning of the nuts. 

The mechanical work involves cutting the pipes to the required size, welding the 

pipes and the metal base as well as drilling of the holes that will fit the bolts and 

nuts on the concrete base. 

The specification of the system is shown in table 1 below. 

 

Table 1: Dimension of the System 

MECHANICAL WORK 

Pole 

Parameters Dimension 

Height 11ft 

Angular Inclination 600 

Base dimension 1ftx1ft 

Diameter 4inc 

CIVIL WORK 

Size of Space 300m2 

Hole Dimension 1.3ft x 1.3ft 

Depth of Hole 1.8ft 

Source: (Author’s Work) 
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Design Architecture of the Solar Street Lighting System 

 
Figure 2: Design of the Solar Street Lighting System (Author’s Work) 

 

Installation Procedure 

For a good installation, assessment of the site to be used for the system must be 

made in order to ascertain the suitability of the site for the street lighting system. 

Some important factors to consider include the availability of solar radiation 

within the area, absence of any form of obstruction to the sun and good 

topography.  

The various stages involved in the installation of the solar street lighting system is 

as shown below. 

i. Ensure that all the materials and accessories needed for the construction 

and installation are in place.  

ii. Prepare the points to dig and dig a hole (about 1.5ft depending on the 

height of the pole) where the casting for the pole will be done. Ensure that 

the position is suitable for positioning of the pole and the angle needed for 

the solar panel to face the right direction.  

iii. Cast the base of the pole inside the hole dug with the use of concrete and 

ensure to position the bolts properly. 
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iv. Assemble the solar panel to the battery through the controller and the LED 

lights on the pole while the pole is lying on the ground. It is advised to fix 

the solar panel and the LED lights while the pole is on the ground before 

erecting it to a vertical position. Ensure that the charge controller and the 

battery are protected from unauthorized persons. 

v. Test the system to ensure it is working before erecting it to a vertical 

position. 

vi. Erect the pole to a vertical position and tighten the nuts and bolts of the 

base to the metal plate welded to the base of the pole. 

vii. Care should be taken while handling the solar panel and LED lights to avoid 

damage. 

 

Maintenance Procedure  

Photovoltaic systems generally have very less maintenance work to be done. The 

major maintenance work involves checking the health of the batteries and any 

malfunction that may have occurred due to extreme weather conditions, power 

electronic device failure or failure in the load itself. The battery health must be 

checked by checking battery water level and also carbon formation at the 

terminals at regular intervals in order to keep the battery performance at its best 

(Mohapatra, 2017). 
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Figure 4: Concrete Base (Author’s Work) Figure 3: Installed Street lighting System 

(Author’s Work) 

 

RESULT AND DISCUSSION 

The behaviour of the street lighting system after the installation was observed for 

8 days in order to ascertain the functionality of the system. 

The system takes about 20seconds to stay on full light after someone moved 

towards it. When the system is dim light and someone moves towards the system 

within 7m, the system lights fully. It takes the system 20 seconds to go back to full 

light in the absence of a moving object or human. 

The switching ON and OFF times as observed for Day 1 is 6:37pm and 6:20am 

respectively. That of Day 2 was 6:39pm and 6:22am respectively. This result largely 

depends on the light intensity during morning and afternoon times of the day, 

which vary depending on the month of consideration during the year. 

The figure below shows the ON time of the first day when the installation is 

completed as at 6:37pm of 21st of March, 2022.  

 

 
Figure 5: Showing the result of the Installation. (Author’s Work) 
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CONCLUSION  

As can be seen, solar energy can be used alternatively for various applications, 

ranging small small-scale, medium-scale and large-scale applications covering so 

many aspects of human endeavour. 

The system was able to utilize the solar energy to provide lighting within the 

Department of Electrical and Electronic Engineering Technology, Federal 

Polytechnic Bauchi.  

The installation was not difficult as it requires identifying a suitable location, 

carrying out the civil work, mechanical work and finally assembling of the entire 

system. 
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