ANALYTICAL DESIGN AND CONSTRUCTION OF  AUTOMATIC SOLAR  STREET  LIGHT 
ABSTRACT

The broad objective of this study is  focused on analytical design and construction of  automatic solar  street  light In this project work, we are mostly concern about building a simple power streetlight which is automatically operated. There are four main components required to build a solar operated streetlight. The solar array, High efficiency D.C lamp section made by transistor, resistors, and the sensor LDR, changes controller which is made up of diode, resistors, LED, capacitor, and a battery of which the solar array is the most expensive. It is the solar array that produced a D.C voltage due to the energy received from the sun during the day , thereby making the battery to charge, as a result, keeping the streetlight into operation when it get dark. The basic circuitry on solar powered streetlight is the solar charge controller which essentially consists of an automatic battery charger, fed by the solar panel and a lighting controller, automated for dust to dawn operation. This street light jus designed to operate or trigger automatically at night.
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CHAPTER ONE
1.0
INTRODUCTION   
Since the discovery of electrical energy for illumination, it is evident that human interaction is required to operate the switch, either off when not in use or ONM when needed. Because of this reason, as well as a lack of electricity supply, there has been a pressing need to develop a highly efficient and effective method of generating electricity for the purpose of illumination known as solar energy (Craig, 2016). According to Oke, Adigun, and Fenwa (2017), this entails the usage of a module known as a solar panel, which receives energy from the sun and converts it to electricity. The importance of light to all humans cannot be overstated; even when the world was formed, it was lighted with light, making it a living space. This implies that without light, the entire planet is in darkness, and as a result, living things, whether plants, animals, or humans, cannot survive. When it comes to illumination, it may come from two main sources: natural or electrical. The former originates from the Creator (God), while the latter is the consequence of humans properly using our natural resources. Because there is a need for illumination, electric energy generation is used to tackle the challenges that people have throughout the day, particularly at night when there is complete darkness everywhere.
Basically, this project focused on the design and construction of a solar operated automatic streetlight. This is a commercial quality light that can easily illuminate the streets and other areas of choice giving the potential of many years of trustworthy use with a minimum of maintenance required. 

The four major components needed to build construct a solar powered streetlight are: The solar panel, high efficiency d.c. Temperature, charge controller and a battery. The solar panel has its major task to convert the sun’s energy into electricity, precisely D.C voltage. The basic circuitry on solar powered streetlights consists essentially of a automatic battery charger, fed by the solar panel and a lighting controller automated for dusk to down operation. The charge controller projects the battery from over-charging, maximizes the charging voltage and current output of the solar panel.

To achieve the automatic operation of the streetlight, a photocell or a time, which senses the period of darkness and lightness, is used to trigger. The type of battery employed here is a maintenance free one, which is capable of supplying few days of back up power in case of bad weather or charger failure. Also the lamp used in this project work is a D.C operated lamp.

1.1
BACKGROUND OF THE STUDY
This project is carried out so as to provide an alternative means of generating electricity through sunlight for lighting purpose. Also, the effective utilization of natural resources (sunlight) is ensured by the design of this project. The components required in carrying out this project which are solar panel, battery charge controller, which contains the resistors, capacitors, led and diode, bulb are efficient enough to yield the desired result without the use of power converter. Therefore, the use of Direct Current (D.C) operated lamp are employed, specifically, LEDs (Light Emitting Diodes).

1.2
AIMS AND OBJECTIVES
The aims and objectives of this project are:

To power up a street lighting system through solar energy.

To protect the solar battery from quick deterioration as a result of continuous day and night working.

To control a solar powered streetlight automatically.

To utilize the naturally endowed resource (sun).

1.3
SCOPE OF THE STUDY
This project design is centered on solar energy as fast growing technology for street lighting with the use of a solar module. The automatic control process of the light can be achieved by a photocell. Or a LDR (Light Depending Resistor) which eliminates human intervention for manual switching or control/

1.4
SIGNIFICANCE OF THE STUDY
The significance of the design and construction of solar operated Automatic Street light cannot be overemphasized in the sense that it is financially viable particularly in areas where the cost of providing a main supply is prohibitive. It has the capability of illuminating large surface area of land due to high efficiency of the lamp used. Also, it does not require human intervention to control its operation and finally, power outages have no impact whatsoever on it.

1.5
METHODOLOGY
In the process of searching for information on this project, relevant textbooks, journals and related past project reports in the library were consulted. Also, several visits to relevant web sites on the Internet cannot be overloaded.

1.6
LIMITATION OF THE STUDY
Every project’s have its limitation. The major limitation of this project is that sunlight used to generate the electricity is not readily available especially at winter period.

As a result, the streetlight requires the need for a large battery to use in order to provide at least three days of stand by operation during cloudy weather without discharging the battery below its safe operating limit.

CHAPTER TWO
LITERATURE REVIEW
2.1
THEORETICAL BACKGROUND
Solar energy is the radiant heat and light from the sun that influences earth’s climate and weather and sustains life. Solar power is sometimes used as a synonym for solar energy or more specifically to refer to electricity generated from solar radiation.

Since ancient times, solar energy has been harnessed for human use through a range of technologies. Solar radiation, along with secondary solar resources such as wind and wave power, hydro-electricity and biomass account for most of the available flow of renewable energy on earth. Solar energy refer primarily to the use of solar radiation for practical ends. Hence, all other renewable energies, other than geothermal, derive their energy from energy received from the sun.


Solar technologies are broadly characterized as either passive or actives, depending on the way they capture, convert and distribute sunlight. Active solar techniques used photovoltaic panels, pumps and fans to convert sunlight into useful outputs. White passive solar techniques include selecting materials with favourable thermal properties designing spaces that naturally circulate air and referencing the position of a building to the sun.

2.2
SOLAR POWER FOR STREET LIGHTING
Solar power is ideal for providing energy for street lightning. This unit can be quickly installed and will provide many years of trouble-free service before any maintenance is necessary. Solar street lighting systems are designed to operate as one integrated system. This system includes the power generation, storage and management (solar panel battery and controller) as well as the light itself, support frame and weatherproof housing.


However, because of the road safety and security benefits, which result from a good street lighting system, authorities everywhere are keen to implement cost-effective and environmentally friendly lights. However, it must be stressed that although solar street lighting, in a well-designed network, can bring significant benefits, it is imperative that those lights which are chosen are completely appropriate for the specific environment and implementation.


It can be appreciated, therefore, that in order for solar street light technology to be efficient and cost effective, a thorough and meticulous assessment has to be carried out, paying the utmost regard to information’s concerning solar radiation, the amount of sunshine prevalent and general climatic conditions in the relevant areas. Also, this needs to be done hand-in-hand with a careful consideration of the exact requirement of the street lighting system.


In order words, the number of hours of illumination required on a daily basis and other important data has to be precisely determined in order to provide the system that will meet all those criteria. If these items are all properly assessed, then we are able to provide an efficient, reliable, economically sound, purpose-built solar street lighting network.

2.3
BENEFITS OF SOLAR STREET LIGHTING
There are some benefits, which we are able to derive from solar street lighting in comparison with their outdated equivalents.

The day to day running and maintenance costs are slashed.

There is a positive environment impact as opposed to a negative one.

The lack of wiring to be installed minimizes the disruption caused to, for example, road lusers during installation.

Power outages have no impact whatsoever on street lighting in the area.

Solar street lights can be easily erected in almost all locations.

2.4
COMPONENTS OF A SOLAR POWERED STREET LIGHTING SYSTEM
There are four main components required to build any solar operated light. These are: the solar array which is also known as solar panel, high efficiency D.C. lamp, charge controller and a battery. The solar array is the most expensive component required and it is available in different sizes and voltage ratings.

2.4.1
SOLAR PANEL
The solar panel is ultimately made up of what is called solar cells. These solar cells is also called solar energy converter and is basically a P-N junction device which converts solar energy into electrical energy. It essentially consists of a silicon P-N junction diode generally packaged in TO-type can with a glass window on top surface layer of P-material is made extremely thin so that incident light photons may easily reach the P-N junction.


When these photons collide with valence electrons, they impart them sufficient energy as to leave their parent atoms. In this way, free electrons and holes are generated on both sides of the junction and their flow constitutes the minority current. This current is directly proportional to the illumination (lumen/meter2 or mW/cm2) and also depends on the size of the surface area being illuminated by the sun. Consequently, power output of a solar cell depends on the level of sunlight illumination.


The main function of the solar panel is to convert the sun’s energy into electricity. Different sizes and power outputs are available. The main function and their flour constitute the minority current. This current is directly proportional to the illumination (lumen/meter2 or mW/cm2) and also depends on size of the surface area being illuminated by the sun.

Consequently, power output of a solar cell depends on the level of sunlight illumination. The main function of the panel is to convert the sun’s energy into electricity. Different sizes and power outputs are available. They have to be carefully chosen for the desired application and should be able to withhold and deliver in extreme weather conditions. The basic circuit on solar powered street-lights consists essentially of an automatic battery charges fed by the solar panel and a lighting controller automated for dusk to down operation. Automatic lighting can be triggered by a photocell or a timer. On some models, a special feature dims the light at a given time, thus allowing a longer operation time.
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              Fig. Solar Panel(Source: https://www.edfenergy.com)
The charge controller protects the battery from over-charging, maximizes the charging voltage and current output of the solar panel, and controls when the light operates. Electronic circuitry in the regulator measures battery voltage, which rices as the battery state of charge (SOC) increases. At some voltage (which is different for different types of batteries at different temperatures), the regulator will limit the charging of the battery.

Advanced features found in the most charge controllers are: Low voltage disconnects (LVD), Lighting controls, Adjustable settings for different battery type, auto-equalization, fusing temperature compensation and reverse popularity protection.

Some regulators charge using pulse width modulation (PWM) while others use simple ON/OFF schemes.

2.4.3
BATTERY

Maintenance-free batteries are generally used on solar street lights. In addition to providing energy for dusk to dawn operation, they must be able to supply few days of back up power in case of bad weather or charger failure.

[image: image10.emf] 

Circuit diagram   for   automatic timer control section  


 Rechargeable battery

 (Source: http://www.aliexpress.com/)
2.4.3
LAMPS
There are different types of lamp but the choice of lamps to be used in solar powered street lights is dictated by the kind of application we are after:

LEDs (Light Emitting Diodes).
This is also known as solid-state lighting (ssl). This is regarded as an optoelectronic device because it is a product of technology that combines optic with electronics. As the name indicates, it is a forward biased P.N junction which emits visible when energized. LEDs emit no light when reversed. In fact, operation LEDs in reverse direction will quickly destroy them.


In choose LED for a particular application, one or more of the following points have be considered wavelength of light emitted, input power required, output power, efficiency, turn-on and turn-off time, mounting arrangement, lighty intensity and brightness. Since LEDs operate at voltage levels from 1.5v to 3.3v,they are hghly compatible with solid state circuitry,


LED has a good colour rendition and a cluster of extra or ultra bright LEDs forms the lamp. It consumes a fraction of the energy of comparable lighting and have a very long life span. Solar LED street lights are an emerging and promising application for LED technology.

CF [Compact Fluorescent] lamps produce white light and are used in places where colour rendering is desired. This fixture is commonly used for grand level mounting to illuminate up towards a sign or wall area.

HID [High Intensity Discharge] lamps, mainly LPS and MH:

i  
 LPS [Low Pressure Sodium]. This type of lamp generates a monochromatic yellow-orange light and is used when colour rendering is not needed. They have a life span of up to 18,000hours.

ii
MH [Metal Halide]. These lamps produce a clean white light and are perfect for applications where colour rendering is essential. Both HID and CF religion a high voltage, specific current and frequency in order to function whereas LEDs are much more adaptable.
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Light Emitting Diodes   (source: http://www.en.wikipedia/LED.org)
2.5
MERIT OF SOLAR ENERGY
As the solar cells receives energy from the sun to produce electricity, they are regarded as the long lasting source of energy which can be used almost anywhere. They are particularly useful where there is no national grid and also where there are no people such as remote siste water pumping or in space.


Solar cells provide cost effective solutions to energy problems in places where there is no mains electricity. They are also totally silent and non-polluting. As they have no moving parts, they require little maintenance and have a long life time.

2.6
DEMERIT OF SOLAR ENERGY
The main disadvantage of solar energy is the initial cost. Most types of solar panel require large areas of land to achieve average efficiency. Air pollution and weather can also have a large effect on the efficiency of the cells (solar panel). Solar energy is currently thought to cost about twice as much as conventional sources.

2.7
CHOOSING THE RIGHT SIZE OF SOLAR REGULATOR
A solar regulator must be able to handle the maximum current that can be produced by the solar panel. Reflected sunlight and specific temperature conditions can increase the outputs current of a solar panel by as much 25% above its rated output current.

Therefore, the solar regulator must be sized to handle the increased current. For example an 80W 12V solar panel has a rated output current of 4.55Amps and a rated short circuit current of 4.8Amps.  

Since 25% of 4.8 i.e 25/100 x 4.8 = 1.20. 

Minimum solar regulator size for a 80W solar panel should be 4.8Amps x 1.20 = 5.76Amps. 

So 6Amp or 7.5Amps regulator will be suitable for he work.    

2.8
CHOOSING THE RIGHT SIZE OF BATTERY 
assuming w want to power a 13watt fluorescent fixture an average of 4 hours each right, we have. 

13watts x 4hours  = 4.33aamp hour/day 

      9volts 

since there will be an efficiency loss during both the battery charging and discharging process and additional efficiency losses for the florescent load last, charge controller and wiring at least 30% more must be added to the initial calculation. That is (4.33 amp hours) x 1.3 = 5.8amp-hour/day. 

Also a 12vlts 35amp hur battery will store about 420watts of power (12v x 35ah) = 420watts if the battery is completely discharged, it would take a 15watt panel about 35 hours of sunlight to fully changed. A 45watt system would do the job in about 12hours. If we know the voltage of the item (lamp) we are running, we can determine how long it will run after the sun goes down. 

2.9
CHOOSING THE RIGHT SIZE OF SOLAR PANEL
Like the battery the size of the solar panel also depend on the lamp voltage and daily operating hours. 

A solar panel having a 40watt name plate rating could generate 240watt hours (40waatt x 6hours) of power during a very sunny day. A 13watt florescent lamp would operate 18 hours on this energy that is 240watt/13watt hour assuming no efficiency losses. 

Further calculations involved in the selection of components used.  

As earlier mentioned, different size and wattage rating of solar panels are available. Listed below are the common ones used for street lighting.   

15 watt polycrystalline or amor plous solar panel 

20 watt polycrystalline solar panel 

25, 30, 40 up to 100watts are also available depending on ones requirement.    

All these have the following properties.   

Double laminated glass 

Durable extruded aluminum frame 

Enclosed with epoxy and high quality resin materials 

Weather resistant 

Since solar panels are classified according to their rated power output in watts, the type of solar used in the course of designing this project which is 25watts, is determined by the amount of sunlight intensity 1000w/meter at 250C. this output is expected to vary by 0.25% for every 50 variation in temperature because as the temperature increase, the output decreases. 

This 25watt solar panel having 50 x 50 x 2.5cm dimension is chosen due to the wattage of the lamp used and the number of operating hours. 

If this solar panel is subjected to 6 hours of sunlight, then it will generate 25watts x 6 hours = 150watts-hour. 

Therefore, on this energy, we are able to get 10 hours of operation per light using 15watt lamp. That is 150watt hour/15watt = 10hours of operation. 
The battery type employed is a deep cycle battery which is rated at 12v 10AH. This battery is designed to discharged over a long period of time and recharged hundreds or thousand of time.  
CHAPTER THREE

MATERIALS AND METHODS


It is very important to know the working principle behind every device or machine and the method used. 

Materials
 The materials used are listed below.  

light-emitting diodes (LEDS)

resistors

diodes

capacitor

Light depending resistor (LDR) 

Solar panel

Casing

Vero-board 

Wire 

Jumper wire

On / Off switch

Battery (9v sealed lead-acid batter

2.2
Tools Used In The Construction Of Solar Operated Automatic Street Light System
2.2.1 Pin Plier


Usually called “snipe nose” pliers, these are for bending component leads, holding of tiny components etc. Figure 2.1 shows an image ofPin Plier. If you put a strong rubber band across the handles the pliers make a convenient holder for parts such as switches which you solder the contacts.
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Fig 2.1: A pin plier   (source: http://www.aliexpress.com/pin-pliers.html)

2.2.2 A set screw-driver

This contains two set of screw drivers a star and a flat head screws which are used for dismounting and coupling of equipment. This is shown in Figure 2.2.


The flat head is also used for scraping away excess flux and dirt between tracks.
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Fig.2.2: A set screw-driver   (source: www.milwaukeetool.com/screwdrivers)

2.2.3
Vero Board


 The veroboard was used for holding components such as transformer, capacitors, resistors, transistors, relays, and diodes. They were held on the board through the use of soldering iron and solder as shown in Figure 2.3.

[image: image11.emf] 

Circuit diagram   for   automatic timer control section  


Fig. 2.3: A vero boards   (source: www.google.com/vero-board-circuits)

2.2.4
Soldering Iron


For electronic work the best type is one powered by main electricity (230 V in Nigeria). It should have a heatproof cable for safety. This is sown in Figure 2.4 below. The iron’s power rating used in this project work is 60W and it is fitted with a small bit of 2 to 3mm diameter. 
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Fig. 2.4: Soldering iron   (source: www.m.aliexpress.com/soldering+iron)
2.2.5
Soldering Iron Stand
 A soldering iron stand is one of the equipment used in holding the soldering iron in a safe place. The stand includes a sponge which can be dampened for cleaning the tip of the iron as shown in Figure 2.5 below.
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Fig. 2.5: Soldering iron Stand

 (source:www.seeedstudio.com/solderingironstand.html)
2.2.6
De-soldering Pump (Solder Sucker)


This a tool for removing solder when de-soldering a joint to correct a mistake or replace a component. See Figure 2.6.
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Fig 2.6: De-soldering pump

(source: www.banzaimusic.com/desoldering-pump.html)

2.2.7
Solder Reel or Solder

[image: image12.emf] 

Circuit diagram   for   automatic timer control section  

This is used for holding two or more component terminal together with the help of soldering iron. See figure 2.7. The best size for electronics is 225wg (5wg- standard wire gage)

Fig 2.7: A solder reel or solder   (source: www.maplin.co.uk/solder-reel)

2.2.8
Side Cutters


For trimming component leads close to the circuit board and also use in cutting wires e.t.c. See figure 2.8 below.
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Fig. 2.8: A side cutter (source: www.toolstop.co.uk/side-cutter)

2.2.9
Multimeter

[image: image13.emf] 

Circuit diagram   for   automatic timer control section  

A multimeter or a multitester, also known as a VOM (Volt-Ohm meter or Volt-Ohm-milliammeter), is an electronic measuring instrument that combines several measurement functions in one unit. A typical multimeter would include basic features such as the ability to measure voltage, current, and resistance Analog multimeters use a micro ammeter whose pointer moves over a scale calibrated for all the different measurements that can be made. Digital multimeters (DMM, DVOM) display the measured value in numerals, and may also display a bar of a length proportional to the quantity being measured, as shown in figure 2.9 below. Digital multimeters are now far more common but analog multimeters are still preferable in some cases, for example when monitoring a rapidly varying value.
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Circuit diagram   for   automatic timer control section  


Fig. 2.9:   (a) Analog Multimeter

(b) Digital Multimeter

(source: www.thomasnet.com/multimerter) 

Jumper Wires
A jumper wire is a conducting wire used to transfer electrical signals between two points in a circuit. The wires can either be used to modify circuits or to diagnose problems within a circuit.


Jumper wires typically vary in color and size depending on what they are being used for. In breadboards, jump wires are used to establish connections between the central micro controller and other devices such as buttons and sensors.

[image: image15.jpg]


If possible, the jumper wire should always be placed on the component side of a circuit board during assembly. The wires should also be routed in an X-Y manner, avoiding any bends. Jump wires should never be raised more than 1/8 of an inch above the surface of the circuit board.

 Jumper Wires

(Source: www.google.com.ng/jumper wires)

Capacitors

Capacitors are components that are used to store an electrical charge and are used in timer circuits. A capacitor may be used with a resistor to produce a timer. Sometimes capacitors are used to smooth a current in a circuit as they can prevent false triggering of other components such as relays.
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Capacitors images 



      Capacitors Symbols

(Source: www.multidict.net/capacitors)

Resistors

A resistor is a passive two-terminal electrical component that implements electrical resistance as a circuit element. Resistors may be used to reduce current flow, and, at the same time, may act to lower voltage levels within circuits. In electronic circuits, resistors are used to limit current flow, to adjust signal levels, bias active elements, and terminate transmission lines among other uses. High-power resistors, that can dissipate many watts of electrical power as heat, may be used as part of motor controls, in power distribution systems, or as test loads for generators. Fixed resistors have resistances that only change slightly with temperature, time or operating voltage. Variable resistors can be used to adjust circuit elements (such as a volume control or a lamp dimmer), or as sensing devices for heat, light, humidity, force, or chemical activity.
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Resistor images 




       Resistor Symbols

(Source: www.temcoindustrial.com/product-guides/capacitors/bleed-down-resistors.html)

Light Dependent Resistor (LDR)
It stands for Light Dependent Resistor or Photoresistor, which is a passive electronic component, basically a resistor which has a resistance that varies depending of the light intensity. A photoresistor is made of a high resistance semiconductor that absorbs photons and based on the quantity and frequency of the absorbed photons the semiconductor material give bound electrons enough energy to jump into the conduction band. The resulting free electrons conduct electricity resulting in lowering resistance of the photoresistor. The number of electrons is dependent of the photons frequency.
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LDR Images


                             LDR Symbols

(Source: www.electroschematics.com/6355/ldr-light-dependent-resistor-photoresistor/)

CHAPTER FOUR

CONSTRUCTION

3.1 ANALYSIS 
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Some of the items used for the construction were bought from different manufacturers. For instance the solar panel, the Lead-acid battery and the lamp casing were bought alongside other materials. The circuit contains two main sections i.e. the charge control section and the automatic timer control section for the lamps (LEDs). The construction followed several steps but first of all let start with the charge control section by connecting all the components together as shown in the circuit bellow.
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Step1. Choose a line at the upper side in the connected vero-board and take it to be a positive (+) line, and choose another line in the lower side of the board and take it to be a negative in other word common line. 

Step2. Make all the connections that have to be made in between the positive and the negative line choose in step 1 above.

Step3. Now connect one of the terminal of the resistor R3 to the positive and the other to the cathode of the LED which help in limiting the current for the LED to glow normal without been damaged. Connect the anode of the LED to negative.

Step4. The diode D1 connected in series along the positive line is used to protect the reverse flow of current from the battery to the LED and the solar panel which course battery drainage when the sunlight goes down in the evening.

Step5. The capacitor C1 connected across the positive and the negative is a smoothing capacitor for good charging of the battery.

Step6. Now connect the battery the positive and negative to their right position.

Now we have succeeded wiring up the charge controlling unit or section by following the above steps. Next is the automatic timer control section for the lamps i.e. the lighting system which plays the measure rule in this project because this is section contains the automatic ON and OFF, the sensitivity, and the lighting system.

Wiring of the Automatic Timer Control Section for the Lamps

This is conducted by applying the method used in step1 above, the charge controlling unit. Now let us wire up this section by following the step by step procedure used above, because this make the more easier to understand. Bellow is the circuit diagram for automatic timer control section for the lamps (LEDs).
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Step1. Let start by connecting the variable resistor VR1 50k in series with the light dependant resistor (LDR) and also in series with the base of the transistor Q1. It plays a vital rule in the above circuit as a sensitivity controller, it can be use to control the amount light ray felling on the LDR by rotating it to either right or left.

Step2 Connect one of the terminals of the LDR to the positive and the order in series with the base of Q1 and VR1, connect a 1k resistor in parallel with the LDR.
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Step3. Ground the emitter of the transistor Q1 and the collector to one of the terminals of the resistor connected in parallel with the LDR. The collector is connected to the base of Q2 through a 1k resistor; ground the emitter of Q2 and connect the collector to the anodes of the LEDs. Finally connect all the cathodes of the LEDs to the positive and connect the wired up circuit to the charge control section but before applying voltage on the circuit make sure, review your work properly to avoid short circuit and unnecessary damages of components. See figure bellow for the complete circuit diagram of the automatic street light control system. 
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Working Principle of Solar Street Light System 

This is how the street light works, doing the day when the sun is out the LDR keep the system off due to its low resistance to light, it prevent the current to flow through it, keeping the transistor Q1 unbiased  doing the day period, when night fells the LDR conduct very high an current begin to flow through, at that process Q1 begin to conduct and became active,  passing current from its collector through R4 to the base of Q2 activating Q2, when Q2 is activated it transfer negative voltage to the LEDS through its collector which allow the LEDS to glow an night.

The cathodes of the LEDS are connected in parallel to each other and they have their positive supply direct from the battery, this allows them to turn on whenever Q2 conduct and supply their anodes with negative voltage. The sensitivity of the LDR can be controlled by adjusting the variable resister VR1. It helps one to know the amount of darkness needed to turn on the light at night. 

4.0
RESULTS AND DISCUSSION
The charge controller which is the basic circuitry on this solar powered streetlight regulates the flow of electricity from the solar module to the batter. When the battery is low, the charge controller transfers voltage from the solar to the battery.


It is observed that when the battery reaches a state of full charge, the charge controller stops or redirects the supply to prevent overcharging.


This charge controller has the ability to hold the battery in “float” state of charge if the battery is not in use. At night, the charge controller prevents a reverse flow of current from the battery to the module.

Although, there are three basic types of charge controllers, but the most up-to-date type used in this project is the pulse width modulated because it maintains the battery in a float state of charge. “Float” is the voltage level just below gassing voltage.

4.1
Testing

To test the workability of the constructed street lamp, first place the solar street light in the sun and test the incoming voltage with the use of the multimeter. The required voltage is 5v and a maximum of 8v from the solar panel. If the required voltage read correctly on multimeter, connect the solar to the circuit. When you have done that place the constructed light in the sun and you will see that the red LED will turn indicating that the battery is charging. After that take light back to a dark room and adjust the variable resistor for the amount of darkness need to activate the system, in the process of adjusting VR1 the LDR will detect the amount of darkness in the room and  turn on LEDs or lamp. Now take the system back to a brighter place, you will see that the LEDs will switch off immediately as you step into brightness which means that the system is working correctly and is ready to be packaged.

PROBLEMS ENCOUNTERED AND SOLUTIONS
The major problem encountered during this project work is frequent inadequacy of the solar energy (sun) required by the solar panel to generate the required output.

Hence, the street light is provided with a battery that can deliver one and half days of stand by operation during cloudy weather.


Another problem is the financial constraint. As we all know that solar electricity is still in its infancy when compared to fossil fuel-based electricity and other conventional of electricity generation. That is why it is still expensive. 

Therefore, I was able to succeed in carrying out this project as a result of dedication especially through finance by the help of my parents. Also, their moral and academic contributions cannot be left out.

COST ANALYSIS
The cost of the components used including their quantity and paid description is given in the table below.

BILL OF MATERIALS
	S/N
	COMPONENTS
	QUANTITY
	PRICE (#)

	1
	Solar panel
	1
	3500

	2
	Diodes
	5
	100

	3
	Battery
	1
	1700

	4
	LED boards
	1
	150

	5
	LED
	25
	4,000

	6
	Resistors
	5
	100

	7
	LDR
	2
	300

	8
	Transistors
	5
	100

	9
	Capacitors
	2
	100

	10
	Steel frame
	
	1500

	11
	Miscellaneous
	
	4,000

	
	
	TOTAL PRICE
	15,550


CHAPTER FIVE
CONCLUSION AND RECOMMENDATION
CONCLUSION
Solar street lights require little or no maintenance, as most solar lights have detectors that can differentiate between light and dark. That means, no labour is required to turn them ON and OFF.

The light switches ON at dusk and turn OFF at dawn. Of course, the photovoltaic cells on each unit collect sun’s energy as long as there is any light at all. The basic rule is that, there is visibility.

In a nutshell, solar powered street light is a very good example of what can be done with a solar energy. A growing number of solar street lighting projects are running in Africa, Asia and the Middle East. This concept is straight forward and more countries are migrating into it, being a cost-effective, cost saving and reliable invention.

RECOMMENDATION
For estimation purposes, it is recommended using a 30-watt solar array and 40 amp-hour capacity batteries to power a 10-watt lamp, 8 hour per night. Also, one can use a 40-watt solar array and 50 amp-hour batteries to power a 13-watt lighting load; you will need an 80 amp-hour or larger battery and at least two 50-watt solar panels.


These values will provide at least. Three days of stand-by operation during cloudy weather without discharging the battery below its safe operating limit. Remember, repeated discharging of any battery below a 50% discharge level will significantly reduce battery life.


It is also strongly recommended to buy a good quality gell-cell battery designed for daily deep discharge cycling. In addition, since the endorser must be vented for safety in case of battery out-gassing the battery life will be reduced due to the high and low outdoor temperature it will experience.


Finally, Nigeria is worth of the equator; hence, the solar panel should be oriented south or at worst, southwest to maximize performance. And to prevent shade on the solar panel, the trees and bushes must be trimmed and wash panels as needed to keep off dust, dirties and birds.
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Circuit diagram for the charge control section
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Circuit diagram for automatic timer control section
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The complete circuit diagram for the automatic solar street lamp. 
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