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CHAPTER ONE
1.8 INTRODULCTION
1.1 BACKGROUND TO THE STUDY
Rireed Hehting 15 a key oloment incthe developmant of whar, sub-orban and rural
districts across the nations. Therefore, effeciive and efficient instalistion wonld not only

movide opergy efficiency benefus, bud also provide sconomic benefits, securily

benefits, clo. Bneorpy officient sireet Ughling inteyrates officient famp technologies,

iribution, pole placement, while using the least amount of energy and

meeting various requirements for visibilily snd appropriste Hghting levels

The generation of clectricity wsing solar technology to power sireet ight withowt

t i stnply refers (o stand-alone in this

conmecting to a public mains power supply is

-

project. This becomes alternative solution {0 provide efficiont street Hghting in

Migerig today, since the energy generaied by the public utility is epileptic and is almost

i% 18 pow worldwide centred

impossible to power the street Hehis, More so, that emph
on wiiization of renewable energy.
This system s designed for oudoor apphication, which conld be used in une

b fiodd paaaata raral o n resit ottt cerrrasie arsed il ioree?  obpeat Hedviivees g
cleciritied remote rural areas. residentisl, cumpus and villages” strewt Hghung, The

beg

e

systeny 18 provided with a siorage batiery sufficient to operate the light for twelve hours

datly. The system is provided with charge controllor o prevent overchurge 7/ decp

st
g
o
N
PN

3 has an auto

dise ia::zs. of the battery. It a s OROHETE switeh, made of photocell &

relay switch w switch from dusl to dawa opergtion.

1 v 4

The Figore 1.0 described the sland-alone solar-based sireet lght sys

o)

e, the
satern commprises of $id basic units,
#  The Boluy paned receives energy divectly from the suniight trough the process of

photovoliaic effect and converts it to eleciricity,




&

% The Charge Coniroller revgives voltage from solar panel and is responsible for

charging and discharge of the battery.

¥ The Storage Battery is used o stors energy in readiness 1 powsy the lamp
during the derkness.

W The inverier mkes DO power from the batiory and copverls it o AL power
which is then used to power the lamp.

 Relay switch and photocel] are used in this project for daylight sensing, switch

9

off the light during the day-time and switch on the Hght during the darkness.

farrs

AL lamp ba used for the lighting lamp for oplementation of

Sotar Paned

3

Charge Comtrolier

}
Battery |
4 s Relay Switch
¥
Inverier
. g Photoosl

k-

e

Lighting Lamp

i

sure 1.0 Stand-alone Sclar-Based Street Lighting.

pod

[

The PV modules have o service e spun of 20 years

ihe hattery used reguires lower matntsuanse; have long Hie and oive hetter performance,

3

these ieaues together with the diiving force in need of affordable energy in developing

conniries and the environmental concern in developed countdes makes tis systom

SRttt




{me of the

dractive features of this system is that, its output power is prodoced

at the point of consumption amt maiches very well with the prak lond dewmand for g

given application ami in faet, with the wmerging of smert giid wehnology, the excess

porwer from the s

em con be sbeorbs Into the erid systen, thereby bnprovin

overatl economy of the solap-based street lighting systam,

1.2 MOTIVATION

In Migeris today, several street lights have becorss mere decorative poles

herause they are bardly powered by public eleciricity, The electricity generatod by the

public utility is expremely low, making i slmost impossible for sireor lghts 1o be
powered effectively.
Also, the high cost of fuel o run generalors and thelr maintenance 1o power

o

strest Hght makes the

e strest Hebting more cost offective at the long run.
Iikewise, the cost of installation of street Eghiing powered by electricity from
public utility o remoto sroas ts relatively high where there 13 no readity gvatiable power

efficient strest

e
oo
ool
pavEs
-~
Rl
e
b
v
Sad
vy
w.«

line or trapsmission Hoe Therefore, the

Hghting is 1o switch over to stand-alone solar-based street tighting,

1.3 AIM AND OBJECTIVES

The aim of this prolect is to design and brplement o Sand-slone Solaris asid

Sireet Lighting with the following objectives:

g

i, To encourage the nilization of renowable ensrgy sources in Migeria

Lyt 5

olar bosed stvest Hgluing as against strect
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Hghting powared by eleciricity from public wtility,

L




3. To encourage local producton as against forsipn importation of sub-standard

kS

solar based street Hghting,

4. Toachieve sfficlent gnergy saving in street Hohting,
A w2 2', Cand

14 METHODOLOGY

~

To achiove the sisted chiectives of 5

E H
H

tand-atone Solar-based Streot Lighting, the
following steps were adopted:
s Selection of requived solor PY panel for chorging the batiery via the charge
controdler

= Carrying out oireuit design bused on reguirements and identifving the

%
o

«

components that will make up the units of the entire aystem.

Finally, carrviog out the uplementation of Stand-sione solar-based strest

tighling is achieved with an efficient standing pole anached with the circuit design in a

&

box and Solar PY pe

1.5 SCOPE AND LIMITATION OF WORK

The scope of this project s Hmited w the destgn and tnplementation of stand-
along solar-based street lighting using single panel of 60W for charging the batlery via

the charge controller. A Hghting lamp of Corpact Floorescent was uzed for purpose of

residential streed Hebting in order {o rephce an ncandesvent lump {such a5 halogen) and

povy

high intensity discharge lamp (such gs mercury or socium bamp) for offoctive energy
gificient, Carry out 2 comparsiive analysis on economics of streot lighting powered by

public eleciricity utilily and solar-based in Nigoria,

o




1.6 ORGANIZATION OF THE REPORT

This project wouk s divided ioto five chapiers. The first chapier infroduses the

wehnology of stand-glone solar-based street Hehiing and presents the aim of the project
work, Uhapler two presents feratore roview of the project matter, while chapter three
presents the materials and methods analysis used for the implomentation of the project
Chapter four shows the rosclts obtatned from the lesting of the project and discussion of

resudts and lastly chapter Bve presents conclusions and reconumandations,

e




CHAPTER TWO
2.4 . LITERATURE REVIEW
2.1 INTRODUCTION

]

wed i the Amb empive fom 90 1o 10

The history

ot streel lighling «a

CORLUES, Capus in Cordoba and Spain (Dickinson of ¢f, 20080 Incandescent has

begn 1o use for street lighting for g | tie now, i s cheap, relighle but operated in

street light was Mosley Streel in Newoas bruary 1879 by Joseph Swan using
meandescent lamp, then public square road in Cleveland, Ovio (LS in Apeil, 1870

Likewise, South-Aftica was the first ity In Afvica to power street lighiing using

electricily in September, 1882

7

High Intensity Discharge (HIDY lamps such a0 Mercury Vapour (MY Metal

]

Halide (M and High Pressoure Sodivn (HPS) took the contre stag

e famps provide

+.

greater arpowrit of photopic iumination for low consumption of electrioity energy.

- for street Hphiing lamps provides high

The record development in eohng 2

lgvel of scotopic lumen having low output power o replace high ouipur power. The
types of such lamps are Low Pressure Sodium (LPS), Compact Fluorescent {0FLY and

Light Emitting Dinde (LED Y

fog

Power supply in Migeria is facing serfous challenges and this is having sdverse ef

)\~§~;,

.

ighting which bas turn tham o mere decorative poles because they arg hardly

Wi
&3
Sy
&
&3
oo

powered by electricity from public wility (Vanguard, 20080
Therefore, the alternmive solution for the street Hehting requires the conversion

Al 3

of solar energy o power the sl
foiitd 3

. which this project advocate, considering the

&

abundance of solar energy i Nigeria and 115 economic benefits.

&




Solar energy 18 energy from the sun. U i resgvable, -exhaustible and

virommnentsl poliution free. I has been in exdstence sines gt comtury, when Edmungd

)“‘ec_

Becoguere! in TE3S first observed and published this finding about the nature of materials

that turned suntight into ensrgy, Charles Frite in 1883 was the first man that turned the

pe:

sun’s rays info electricity. The solar cells used bhad a conversion vate of 1 - 2%, Henry

power during the day, B owas not un ration was carried ont, th

o

practical officiencies could be aohioved iun copverting yadicactive radiation in the
slectrical energy using a silicon pen Junction photoveliaie cell and shortly thereattor,
Calvin Fuller, Gorsld Pearson, and Darvl Chaplin of bell labormtories asecidentally
discovered the use of sihicon as a semiconductor, which lod 1o the vonstruction of a solar

papel with an efficiency rate of 0% (Diclunson e o, 2000},
& E

sdmivm have boeen

the {7

Rineg 1954, work on Sthcon and other seniconductor
parzued with vigeur, Uther important materials
aboul 23%

developed. The madmum theorstical efficiency of any

{Dackinson ef of, 200 g different

4y Means of noressing effi
semiconductor for better utilizatinn,

lar energy have been carvied out over the vears Hroughout
foe

Several works on s
the world, Today, solar energy are boing used t© power street lighiings, secunity
hting, ad even domestic lights at home. Solar

ighting, parking Hghting, gerden Hg

Strest Hghting saves money and it s pollution fiee. 1t is the best option for the future

Plectricity can be generatnd in 50 many ways such as bydro, Nuclsar power.

]

thermal i ‘?viil(i,

stricity generation comprises of the following

comrponents: Solar panel, Charge Controlizr, Storage Battery, livverter and the Load,




2.2 SOLAR BLECTRICITY GENMERATIHON

Radistion from the sunliy

©tois capable of producing electricity. The sun is an

extremely powerful enzrgy source and solar yadiation is the largest source of energy

secebeed by the earth. Solwr radistion con be converied directly Sute slectsionty by

o

Photovoliaic principle through in such cells, a smadl clectrical vohage i3

generated when Hght strike the Juncton bebween a muetal and 2 semiconductor {such as

o
H

Sificon) or @ junction betwesn two different semivenduciors. The voltage generated

from single photovoltaie cell is only a fraction of 2 volt. Electric power can be generated

o

by conneciing larpe numbers

o

of individual cells topeiber. If the inlensiy of solar

radiation is low, huge and costly assembies of such cells are required to produce morg

Surprparily, cleciricily gend ough the solar energy can be expliciily
explained below as shown in Figure 2.1,

2 Ravs of

icht hit the solar panel and are ehsorbed by semi-conducting

P4

materals such as silico

e Flectrons are loose from thelr stoms, which allow them fo tow duough the

material to produce elecirielty. This process whe

d the photovoitaie (PVY effect

P DO Joad or stored In g storage batiery,

& The storage batiery used 1o power the inverter,

«  The inverter turns DO clectricity Into AL {eliemating current) eloctrichiy needed
by home applianges.

¢ The AC power distributed to appliavces or lighis in the house {foad)
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Frgurs 2.1 Solar Electnehy (eneragtion

SOLAR PANEL

This w g panel that recoives energy divectly from the sunlis

ghit ;

and converts o

DC glectmicity. The solar panel alse known as Photoveltaie (PY) panel The panel is

made up of <

PO

E

LR

L

i sicon cells arvanged in a series or poralle] su

er when exposed to sunlight.

<:

seviral tvpes of solar panci £

There are s and they are dividad inde

Menocrystalline: Thiz panel 15 made from a single lavge ory

hat producss

slegiric

3 OREOTIEN!

vl i 18 the most

gificient and expensive form of solor penel. It works betier in low light

CONGINons,

Palvorystalline: This panel is basically made of cast blocks

o
H

Ty

way contain many smalt oresi

now. The pancl iz shiphtly loss efficient and less expensive

o

Amorphous: The pangd also known as “Thin Glm™

ctiy on large plates, vsually Hie slaindess g

The cutput of a solar panel 1s usually stated In WATTER, Solar

IeH
(S48

P
540y

up of senvconductor (silicony and |

1]

by which are made

Iz, It is probably the most common (ype

mrueh in common with

5 of sibicon which

rigi

g

thar single cyystal,
t 15 made of sticon which

teel, It ie often wauch less

- panel uses solar

solid




state glectronic devives, such as dindes, wansistors, and integrated cirouit, Solar cells are
asserubled o modules. In the course of this project, monoorystailine solar penel is

used because H is the most eflicient and commonly used for low

32,2 PHOTOVOLTAIC EFFECY

This 15 the conversion of sunlight radintion into clectricity through abserption of

b

semas

light by a semi-conducting material, The basic requirements for the photovoltaic effect
arg:
& Absorption of photons through the orestion of electronchole palrs in g
sericonhicton.
> Separstion of the electron and heole, so that the cleciric Held within the
semiconductor is sitered.
» Collection of the electrons and boles separately, so that current can be induzed 1o
Howw in an exiernal cireud! from the sericonductor material.

The basic component of plunovoliaie system s o solar coll which composed of

foke

seicorginctor materinl, The most comnum semivonducior used nowa
single~cryatal sificon wafer; it is doped p-type Lo when small amount of tmpurity is
added 1o the semiconductior maierial o induce holes in the wloeon waler, Another

.

impurity 18 diffused on the top of the waler, promotng unbondest electrons © becorme n-
< . o P I T
type m the sificon waler (Booyelopedia, 107 Hdinon)

L'&’C?F‘ A vnltage and curvent are genersted wehen sun’s radiation sirike

r, netype fayer (electrons) and po

junction bepwesn the two different semiconducior laye
type laver {holes). The electrons from the netvpe kayver deift across the punetion into the
petype faver. The holes also drift aoross the Junction e the n-ivpe layer and combine

with electrons. The loss of boles from the peivpe laver leaves some of iis aiom with g




negative charge fon, Alse, loss of electrons from the n-type laver leaves some of 1

-

oe ion, as shovwn in Figure

o
I
>y
ey
et
“
=
A
o~
;
)
o
)
=
&

An elecirie feld is created soross the junction of the n-t

creatten, of glecirie feld v fthe an electiic ¢

kY

dectric ool crenied is known as inqbuilt cell, with g value of 4.6V in a silicon

<

semicondactor as shown i B

ju-basil cell connecied in series / paraliel to generate an open cireui voliage of 2106V,

ey ,«s‘c‘a‘zz_:;z

p-tyvps {holes

é! i elecivon

Boies

re 2.27 Flecirons and Holes Drifting Acvoss the Junction.

fey-byind ii‘ call

nogative on pasitive jon

Figore 2.3 Potential Begion is Formed,

n«:

he potential barrier of a junetion perits the flow of electric current in only one

««

wly flow from the

-

rection. The purction aots as a rectiffer or diode, The eleclrons can
peregion to the mregion, and electric current can only flow in the opposite divection.

Thersfore, clectrie current can flow ondy from neside w the peside of the junction. An

e
-




2%

cell and V-1 churscteristios are shown in Figure 24 and

Under open-cirouit condition {I=0), the reominal voliage incremses with

(poivg A, and under short ohrowdt condition (¥

moreasing Hght ot Y=ty the

FakaN

magnitude of the current incrzases with increasing

fight imtensity {point By the

o

3

photovoliaic celf delivers power 1o the extornal clrouit when the current is negative e

the voltage is positive {point O

~og

Fignre 2.5: Sobar Coll Vol Characteristios




2.3 CHARGE CONTROLLER
The charge connroller i3 nsed to charge the ballery and responsible for

menitoring the state-of-charge of the battery. It ensures that the batiery gels the chargs

current when 1S e That is, it sots ke on and oft switch which allows current to

pass when the battery needs it and switeh off when the battery s fully charged. In

designing the charge-controlier, one must consider the voltage of the design eg 12V,
AV, o7 48Y and the current capacity of the panel 1 v,
The charge controiler has the following hmctions

»  To ensure that steady charge current gois to the battery from the solar panel, no

matter how droined the battery may be, the charge conlrolier ensures ithat ihe

hattery is readily charged.
¥ It protects e batiory from being over-charged.
w3 oprevests battery dradn, That i cunent can only flow through the charge-
controller o the battery and not reversible
Similarly, once the battery has been draived to 3 cenain prodetermived lovel,
controlled by messwing batteries volege, the charge controller will pot allow mon
currert to be drained from the batteries until it will be recharged. This vse of & charge

controlier is essential for battery loug life.

2.4 STORACE BATTERY
Another major eomponent of a siand-alone splor-based strest lighting s the
vatiery. The battery retaing oy store energy that is tepped from the sun and ma shes the

energy available 1 the load on demand,

ol




For this project, a deep ovele batteries {Gel typey which are usoail

v b

acid types was considerad and weed, Deep ovele battery has differeny 5

and we have threw types of 15, panwiy:
{1} Flooded types: These we leadeacid batiovies that have caps © add elecirolyvie

into the batteries contamer. Al Hooded batieries release gas when charged and

if the flood

shondd not be used indoors, ed bagteries are installed in an enclosure,

then g venting svetem should be used 1o vent out the

J

g,

I3

$e,

iy Gel types: These are sealed leadeacid batteries. The batteries have no vents and

P
o

will nof release flooded baiieries do.

Y

Venting is not required in this battery snd they can be used indoore. This battery
maintaing constant temperature and perionms betier,

{iity  AGM types: The bullery is known 2s Absorbed Glass Mat It consists of ¢
woven gluss mat which s used bebween the plates to bold the clectroivie, They
are leak/opill proof, do nol relesse gas when charging and have superior

performance. They have ol the advantages of all the sealed gel types and have

v oare rnors expensive and
commonly used in airplapes, telecorns wndustry, bospitals, ele.

i30St SOmunon Ypes i sodar SYWTEY SYSiovn DOoRusg

sworld, The deen cvele bafteries used are

many mes, These baenes are maied m

nake the cleciricity available again, the
termsinals of the baltary are connected w0 the load and the subsiances on the battery plate
retransform themselves 1o those originully present electrioity as o product of thelr

electrochemical reactions,




During the charging of the lead acid battery. the charger first applios & constant

current charge, raising the cell soliage to a preset voltage and the battery 15 charged o

% which is stage | During the twopping charge i stage 2, the charged ocwrent is
gradually reduced as the cell is belng saturated 1o its capasity, The na | stage is the Hot

S
&~
jed
&
3
o

charge, which compensate for the self discharge. The iHustration is shown fn Figur

below,

Stage |
o L,z i

oy

PRIE

N

3 {} ---------------------------------------------------------- H4 ,{,
o o,
2y >
\M:: M - e
e : -? ’;‘/.
3 : f 3
b : : =
A . L : R
5 % f ; £.0 R
L f ? -

&

-
R

‘—g ~e

Swver St o opon oy g
Figure 2.6 Charging ffztay:b of L

o

S INVERTER

[
&

Many electric power applications require alternating ctrrent {au) slociricity.
ohiain slternating current, o power conditioning system s requirpd. A typic eal power
conditioning systam is an inverter which is responsible to copvert D current 8oy red i

the battery 1o AC current. It is characterized by power capacity.

yeerter 19 the amourtt of powsr the nve

N
o

Power capacity of an

during normal oparation, for typioal period of time.
o

[
¢
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{CHAPTER THREE
3.8 MATERIALS AND METHOD

3.1 INTRODUCTION

pler presenis the required materials, dusign procedure and the method

adopted for the implementation of stand-slone solar-based stroet lighting.

et
>
3

SELECTION OF LAMP
The larp chosen for this project 1s 226W CFL which is the required egnivalent
tamp for residential street lighting as indicated in table 3.1 below. It bas light outpud

beg fand

hamen of 3600Im and o Rated Asverage Life Span (RALS) of 24000

Table 3.1 * Pouivalent lomp vsed for residential streel Hghling

Light Output  Fod of Life % Roted Average Life  No of Lamp for

fam _ .
P famen output Span 28 years

2R2OWTL 3606 b 83% 240000 4

” 16000 6

100w LPS 9500 Im
TR MM S50

} 350
FOUW MH 2000 Ln s 12000 i

‘or
b

SOLAR PY PANMNEL

&

The foliowing are detsil data on the solar PV panel selected for this project
based on the famp power requirement,
Maogdel SLPO60 12

Maximun Power (1,3 AW

Maimum Yologe (Ve HEN




Maimum current () 3504

Short Cireutt currant () 4,834

Orpen Cireuit vodtage (Vo) 21.aY
EY PN S Ak
W ﬁz&,.i!.{ g\.{..

Dimension SO8 w352 % 3
Marirnam systom voltage GGV do

{ell Technology Maono-silicon

{perating Temperatore S o 8RBT

331 Determination of buttery eapacity ond nuwher of solar penied yeguired for o
given Hghting lamp:

Consider a strovr Hoht with 2326W (CFLY butb AU Highting Joad,
Iverier Ouipot voitage = 240V
Operational Time = 12 hours (In Nigeria te street Hght is expeoted 1o be switched on

from 6pm o Gank

,\
Lad
.

N

Pelixd
whare, P = Quiput Power of the Lighting Load
Y = Otput Voliage of the Lighting Load

¥ = Outpot Lood Cwrent

CThe Load Current, |

ey 4

sired Bottery capavity (AH) = 0224128 = 26340

3
Y

,

Y s capasity.

v
o
Ry
vy
oY
e
b
L
ey
Sy
™
~
poass

Frr effeciiveness of the battery, 11 should not be draned more |




However, g battery capacity of 12V I8AH svas used in this projedt fur onger duwration
and availability,

33,3 The number of selar pans! used for the projech:

3
o
::‘

P

From the rating sth {2226W L 60W PV panel is chosen. onsidering B hours

‘}

the average sunshing in Nigeria and 12 howrs operational Lme, therelore the number of

SUW PV panel needed ts given as lollows:
Pod s VAR
B D fortid daiiv ES 2xZ26212
Noof Soluy pangd used = = =13
« - [ RN S - P 8 i3
solar panel rging < sunsbine howr's 6% 8

This implies that, noe rumber of 60 solar panel reguired o power 2 TRZ6W lamp.

3,33 Nolar panel ontput prwer gencrated:
The solar PY pancl delivers power to the charge controller © irpuit for charging

of the battery during the day. Varlous supui chargiog voltages and currents are

——

seneured and recosded. The results of the charging vohinge and current from the pang

via the charge controller are shown in chapter fow, able 4.1

3.4 CHARGE CONTROLLER OPERATION

-

As the Huht intensity increases on the solar panel, the mig sinmm output voliage

U4

af 17V and current of 3.30A flows 1o the controlier, The 12V battery Is char rgged

. e e

through the Semiconductor Cemrotled Reaifier (S5CR), ared the transistor T1 and T2 are

gsed as switch to terminate the charging process when the

charged as indicat zed i Figore 3.1 below, The ouiput ik

e solar panel charges capacitor £ through BL LED and RZ. The capacitor voltage

rzes in a very short time o w 13k sef, then the gate current trigger SOR

nto ponduction. Hence, full charging wed through the sathode of 8CR w0




the positive terminal of the battery whose neygative termingl was connected divectly

the varisble resistor, Ko,

Dwring the chareing of the batiery before # becomes fully charped, the two
=4 Stag

wansisiors 71 andd T2 remain i the non-comducting staie. However, when the badery

voltage vises and finally the battery beenmes fully churged. the two wansistors 11 and

T2 are triggored into condaction, Theretors, T1 and T2 provide a discharge path for ©

AWPA .

Hence, O discharges through RY, and THTT ¢

N LBAIL

swiich, thereby cutting off the gate current

LA
~

of the SCR which stops conduciing and terminate the battery charge. Thereafter, small

irickle charge current keeps ou flowing tme the battery via the LED and transistor

72, A plowing LEI

junt imbicotes that the battery i3 under trickle charging

& Bipolar Junction Transistor wos need as 3 regenerative switch, the irenil

symbol and v characteristics of ans:

vroare indicated in Figurs 3.7 and Figore

Lsd

g

telow. The two transistors T1 and T2 together form an electronic switolh that has bwo

able siates. i, ON-staie when T and T2 conduct and OFF-state when T1 and T2 3o

3 eondect, The ON and OFF state of this switch was decidest by the battery volioge

-..A»

vl the setting of variable resistor, RS,

03
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gale.

gure 3.4 4

& girouit

a:).ﬁi

ieondoetor €

SOR is

I

Figure 3.2 Cireuit Symbol of g

&

2]
e

3.3 Vol Characteristic

* 2
3
LE

LY

ontrolied Rect (RS

ifigr 5

is aiso known as Thynstor.

aymibol and the vei charauteristios of

&
<

~y
Sy 5.5
533.32‘., 3.3,

3.4 Cireuit Svmbeol of a

Fiaure

it conaisis of anode, ¢

4
%

Transistor

5 of a Transistor

A% Y

ot

e thyristor are show

Thvristor

P s% Oii’\:

was emploved for over-voliage

and the

i helow in




——
k7

The vpiguencss of ths thynistor
main currerd flows from the anode

."‘ .. . ot
TOMRIG

the thyvristor blocks the

triggered indo the on-state by applying

switeh hen anode ourr

H
LA 43

ci off completely w

343
Bgustion 3.7 {s used to dewennine the
s Max, Power (Pl
Ly

wrent {1y}

4»1\,

v period express

{Ay o the cathode (E)

voliags
L

et drops

battery ©

i oneniate

iw: e
Pocki

Hew priueipelly in s v characteristios, The

During the reversed biased,

ped

not conduct. The thyrisior can ondy |

and

of positive gate cnrrent for a short

thyristor i

KRNV TR SN L
ity forward Bocking staie. The

furing the reversed bigsed.

Determination of Battery Charging Period:

hny >’Z 33 0.

(3.2}

e i Ampere Hour




dw' sing peniod

2. Charging poriod, 1
¢ e m 8 14 frsury

It will tabie approximately § bonws iminutes to charge the batery during the

%

sormal sunshine imensity. But, however, if the sunshine intensity is very poor, ihe

charging period will be higher than 5 bours iminutes,

35 INVERTER DESIGN

The tnverter inverts the baitery de voltage inio ap ac voliage. The inverler circuit

o

et e

used is composed of three stages, namely: the modulaied astable signal generator, the

shorws the Mock

f}.’

power switching MOSFET driver and 3 voltage transfonmer. Figure 3.6

£ ns (RSP v e s
Mesdulated Sigosl Power Switching L Yoltage

<
MOSTFET Doy Transinrme

Cenerator

Figure 3.6 Inverter Block Diagram

351 MODULATED SIGNAL GENERATOR
The modulated signal generaior is e square wave signal generator used as galing

The modulate

signals m;* switching the driver sansistors O and OFF alten

sigrial generator i3 & square wave generator thal makes use of 555 tmer and a 4013 dual

D thip flop. The 555 thmer is used a5 astable multivibrator for this cirouit design. Figure

3.7 and Figure 3.8 indicates the 553 timer pin-out disgrom and the < et configuration

&

dingram. The o of the 355 Umer poes HIGH whan U rece tves a TRIGGER nput

and it stays there uatil the THRESHOLD input is driven, i the time the output goes




LOYW and the dischorge transistin

s

7 is turned on. The trigger input is activated b

w an mpat
fovel below 1/3 Voo and the THRESHOLD is activated by an input level above 2/3 Voo
The 355 timer generates a regular wave output whose doty oycle is always grester than

S% beemuse the Himing vapacitor is charged through the series pair Ry + Ry but

diseharged through By alone

Colewlation of frequency 1, for this cironit design, given the following paramciens.
{md Fu¥, P 1L Ryp= 20K
The frequency of oscitlation is 1E, where T s total thime reguired 10 complete & charge

A

and discharge oycle.

oy
2d




) P .
; = NS ) § g ow o £ I
4.7 1071006 + 202760

Therefore, the froquency of escillation i approximely equal Sz,

LA

-
&
o

W

The outpn signal of

1,3

timer 1s connected directly to the pin 11 of the D461
dual D flip flop. The 4013 is a popular Jepin CMOS dual D flip flop festuring wide

supply voltage range {5 — 15¥) bigh noise immunity and compatible with low power

K

PTL. The connection dlagram and tuth table for the 4013 are shown below in Figore

Each of the 4015°s two flip flop has its own data-in (123, set {preset), reset {clzar), and

clock nput and @ output, As the truth table indicates, the logic Jevel at the D inpast is

“

seansferred to the O output during the positive going transition of the clock pulse, I the

clack is tramsitioning from 2 HIGH to a LOW, the output remains in thelr last state. if

the reset mput is brought HIGH, 1 doesn™ atier svhat the clock and the D input gre

doing, (2 is HIGH and Q is LOW, Mihe set line ¢

s3 FIGHL Q goos HIGH and Q LOW,
regardless of comditions on the clock and D input. rinoing both the set reset iputs

HIGH at the same time is forkaddesn,

k, Reset Data, Bet,

Figure 3.8 Conneotion Diagram of 4013 L Flip Flop




Table 3.2; Touth Table of 4013 D Plip Flop

KEY:

X Mo Change

! o i 0 = D Care case
% i iy 0 $ Oy

, (o 3

383 POWER SWITCHING MOSFEY

The square wave signals are used ay the gating signals for switching the driver

<

wansistors OM and OFF alternately. Since the signals are 188 degree out of phase, the

push pull arangement will oaly have one of the switches T1 and T2 In eac

fucy

half cyele

~

N

Nﬂ.

of the outpud signal, Thus, they arg or OFF o alternaie half oveles az shown in

Figurs 3.10 balow,

"5

| HRFRLSE

Figure 3010 Cireutd Diagram of Poveer Switching MOSFET Driver,

The MOSFET is a voltage-controlled device, that 5, a voliage of specified Hmits

sl be weet gate and source tu ordor to produce a current fow in the draln,

i)




Swwe the gate terminal of the MOSFET is elecurically isolated from the source by a

silivon okide faver, only a small leakage current flows froms the spplied voltage source

e the gate. Thus, the MOSFET bas an oxtremely high goin and bigh impedance, The
cirenit symbol of a power MOSFET i shown below in Figure 311 Due 1o the high

gt impedance of MOSFET, #s driver amplifier must be configured a8 a2 vollage

buffer amplifier. The nput impedance of a butler amphiier is very high and the oulpw
impedance ia very low, Hence, the tnpn impedance muatches with the outpul impedence

+

of the bufler amplifier. This Is necessary 1o avold posiiive feedback, which may lead to

wait impedance of the vollage is

ey

osciilation, I must alzso be noted that, while the de i

very Bigh, s ac input pedance varies with freguency.

Prain (5

Souree (N

Fgure 31 Cirondt Symbol of a Power MOSEET

MOSFET can be used as o swiich, singe the conductor in the drain-ie-source

path controlled by the gate-to-sowrce voltage, e, n-channel enhancement nwde device.

The current in the drain-io-seawee path can be switch or contrelled by contrniling the

¥

gate ~iee-source voitags as shown below in Flgore 3,12




f

s of pechannet Mode MOSFET

Lo

ihiy project s IRFP 1500 I s ne

)
g

AORFET 5

U
)
L
s
L
s
o]
<
o~
&
it
-
A

channel enbancement mode, MOSFET with specification given
below:
v‘“%sa = ALY
Ei}{mm_‘; w0 A gt 23 ';{J
F{}{m;{;{} = 2RV
Advamages of using MOSFET as power switch,
& Small e

ang life

%

»  Ruopgedness
s High frequeney of rosponse

& High powey gain

kT
e
u

feh mrnunity 1o radiaiion

1933
Ry

FoLow noise

383 VOLTAGETRAMSFORMATION

The type of verter design used in this project was the push-pudl configuration

e SR ROy T ¥ <17 sve3d iatree ar RO Apar
s configuration reguives Teas inpu signals o the switching transistors at 180 degree




out of phase. To controd the two halves of the oviput signal it atilives o ransthrmer with

g ventre ~tapped primary winding as showsn i Figore 3013 below,

v, 5 o Conrol

stormation Configoration

i is assumed that the cutput from the pansformer flows continuonsty, With this

ey
3

2 Loy 41 s bon i o T TSk AR SNSRI s SRS SO ST S "
assurnption, o the first half FROY out of phase signal Dows, switch T1 closes

and T2 opens, cwrent Hows in the upper ball in the primary winding ¢oit and induces

currend 1o the secondary coil, In the second balt cvele T2 closes and T1 opens, current

flows in the lower ball of e primary winding cotl and induce current 1o the secondary

coil

gason for crploving pushepoll configuration © 1o minimize power losses,

When g switching occurs at the primary of the fransformer the voliage shifis from one

bl of the prunary winding 1o the other ey D and 127 across the swilch

uy the push-pull configuration serve fo return inductive cnergy back o the supply bus.

Theretfore, regardiess of the value of culput corvent from the transformer, the

output veltags,

Tad

(V41
Qe

whare, o = transformes turns ratio between the primary winding and the secondary

winding,




386

R -
M, = mmplincde n

inverter

& %

M, = | (Sguore wave inverter)
Vo ™ 12V batlery voltage

The rato of the ransformer design is 170

Number of wrns for primary winding, K, = 50 turs

Magnber of

{3.6)

INVERTER TRANSFORMER DESIGN

Secondary voliage, ¥V, = 240V

3= 200cm/ A [T~ operating swrvent deostiy ] T 200c/ A from the manudhcturer data
e X

shest for wire size material

K =4 ffor push pull conliguration]

{== S0H,

Privoary current, I,




Wire size for primary winding = fp x = 23 2 200 =5000cm

From the wire speoification chart (see the wble at Appendi 1), the wire gauge is AW
3.
Wire size for seeondary winding = L x I = 123 < 200 = 230cm
From the wire specification chart (see the table), the wire gauge is AW 26
Sefection of cove siz
. i(} (3(;:0“ "}i {3
g OB e P I
AL g ;\3 ,f‘.}}

i t)
Y

where, AuA, — core effective area in on

ity {given as 12000 at 240Vac)

P, » Transtormer powet

I« Operating Current density

From the manufacturer data shest, a transformer core sive af o is selecied with

2

A= Iom©, Ac = Tont

]

Wumber of turna in primary winding, M,

L
o




fovr
g

wretore the ial number of furns in the primary is thus

en al the 30 winding.

'Mumbm of turns in secondary winding, N,
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Figure 3,14 Schematic diagram of Transformer

37 ELECTROMECHANICAL RELAY SWITCH AND PHOTOCELL
The undgueness of thds relay swieh Hes in the wilization {or dayhipht sensing,
that ix, prevent the Hgly o be on during the day, The relay switch will only ablow the

famp to be on Jduring the darkness, In order 1o conserve a lot of cnorgy and provent

Relay switch is s devico that has coil and contaot pins. B has different

o
oy
>\...
%
£73
M
=
o
,'.""
o
s
—
(g
=
=

v
o
iy
e
I
(
3t
T
s
i::

e o s "
> ditterent LYDOS oty LRy seed 1 this d‘;«':




«

depends op the curent and vollage power o energize i The relay switch is ensrgized
by the &Y do output voltage from the solar punel.

Howgver, photocel] sz light dependent device. I was responsible for switching
the lamp on during the darkness and swinh off during the daviight. The photocell
devics waorks in parallel with the relay switch, the intensity of the sun i3 very poor and

de~engrgize the relay switch during the daylighy, the photocell will not aliow the lamp o

be on, in order to maintain the officlency of the system.

el
L2

4




HRIG

CAREPISS

5 Overall circult arrangement.




3B NTANDHNG POLE CONSTRUCTION

The standing pole was constructed vsing o galvanized metal pole of 128 by 21,

inches round pipe thickness, The control box is mwde up of motal shest of 1.5em
thickreay with a dimension of 35 by 240 Ap angle ron material was vsed for the solar
pangd based with g dimension of 35 by 261 A rounst pipe of | iy inches thivkness was

wspd for the .

The construcied slanding pole s shown o Frgure 316 below. The necessary

avatlable tools reguired to achicove the purposs were used, The standing pole is painied

s

PR

roat,

in sidver colour for good reflector on the st

Mote: This project “Desize and Implementation of Stand-glone Solar-based Strest

- 5

has besn mounted o fromt of Eledirical and Electronics Engineering

2
iV

Department, Foderal Univarsiy of Technology, Minna, The pioiorial dingram is shown

below in plote H and plate L

. i:/.'
% As
BT T

Sodar pasel

Cosgro! Box

CFL fap

"""" Sanding Pole

Underground

Figure 116 Stand-glone Solar-based Street Lighting
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- showa the g*«és,mrz a) diagram of mounted stand-alone solar-

tiched on doring darkness

e Aolgr-based + Swiichod On Dunng Darkness

3.9

LY 58S

it desenibes the cost comparative analysis between street lighting powered by

clectricity from public utility and scolar an

with an effective and efficient solar street lghting depends (0 & large extent on which of

these would he reduced econoundes)

o 'E“*«;:sa,»u fscharge lamp eg (LES, MH, MV, or CFL)

& Mumber of lamp installodfused.

o

¥ The tamp energy consumption

,»-\
act

w
(\m

¥ €

By

» The encrgy consumpiion cost.

# The prime | instaiiation

3

Fauatinn (3,123 below can be usad o

he energy officiont stregt Hghting

wupply by public utihity

e b i)
or ef gl

i

Lod




o

SN gm,)é,ﬁ
w "\' ‘.,A,f.'v..;,.,\.«u . {. K G {ﬂé’i 2}

aperaing duvation perday S e e

Cipstnety

where, Operating doration per day = 12 hours

abling, lamp,

<

O oquipmes = efjuipment cost which include the cost of pole,

huninaire, 910,

L squigmens = = fife equinment duration
Cren = ost of public clogtaicity utility pey KiWh
P = Active Power for lighting

i = Lasses in electricity produstion and trarsportaiion equpment.
It ix dmponiant 1o nobe that the torm Oy, and o are variable data which depend on

opment, size of supply and market forces, losses in electricity

0
&
73
sl
bt
e
pect
-

e
fo
w
fEpe]
-
e
(.\
,._.,.

production in Nigeria is approgimately 3U%.

The foliowing asswmption is niade;

-y N v
o~

& Public sireet Hghting energy Bill, O I3 subject to changing, There fore, 5%

incremend is assumed for every pwo years perind,
¢ Solar enerpy bill is considered to be constant, However, 3% increment can be

added for maintenance cost for every vean these invlude: change of lamp,

battery or inverter,

3.4.1 Determination of anuoal cconomic analysic of CFL fnnp {(2x26W) pawered
from public wiility and Nelar based for sirest izwhm }@t £8.
Caleulation of Energy Consumption for the lamp indicated above:

Ly iy s T , AR L DALY .l Y VSV,
CFL amn Power = 2 26W = 523 = QUOS2ENW

&£

Operating time por day = 12 hours

Energy Consamption (KWhyday = 0,052 < 12 = 0.624KWh

.fs

Anmual Bnergy Consunaption = .624 x 363 = 227.76KWh

38




Cateulation of Enerpgy Consumption Cost for the lamp indi

Mote: b

26 UFL Lamyp:

Annual Bnergy

y Congamption = 227 76KWh
Cost of Lamp = M 1000
 Energy

Annunl Consumpiion Cost = (3,901 22

Prirne installntion and «

cnergy cost for one ¥

Hubting:

{gsel, When the energy source is eleotaoty

C sqpment 20,00
Lo couipmene 24 years
Power = 2x00W (1L032RNW)

i s (% (20,0007 = 5 6000
iy = 3k 5 G0

O A %1

- GLHHG ; S0

24 20000 0.052x {1

cated above:

- Present rane of KWh by the PHUKN single phase is IRWE - & 588

I T

supply fronn public uliidy

= B 1,34

Lol

sidential siree

P

O Ris
2002000
4 ~ oy rg Eé? WERAER ATt 100 ¥ S o (\ 7¢n
The subsequent vears up 10 287 veurs are caloulated as above,
souree 18 solar based

Cased. Whon the energy

DRIEW R

‘1 prime instalistion lighting cost per bour

= g 20,000

2 23 years
= FRZ6W {0.052KW)

3096 {20,000} = 5 H,000

~

Lok

{},, petad

(20000 005201+ 600019
100

R

~3
S
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¥ 62ELO0 A

: o et L [ T S T
Phe subsequent vears up 1o 207 vears arg caloulated as above.

118 TESTING OF COMPONENTS

9,

Hach wndts of the circuit being construcied was tested on project board and
finally soldered to the mnin Vero boord,

Using the digitel multimetre for measurement, the output voltage and currem of
solar PV panel was measured and recorded before connected 1o the charge controller,

Affer vonnectng the solar panel to the charge controller, the charping cwpmy voltage

and ourrent was measured and recorded. the scownulation of charging
power in the battery caparity, The resulis of the charging output voltage and current &
mdivated in chapter four, wbie 4.1,

dse, the oulpol frequeney of the signal genergtor designed using 555 timer and
ather componenis was tested and recorded. The output voltage of the power switching
MOSFET of toverter was tested and recorded befors the signal fows to the inverter

transiormer. Than, the output voltage after the inverter transformer stoge wos also tested

angd recorded,




CHAPTER FOUR
4.3 RESULTS OF DATA AND BISCUSSION

4.1 INTRODUCTION

This chapter explain

analysis carried out {or the design and bnpleweniation of wand-along solar-base

Hphiing.

4.2 SGLARPY PANEL UNIT
Baded Power, P = B
Rated Voltage, ¥V 17.2Y
Bated Carrend, { = 354

e chrouit Yolinge, Voo = 215

R S NN N
DRIDW BO0WS he

characieristics as obtained from the wble tnoappendi

Caserant (A}

.03

Figure 4.1 Solar PV Owrent / Voltage Characteristios,

of Rolar PY Current

d =

5 the resulls and disenssion of results ohigined from the test

styeet




FATRT

4.

b2 “

below shows

Tonpe

Solar

The Figure the graph of

rn
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characteristics as oblained from the table in appendi 3.
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43 CHARGE CONTROLLER AND INVERTER UNIT

The results ebiatned during testing were given below:

= 3.7V

Charging ouiput voliage
Toverter input voltage (DU =6
Irverter output voliage (AL = 240V
{tpu fr

SquUSnCy

4.4
m‘m*}?y Az”%.ﬁ) M.ﬁLMi«E%A&;Ezi} -.%’% iiif.ii'i ,§A,i{_s§z§. ¥ i,?ii.g,
The Tabile 4.1 below
powered by electrizity from peblic uiility and solar-based system.

Table 4.1: Comparison Between Public Udhity and 5

Y
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Kadar cost
(M 6231 6333 6925 7271 763 ROI6  R417
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8,407 20,830
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The Figpmre 4.3 below shows the graph of variation in cost over a period for

eeonomic analysis bebwesn the street Huht powered by electricity from public witlity and

sofar-hased system.

st

Fariod

Figure 4.3 Varlation in Cost over a Perlod betwesn Streot Lighting Powered by
Eleciricity from Poblic utility and Solar-based.

4.5  DISCUSKION OF RESULTS
The resulis shown in appendin 3 were obiaingd from the measurament taken
fromm the solar PV pepel Fipwe 41 shows the Solur PY Curang / Voliage

Characteristios as obtained from @

The graph shows that, as the open ciroul
voltage inereasss, the current reduces ot room femperatare betwesen 25°C and 30°C. This

agreed with the power eguation 4.1

s 7 ’a s/ ¥ P
s

Power / Voliage Characteristios. The

DUEPLL POWEY 15 5

highor than the rated power of Solar PV pancl betwesn the
periods ni 2.00pm 10 1. 30pm; this Indicated that the intensity of the sun is high during

the periods, However, it 15 bnporiant 1o note that, the outpast voltage and power of the

solar PY pancl depends on weather condiiion rather than time of the day,

Fer
L3




The open cireult voltage (Vi) of the panel ranges berween 0.0V o & maxinmum

voltage of 21.6V. These voltages are fod to charge covtroller which gives an cutpu

charging voltage of 13,7V, sug voltape, it will tahe approximaely Shrs

PRmin to charge 12V TEAH lead acid battery used oo the project doring vormal good

weather condition, However, I weather condition e very poor, the charging perind will

by higher than Shirs 3min. When the hattery s fully charged, the charge coniroller

revents the overcharging, B was observed that, the output we of the invertor I8

>

approximately 240V at the mindioure Input voltage of 11.5V from the batlery,

o

Table 4.2 shows the economic analysis between the sireets Huht powered by

electricity from public utility and s ed, Figure 4.3 shows that the initial cost of
installing Solar-based syrect Hghiing s (8 6 28100 7 by, this s fr higher than the indiial
cost of installing poblic electrictiy sirept Highting (3 2.002.00 / by However, in Figwe
4.3, when the system analysis is considersd for the period of 20 veurs, 1t was observed
after siy vears that, the solor based strect Hghting is more economically vishle and
cheaper than the presort streer Hphting powered by electriclly from ithe public wtility
which gives garlier recovery of solar-hased streat lighting installation cost

A./

b3

Solar-based street Hghting bave many sdvantages, 18 is clean, reneswable and

sustainable. The indtal cost of solar-based sueet lghtlng which scoms real 8

&

insignificant constdering the pavback opportunity I the new ideal of smart grid system

WSS N6 SXOss VST BOTINGTSK 1 n the Solar Franel whe 3 ey 4 4(
wherely the cxcess power generated from the Solar PV panel when the ba 15 fnib

&
,,.M
&.,

charged can be used o sepply other residential electrieal load during the day sue

ke

refrigerator, fan, or sell back to Wationgl

,!c

5y
p24
by




CHAPTER ¥IVE
58 CONCLUSIONS AMND RECUOMMEMDBATIONS
51 CONCLUSIHONS
Stand-glone Solar-based Street Lighting for residential arcn has been designed,
constructed and unplemented. The nesd 10 sepplement amt eventuslly replace the
existing comvemiona street hghting power by gleciricity from puble il

today is being advoested since the economic analvsis carried ont betwesn Solar-based

street Hphting and street light powered by eleciricity

P

from public uithity shows that the

initial cost of solar-based street Hghting s relsiively bigh, However, i s insignificans

with tme and advancement in technology. Solwr s readily availeble and meve

seonontically vishle (o power street Bghting in Nigenia,

(& 51
Bod

s

RECOMMENDATIONS

In carrving out the design, imploments

don and testing of this project, the

llowing recommendoations sre suggested for further Inprovement.
e Since the maximum powar from the aolar PV panel cannot be achioved for the
all day due o the variation i the intensity of the son, 8 sun trecksr can be

meorporated 10 increase the efficiency of the system,

<¢~

= The Department or Undversity management can buy solar PV panel 1o reduce the
cost of the project of this vature,
e A do volage booster can be incorporated fo this projset 1o boost the oniput

vollage of solar PV panel duning poor wenther condition, particelarly in raining

L




s T alse recommend that meters such like pyranometer used in the measuroment of

-

sun ipiensity s

wiid be purchased by srhnent, sooas o better study the
characterisiios of Solar PV panel and its application,

be used

)
Yo

e The University should encowage the mass produstion of this project i

within the University campus.
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APPENDICESR

Appendix 10 Wire Gange specification table, Clhrywsiz, OO0 (7964

. o, . Sominal e Current capacity in
Bameder over insulation . Resistance v .
. eivenlay milliamperes based  AWEG
{inches? ’

ml area per 10061t on 1iHlen/A

Max. Min.
0.3 133 16516
4116 0.119 P30
04 £.106 HI3RO
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Panel Output Vollage, V., Charging YVeltage V.,

iy & &

Appendix 3 Results i‘;i’""«ia’” ;
Cusrent (A and Power (W)

Valtage (V)
SN Time Yo Yo Current {A) Power (W3
1

i 5.0 am 3,55 205 178 13.42
2 .36 am 815 758 3’.7&) KIERES
3 760 am 157 8.7 365 3854
4 2 {am 12,94 {63,859 360 46,38
5 G Sl 14 81 1576 354 5258
& Hid%am 16,400 4.60 250 36460
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Appendix 4 Bill or B

Stord-sione Solar-based ‘w

;wz zw Keas

0 and Doplementation of

&
o

DESCRIPTION OF
MATERIALS LKY

i

QUANTITY

RATE ()

AMOUNT (M3

Lk

L

i

i

Aotar PV Panel 12V GOW Nov

{Model SLPG6S-123
Sotar Lead aoid Bagtery, 12V Plo

AR

=3

iR ivrg: Controtior Mo

B dnverter Cirouit Mo
{E d\, ,zzg*z o 240Y se

{}m ghtH]

6V Belay Bwitch

FA ?’{}\( -:i\, jidi 0{‘ av!.
Lighting Lamp N

4m Gabvanized Fole Ny
cosupote v ;iiz 56 i,tr pah
huse, Hehiing laoy pole and

ontrad box,

Constraciion of Solar based N
Street Lighting Uo
Basenent

porele

P Smmd PV Copper 33
cably

Trapsporiation Lot

TOTAL

§

e

B, G00.00

56 60,00

HLO00.60

20000

6,00

35,500,060

st

R0.0600.00

20,000,400

10.600.00

REEIREY

198,700,840




