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CHAPTER-ONE 

1.0 lNTROIHJCTION 

IJ BACKGROUND TO THE Sl'UDV' 

Stp;;;d lighting is a kf')' dem.ent in the devdopmt.o:l1t of urban, sub~url);l.n and rurd 

connecting to <1 public mains 1'o\\e1' supply is "vhm 1'; :;imply 1'ekrs to stanckJone in this 

The Figure 1.0 described the si,:lnd<:llrme soL:r .. bnscd Sln'et light system. the 



;.- The Charge Controll..:r ;cceiv(;s voltag;:::: frnn1 sd.nr panel i'md is r..:sponsibkf{Yf 

charging and 1l1aintaining the dischm-ge of the hmery. 

the sysknt 

............... -~ 

S,-;1ar Panel ! r ...... ···~i 
f" .. ~,,~.~ ... -<"$~.,..........ll.,'--. ~.-~.: ... _···~··~~~·-l 
i C.hdTt /:; COlltlUL<.:;t J ......... k m .... ••• .. • .. -

B(luer;~: .. ...1 
~ .................. ~~ . . 

~m .......... ~! Pel"l\' S·,.°lkh I 
~ : Lm_:~.::: ... ~ .... :' .. -' 

L .. ~~_~:::~:~.~~ .. -j 

uniqw:. 



1.2 MOTIVATION 

in "NigerL today. several street lights have bcccrnemc{c decorative poles 

1.3 AI1\1 AND OBJECTIVES 



1.4 METHODOLOGY 

cOlArdler 

1.5 SCOrE AND LIMITATION OF \VORK 

~;:fIcicnt Curry out ;J cornparr;-tiv~ anulysis ()I1 economics of strc,:t lighting pm:vered by 

4 





2,U lJTERA:TFRE REV] LW 

2.1 INTROIH.TCTHJN 

The histnry of street HghUng started in the Ar~lb er.npm.: from 9th to 1 (r' 

high voltage and eonsunled a lot of ~l1~rg~r Tbe first ::;ireel h) usc dectridty to power 

, .. ' ! t l' l' ("'! 1 ,(,.., " " , \ '! mcm1uCScc,nt Llrnp, tn,.3U pUOde square ron< 111 ,_ eve anG, .Jy!O (, uS) Hi /.pn!. 1879. 

Higl; !nt~11Sitv Dischanu.3 (H!D'/I bnlDs sucb (1:3: \.krcury Var};)ur (,XvlV',)", \1 eta! 
..... y .....,..:. ~ 1 

l.evel of scotopic iurnct) having 1,,)\."1 output pov:er tu rcplw;;e high (Jmpu~ pO\VeL The 

types of such h:unps art Lenv Pressure SodlnIn (LPS), Compact Fluorescent (CFt) and 

Light Emitting Diode (LED), 

strcet Ughting \.vhkh b3S turn fh:;;m to lncre d('corativ~ poles because they are hi:lrdly 

abu.nda,nce of solar elK'rgyln Nigeria and its ecunon11c hendlts, 



Sinc~;; 1954" \,·/ork on Silicon and otb:r scmic(>wJutWf Like Cadmium have hx~n 

Streef Lighting savt:;;!noney and it is pollution free. It i~: tJv;; best option. -krf the future 

street lighting. 

."1 
{ 



2,2 SOLAR ELECTRI(:[TY GENERAl'ION 

ruoder<1te arnounts of pO'X~L 

SUlurnaxily, electricity g0n(;;:ation through tbe sdar energy can he t::xp\icidy 

n ,. l' l ;'. 1 1 .1\.ays 01 ~;WW.gllt un Le soar 

into clettricity (voltage) is called. the photoYoHa.ic (FV) ;;:Jfect 

by horne appliances. 

)< 
>., 



1,2>1 SOLAR PANEL 

"fuade up 01 sJ1Kon (;(;11s <uT,:lnged ill a s:;;rits or pOTalld string thatprodu<.x:;:; electric 

light 

(ii) :rnlycrystaHl.Hf: This panel Is baslud!y lnade of cast blocks of silicon which 

nov-/. IlK' p2wd is sligbtly jes:;; ct1-;cient and kss expensive than single crystal. 

(Hi) Amorph'ol.ls:Thc pant! dso known as wrhin Illrn". His lnade of siHeon 'l.:hich 

is sprei:1d directy on Llrge plat,;;s, usuaUy like stain!..:;;"s steeL It is onen ,Huch less 

efficient Zlnd chei',per to produce. 

cells which ;w.'. rnade up of serniconductor (silicon) and ho.smuch in ClJmmon >kith solid 

9 
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2.2.2 PIIOTOVOLTAJC EFFECT 

are: 

sem.icondl.tCfor. 

now in a.n e;..;.t{Tnal circuit from. the ;~t;rnicondllcfor lna;:;;ri;.!l.. 

The basic component of rdl0Wvoltnic systern is a solar cdl 'Nhich compOS(x.1 of 

added to the semiconductor lnat~'rial to iJduct~ hoks in the silkon wafeL AJlOthcr 

hnnuriw is diJh.IS('d on th.: to!) tdtht \vater. '!>fonvltin:1 unt'o11ckd electrons to hecorne 11~ 
... .,; ~., #-. ... 

Electrical vol,fag:;; and current are gener~ltt;dwhen sun s radbtion strike the 

\vith electrons, The loss of holes thT!1} th,:; [Hype L',ver leaves sorne of its atorn \vith a 



negative charge ion. /'dso, lo:3s of dectrUH$ frofn th<: n·typc layer lcave~; S0111C of its 

pn junctiGH 

.. 

. ::, .. ------';. 

in-built cd! 

n·,.typ0 

oyol • 0 \ ' f" ,,01 co ~ 0 " 
llW pntentLli oan'10f 0 HJul1ctlonpernllls fne t OV! or l;;iec1nc current in oniy OflC 



in(;rfa~~ing Hghtimensity (point A), ~.lnd under short ,~ir('uh condition (V=O), the 

magniwJe of the current incr,:;aS135 \vith increasing Eght intew;ity (point B\The 

the voltage j~~ positiv<: (point C). 

1, In 
./ 

..... 

-'--



2.3 CHARGE CONTROLLER 

"To ensure that $t~;;(ldy cbarge c·urrent gets (0 tk' b'.lUery from the solar pane!, no 

controller tnsures that the 

o.ni)" 

Similm:ly, once tb~ batkry has been drained to ,t o:rtain predetennineJ level, 

CUHt~)l; (0 he drained from the butteries until it wi!; be h';chargccL This use of ,I charge 

1" • Ii" . r -. contrvdtT IS essl~nW.l.~or battery kmgilJe. 

1.4 WrORAGE BATTERY 

energy avdlabk tu the load 0H d~~l:nnd. 



should nut be used indours, ! f the fJuuded !;);Jtteri(:;:.; ;;l{(; installed in an enclosure, 

\,'entlngis not requin:d in :;his hatkry rtnd they (an be u;3ed indoors. This battery 

(iii) AGM typt:s; The l'mlt~;;ry is known ~"s Absorbed Glass t."laL It consists of a 

Ampere Uour (i\J-I), When it is desire to In<'l1<.e the electricity available D.gain, the 

eledmchem1call'c(1ct1ons. 

14 



gradually redu(:.xl as the cd! is bdng ~,aturMd to its <.::upacity, Th<.': Enal stage is the J1Dat 

Stage I 
Constgl1t'C;I(rcnt 

2,0 

1.6 

!") , ............... . 

• 

.....••....................... , .... 

Time (hr:3) 

voltage! ceil 
charge curn:nt 

St~lgC 3 
F'lo;;H. char;ge 

: 2,) 

. ........ .... : 2,{) 
.. .......,... 

> 

n.5 

Fhure 1,6: Chargimz StaQCS of L}~ad-A>:id Bath.TV 
~ ~ ~ ~ . 

INVERTER 

Power cljxH.:ity of an inverter is the nm0unt of power 

during normal. op<.':ration, f(}f typical period ut' tirn0. 

15 



2Ji LOAJ) 

high intendty discharge lamp \vith a 10\>.; energy bmp is highly enc()ur::;;ging 11lywadays. 

HPS LintI' can be replaced by a 70V/ tv'llL 10G\V LPS and 2.x26\V eFt lamp. Low 

The 11ldliciellcy of incandcsc\~nt and high ,xanD-ge energy lalTlpS CdUS(':,; environ.rnentn! 



CH:\Vfr: R THREE 

3,{} MATER1/s.LS AND l\lETHOD 

:'U lNTRODlTCTION 

3.2 SELECTION OF LAl\lP 

The larnp chosen fur tbis project i;~ 2x26W CFL which is fhi: required equivulent 

Lamp 
Ught Output 

L!HIH.~n 

End of Life '% 
output 

Hated Average Life 
Span 

No Hf Lamp for 
:W years 

~,.,.~ ...................... ---------~~ ... ,. ......... ------......... ------------~~ ......................... -. ............... _-----------,.". ............................. -_ .... ...... ---------~ ................. --. 

2x26WCFL 3600 1m 85~~:(i 24000h 4 

80\V :~~,'fV J800 Lrn 7.5~~{} 16000h () 

125\v~ \1V 6]00 itT! 75~~.'{~ 16000h 6 

70Vv' LPS 6500 lrn 89~/{} 20000h 5 

100\'1 LPS 9500 Inl 89\~·<; 240~)Oh 
.< 

..:.r 

70\\/ IvlH 5500 tIn 6S<~/~) 12000h 10 

100\\/ MH 1-mOO 1m 70~}~) I20COh 10 
.-~~-"" .................... -....•.• ~~--"" ....................... _ ....... "" .. __ .. __ ........................................ --.. -.. ----.................. --~ ...... -~~ 

3.3 SOLA.R PV P/<.NEL 

I'vtodd SLP060 .... 12 

60\\/ 

1 ~! . , 



}.so/\. 

Short Circuit current (Is;;) 4.0/\ 

Weight S~4kg 

Dimension 908 x 552 x}{} (nun) 

IOOG'v' de: 

3.3.1 Detc.rminatinn of tHttkry t::urntdfy :tnd number nf solar pand n:.~quired for a 
given lighting lamp: 

Consider a strc(:1. light with 2;-.;26\\/ (CFL) bulb AC lighting load. 

h1vcrterOutput ',.:oltagc'" 240V 

P::::VxI OJ) 

,;vh::re, P z: Output Puwcr ()fthe Lighting Load 

I ::: Output LJ}o.d ('unent 

'"!'l 'I d ~" 1 :" ,11: Loa Current, 

18 



l-IO'~:vtvcr, a bauery c;;rpacity of 12V 18;\1-1 wa;~ u::;t::d in this project fur bng~~r dn.r~tion 

and availablEty. 

33,2 The number of sobr p~twd usrd fnr the projed: 

Fronl the rating nfl)ulb (2:-:26W), 60\V PV Vind i~; chosen. Considering g hours 

the averag(; sun::;hine in Nigeri::, and l2 llours up~rati()n(ll U,IK, th~rdzm; Hie numb(~r of 

measured and recorded. The results of the ch:!rging \\)!wge 21nd CUlT(;nt thTnl the panel 

3.4 CHARGE CONTROLLER OPERATION 

m P.2V and current of 3.50/\ Hoy;::; to the controE~L Tb~ 12\1 battery is charged 

u::;e1 as sv.,;-it<;;h to tcrminak th~ charging process when the b,j}.kry b~eorlles jUly 

dwW::d ilS indicat;::;d in Figure :U bdo\v. Th~ omput \'olt!:lg~ and current receive:3 from 

dw s()b.r pand charges car~ldtur C throughRL LED and R2. Tjl(~ capacitor voltage 

\9 



th0 pv;;itive ten-ninal of Uw battery '.,vhos,;; n,.;gatlvc krmlnalwas connecld directly to 

T2 an:: triggef0d into condudiorL Thcref;::;n~, T 1 andT2 nrovidc H discharRe r;ath for C, ~ .. ;.... .. _ s 

D1 

SCI<. 

</ 

SOLAR PANEl 

Rl 
i OD{~ ;~hnl, .. /:·· 2).K 

.,:- H.3 
'··IGh 

Figure 3,! : Chari!c Controlk~r Circuit diae.rarn ............. . ... 

TIp·n 

12V 

symbol and v-I characterbtics of lr:.His;:>lOr me indicated in Figure },:; ilnd Figure 

~'onducL The ON ilnd OFF state of this switch \Va:' decidd by the baHery voltage 

20 



Z
" 
-" 

B',', V;'E 

" r" 

Figure ,:t2: Circuit Symbol of a Transistor 

, , . 
I:; L!1~reasmg 

i :::: otl'fn ::~ ' ..... . .1. "j 

/\ 

G 

Figure 3-4: Circuit Syrnbo! ,.rf a 'fhyristor 

21 



'i. f: l,.,rwmJ 
h:i;d·;i~\g·:;:J:~ 

The uniqueness of thL thyristor lies pri.ncipally in its v-i chanlcferistics, The 

duratinn provided tbat the device is in its i>JPlv'ard biOCKhS slate, The thyristor IS 

3A.1 Determinatirm of Battery Ch~trging Period: 

60\;\/ 

Sol.ar Panellvlax, CUlTent (1,,,) 

Q::: [Xl' (3.2) 

Charging curn:nt 



t ::: ch.c.:.rging ptriod 

; :;;; J.~ .. ::: :)" 14 h.ours 
~L5 

35 INVERTER DESiGN 

35.1 i\10nULATED SIGNAL GENERATOR 

signal g'::n,;;ratol" is :;l squar:.':wave generator IhA makes use of 555 thner and a 4013 dud 

and it stays there until th'i.' THRESHOLD input is drIven, at the tilne the outJ.)ut goes 

.,.., 

.;~.) 



level belov.; 1/3 \Icc, and tht THRESHOLD is activated by an input l,.:;vd above 2/.3 V<:'v 

.', 
.J 

555 

\ " ICC 

4 

555 
1 

v,.; , ................ . 

DiS .............. . 

um , .............. . 

"7 

c 

Calculation r:l!' fr(~qHency f, for this circuit design, given the fCdlowing pararncters. 

The frequency uf osciiintion Is 1fT, \vhere T ;,:,; lOlal tirnc required to c{)Hlpkte ~~ dwrgc 

(3,}) 



.' 1.44 " t :z ~--- ................ , ...... : .............. ;-~~ .. ' 1:£ '. 
4 7 : C' ~(, r I Of){' .:.:! : "'i(\0 >;1' ,'. ~ x ~ I 1. '. '. \J • h~ ,\.Jr. !.' .l. 

f:;;; 50H:c: 

The outp;.n. .::;igni't! (,f 555 tinlff is connt:ctcd directly to the pin 11 of the CD4013 

dual D flip Dop, Th:::: 4013 i~; a popubrP"pin CM()S dwil D nip nop teaturl:ng wid;::: 

supply volt:.lge range (5 .... ! .5\-,'), highnr:rise irnmunity and cOl1'lpatibk \"lith 10\'-/ povv'er 

Each of tbe 40U's t\VO nip Hop has its o\\'n data-in CD), set (preset), n:.sd (c!t,:ai\ and 

regardless of coHcEtions on dk clock and D input. Bringing blJth the set rl~set inputs 

HIGH at the smne tirnt' is forbidden, 
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'fable 3.2: 'i'nHb Tab!c of 4013 D Flip hop 

Ci D R S Q (-.) KF'y 

o 0 {) 0 
X'" No (~hang~ 

0 0 0 x~:.::: Dunt can:; case 

x {, 
.' () Q (j 

., .... 
~ ---- On 

n () 
0= Ofr 

X x 

X ;x. 0 0 

X x 

35.2 PO\VER S\VITCHING 1'VI0SFLT 

of the output signal, Thus, th~y ,lr:; o:t...:; or OfF in allCl'l13t0 half cyd.e~ as shown in 

Figure 3.1 () htlo\v. 

\i:;:: 

2. 7k 

IRFP150 
..... ,/\;' .... _---

26 



Since the gate tcnnin~ll of the IviOSFCT' is t:kctricallv isolated frmIl the sourre bv a .. ",,' v 

cin:uit svrnbo! of <l '1)GWt:;r h,10SFET is shown bdO\v in rif!.ure 3,1 L Due to the high 
~ ~. ~ 

input i.mpedance rrf MCISFEf" its driver amplifier rnuA be ccmtlgured w" a '\.'oltagc 

buffer nmpUGeL The input impedance (:>1' a buffer arnpLiiler is very high and thc output 

MOSFET can be used n,:,; a :';\\'1tch, sine:.; lh~;; conductor in the drairHo~sou.rce 

The current in fhe drain-to-szmrct: path CD,n be sV:ltch or controlled by contrulHng the 

27 



, 

1., :. ,/ 

···V 
D~ 

Figup~~ .3 > 12: TV!}lcal V-I Chanl.c:krlst1cs of n-Channd \JodcMOS.FEf 
• .0/ v ~ 

Advantages of Hsing Ivl0SFET ~lS pOVJ0f ;)\.vitcL 

r' Sm.al1 size 

:;w Long Ii ft 

);;- High imn:wnity to mdimiol1 

3.5.3 VOLTAGLTRANSFORM.ATION 

28 



Control 
Circuit 

and T2 open::;, current nO,,v8 in the upper half in the prirnary winding coil and induces 

'1 ., 1 ! 1" ., l ' '"' 'J" 1 ., ' t /)"''-' If' "'iP ')\"I'··r y, t "1- : :" -"Vi'l-:1"l~'11'" 'vl ni1 In;J 1.·'Pl· ':11"1" 1 :"1' '1"'" ('U'~'l'''~'I-I' P'l l':'l'" ';:Y~Cv""l'<'a· rv ~ ",':':,v J!. t ... ", <:. <:y ...... ~ .. ~<.<-... ... ) (. ...... ;/ .......... ,;" ... , l ... • • .i ~"c .' ..... ( .............. ... ~~ ....... l:... ".- .', lo"." ," ,d .. t .......... · .> ....... . ~~ ,'/ 

wi!. 

output voltage, 

11 

\v.inding, 



inverter 

The ratio of the tram:I()uncr design is 1 :20 

Thcr(;for(;v 

i.O< 12 
!i~.'., ~- .................. . 

, ~ / 

)'20 

),6 INVEHl'EH TH./\NSFORMER DESIGN 

Po\ver :::: 300\\/ 



From the ,;vire sp;;CilIC(ltion chart (SC0 tl\(; wbh~ at !\j11w:di;\. 1), the \vire gauge is /\\VG 

13, 

\Vin: ;,;ize for s0U.H:cbry \vindillg ;:0 lsx J = !.25 x 200 '" 250cm 

Sdection of cnn: size: 

(3,9) 

J 

'1" " nereiofc; 
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· ( 12 x l{)" ~ .. lv n ;Z; •••..........••.•.•• ---••••............ ::: 'JO/u}"",': 
, ':+x50/12000x10 

(3,1.1) 

240xl0'; 
';"'J.?" :::: ~ ..... -........ ~ .. -~~---....... -- .. ::: 1 non t }.lr~;~· 
> • " ~! / 50 x 12000 >~ 1 () .... ,. , .. 

.50 turns ,... 

v p 
..... .:/ 

1000 wrnS 

50 turns·· 

3,7 ELECTRO;V] ECHA.NICAl.; REL::\ l' S\VITCH AND PHOTOCELL 
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tJw b.mp on during tK~ darkne:;;s ~~nd s\'v'itch off during the dayLighL The photoc{:U 

device \vorks in paralld v ..... ith the {day switcfL IftLt..:; inwnsHy of tbe Slln is very poor and 



,:',.-

::<:-. 
~- - (,,-:' 
',- (;, 

-:7 
;:: 

>:': 

.. 



3.8 STANIHNGPOLE CONSTR1JCTION 

thickness with a dlm'~nslon of 3ft by 2ft An ang.!t Iron rnaterial wa;:;; used ti:)(' the ~olar 

used for the iafnp, 

The consiTw:;led pob is ShO'v'{H in Fig.ure :U6 belmy, Thenee:essary 

Note: This project "Design anJ Inlplerntntatiurl of Stand--alont: Solaf·based Street 

Departrnent Ft3(krd University of Technology, lyEnn;,L The pictori<tl diagram is sho,<vn 

hdov! in plate n :::nd plaw IIL 

.................. Solar p;nd 

'",." ................... .... 
c· .................... C\>lltrol Box 

c:rL Llmp 

I? n 

2.11 

Figure }, 16: Stmd-rJon<:; Sohr-based Str,,;;el Lig.hting 
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lighting. 

Plate r: Solar PaneL Cont1'l.) 1 Cin:uit (Charge cuntrdkr and Inv~r{er) ~md lighti.ng lamp 
ttX Stnnd~Hlun0 Sdarhb;Js~:d Str~X'l Lighting. 



Plate III: Sund-done Sobr-t)used Street Lhlhtlng 1::Ul1D Switched On During Darkl1>Z5S ..... ..... ..~ ~ 

3.9 ECON01\UC ANALYSIS 

>;vith an effecti ',It: (lnd dL:ient solar street lighting dt.3p<.3nds to a brge extent on which of 

}- Types of discharge lamp e.g. (LPS, ME, hlV, or CFL) 

> Number <Jf !amp installed/used. 

:> The lamp ¢.t1ergy consumption 

y The energy con3umpiion cc:.;t. 

Equation (3J2) tjdow <.~::ll1 be tbed to nnaiyzc til<.: energy efile.lent street lighting 

bd"veen the clectrl<.::ity supply by public utility and solar based energy ({)liver e/ a1-, 

2002) 

Pri.me lighting insfdlation cost per hour ::: 

.17 



{3.12) 

'"vile-re, Operating dmmiol1 per day:o: 12 hours 

luminaire, dc, 

p 

Ii 

tedmology devei()pmenL size of supply and marketLH:Z~es. losses in electricity 

{> Solar energy bin is considered to h(' ('onstanL f!ovievcf, 5+n increment can be 

3.9.1, Determination of ~nHHm! ec{momit' .malysis of eFt lamp (2x16\V) ptH"(cf'cd 
from puh!k utility and Solar ba~i;('d fnr ::>trcd lighting SystcUL 

C'lkulation of Enen2.v COnXulnl)tion for the lanm indicated above: 
~v ' 

E ( ' .' 'K"Yl"" (.(\P .... I') .- 'A4"'~'1 ,nergy .onsumpuon (.' ,,~i "l)/aay ;:: }, }.)~ X ' ;... :=; O.6~' r('{'/ 1. 

38 



Calculation of En0rgy Consumption Costh.H· the brnp indicated above: 

2x26W eFr... Lamp: 

Annual Energy COm;tHnption '" 227.76KWb 

Cost of Lamp": N 100n 

:0:: N 2,343.78 

'p' . I"'! .. ..., 'J('V (·· .. ··1··' 'd' 1 . flIDe msta latlon ,m( 0ni.xgy cost 101' 011(' year tbIng LX".) \' ... ]: .. _ tnr reSl entia 8t1'C01. 

lighting: 

2x26\\/ CFL primt:.inst<dlation Lghting cos:. per hour: 

Power = 2x26\V C1052K\V) 

N 2,002.00/ fir 

2x26\V eFL prime installation ligh11Dg cost per hour: 

Pov·/tr "" 2x26\V «(L052KW) 
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N 6.28L(H)/hr 

3.10 TESTING OF COi\IPONENTS 

power in the battery capacity, The results of the Chiltging output ·voltage and current are 

indicated in chapter t<mf, table 4,1, 

~,>,lOSFFT ofinvl.3rter \V:lS tc::;ied and recurded bdi:H\'; the signal flo\vs to tht~ l11Verlt:.T 

and recorded, 



CHAPTER FOllR 

4J) RESt! LTS OF l),\TA AND IHSCVSSION 

4.1 INTRODLCTION 

analysis carried oulbr the rksign ;;H,d .llrlpito;rntntation of s1m)d-<liol1e solar-based street 

lighting. 

4,2 SOLAR PV PANEL tiNfr 

Rated Pov.;er, P 60\V 

Rated Voltage, V 17.2V 

Rated Current, I 

0,00 lO.tj{) 2(LOO 

41 



s.o~.} 150U 

4.3 CHARGE CONTROLLER AND fNVERTLRUNrr 

Inverter input voltage (DC; co: between 11 SV' and 1 :LOV 

Outpm frequency ~ 50Hz 

4.4 COMPARISON BETWEEN S'fREET LIGHT1NG PO\VER BY I'UBLIC 
UTILITY ,AND SOLAR-BASED STREET treHTING • 

.. I~~?~C ~:;~ ~ C()rnE~l~i~~~!~.P.~:~.~.~~.~~;~~:..!:~:b l i (: U ~!.~~t.L~~~~~LS~i.\::\l:~!?~~~.~~Ui5rt:.d !iE~X~~~?g .................. ~ ....... --
1st yr 2nd 4th 6th }W! HHil 11th !4th 16th 13th lOl.h 

Perh:J.~!.: ........... }!l.,.t~ ........... Y!~' ~~YL.m ...... X~: .............. r~ .. m ........ yr )J:. .............. /t .............. X!'.... yf m ....... .xE ........... . 
Public 
t~ost {~;i!hr) 2J}02 ,~~:.O{}:5 6/)07 8~OiO 1()~(}{3 12/;~6 14~020 16~023 l~\027 20::{)30 2;2~034 

Solar cm;t 

42 



1{; 

·,3· ~ :5$)(::~: 

:.-. ., :-, ....... :-: ... ;"'-, ';:-. 

1: 
:~ .. , 
'l'~.; 

~ £; -:'.-' ~i> ':-'; ~.:. .,; .. :. ,"": ::..:. 
;~ .. 
," 

4.5 DISCUSSION OF RESLLl'S 

The rc:~u1ts ShO',\Tl in appendix 3 'vvere ObVr!fH:d frorn the Ine;-1SLU"f:rnent taJ;;.en 

from the Sd~H' FV pnneL Figure "1.1 sbov.,·s lne Sobr P\;' Curn::nt :' VoJ.t.age 

Characteristics as obtained fron} appe,tdix 3. The grapb shcnvs that, as the open circuit 

agreed \-vith the lxnver equntion 4. t. 

j ) ... , 7 

. :::: V Xj , I' r/ ,..,:::: /f (4.1) 

the periods, H{}\.>,,:ever, it is llrlport:.mt to note Hwy, the output yoltage and power of the 

soLlr PV panel (kpends on \veather cundition Dther tkm time of the (by. 

4
0" . , 



The open circuit voltage (V(,,;) of the pan,:.! ranges benveen 0,0\1 to a rnaximum 

voltage of 2L6V. Thes:.'; voItages arc f,:d to charge coniTolkr vihich gives an output 

15n)in to chan~e 12V 1 g/\H lead add batterv u~::;d 1'(11' the l)rOl'ect dudnr:: uunna! £iond ...... ~..t . w ~ 

Ix higher tiWJ1 Silts 15min. \Vhen the b11.kl'yi::; fully charged, the chmW;; contmlkr 

prevents tlw overcharging. h wns observed that, the output voltage of lh~;; hr"..-erter is 

Table 4.2 sho\\'~:; the econornlC analY~ls bet\vcen the street:.:; light powered by 

electricity frr;m public utility and ~oLJr··b<:::<xl. Figure 4.3 show~ that the initial cost of 

Sol.<tr-based street lighting have many [ldyantagc~, it is clean, renewable and 

charged can be used to :mpply other residenUa! electrical lo;;~d during fhe day such as 
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CHAPTER FIVE 

5J} CONCLVSIONS /\NDRECOMMJENDATIONS 

5,1 CONCLlfSIONS 

initial cost of sol::U·~txlsed street lig11ting is n.'L=;livcly high, Hov:evtf, it isinsigniHcam 

available nnd more 

RECOMMENDATIONS 

in CaJrYl11g out the design, in';pkn;tntmion and testing of this project. the 

• The Depwtm<:nt or Univetxity rnanngcllK:nt >.::;:w buy sdax PV pand to reduce the 

c:ost of the projcd of this nature, 

~ A de voltage booster can be In('Oll)(i)'atl.x1 to this prDject to boost the output 



tmn intcnsi1y shut: ld b:.~ purchased by the dt.pc:;rtment so :.is tl.) heW:.r study th< 

• The Univer~;ity should encou)'ag<.': the Inass production of this prc~lect to be used 

within the UniWfsity caHlpus. 
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APPENI)lf:rs 

Diameter oyer immbtion 
(in~bes) 

Max. Min. 
0,1} CU.D 
0,116 (Ll 1 ~.) 

0.104- 0,106 
{}092B 0,0948 

0.0829 0.0847 
{L{Y741 0.0757 

0,0667 0.D632 
0))595 0.0609 

0,(.1532 OJ)),;! 5 

0.0476 OJ)488 
O,0425 IHl437 

0,1}38 0,0391 
O'(}34 0.035 I 
0.0302 GJ)314 

0.0271 0.0281 
0.0244 0.0253 
{LOll g OJ)217 
Of)195 0.0203 
(WI74 (UJ182 
O'{H57 0.0164 
0.0141 0,(1147 

0.0127 0.0133 

0.01 ' " l:! (LO 1 19 

0.0101 0.0108 

0.0091 0.0098 
0.0081 0.00[<;8 

0.0072 0.0078 

0,0064 {LOO] 

Nmnin.)i 
dn.~ular 

mt an~~l 

16510 

13090 
10380 
8230 
6530 
5130 

41 1h 
;! 'oJ 

3260 
2530 
20.50 
1620 

1.290 
! (JiG 
$)" ..... 
t~.t ..;:: 

640 
511 
40,,1 

320 
253 
202 
15',) 

128 
100 
7<).2 

64 
50~4 

39.7 
31.4 
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ReslshuH::e 
pel'lOGOff 

O.6?Sl 
0.7925 

{).9985 
] <261 
1,588 
2.001 

2~524 

3.1 8} 
4.02 
),054 
6.386 
g.046 

10.1 :J 
12~77 

16<~:, 

20.J 
"~t'" ,,- .--.;; 

L.~.O / 

32.37 
41 ,'\ ..... 

»\) .. ~~ 

51 <~l4 
6531 
8l.21 
103.7 
13G~9 

!62 
205,"/ 

261.3 
330~"'} 

Current capadty in 
mUlbmpen's based A \VG 
on 10HHcm/A 

16510 g 

13090 9 

10380 10 
3226 11 
6529 l; ."-' 

5134 1 " . ~) 
, 
109 .::.: 'j .h 

326() 15 

2S3t 16 
20.52 17 
1624 lj:~ 

lb 

1289 it") 
~ .. ' 

1024 20 
812.3 21 
64{U .,.-, 

...:..."::" 

5103 "''' £,;) 

404 ...... ~ .,~ 

","t 

320.4 25 
2.52.8 ..... / 

~o 

201.6 .. r~f7 
.,;., 

15fL8 28 
i 27.7 29 
100 30 

7921 " 1 J{ 

64 32 
50041 

.... ~, 
:J:J 

39.69 34 
3136 35 



Appendix 2: Selection of Lighdng L:unp iZ"lf Residentid Street LigI·dng. 

(Z!!I.l?:· .. ~~~~;rlFL~~:!.!.fA~'J:_(!:'t. zq) 

rx\:,) ... o'o.:/: '('::i/.' ,,/, .. ;.-:' "'!", l 

MGt:. V",,$';}", 
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App~ndix 3: Results of Sob x Pand ()utP;.lt '/ott~lg';;, V".;, Charging VolL;gc Vi" 
(-';l~rrent (/\) and Po\vcr (\\7). 

Voltage (V) 

S[;~ .... _ .. ~.T.i.~!~~ ............... ~.Y,;.<: ........ ~ ............... ~ ................. ~E.:~l.t:r~:.~.U\J ....... ~ .. y~.~~:~~ {~y.} ...... . 
1 6.10 a.m 355 LOS :;.78 13.42 
... 6,}0 arfl '-.- ": ~ 7,50 3.70 30,16 £- (), .>..' 

..., 
7.00 an: 10.57 8.7G 3.65 ;;8.SR ;~ 

4 8.00anl 12.94 10.H9 3,60 46.58 

:5 930axn 14.81 D./O 3.j5 52~58 

6 1 O.45n.m 16,00 14.60 J,50 56.00 , 
"I \ 1.00pm i8.00 15.00 ., '''8 59,04 ! ~ .),L,' 

g 12,{}Oprn 19,50 16.40 3Jl8 60.06 
<) 1 .en .~ 1 .50 I 7.2() 2.80 60.20 p111 .. ':. 

10 1.30 prl'l UL99 16.30 3.16 60,01 

1 1 2.00pm I 7.67 1 5.50 331 58.49 

12 .lOOprn 16.50 14.90 3,44 56,/t; 

B ';ifl'''-'n' 1 r "~f~ 13~99 3,48 ,,'-1 'If' 
. ". " f-' ., .J ~!..H} ./,.;;., . .:.V 

14 43Gprn j }.90 12.50 3~52 48.93 , 

15 5.UOpm "i. 1 {~(). 8.59 
.-, ..,." .. 

39~49 '\0 ."") .... ; 
1 ,\.''',' . ./ ..... ' 

16 530pm 10.00 7.99 3,61 36.10 

17 6.00pm g.OO 5.50 3.63 29.04 

18 6J(h,m 4,05 3.5 3,69 14.94 
~ ........ _~ ........ ___ :::J.:: .......... _ •. ~ .......... __ .~ .......... __ .~ ............... ~ .............. ~ ............ --.~ ........... --.~ .......... --.-..... "-"~ 
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DrSCHTPTION OF 

SolarPV Pand 12V 60V; No 

3 

6 

Sobr L;;-;:;;I <Kid fLittery, l2V 
18AH 

l);;.:,'>ign ClHuW: COl)trdkr 
Circuit for 12V Bi!tkry 

Design. 3GOV/ !nH)(t\;;r CireHit 
(12V de input to 240\1 ac 
Output) 

6V R:~la:·{ Switch 

Lighting Lanip 

4m Galvanized Pol<.' 
complete v·;ith Sol'll' panel 
base, Eghdng brnp pGl;;.~ and 
('ontrG! box. 

9 (~OH~tfO(:1 iLH~~ o.f Soiar bHscd 
Street Lighting (·on<.~rete 
Hasernent 

10 lxi ,5mm2 PVC Copp;,;;r 
cab!;;, 

No 

}~'o 

No 

No 

No 

m 

Let Let 

20,000.00 2(}:-OO().OO 

lO,OOOJlO 10J)OG,OO 

25,000.00 25,000.00 

20G.OO 200J}O 

6"OnOJ)(} (i,GOO.GO 

! ,000.00 1/)00,(}0 

35,000,00 35,000,00 

5,000.00 5,000.0(} 

15000 1 YJO,(}{) 

IS/iOO,OO 15,000,00 

'rOTAL 199~700JHi 
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