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Abstract

In this paper, performance enhancement of solatoPWoltaic (PV) panels has been experimented iniljz
diffused reflectors and solar-tracker in other édetimine the one with higher power output. An ifgeht solar
tracker and diffused reflector augmented system® wesigned, developed and installed to compar@dher
output that can be generated from each of them veteemding alone; and which system will achieve &igh
power output so as to reduce the number of PV pareguired at any given time especially when costiinajor
factor. For this comparative study, experimentaldiegs were simultaneously taken from the paneh win
tracker and the panel with diffuse reflectors adidrat 23.8 with the horizontal. Experimental results indicate
appreciable increase in the overall power outpuhefsolar panels. It is discovered that the paytput of the
panel with reflectors was higher from about 11 @h2tpm, while the panel with tracking was higterother
times. The average power output of the system ftayais about the same. Looking at the cost ofi¢ation and
the complexity of the tracking system, the reflecgstem is the better option.
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1. Introduction

Fossil fuel is causing our world a lot of havodénms of environmental pollution and degradatiomsd fuels
are non renewable energy sources. Renewable epemieces are intermittent, low density and thiéaintost
of equipment needed is usually high. In other &tify the shift from fossil fuel energy sourcesremewable
energy sources, the performance of the renewalelgygrcollector has to be improved upon. The maine® of
renewable energy on earth is the sun and one ti@veble ways to harvest the energy of the surr@th the
solar PV panels. PV panels are arranged in theaadnconnected together in other to generate algygtriThe
electricity generated depends on the sun inteasitlits the angle of incidence of the panels. \WWéftectors, the
collecting area is increased, while with the satacker, the angle of incidence of the Sun on tWepRnel is
reduced, thereby increasing the power output foh gaarticular system. Several works has been doribis
area. Rizk and Nagrial (2000) showed that implemgndiifferent types of reflectors in solar energgtems,
will dramatically improve energy production by measf concentrating and intensifying more sunlightooa
solar cell. Rizwan et al. (2009), experimented genfince enhancement of solar panels using diffeeféettors
and sun tracking. Their results showed that theneoi need for sun tracking if diffused reflectors mstalled
with the panel. Antara et al. (2010) utilized vasatypes of reflectors at a designed angle whicheased the
output power of each individual panel in differemtather conditions. They concluded that by impletingn
reflector with the panel, the power output of aasqganel can be increased, and the aluminum firgactor
improved solar cell output than the other reflestosed. McFee (1975) was among the first peopt®nstruct
automatic solar tracking systems, in which an allgor was developed to compute the total power veckand
flux density distribution in a central receiver @opower system. Semma and Imamru (1980) used plesim
microprocessor to adaptively adjust the positiohthe solar collectors in a photovoltaic concemtratuch that
they pointed toward the sun at all times. Kalogi(896) proposed a one-axis tracking system whagttains
three light-dependent resistors (LDRs). Gadewad{#®97) made solar tracking system using a micregssor
that controls the tracking system which involvestapper motor. Microprocessor was used to contrel t
tracking system by interfacing with others compdaeKhalifa and Al-Mutawalli (1998) developed a tamis
sun tracking system to enhance the thermal perfaceaf a compound parabolic concentrator. The systas
designed to track the sun’s position every threéotw minutes in the horizontal plane and everyr faufive
minutes in the vertical plane. Yousef (1999) depebba sun tracking system in which the nonlineaadyics of
the tracking mechanism were controlled using a yulogic control algorithm implemented on a PC and
supported by an interfacing card consisting of @see data acquisition function, motor driving citsusignal
conditioning circuits and serial communications.tiRet al. (2004) designed and constructed a sugkitrg
system. Jong Kiun Kiet, (2006) created a MiniatBodar Tracker. This solar tracker was microcongrobased
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and single- axis tracking systems using DC motdre dbjective of this paper is to design and develolar
power output enhancement systems and compare thetd@o know which is better in sub - Sahara Africa

2. Design and Development

2.1 Description of the Components

Solar PanelsThese are PV modules that converts photons iarSajys to direct-current (DC) and voltage. The
amount of current generated by a PV panel dependts @fficiency, its size (surface area) and titenisity of
sunlight striking the surface at that moment. Tahlgives the specification of the solar PV pansied in this
experiment.

Table 1: Specification of solar PV panel

Maximum power output, Pmax [W] 20.00

Open circuit voltage, Voc [V] 26.70

Short circuit current, Isc [A] 0.80

Nominal operating voltage, Vdc [V] 12

Cell type Mono-crystalline

Reflectors:Reflectors are reflective surfaces used for ctligcand reflecting solar energy in other to boost
energy production. A flat solar panel can incorpon@flectors at the sides. The idea is to incrélasesunlight
intensity onto the panel by reflecting sunlightttheuld normally have missed the panel, therebyeasing the
panel's surface area. Reflectors are normally &tat an optimum angle to gain the greatest expogu
sunlight that can be reflected to the panel. Tharmon reflectors are the flat surface and the pdi@bbapes.
Various materials are used as reflectors such a®mi aluminum, stainless steel, chrome film, esilgurface,
and white surfaces to mention but a few. The d8Vapanel and the diffuse reflector system is shawigure

1 below.

Figure 1: Solar PV panel with diffuse reflectorteys

Solar Tracker A solar tracker is a device that orients PV pareWard the sun. The sun’s position in the sky
varies both with the seasons of the year and tifrtbeoday as the sun moves across the sky dailyipBtent
depending on solar power works best when pointedt atar the sun angle of incidence, so a solakérawill
increase the effectiveness of such equipment.altapfinel photovoltaic (PV) applications, trackers ased to
minimize the angle of incidence between the incgnsanlight and a photovoltaic panel which will tyaily
lead to an increase in electricity generation cipad the PV panel. There are different types alfs trackers
such as the time based and the intelligent typerds single axis tracker and also dual axis ga¢iew,
2008). The tracker used here is the intelligené tymakes use of sensors to detect the positiorecduh over the
length of a day and thus the system knows the titire¢o which the panel will face. This system @slzally a
single-axis active tracker. The solar PV panel widitking system is shown in figure 2.

2.2 Design
In this section the design of the diffuse reflestand solar tracking system is carried.

2.2.1 The Reflector Design
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The solar PV panel is designed to have four radtsctone on each side. The reflector is a flaieptaade of
aluminum. The panel is oriented facing south. Timysis of the reflectors designs are given below.

The W-E Configuration Analysis

The proposed solar PV and reflector system is shavaigure 2. The reflector is inclined from vediat a
specified angle. Introducing trigonometric prineigf similar triangles, the optimum inclination éegjof the
solar PV and reflector is obtained using the inctdgle of the sun at solar noon as containecbier2.

Table 2: The values of solar height angle for défe days (Solar position locator (ESRL, 2012) )

Date Sept. 28 Sept. 29 Sept 30 Oct. 1 Oct. 2

Solar height anglé) 79.71 80.10 80.49 80.88 81.27

Mean solar height angle = 88.5

Proposed incident

Normal to the reflecting

< surface

Solar PV Panel

Figure 2: W-E configuration of the reflectors and the panel

wherex = length of diffused reflector

| = length of solar panel

6 = the angle the reflector makes with the horizbpiane
Using Sine rule in triangle ABC,

| X
= 1
sin(805-6) sin(26 — 805) w
_ I'sin(26 - 80.5) @)
sin(805-6)

By iteration, and using values féifrom 45 to 6, and a reflector to solar PV length ratio of & %= =
36¢cm, then the corresponding valugdof 53.7.

The N-S Configuration Analysis
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The proposed solar PV and reflector system is shovagure 3. The same mean solar height angla twi
previous analysis is being used.

. /«———— Sunray

Normal to the reflecting
surface

23.5
| A

North facing reflector
Solar PV panel

Stand —»

Ground level

Figure 3: N-S configuration of the reflectors and the PV panel analysis

wherex = length of diffused reflectors
| = width of solar panel
¢ = angle between the North facing reflector anduspanel
6 = angle between the south facing reflector andrqudnel
Using Sine rule in, trianglaBF,

I X
sin@-104) sin(284-26)
| sin(284- 26)
X=——— 4)
sin(@-104)
Using iteration, values of were generated using varying value® éfom 125 to 140. Thus, using the obtained
from iteration and using a reflector to solar PWgdength ratio of 1, i.e. x= 29.5cm, then theresponding

value ofd = 129.3 i.e. 105.8 from the horizontal.
Using Sine rule in triangle EFG,

I _ X
sin@—-76)  sin(256- 2¢)

®3)

(%)
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= I sin(256- 2¢) 6)
sin(@ —76)

Similarly by iteration, the value of = 29.5cm, then the corresponding valuepof 110.7 i.e. 45.8 from the
horizontal.

2.2.2 Solar Tracker

Basically the tracking system is a mechanism thaten the solar panel to the appropriate positiofat¢e the
sun as the earth rotates. The intelligent typeradking system involves the use of sensors thactethe
position of the sun through out a day and thussglstem knows the direction to which the panel faidle. This
system is basically a single-axis active tracketuilding this system, the following componentsavased: the
micro-controller, the motor, the battery and thias®V panel.

Micro-Controller

The micro-controller, Figure 4, is the brain of ttiacker, and it controls the tracking system. Balfy, it
receives input from the sensors, specifying thetiposof the sun and in response, it sends sigméhé motors
that are connected to the solar panel to moveda@é#mel to the position of the sun in which optinsmtar rays

could be received. The micro-controller is made afpsoftware and hardware components. The software

component is basically computer programs that dedbé input signals and sends out appropriate Isigna
response to the inputs to control the trackingesystt is connected to the sensors and the mdotbeshardware
executes the command.
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Figure 4: Micro-controller circuit diagram

Motor

The motor is the prime mover in the system, whiatves the solar panel into appropriate position.2A&/,1
3amps DC gear motor is used. It is connected tpanel.

Battery

The tracker needs a power source to keep it runthiregto the irregularity of the power received frtra solar
panel. A 12V rechargeable battery is used; theebats it is connected to the tracking systemse abnnected
to the output of the solar panel to keep it chaygin
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3. Results and Discussion

Solar PV panels with diffused reflectors and stidacker were constructed in other to determinesirstem that
will produce the higher power output. They werehbplaced in the sun close to each other to haveahe sky
condition as practicable enough. Readings werengakin both systems simultaneously for comparisdre T
longer axis of the panel is aligned horizontallythie east — west direction, facing south. The medshind this
kind of placement is to utilize the maximum aredhaf panel for diffused reflection. The reflectarsre fixed to
the four sides of the solar PV panel.

For the solar tracker, the solar PV panel is atddb the tracker to track the sun as it rises filoeneast to set at
the west. The open circuit voltage (Voc) and shoduit current (Isc) of the solar panel of the taystems were
measured concurrently with two multi-meters. Figuteand 6 are the plots of the performance of W t
systems on a sunny and cloudy day respectivetyFigure 5, the reflector system is higher betwg@mam and
2pm and lower at other times. This is because tiggeaof incidence of the sun on the solar PV pamal
reflectors is minimum.
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Figure 5: Short circuit current of the solar PV elarnvs. time of the day (sunny day)
What was noticed during the experiment in the sysiath diffuse reflectors is that the east and we#éctors
were blocking the sun thus casting shadow on tte 8 panel during rising and setting of the shns

causing lost of power during these periods. Oroady day, there is no much difference in the sptawver
output as seen in Figure 6.
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Figure 6: Short circuit current of the solar PV glarvs. time of the day (cloudy day)

Figure 7, is the plot of daily average short citcuirrent and shows solar PV panel with trackedpoing
slightly higher power than the solar PV panel wifiectors.
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Figure 7: Average daily short circuit current

4. Conclusion

The system of solar PV panel with diffuse reflectod tracker has been designed, developed andl.tésts
discovered that the east — west oriented refleact@r® blocking the sun ray up till 10 am in the niog and
from 2pm in the afternoon till sunset. This coulg the reason why the short circuit current of tiaeker is
higher than that of the diffuse reflector systemintfyithese periods. From this experiment, it carcdrecluded

that it is better to use diffuse reflectors to iy the power output of a solar PV panel becausectieaper and
less complicated.
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