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ABSTRACT 

EHkkncy of energy utilization is one of thc major i"sw:s in the global Bcene today, it 
entaiL ..-eductknin energy requ1red to increase production and prrPiide better services. 
'fhis research \vork investigates vurious ways und patterns through \vhich dectrical 
energy h txjng (~onsuml:d in Peugeot A,utom.obik .Niger-h. Limited, It identif.ied tL~ 
:,;ourf "'" <if i'rv'p.Yv ',v,(';;ta;le and ,;;u<><>p<':"""l <:tn,t;><>i"'''' in """rh t'l" }"ef);<tl";'''' t·i·pnd<, '1"!'l<-; 

- • • ,... ..... A .... .... ~'~.!:: . .l ~ ~ ... ~t, ... · ~ . ....... ~.t:.,,,,',,:>;;>"",,,, 'V'~-~ .. ~·t~·v ... ... "....~ ... ,e. ........ ··<!./b"'~ ~~ ................ ,~). \.. 

study identifies lighting system as a major source thrcMgh \vhkh energy is being 
wnskd~ hence effid.cnt energy s8v'bg lighting sy;:;tcms aw being proffered; abo &1v-ing 
accrud \vcre determined to jm,tify their deployme11t. In the course of this work, an 
energy saving calcul.ating: tool Vlas d:;,:vdopcd to calculate energy saving capabnitk.~s 
us~ng enef2;''Y effideut burps, \Vith ampk devotion. to theimpJ.emenwtion of the 
ft~COnmwn;;:tat1ons mude, th.e cost of energy per car \vill be dmsticdlyrednc,A with 
(:oncnmii~mt profits, In an more ,oars win he produced thw:; translating to mm~~ 
,:;mphymcnt opportunitie;:; in the indu;:,try, 
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CHAPTER ON.E 

1.0 f.NTRODVCTJON 

1,1 BACKGROUND OF THE STlrOV 

for the use of man. It is the busin:.:':ss of engineaing to utilize this energy to the bc:<1 

advantage, so that there may 'be the least possible wast:.;; {WiHimll, 1908} Em:rgy for 

obvious reasons j~., regarded as tbe prime mover of any econ.omy, and the engine of 

that its d;;::ve1opment,ltl.aml.p:m,:nt, and improvement must have predetermined phns 

and strav.:gies th<)t an:: capable of driv-ing ttH: 1;'i;ouomy to\<;;:,rJs a sun;; path of sU5tainJ.ble 

With ampk devotion to tenet", of cost reduction and deployment of energy ei'fici,:nt 

l.(xhnohgie~; and practices, an of these can be achieved, i\ndrew VVdker, (lOG6) opined 

th<1t by managing the demand in the l1(;twmk is a good ,vay of s;;;villg exp.~ndltum on 

infrastructure, rts the cost of this type scheme is (~Gnsidcrably less ih~m reinforcing or 

'upgrading existing infrastru.cture, 

acquisition. That is, befi:.>n: any equ.ipment consuming energy is procured, consideration 

ar(; (k;:.igned and i~tted \vlth i.w'Jwp'riatt controls and other components that optimize 
~ ~. 

their end-usz' energy effJdeni;Y. By imhibing energy---efflcknt pnK.:tk:.c:s, all energy 



consu1tnng systerns nT<.~ from 11me to time monitored, deaned, adjusted, maintained and 

nperatcd Y() cmmrc tb;,=tt they make the most eff1cient use of erh,:rgy (CIPEC, 2(10). 

ho\vbcst to carry (jUt daily operations a.nd main1:0nance works using Fowerful 

j\f; ,,1 rcsult. of wchnologics usually depic<)' in automobile i.n.d.u;:;try, Induction motms, 

oilen referred to a~, "factory workhorse." is usually used, '111esc motor:., being Indm:tive 

k;l.d~:; requin:. a curr.enti1n';v to create maga~.::tk: fkids to produce the desired ,<"ork This 

brinw> low power factor. i\ lo'vV pv;vtr factm is expensive and ineft1cient Utility 

ekx:trical ~>y3kln'B distribution capacity by increasing the current 110v.: and C<'IHSing 

Current V\C} system d(;.~.;o· to 1. It i~, bdkycd that improving pmver i8ctor will 

inCfOSC i..~nergy erfic:kncy and reduce cost Also by acquiring encrgy effic:knt motors, 

:;: tu 8';';; efficiency c,mbe gGtten compa.rcd with standard motors, 'fhey ov.;e their higher 

A.Hotbe1' syskm of nok in an automobik industry is lighting systi::m, Ahout 21 % of the: 

'·,vor1d's electrical energy is used for Hghtbg, That equals a vdwpping 12 BiWons K\v11 

and compact iluorcsccnJ lighting, a lot of eru::rgy can he saved \vith concomitant cost 

l'CGuctlOlt 

Fmploymem of eftkknt energy prngramnlcB m m1 automobilemanufactnring industry 

can bring ril){)Ut rednction in fc,s,sil fuel used fJY 12% wiLh attendant H:duction lH 



redwA10n 'shieh can k of help in fighting climate change is equal to the emissions trorn 

the electricity use ofmon:: than 80,000 !Klm,:~s in a y(~(lL 

1.2 .<\EH AND OBJECl'IVES 

The main Him and objectives nfthis \vnrk arc: 

(1) To audit eb:.trical (~nergy efficiency in the indu.stry and proffer areas of 

Improvement 

(ii} '1\) unravel the cost saving opportunities and potcntiab. 

(iii) To i:h::velop strategies for maintaining eift:ctive energy saving in the industry, 

1.3 PRORL.L\1 STATEMJ;:NTIl\lOTfVATIONS 

high cost of th{~ (:ornmodity in >ngeria, a sum of N90 rnL!ion ,;vas uSf:d for it, 

'NUS U$<::d to provide electrical energy in :W08, the 'breakdown of which ShO'NS that 

N7n 12 rnilJ.ion \vas 'used to buy diesel, another :N37.57 million was u:~ed to pay 

de<.'tridty bilh ,phil:: main.tcl1unce of generating $cts gulped N2A7 miEkm; in the same 

ye;;'r, the cost of d(:ctrical cnergy per car \vas N 200,000, 

T1H~m:.wuj.\c:tl).ring sei;:tor in Nigeria iDs been bC'deviHcd by thi~, negative trend. 'rhis 

;;tis:) mal'orb; 21.CCOl.mt f:)r the c1osin12 dovm of some factories in Nigeria "vhiIe 21. coupk of ~ / ~~ 
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in order to break even, 

hence all hands mtl,~t be <m deckfl"r this darion calL 

AJtogether, going by the cHm.ate changes ()cca::;ioned by ubiquitous emissions of green 

negatlYe trends, 

1 A :\lETHOnOLOGY 

\Jy familiarity with the eqnipmt11t has been pnc<:,k::;:;; in executing the research \.vork. 

This also I:; made possible by my posting \vithin the Peugeot pIant- a £actor tbrr enabks 

my day' to day ~;;tHdy of the problems. Tbe production lines and the swiwh rooms 

()ther rnethods emphyed incIude the fhJl~wling, 

Stathtical evnluadon of tbe rc~m1ting dnh with ample use of charts" t,'Taphs, 

using ?vtS Excel 2007, 

3. C()nclw~iens were dmwn from the results obtain<:xL 



The aspect of counting equipment and f1tUng::; lH the shop 1100r and work zmj(:s 

'ClkSe Ctlarts litter this thesis. 

1.5 SCOPE OF THE STUny 

Tb:~ study is geared tG\v,uds auditing energy (xms.umptlon in the industr:.". It identi.6es 

\vhere and ho',.'/ energy is being w'askd; it proffi;;rs sohJ.tiun to the problems. The results 

lucidly cakulate gain::; to be !),ccnled \vhen energy effdent systrzms arc deployed. It ;,"" 

1,6 ORGANIZATH1N OF 'rIll': THESIS 

comprises aim and o~jectives of the project, motivation and the methodology employed, 

(]upkr two l'e<ih~\v$ tte historical !fmcs on motor vehide rnarwfacturing in Nigeria 

which shows the pinnad};; (,I:' Car production In trw C(Hmtry and its dOWJ1<Niird trends 

henJded hy h&rsh government economk polky of Structural Adjusted Progralnrrk 

(Sl\P\ Chaptt"r thn:e explains the makrials und methods ),1se& Chapter i'tiur dVlvis the 

results ohtained from the analyds whije chapter G'v'C gives the conclushn and 

r<'.;~:(}mmtndntinn 'n1(; references and Hppendices 'vVi$re listed at the end of the report 

s 



2.1 INTR(1)t]CTlON 

Nigeria govermncnt iT:yG!verncnt in the automntive indusny dates from the second 

JC'Y{:lopnKnt plan period (1970 to 1974), wh;;;:n the two passenger car assembly plants 

were {%tllblished. This "vas foUowed, durin!! the third nb.n '(JenuJ n 975 to 1980) tv the .. ~ ):::" . (" ".. . .. ..; . 

cornpiemenwd by a fourth that wa;:; to specialb:; in tractor:> H!1d other form equiprnent 

FIAT (National Trucks t'vtaHufa<:turers), Stcyr, J'-.kn.::edes Benz and Leyland tracks and 

AmOHl0biks Peugeot (AnL 'Nithin thePSA group tbt m.anlifacture~~ thef\~ugeot and 

Citroen serial mod-ok AP hi~S been rnmmfacturing these modelS fi.~r over a hundred 

organised into six subsidi.aries 8emi~autonomous divisions, hut the two vehic1e 

manufacturing ones ha\,'e their board. The Jiyisions are: Automob11e, mechardcal 

Autmnobik Citroen divisions, 



Peugeot sefid models wen~ sclech:d fhr 8...isemhbng in Nlgeri<:1 because 1t has been 

t .. c,ngevity (RRL) in cue. 

Limitl~dw<~s taken by the then Federal Military Government under the leadership of 

~h (" , " , v ..". ,. .,. (; .)ctoneL. 1(169 \vn,:::n me goverrmkHt mVlted 1 b reputable VdlH.::Je manu tactunng 

companies in the world to submit proposal f()f the establishment of vehi:Je assernbly 

plant in the country 

'I\:n.:J'{e yean, bet~)re the lnitiative\v<'ls tal-zen" 1957 to be precise, Peuw::r::t Cars made 

their first entry into Nig,zriawben ahout 100 units of the Peugeot 403 rnodd v:ere 

imported bto the country by ind.ividuals. "1110$<.3" cr:..rs soon becarne popubr due to their 

kgend;;lrj\ rdiabiIity and ~mitability u) Nigerian J"o,:l.d cond.itions, The den-mud for 

into the countly of Peugeot 404 rnodel. \Vith the bigh demand of Peugeot products 

sixteen various vI.::hidt: manufacturers 

tiTC(Nig.} 

Figure 2.1; Peugeot Automobile Nigeria (PAN) Limlred Current Ownership structure. 
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J.n. It:,ih }')""~"r'1':"",",Y. 10'/";< l).-~·?»; .,,:,," ;·j,·,{'l ...... ,{,·j·"><,d ",-. L;'1·;t'",; 1 :··i).'l"l't'. (~{'n"""'.r" ",;,'j" ",' 
" ." ;~..:.~,,; l,/":'.<, '-"'''''' r;·,.:" ,~<".., .'.d, ... , j/'" .",.". ,~,~. ,l .. k .• ,.:"" -;.(V;"J' " . .,:, ;Fe,.dy "'!c., ~i,l 

authorized '3h~U'i: c;;:pit::d of three million n2.1r:.t Twenty seven momh~, after 

1975. 

The cornpany commenced production vhth an annual output of 60,000 cars, Tn the 

and it had w<xe than 2000 sbffon its fMyro;:. rts role in the industri.al secter ',~las one of 

significance due to heavy reliance on local sqjpliers >,'lith 70 1oca1 firms providing 3]0,,; 

of loca.1 content fj)r domestic production. 

2.1.1 Strudural AdJustment ])rogramme (S/\.P) 

In 1986~ the governrnent of Nigeria introduced stnlcmral adjustrnent program.rne (SAP). 

purchase:, buLk of cars tl:'l;;Hlu.fac{ured. The poEcy sparked off di.fficulties experi.enced by 

production of 1 1-584 cal'S in 1975, it went up to 18,224 in 1976 a.nd rnore than 27,000 in 

After thiB year, the trend wa..;; smoother but 1'0'31:. dramatically in 1979 and up to 1984 

1986. 

8 



'VJL,\R eRD ClUJ 'I'OTAL 
•••• •• •• •• ........... ___ •• •• •• • ................ r_ •••• • ................... · ••••••• ,. . ........,... •• _ • .................... _._._ ...... ~_ •••••• ~ 

1975 10362 1222 : 1 <:3'< ; . . ~) ... ~ 

1976 J.7441 "lX'~ I ...... 18224 
1.977 25836 2065 27901 
1~}7S 19632 474 20106 
1979 42856 52 42908 
1980 60286 417 60703 
'1981 72696 4133 76829 
1982 73846 1315 75161 
!983 3684.:' 135 36978 
1984 44240 i) 44240 
1985 35992 0 35992 
t986 26966 (} 26966 
1937 7294 29 7323 
19S9 9938 600 10538 
1989 4707 692 5399 
1990 8379 977 9356 
1991 12170 1 180 U350 
1992 1 1252 504 11756 
1993 7541 296 7837 
1994 4991 265 5256 
1995 3346 147 3493 
1996 3650 269 3919 
i~r}7 4333 225 4{S08 
1998 4689 479 5J68 
1999 5687 698 6385 
20GO 59,:13 999 6942 
2001 6621 U82 8003 
...... ~., ,.~ ...... 
L .... ~ .... ;h. 2625 X'"1~ 

.~.~~ .• I 3453 

................... " ............................................................................................... . 

Figun:: 22: Peugeot Car producfion iuNigerh (CKD~ COJnpletely Knocked DOW11; 

CBU' Completely Buil!. Unit) 



Aim for Setting Up Peugeot Automohile Nigeria Li.m1ted 

The m:'Yln aim of setting up h:uge~;tAutr;r.nobib r-Lgeria Limited wa .. "! t:.:) en:;UH: massive 

p-rDductton uf vehi.clcs particularly cars, bm'ied on dernand and the need. to save the 

On kmg term basis, Peugeot pb,nt "vas also 

intended to create empbyrnent opportunities for Nigeri.ans to contribute significantly to 

t!K' Grcss Domestk Product (GDP) i\-ioreirnporLmtly .. the plant wa::; to lnv;;:: rnuitip1ier 

cfkns, vA::.ich could result itl the development Df various ancilbryindustries tD 

rnanubcture different cornpnrl.ents for tbe vehides. The long tarn goal 'Nas to emmre 

that the assernbl.y plant depended increasingly more on local sources for all the 

cornponents required fbr rnanuhduring ears and other retired items for internal 

CGl1suHmtioH and for e,\TlOlt into other Africa.n cDUntries, ,. , 

It i:::; in support of these, that the federal Governn.1em took wm;) positive actions to put 

in phKe dear pDlicy guid.elines that \vould redixect the development of the auto-industry 

Those guidelines ill.;':; documented in the National A,utornotive 

Pu1i.Cy' \vhich '·Nas lunched in August of 1 :':;;93. Decree No.84 of 1993 est;;:bEshed the 

In order w ctesiilU (iD inst<,datioH, the acwal mn.xlrnul1'l kad demand. likely to lxirnposed 
~J. ~ • 

on the nower supplv system l1',ust be assessed, 
~. . '" ~ . 

. LL! Instalh:d PtH'i'er (K\V) 

Thi? m:~talledp()y;eris the :mm of the Dornillal peNer consuming devices in the 

installation, This is not the pmver to be acmally supplied i.o practice, This is the case of 

electric 1'rU)tor5 >,vhere the po\ver rating refers to the output po\-ver at its driving sInH. 

The ~nput po>,ver consumption VY'iU evidently be greater. Fluorescent <.md d.ischarge 

lir:np~; ;c1'.>sociated v:ith stabilizing ballasts are other cases 111 vv'hich the nominal j.y;wer 

indicated on the brop is less than pm,ver consumed l:.y the lamp and its ba!k.st. 

10 



battery~ ('.nei where the requirex:nems of a prime 'mover have to be considered, 

M.ediurn \/oltnge/Lo\v Voltage UvtV!LV) tnwBfDrmer, the significant quantity 13 the 

apprtrent pc>,;veril1 :K.'VA, 

2.2,2 InstaUed ApparcntPm'ler (KVA) 

'The installed apparent power is commonly assumed. to be the arithmetical sum of the 

Kjl:.)volt~Amp'~re (KVA) of individual loads, The maximum estlm~"lteJ KYi\ to be 
, 

supplied however is not equzJ to tht~ total insntlled KV!L The apparent pO'ller dexnand 

of ~i load{ \vhich midst be (\ slade aY

J
,.ml1ancc) is obtained. from its nornind DDwer ratiuQ 

... ~ ....,.. A ... ....;;.:. 

'. ' .v_. output KW rJ ::;; tne f.~er urut e,t:I{:!enCV -;:;-:. ...... -~ .... ~--.. 
. " . input KW 

l;n 
Pa ~"'''''-~''''''-

rl /. CosT {2.3} 

Fn;rn the va.lue, the nillbad cunent Ia taKen by the load will be 

Pa / 1(/ 
la:.:.:.: ............. -·······_ .. 

II' 
(For single phase iD neutr~J cormccted,load) 
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Po. >: 103 

fa:::· .... ~-:-: ......... ~ 

·J'3 ::.:: if 
(25) 

it lr;ny be noted thm strictiy speaking the total KVA of apparent power is not the 

acceptable "design margin", \Vhen some or aD of the load characteristics are net 

knOVdl, the values shown in Tables 22 and 23 h~10W 11my he m;ed to give a vcry 

.,. "T" \ 'K' \P\ '1'1. ' "., t· I ,. , '1 _, expressca m .r'o.V:' or.·.Y .I" 11.e !~$t1rnates tor i;gotmg 0<108 are Dase<:.i on t uor areas ot 

500rn2
, 

.--.. --.... "-.. -- .... "--.......... ~ ......... ".~-......... ".~-.......... "~. ·~· .... "-.... -··· .. ·r·~ .. · .. ·· .... "--.. ··· .... "~ ...... : .. "~.-............ ~-............ ~ ........... .. 
EST[MATEO (VAli\l ) A VERAGC 

TVPES OF FUJORESCENT TUI:H~ \VerB LIGHTING LEVEL 
~ ·rH·.H· :8'('" "].cr{')1"~' n .... n)l'TF!·I']:n AI', 1YIr.'FI ,!.;'('Tr'R (1' 3 "" 1 ;. 2\ ·....:.:::~:·~:·~:::!:. .. ·:~~··,,:!...:·:·~ .. ,,-... --...... ~ .. ~~.~.~tJ..:~ .. ~._"_l~?:.::~~I_-..·~~ .. : .... :.~~ ..... y:.~_ ........ ___ .. " ... ~.!Jx ...... J!!! n~.} .... ,,~ ........... . Roads and highway 

storage are;.l..~~ intermittent 

Jl$;;<)vJ~ d11ty' \Y~()r1~s: 

fahrication (l.ni assernbly 
,~ t'" <r<H',' l"'r'o" ,"nr':" Pf;'>f'''''' ,~j. l" .... ) ... '1 t. .... ¢:..... '1"\.... :-'A. .. ........ 1.;,. • ......... } 

Day"w--day';,'ork: office 
\vork 

RI'r1'~ 'v ..... ,·),·· '<:'-::-'~'}nO .~ .v " ...... t>.J!..., 1ll.;...:.\<, ... t.f;S 

,"' 
{ 150 

14 300 

24 500 

offices tl"i~~h pre~.:;ision 
nssernblv ~'iv(;rksbop 41 800 

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

(SUu[C0. Electrical I nstaUation Guide:\v\\''vv, electrical installafion org) 



···TYrjfs·-tjJ~ ------- ... ---.--~----- ... ------------- .. -------------.----------.--... --.----~ .. -.. ----------.. ---... ----...... -.. 
APPL[CATION KSTll\tATED (vAn\'t~l· .. ,. .. -~-.-... --.... "'~---- ............. ~----.............. ~~---.......... ~---..... -- ...... ~~-.-.......... --.. -:.. ........ ---_ ... -- .... - ...... _-_ ......... , 

Pumping sL1tior; 
compressed air 

:EJectrical c()n\.a;::ctic~n 
hent':;n;: prn/ate houses, 
Hat:, and apartmtTlts 

Offices 

DIspatching workshop 

Assembly \vork shop 

\1achlue ShOj:l 

Painting >,vorkshop 

23 

115 to 146 
90 

25 

50 

70 

300 

350 
lh~m treaJm~;nt dant 700, 

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

A.ll individunl loads are rwt necessnrily opt;rating atbl1 rakdnominal power nor 

necessarily at the same Urne Factors Ku and Ks allow dt::krminati~;)n of the H1(ixJrmnn 

po\ver and appa.rent~pOs'i<~r demands actually rt~quin:d to dimensicH) the installation, 

1.2.4 .Factor of ~faximmn iJtHizath:m (Ku) 

In nonn::ll operating conditkns, the po\ver consumption of a load is sorntiiml:s less than 

This factor 

nmst be applied to each individual load~, with panicular arwntion to electric mDhrs~ 

>Nhieh are very rarely operated at fbn load_ In an industrial installation tbis 1~t'.:;tor rna] 

13 



Forincandescent--!igbUng loack thi;; 

For socket nutlet C1fcuits, the factors depend entirely on the 

. -.;' l' !' • ~ t. k ' t)'}Jc or app 13..nces )eJng snpp.!l.ea horn tHe soc ,.cis concernecL 

F~tcwr af Simultaneity (Ks) 

It i:~ a maw.'!, of comrnon experience that the sinmbmeous operatIOn of ;;11.1 jnstaHed 

bad(-> of a gi.Y{.~n insLdlatiml nev'er occurs m practice, tk-ii. is, there is always SOlne 

degree of diven;ity and this fact is taken into accmmt for estim.ating purposes by tht. use 

suppl.ied h;m a distributi{'}fl or sub distributi:c)l1 board), The cil.3termination of these 

factors is the rcspomdbility of th~ designer, sinc·e it requires a detailed knowledge of the 

For 

2.2,6 Factor of Simu!tandty for' an Apartment mock 

SOIYW tYV icaJ. v::dues tor this (,[l.S(~ are given in table 2.4, and (ire applicable to dorn.,cstic 

co nstlrnen; supplied at 230/400V (3··phase 4.'\vire) In the case of GOl1SUrners using 

electrical heat storage nnits t~)r sp~~ce heatmg, a fiictor of 0.;3 is recommenzbl 

regardless of the nurnber of (OnSUlners 

14 



.. , Nu~:iilEIt'{jF ---........ "~--......... '~.-....... ,-.-...... ,-.. -...... '--........... ,~-.-.......... ,~ .. 
nO\VNSTREl~.trl FA.CrO R or 
C()~Y;;;;J .. :\ H7R·S' 81'" f"'Y"f 'to. ""'rr.·lf'~'~ ,. 'K ~ """.' ;.'lo.-.- t}ll"l.c. "'-. ~.' l~,'l ~.J 1 ...... _l·A1.~ ~;.A. I l ( .. s 

... ~~-.. -.-....... ,.~---.- ....... ~-.- ....... ,.~--...... -............... ----... -...... ~-.......... ~--.-.-.....• ~-... --....... ~--.-... . 

2 TO <; 1 

.5 TO 9 O,7g 
1 () Tf) 14 0.63 
15 TO 19 0,53 
20 TO 24 049 
25 TC) 29 OA6 
30 TO 34 044 
35 T0.39 0.42 
40 TO 49 () 41 

50 AN:DABOVE 0-4 ---......... ----......... -----...... ~- ....... - .. - ........ - .................. - .. ~ .........• -~-........... -~~ 

(Source: EleGtTlcal Installation Guide: www.electriral insta.liation. org1 

lH.lDlbt:r of rircuit:~ fbI' 'Nhicb thl~re i.s l1uindicatiun of the rnanner in \vhich the total load 

1S 



T~tblc 2.5: Factor of Simultandty for Distribution Boards 

------............................... -....•.. - ... ~------------_ ................................ _-_ ..•... _---- -~--
FACTOR OF 

S['VflfLTA.NEtTY f"Ks'! 
....... -.. -~----........ ~ .. ,.". .. " .................. ---_ .............. __ ._-,,--_ .... - ... " .......................... -- .. -....... -... /..-.------... -~-. 

NU.lVlUER OF 
('lRCUITS 

:\sscrnbliu; entirely 
tested 2 "J.nd 3 

4 (ind 5 

6T09 

0.9 

08 

(Lf 

0.6 
l\SSCIUblies parUa!1:/ 
tested in every ca.se 
Ch{)ost:: ............................. --... --.--~--........................... _--_.----- ._---_.--................... _._-----

(Source: Ek:ctrical Installation (juide: vv'\Vw.e\cctrical installatiGILGrg) 

Table 2,6: Fact(H' of Simuhaneity According ttl Circuit Fum;thm 

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

Circuit Function 
F~u.:tor of 

Simn.itaneitv (Ks) . ~ -. ' 

...... __ .... __ ._-------_ ....................... __ .. _ .. _--_.---~---.. -.................. ---.--~----.................... ----
L,igbtmg 

Heming and air corditi~.)ning 

Socket oml.ets 

r ·ft d . 1 " A ~$ an catcnng lOtS~ 

For thc most po\,Vertill 
rnotor 

For thi~ second most 
powcrh:l rm)tor 

hJr all mot.ors 0.6 -------............... - .. --~~-----............ ---~ .......... -.. --. 

(Source: Electrical InstalJAion Guidc. V/\VW, electrical installation.org) 
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I ' I'! d ; t"7 l' " , > {" • f' ~ " !t SHou Ci. x~ noteulat Ks can je Dlgncr tn tIe case Of socket outlets (:> muustnai 

instaHati.ons /:"\150 fbI' lifts and hoist, the current to take imo c{)l.1sider;-1t10fl is equ;J to 

Ow :rlcmin,=;l current of the l}mtu[' increased by a third of its st::ll1ing CUJTem, 

2.2,8 

Choice of Transfonn€'r R.ating 

considerations. 

The possibility of in';pnw1ng the pov;er factor of the instalLtlofl 

(by Anticip<"l.ted tXlenslons ofthe instalLdon 

(c) 

Tht~ nomm.al fu !I-load curn~r:t In cn tb.:: L \/ side cf a 3-pb,<lse transfonYJ>..;r is given by: 

(z'6) 

',':hetT Fa "" KVA rating of the transl~;:ml1er 

17 



r < ; "h' '1 ' , ,,' :;;; pnase·to-p 8.se vOita{::e at no lOa ll1 v01l.5 
. ". 

For a singk·pi1F.:..se transfOrmer: 

Where v::: Voltage hetween LV t1.:Trninals (-.;.t no lOad 

--...... ~,. ............. --- ......... ~-~ ....... ---....... ~--.- ........ ~--- .......... ~---...... -. 
Apparent 
Power{KVA). 237V 410V 

- .......... -. "'--.'!. ...... _.!:.1 ....... ____ ........ ~ .... _ ......... _~ ......... __ ........ _~_ .. 

100 
160 
250 

315 
400 
500 
6.30 

BOO 
]ono 
1250 
1(;00 

2000 
2500 
-:) <:.{' 
~'., .... u 

244 
390 
609 

767 
974 
1213 
1535 

1939 
2A.36 
3045 
3898 
4272 

6090 

141 
225 
352 
444 
56? 
70·4 

1408 
1760 
2253 
2816 
3520 

4436 ..... ~ .. -..................... --......................... --.- ...... --......... ~---.-...... - .. -- ...... -.-.. -.. 

2.1,10 Chnicc of Power-Supply Snun:es 

pLmned eventu:dly to exceed) a certain leV(~!-ge:nendly of th~~ order of 250K:VA, or if 

> 

the quality of service requi.red is greater dum that normally available ii-om a LV 

nch'{orlc \loreover; if the installation is likely to cause disturbhnce to neigbbouring 

18 



(a) Is HOt disturbed by ot.h~r cOl15Hmers, 'Nhic11 con 113 1'.H.3 the caBe at L \,' 

(b) 1::, trec to choose any type of LV earthing s}'stcnt 

Ea..;; (t ;,vider choice of economic tariffS. 

(-"1 Y
' '~l";:""I)'i '?~">'""'« j··>.fPA ;'i'''''f'''<:''''- 'rl l('<">'i .... (-\-c ... ~ .... ...... \,..' .. s ... .,:<..,..s) ...... c.V.~ .o .. ',{ ..... 'u.,:"} ...... ). ! .1" .. ,:, .... 

1,2>11 Installed Power. Loads 

/\n eS.a.r;''1ination of aetnaJ values of i:lpparenf-p,y,ver requi.r~d by each bad enables the 

(a) A declared p()\ver dernand \vhkh detem1.ines the contract {i)f the suppl:y of 

energy. 

(b) Th~ fating of the fvfV/LV tl?~.nsfbrmer, svl1ere appbeabte(allovYing f:.~r 

expccted incre<E'\I,':~d load} 

(e) Levels ofload current at each individual board. 

1.3 hH1uction }Iotors 

Plate!: Inciuction Motor 



The nominal po\ver in K\V (Pu) of <:1 motor indicates lts fated equivalent rnechanicB.l 

powel' output. The apP;;lrent pmver in K\/;\. (p(j.) supplied to the motor is a Emction of 

2.::U. Current Demand 

The tblkhad current J8 supplied to the rnot()r is given by the tbl.1owing f;;)rn"luiae: 

(2.9) 

. Pn x 1000 1 (r} motor la ::;; --...... ~~_ ..... __ 
{} :x '1 :x: Cos <p 

(2.10) 

\Vhere la :z: current demand (in Arnps) 

Pn ::: norninal power (in KW) 

23.2 Snbtnnlsiem Current and Protection Setting 

~ Sub tranSIent current peak vahw can bt~ ver.:{ high: typical va.1ue is about 12 tD i 5 

Urnes the rms rated value (lnm). Sometirnes this value·can reach 25 times lnm. 

20 



'<vithstJIld motor ~~tarts with very high sub transient cU.m,~nt (sub transient peak 

v,:du·:;:; C<l.n be up to 19 tinlCS the rrns rated value (lmn), 

!f l).nexpected tripping of the OV<':fcnrrent rrrGt.ection occurs during Harting, 

nnxinmm :nvitchgear \vithstaw .. h can be reached, Efe time CBn lx~ reduced <ind 

even some (kvices can be destroyed. In order to avo'id such a siwation, 

ovcrsizing of the sv{ltd:gear rnust b:, considered. 

* Schneider dectn(,: svhtchgears 8xe designed to ensure the protection of motor 

marten, against short-circuits. 

23.3 Motor Starti.ng Current 

Althomrh high efficiem:y rnotors ran be fi-mnd en the rrmrket, in practice the1r starting 

currents are ronghly the sarne J..:":l some of standard n1i,::,tOUL The use of starh:ieh.<1 starter, 

"t.Mic. :>oft skn unit or variable speed drive reduce the value of starting cnn-ent 

This can be achieved bv using rarmcitors v/ithom .,; ..... ~ 

8Jfecting the pOW'~l' output of the moton;, The applicati<:)u of this princ1pk to the 

operatic)D ofindnctkm. motors is generally refen'ed to as «power .Elctor Ilnprovemem" or 

The apparent pmver {KVA,.) supplied to an induction 

"i'{'t""'l' (''',-, hr-, "1'g:'<;[ilfH 'l'·t1·o r"dll"pd t'l" t><'" '1';;'" Cl~l" S"'U'11t-"'n>"<"~ct",A r",n<'·li'.l'tcl"S Reduction .!. :.. •• 3 ' .... ",,~,~ ,,-,~ . ..) ~ .. -'-).{' ~.u..: "./ .... '''-. ,."...... LJ l~"" ~ .... ..,........ . {... . ..... 'v.(.~ ...... ' .. ~'oh 1vUt ....... .., .. t... .0' .. ",' 

of input KV A means a correspondin.g reduction Df input CUfJent (since thevr)ltage 

fe.mains constant), 
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C;;rnpensation of reactjve~power is particularly ~clvisecl for motors that operate for long 

periods al reduced poweL 

improve) the value of Cos (;) 

\Vhere Cos 9 is the power factor betore compensation and cos $ .is the po\vcr Dwtor 

.after compensation. In. being the original current 

2,4 SyuchrOlltTUS M:oto1'5 

Synchronous nlotor$ can also be l..L.<;t:d to improve Power f~lctOL \V:'1en they are 

employed. anirnproved power CKtor rnay he obtained by adjusting tbe field excitation 

of the rnOWE·\. Syr;cbrono:':'L~ motors used in this maImer are referred to &~ Synchronous 

c on~je.n.s ers. 

~. < , ,- 'd 1" 1 d rn;;H1utaeturer s V!~1rrantces. t)r(lYI<1mg saVIn2S "In re UCCf <1O'<vntII.ne, ref) 'lceme.nt an: .' .t .... ~.;.J J: 

• . " - 1..' d . ~ 1'.' rmllrHenance COSts. ,),wmg ;uJS energy an Inouey requIres tIle proper tie eCHor! anr.J use 

of energy·efficit~m motors. Energ::r' efficient rnotors :.~honld be considered i.n t.he 

~ For al! new inst<lHations 



'" \Vhen major modltlcations an ruade to existing facilities or processes. 

~ For all nevI pUrCh(l}3CS of equiprnent packages that contain electric rnGtors~ 

hIS defined by the rnotor manut~lctu.rer as how t>fficient1y a motor turns electrical 

energy into mt':C!lunkal energy. To the end user, motor eftkiency percentage is 

irnpC,rLH:t bt~cause It 1;'; dinxtly rehted t<:) the cost of operating the rnotOL The higher 

the nlotor dliciefH':y percentage, the less po\veris required; using less pOI-Vel' conserves 

energy and sa-vn, 1l1OflCY 

, 
The efficiency of a motel' is the ratio of the mechanical power output to the electrical 

,.,.... . Ou(,ptd Invut -- Losses Output 
f~111cienc:'v:::,: ....... ~ .. -~. ~ .... ,.~.<~ ____ ........ ~ __ ••••. -:::; ~ ___ ............. _~ ___ .......... ......., 

,. " Input Input Output + Losses 

0.11 ) 

rnakiug prenllurn or energy efflci(Tlt Tnotors more efficient than stand:u·J. motors. 

2,7 Resistive-type Heating Appliances and. Incandescent Lamps 

from the Jlom.iGd pcp,ver Pn quoted by the rnanufacturer. 



{212l 

(me :~ingk phas(~, 10,:;;: Pn'/ U (2.13) 

T~lliie 2.8: Current Demand of H.eslstlve Ih'ating Mld Incandescent Ughti.ng in Ampere 

Nomin(}~ 

... ~O~Y.~~~~.L~.~ ........ }~~1?Qy._ ....... ..i~.~.~OQy. .. ~ 
0,1 OA3 0,14 

02 0.S7 0.29 
05 

1 
A 

2.5 

3 
35 

4. 

4,5 

5 
6 

"7 

10 

4.35 

6.52 

~t70 

10.87 

13.04 

17.39 
19.57 

21.74 

26.09 
30.43 

34.73 

39.13 

4-3.48 

1.44 

2.17 
2.89 

3.61 

433 
S'()5 

5.77 
{}.50 

7.22 
SJ:i6 

lCL:1D 

i~'" ~Q 
.J.L,'::L 

14.43 

The po\ver Pn (Watts) indicated 011 the tube of a f1uorescent tamp does not indude the 
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electricity required to start a lighting nxture and rnaintain a stendy output of light. The 

(2. ! 4) 

Where U 1S the voltage ~~pplied to the larnp 

1. (:05 zp ~ ().6 \vit.h no p{}"\ver factor correctioxl capacitor. 

2. Cos zp "" 0 86 with pO\ver factor cJ..';rrection (singh .. ~ or t<,vinj 

Ifno po\vcr-Ioss value is indicated for the baHast~ a flgure of2Y~i1 ofPn rnay be used, 
, 

T~lhk 1v9: Curn~nt Demands and Power Commrnpthm of Flunre~cel1t Tubes 

Current{A) at 2Sf)V 

Arrangement Tube Magnetic baUast 
of lamps> Without 

power 
starters and PF 

{\AI) 
ballast correction correction 

With PF 
Twin 

E!ectronic 
ballast ~ength {ft) 

.~_ ....... __ ...... ",,_ ...... _ ....... _~ .. _ ..... __ ....... ~!:~p~~!~or ..... ~.~pa~~.~_~ ..... ~ .... : .. " .. " ....... ____ ...... ~_ ....... ~ ....... ~ 
18 0,2 0.14 0.1 2 

SJngietube 36 033 0.23 0.18 4 

53 0.5 036 0.28 S 

2 x 18 CUB 0 .. 18 2 

Twin tube 2. x 36 " ~ {, \),,-!,) (US 4 

2 x 58 0,72 r: - ') u,~& 5 

(S(run:e: Electrical In.stalbtkm Guide:w"\vw, electrical in.stallation. org) 
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Compact tluorescent hrnps bave the same charactt.:ristics of economy and long hte <'t':i 

They are commonly used in puhlic places ',vhicb an~ permanently 

iliuminau:d U~:'li' exarnpk: cOITidon;, hallway~:;, bars de) and can be rnounted m 

~:;mwtions othen\'isc illuminated by incandescent larnps. Table 2.10 sho,>vf, curwnt 

Current 
. ..T'(P.¥ oqa!1!P_' _ ..... _.~ ... ~ .... ta~p e~W~~l~L~(~~o~!..t_.~ ... __ 

Separated banast lamp 
0.008 10 

18 

26 ..... ~~-- .... ~~ ...... ~~~ .... ~-... -.-... ~-.... ~~-...... - .... ~.-....... ~--... ---..... ~--... "'~--..... ~ 

B 

11 

16 

0.075 

0.095 

0.12S 

0.1.7 

(SOllTC(:: Eled.rical Installation Guide: \v\v\vdectrical installatJon.()rg) . . -

2/) Energy Effh:::ient Lighting 

About 21'~·~) of the \vorld\, electrical energy is Hsed for lighting. Tlwt equals a 

'With emergt~nce of LED technologies <mel 

energy efficient fittings 



(3) (c) 

2,10 

Th~se hu:qx, depend on. the luminous cl.ectrica1 discharge through a gas Of vapour of a 

metallic cornpouwl \vhichv3 contained in a hcrmetically~sca!ed transparent envelope at 

<J pr(3J.ct~~rrnil1ed pressure, They h.<'lve a long stf'.rt-up time, dUf1ng wh.kh the current la is 

if."Tenter than the nominal current In. The power in watts indicated 011 th(~ tube of <l 

discharge la.mp does not include the pi.3\ver disS1pateJ in the baUa,<;t. 

l.ll 

It lS a mea.,sunz of the PO\vcr of light perceived by the hurnan C1U;), The SI unit of 

lurninous flux. is lumen (lm). A single flunrescent Hft)lt tlxtu.re that produ.ces a lUJ.ninous 

:Uhunlnance 

It is ,1 mea:3Ure c~f ho\v much bmil10us nux is spn:'::1d over () given area or as rneasure of 

the int'.;;nsity of iHul1<lination on a surface /\. given arnount of Eght 'Nil1i1l.u!uinate a 

surbce nx~re dirnlyif it is spread over a larger area, so ilhlmina:nce is Inversely 

"1 T· d d ;' ",.! ' ), <, 1': 1 pro:pDrt10iU to tb~ area, oyota sets a stan ar .0£ luU !Irvrnm tne qna1ty (neCK awas 

.. .... ".;. . -... ~ . ...... ; 2 
lne:il urut. of Ihnrnmance 15 Lux and i Lux:;;l Im:m 



2,11.2 Luminous Etllca(.'y 

It is ;1 figure ohncrit for ligk sources The 

lUfn1110us efflc3.cy of 3. scmn:e is a l1.1eaSme Of the effidency \vith \vhich tbe source 

provides visible light from electricity. The 81 unit is 1nm.cn per watt (1U1/\V). 

·f ... · ...... , '.. ... (: ....... 1" 1" , .:.ncrgy eH,C1ency IS tne goa; O{ eHong to reUlJce tnc amOlmt or energy req .. ,Ured Ie> 

rnstdling fborescent Light~:; or natural skylights reduces the amount of energy requirf;;d. 

to atuin the saIne level of iHuminaHon conlptlred tD using t.raditionai incandescent Light 

iom~e: than incr'l.u<iescellt bil,hts. Irr,t)[ove,nents in energrv,' efficiencv are rnost often '--' ~.....t .~../ 

achieved by adopting a more effkient technology or prodltctioll proccss. 

There art~ 'v'anOU$ motivations to improve energy efficiency. Reducing energy use 

n~duce:~ f~ne:gy costs and may result in a financial cost saving to consumers if th,.:; 

energy savings offset any additional costs of ifnpicmenting a.n energy efGcienJ 

ted.mologf R.;;ciucillg energy use is a!sD seen a~~ a key solution to the problem of 

redtF~ing meCnhi3lJPC ''''as P'1';S~';(}'1;' .\. "~~:)r '~l'tW to t>F" Tn'e·"patl'nr.,-,l E;<)er0'V A nf'11 r:,/ • .r.,. __ • f.':;.o . - ~~ " ... '"t ~.. .........:. .i ........ ;. .... ). ~~, ... ,,-"\.ly-;.v<;. u w..... :. 'V i ~ .s. ... ,~ .. ~i.(..... .... - ",,;:/": ... ~-CI:..r- .... ) ~ 

improv~.:;d energy efficiency in buildings, industrial procei'lses and transportation CGuld 

r"ik:i~~~ t1'lf' ":<',:·rl{~':.' "'''I',''H.' <>"Y'{~s' ;'1 'I,<v'\<:;(it).'j" ''IDe tt.:1·r··{ ':u"ld hell" (,(><>·t·"tll <rio]"'''': <><rl~¢.Sj'v'\r":. ~V .. I"""''''' ........ ' )<:~_ . ...... ',,{ wl.,S."" .... b.J ).{ ..... v;...o {1.. _ ~ ..... t ~'-"'" ... L:. 10. • .0,':; .- . '.,J ~·.3}.{ S.V s,~"",·wl""-}"')"''''.-'' ....... ~ 

d' greetl.house gases 

Energy efficiency and renewable energy afe said to be the tv.:in pillars of sust.ainable 

i..kpkt.cd 

iviak.ing industry energy efHcient is seen as u largely uJlJapped so1ut1on to addressing th~; 

problems of pollution, glohalwarming, energy security, and fossil bel depletion. tvhmy 

of thcse ideD)3 have been discussed fbr years, sinc.e the 1973 oil crisis brought energy 

issues to the fOrefront. In the lme 1970s, physicist Amory Lovins popularized the notion 



t)f a "soft energy path", \vith a strong focus on energy efficiency Among other things, 

LO'>'i:15 popularized the notion of Negawatts······the ideri of nlel~ting energy nee&:; by 

increasing dficiency instead of increasing energy production. 

Energy efficiency has proved t.o rJt~ a cm.;t-effective stn:tegy tor building Ccol.lornies 

withCj'dt necessarily grmving eUI;;rgy consulnption. 

1 ·r..'"(l1.l1"~f' {-"Y'·1·,,,'t';'·','1 ""r"',c'~''',:;'>'':; l\;f~,,,,, j"nd)!«t"'1' ':1 f;'rr:cr.-<'o::,">", "'i~i1, "I;"'" '!'Yfg""" al·A,·~tl····C' "f' "",,,r ...... ' .. ,.. , . ..,.' .,.·,,~.L (). ....... ).\. .... ~ ... .::..1 .... v.;..:..;. .......... · .... 7'~ ... ~.uJ 1.!. (.. oJ ,&.:...-- .• .! ' ..... ;.~r) .... ·~; lo. ...... --:t,.!.'i . .-.....· J.u .... \,... .j.~\ ..... • {. ... ~.~~ .... J _d\....~!-

and. 1'necha.n.ical power, mDst of \vhich is de1iven~d a...:; natura.! gas, petrolenrn fuels and as 

eh:.ctrictty 

Electric rnotors usually mn at a constant speed, but. a variable speed drive aHo\vs the 

111()tor's enefft'y' outDut to rnatch the required load, This <:l!.:;hievcs energy saviuQ,s randm: 
.......... J!,... .....-.... .... ..... lo..-,' 

superconductlng, Duxerials can also reduce <::nerQY losses. iv1otors rrw}" also h::~nef1t fiwm .' ,.~~ . ,,' ., 

volt ate O"l!tl111isation. '..... 1'~ 

Industry uses a la.rge numher of pumps and COD1pressors of aU shapes and si;ies <WQ in a 
'~ '. ,.. 1" . ~~., f '! \Vl.wC vanety or i"1PP l>:a(101),';. 1 be ernClency. 0 pumps and compressors nepends on 

" ... ··'r':'·l"·,,] ~<, ..• (~ f',,?,ttf''''' <1'1"I;'1 i "':<>'':n' 1"", l..,.,..""'tl',.,,,,, ('n!1~";l'"<:''{'H''' ""'1' '~·on':'~·1{"'1·'-! U",,;A tc' 'p··;···-;;<d,' ~..... ..L ....... ..~.-, .... i ~.,I"" .......... ~. )._. < .0 .• s,... ••• .)_{{ ... ~_........... t)'J!,. '{:'l'.o.. .... ..... '....1. .... •.. \,.... J;t .... ~ ......... v; .... q v ().{ CN W . .ll} ... ~ .'d. J .. .- .... ''0# .... -~ ........ <:; ....... 

GOJnrressed air which is used for sand hlasting, painting, and other po\ve1' tools 

2.13 Rellewahk :Energy 

Rene\vahle energy is energy which comes frorn natu.ral resources such 8)3 sunHght, 

2008, about 19~'{' of gkbal final energy consumption came from renewab1cs, \vith 1.:P;:, 

~A'·nl'11g {~""'j' rl'·...,'~l' .. l'orFll l);("""<1';)'"'~ '~';"'I',.,t.1 ;~ l~.:a.l'l1.1~,.( ·u~.-'I':d (r.x l.l.<;atl'llg., a.ud 3.2% from 0~!U,' ; .• ' ... '.' ,. at.: c,,'. L",",u. Q.~"', n' U ,wL ,.'" _,. '.' .> -. t .. , l"., . 

renc\vable {srnaH hyd.ro, modem solar~ 

gCQther,rld, and bio-filds) accounted tor another 2,T% a.nd are growing very rapidly 

The share of renev·;abks in electricity generation is around 18%1, with 15<% of global. 
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electricity c,}ming from hydroelectricity and Y% from n.ew ren.e-~vab1es. Win.d power is 

~T"'Y;v;rl'" at the :"'~» of CliV';:' 'mnu-111'" ,v;->t: " 'V('~l,iA~Vl'd'~ l'·"s·t'''II'Ad ""'P"'~l"h! ",f '1 ~Q ;.~).'~ ... ' .... {..'":: ~ .. " ..,~..:.~W .. ..... ·,H ~ .. .,. (..A,. • .]~ .~·.H ... L_ (-lo v ... . ~,.,,'v. V.H ..u.~ ... :". ••. ..'1;". (. .... w.s~"'""! v ......... <.,1 

and PV power ::>tations arepopul.ar in Germany (ind Spain.. SoiaI' thermal po\ver station..'> 

operate in th~ USA and Spa:in, and the bxgest of these is the 354 Mega\1/att (M\,V) 

SEGS power plam in the \.Jojave Desen The \vo-rkrs largest geotherm.al pov,/{~r 

inst,=:.liatinn is The Geysers in California, with a rated capacity of 750 1vfV/. Rrazi1has 

(_'.:1'.(~ ( •. :'.;.: t!1'''' i'lr"''',-,t '·"'-l>,:·,,,.-,i.;!,o> "'~'>l'fn: r,rC}'?""l'-l'" 111 ti,,,, ",,",""IA iYl"(i!)I'''';'-lg p}"f,"':l-;,c"l'nl1 (,)f ~ ~ .... l, . b .... ·..,~ . . t '-'.oj, ..... 'Il ut......... '\...o! ... ~ ,~,) 1/ ~~). <: ..... ~ ~ tt~ y~ 'J~ ...... ~. "no.. ~.. .:( d. ~. ..t ............ ..:....,..t '-' ... \. • 

ethand fuel from sugar C;Jne, and ethanol nuw provides 18'};:' of the country's 

aut,~)mi.)tlvl;. fueL Ethanol fud is also \v1ddy available -in the USA. 

suited tc: rurrJ and remote areas, where energy is often crucial in human develDpment. 

( " v Vj ','1 "l' 1 1 1,"1,' r II' n~ 7 .. :r[otxu y! an estmnte(, ~lmH Jon 'louse 10 tIS get power .:rom sma 1 sOiar ~ V systems. 

h{icTc-nydro systl~.ms confignred into viUJge-scak or county-scale mini .. grids serve 

many areas. h!f.Gre than 30rniHion flJnd households get lighting and corking frmn 

biogasn-nde i.n household-scale digesters. momass cook stoves ate used by }60mil.Eon 

households. 

Cbr:ate i..:hange concerns, coupled with high nil pr1ces, peak oil: and increasing 

l:wvern.ment SUf)1J011, are drivim: incre,'L:dng renew~-ible enerzv legislation. incentives and o i ,.! ....... _,' ~N""'./ 

wmrnercializatioD. Ne\v g,;)vernment spending, regulation and policies helped the 
. , 1 t ; t l'~ >,. . 1 " '! t Hhlustry.,.veat lert>H;~ glOl.Xl fmanClai (TlS1S ~ietter tlJan many Ot ler secol'S, 

gets cheaper, \,vhik fossil fnels generally get Hlore expensive. It htl.S been explained that 

rellf.\Vdble cuer!?:v tcchno1c&ies are dedinim: in price fhr t.hree main reaBons: 
'o"o.j',," Q v' . 

First, once the renc'Nab1e infrastrudun~ is built, the fuel is free forever. Unlike carbon­

haficd fuels, thE wind and the sun and the earth itsdfprovicie fud that is free, in arn'Juni;::> 

h ,.". 1 l' "! t at are enectlV(; y rrrnt!ess. 
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Second, \vhile fbssH fuel technologies are more Hlature, rene\vable energy technologies 

are being rapidlyimpwved. So innovation and ingenuity giv~ us the ability to 

cGl:1stJmlyillcrease the efficiency ofrenewabk energy and contiuuaHy reduce its cost 

Third, OHef':; thewodd makes a defu cOJnrnitment to shi.ning to\vard ren.e\\'ablc ew~rgy, 
, , .. 1" 'p..,!~ '1 ;; 1 f" '1' d ' tne YGlume ot prOWJctlouWW itse,' snarp!}' reuuce t le cost o. eacn vnndnn J. an ' eact) 

sohr pa .. nel, 'NhiJe adding yet more incentives for !1ddlxional research and developrnem 

Countrit::s ali nver the \«cdd, Nigeria inclusive ha':e floated agendes to monitor and 

enti)fo~ lav.,:~~ for the protection of their environment. N1geria has National These 

E .. t ' - " , R I" r" \ 'NESR~'~ \'. ,nVlfOnrnen a1 :'Stanctaros auo ,eguatlon xm1(m:ement} gene), ( .... v::,.i). 

Enviwmnental Protection Agencies (EPAs) have evolved international fbrum \vhere 

environmental issnes are discussed, FOI exampk, in December 2009, .there \VflS 

attadl<::d to environmental hsnes, Forum for Chief Executive Officers of States 

Environrnenta.1 Protection Agencies (FOCBSPA) in Nigeria converged 111. Kaduna \ 

2009 nJr the 

inaugural sf~~,siGn The U.S. EnvlTonmenta1 Protection .Agency·s Energy SL.u' prcgrarn 

cut fossil tuel use by 12% and reduced greenhotlse ga.-;cs hy more than 700,000 tons of 

((1rb011 dioxde~ according to a recent report by the Nicholas Institute tor Ern .. -ironrnentaJ 

The emis§ions reductions, >,vhich help to fight 
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dilnm.e cha:nw~, equal the emissions from the electricity use of more than 30~OOO homes 

tbr a year. 

Thf':: report, Assrssing Jmprovernent in the Energy BtYiciency of U,S,Amo }\ssernbly 

Plants, affinn:.:; EPA's energy managel.11t'lt strategy, particularly the in:rportance of 

perti.:mnance rneasurcment and flxognition for top perrornmnce. The report also 

O.::ntraJ tD this elkrgy U)Llll:1gernent appmach is the Energy Star Em~rgy Performance 

A !,..,., .t1.crc)ss t~1ese lIH.tustnes, EPA has 

recognized nea,rly 60 nnmdBcwring plants >,vith the Energy Star bbel, representing 

savings of U10re than $500 minion and nJore Hnn 6 miljjon metric tons of carbon 

dioxide cquiv<'l.1ems :1lumaHy. 

est1n18Jcs that Arnerican5 'Nc·dd save nearly $20 billion and reduce greenhouse gas 

ernissions l.::qua.i to the unissicns from the electricity use of more than 22 mUlion bjrne~; 

!{)r a year. Hundreds of industrial comnanies across more than a doz.en manuta(;turin>~ '. ~ 

industries 

management programs, e~u'n the Energy Star fbI' their plauts and achieve breakthrougb 
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2.16 CA.R PRODUCTION PROCESSES 

n~>., .. , 'II· D -. !. r ·'1''''''' ·~·1 . ,1· '" r ;.d.'t.:. { . DUr.. y ;;, 1<.)y .!y mfuUl<.: 

Spnt Weldiug j\lachine 

Spot v{r.kHng machine Gthenvise rei"erred to a:.i 'Nddlng gun is the rnain mach.ine hbody 

shop fbr weld.ing of car body's Completely Knocked Down (CKD) parts together. The 
, 

Spot welding gun 

Pla.k rv. Spot \Vdding \1Qchine 



[.16, :3 The Control rmh 

It L;.; a unit zksig-ned to control a rnanuaI v,!eldjng gun, It is nornw.lly progrmnme:J from 

such as the rneasured current, program nurnber and fault code is dispby~~d on it screen. 

The cabinet is Ltdt around ;1 central brass plate llsed for distribution of <oil' :.mdwatcr 

and ah,o 8~) a grounding device and cooler. The \vll01e cabinet l,;'; protected cle:ctricaHy 

by a USA therrnal magntiic ci.rcuit breakec Power. unit 6;)1" tran.sfonners is up to 

rad 
Balancer 

vVdding gun 

l·" "< nr 1'~' ,., 'I 11' "lg. £.'">; we '.lmg Crun nsta aHon 

2 . .16.4 

/\parth-om spot v;;e1ding process, tht'fe is \UG wdding. MIG refers to Ineta.l inert g;;1."i. 

It enables the \vdding of areas that spot wdding can not be done eff<?ctively. Platt: V 

y. • j' 'j ." l' . It compnses C;;tfDOn ClOXlf e gn':i; anG 'N{,;lwng "'nre. Both are concentrat.ed on tbe 

~';"'l:l;'n" f),";rlt l'lv usitw HIG wi>ldl'n O tnu,,'h 3()7 rnain!1nc contains fivctvlJG \'v{~!diJ.W )'.;<. ... , .. I.l"'J~~ $.- •. ! ......... ":/ '. .. ~ ... <;'... ..... . t:> ..... v , ...... 
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A t'A!G welding machine 

Plate V;\,1IG WeldIng Machine 

2.t 6, ;5 

Tucker stud machine L:; another equipment on the line, rt is being used. for shooting 

stud on the car body. 
In this weldin£!, neither 3110t >,velding mach.rne nor fyUG weldin£' 

u k ~ 

machinl~ can be used, 

1 . .l6,6 Hoist l\ladtine 

H' ~ , . 1 ; b ' "h 1 h '1 ' Tl rnst n::acnmes ena )ie car to . e moved tWIn oneJlg to te otaer on t~ e rrWlfl.;Hle. ',' 1<:: 

erwbk:vertica.1 travel of the hoist f:Alowed by horizontal travel vb >,vdl. arra.nged raii 

point tu the ether. 



2,16.7 Jigs 

Body shop rnainLine coynprises jigs (suPPOITs) fbr holding firm car CKDs 'for welding 

process, A Jig is desi.gnedin accordance with \veJding proce.':\s it v;,;ould be perf()rming< 

Plate VI They cons]:;t of arrays of damps for effective ,,>uppmis, Son<!e jigs are 

rnanu::dly controlled \vhile some others are autornaticaHy controlled by usrag 

PI ""I F< 'J' " ate v t: ina; 19 

Pnnnnatk Tools 

tvbnua! darnp on the 
upper ternp!(Jte 

ASJtom~tk 

damp 

/'l..S therc are ekctrir.:al tools, so also thl~re are pneumatic tools, Pneumatic tools are uSf.:d 

A ~ - < '<: - , d ,< 1" , are Dowercu ,}V r.:onmressc;:i aIr at ~) to 6 Dars oeneratc( Irom t le tact;)r\" S com\}re:~sor< .. ~. ~ ,0, ,.. t 

There is air pipeLine net\v(lrked throughout the factor}', The air can be tapped t1<om 
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Ground Conveyor 

The second major line lTl b~)(iy shop ·is metal nnlsh line The Ene is a custom.::!" to 

Inamlmc Car clernents like bootht-l, di::)()fS. and bonnets are fixed on the car body at 

troUey which it:~elf is engaged on the ground conveyor, Each "vorker perL:-rrns 

predetermined operatJons on them and also rrmkes conections i.f tb~re 1:> ally, ~~o 2'.5 to 

The quabty of the car IS rneasunxl at the exit Df {he Ene. 

I,aint shop otller\-vlse a ret(lud1 process wir C01111.nenCe 

(af body troHev 

Ground conveyor 

PtateVl:t ~vfetal Finish Line 
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2.17 

2.]7,1 TTS und Bunging 

, 
TIS is an <lbbreviation t"(yrnv.:d from French language, NormaHyin En.glish,it represent 

surfilce treatr,nem tu.nnel. The first proCl:;s:~ in paj!!t shop is called hanging. Here the cal' 

body hom body shop is hung on an acda.1 conveyor for omvard treatrnent in the surn:1Ge 

process of Cu.tap!.wresls, In the fnxmel, C<'tfS are washed with the aid of nozzles tilted at 

2.17,2 Catapho.n:sis 

'" ~ d 'C' 11' 'T1 L" 1 maw acna1 conveyor antl engage", on LIe :ataporeSlS carner. ,'ne car OOGY 1$ n1,'}/ e <l 

1, I" 1 C h "v , dId l " " catnOGe \V Hk tn.e ,atap" oreS1S tmtn comprlses ano e pates arrange at tjC penpllcry or 

the tank, The tank consists of about 50,000 htres of paint rnixed v;:fth other GhCIUiea Is , 

COu'/cyor for omvard moyenJent into an ov~:n system for drying. 

Oven 

'Y'} . • r ,. L b ' . 't tl f '[' , i l J. "le oven b Inade 0,' a tunllC1 YV1tn umer sY5tem POSlti<.)necl a 11: ,.op, nen.; 1S a ( He;: 

that links the burner with the erven. Air is taking from the atmospherew'ith the aid of 
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fan blO\V1ng at 30000rn\'h to circulate the heat vidthin the oven thusm21ntaining the 

ttrnperature at a set vaJue. :It should be noted tb~it every process in paint sho.p lS 

punctuated 'Nith d!71ng operations done in oven. There are flve oven Hysie:ns ill p<.dnt 

1.17,4 

pans cnmast of !in-Ie opening that tan c0111prmnisc the quality of the car body. Sealing 

these arC<1}~ \viE prevent ingress of moisture 1n C3....<;e of rainfaH and <llso seal the car 

l.li.S 

l' • f l' > " , ~ ".> I" d 1 d (l.p1'~1CatJon 0 a 1'1;;}StH:; n:mkrw.i m nKHten torrn. n.HUgn:p/e lS spraye on tne car un er 

1,17,6 Dropping 

C.ll' I:ndy hung eli' {heTT'S entrance is dropped at dropping zone. An cas dropped a.re 

"1 1 -ll... l.·' . h h \veJ par ~eZl at tw~pan,111g zone m te sop. Each car h~ borne hence forth on a car body 

j""i 1 1,''</ "1")i-> l":MX'! r~~c' ""'."" l' (. nr;n~l' '1 q ... s.\ ... (. V./, .~". v .~""'" t :- ~ n .•. ·\..~> ... 1 .)0 ~ .... l ... ,Lb 



1,17,7 Dry and \Vet SandJng Line 

Tuwa.ke vehick conducive for prUl1mg, process of drying and "vet sanding aTe 

inu'i.x.1uced They an: to ensure high qnaHty system Peugeot brand is knr.rv>'n i"()r 

Sanding involve the use of sand papering u:{ing hand or pdishing machine LIden -"'iith 

snnd pi:lper ryf convenient texture, W(t sandi-ng involves appUcatio.n of liquid or 

chemica! for sanding. 

2.17,8 Primff Line 

In pruner linc, pnmer paint IS sprayed on the car; pnmmg seals the car body thus 

enldicating little pores that rnay adversely afftxt the paint lustre. The 1im~ ~;;ons;sts of 

spraying bODth 'Nith <'1 ,>ven conditioned air sY!:ltem fbr effective paint deposit The 

I"lfrr,y {,I: t:'e b;)()"b 1'(: P""'¢,2,·{ ttl·",),,;)·t, ~.l. '}";n1"'j' '~""'~1 P'·".;'.1;':'rl.,;~ ~." --<;'}Y •. l" t •. ~~, P{>I'.Y<.<·{~7::: .. ':l.<".r1 .. " "y""l .. (, d.:. . , .. !. '. " • 'u".,,,,,," l., '-"6l.< ..... 1- A ,t !~'. v,,,·,.. ,o.~'~A c:- L lL '- t ~r U <" .. L. , ,,_ 

in special :.mits with nost rnasks! caps, gloves and safety shoes, The line consists of a 

At t1.j ;>· t-'",·;t ''''f;')'~?e''l '''''·l'·~ ,.>{,,"> n"en""''''d (-J'Y' Tor) (,(,,,1 1 pn,c:~'c;"0" ~.JI.. .1_ ....... ~ ......... , )~)' ... )' '}- ~ lo...,u".:"} ) ... S: } .... J:d. t.-.u.J..v t ... ~ 1: "'"' {v,..'. ~ ~., "~'~..l .......... 

2.17/) Top Coat 1 Line 

Top coat 1 line is that one where the car is painted with its final paint {top) that "v ill be 

seen DJ' UK~ CUsknl(~r. Like primer line, Top coal 1 comprises of spraying booths ;;lnd 

oven. 

Top Coat :2 Une 

TOll coa ::: line!::; just Like tOt) coa:! 1 and prirncr. The only difference is thm Top coat ::: • ~ t .. 
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2.1.6 C/dl j)RODCCTION PROCESSES 

2.16. 1 

"Phi'"' '11 . n,.,d" ",1'lv""1 'J~,",r">11!;'''e .. ~ ~_ .............. . L ... J.., .L>...... ~'! ,,>. y .. d.;:~ ~ .LU.( , 

2.16.1 Spot \Vddlug l\la.chlne 

Spot welding machine other\v1Se referred to as \vdding gun. is the main rn.Rcnine in body 

:,hop f.;;r \vdding of car body's Completely Knocked Dovm (eRD) parts together. The 

Spot '>I';dding gun 
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2.16, :3 The Control unit 

It is a unit designed to control a manual weJding gnn. It is normany progra:rnmed from 

a :'::ornptlter connected to the RS232 connector on the iiont P&"'1eL The operating data 

sw:h [~,$ the measured current, prograrn lwxnber and fault code is dispJayed on a ::>creeu. 

The cabineti;; buiit around a central hrass pl.ate used fg distribution of air aud ,>valer 

and abo as a grounding device and cooler. The \vhole cabinet is protected elcct1"1caHy 

by:;, J 25/\ thcrm.al magnetic circuit breaker. POwer unit for tn:msf::runers is up t~) 

\Nekling gun 

Fi~~. 2A: \Vddino- Gun Installation ....... . b 

2.16. :4 .MIG Weld.ing Machine 

AJ.iart from spot svelding process, there is MIG vi-'dding. \HG rdt~rs to metal inert gas 

It enables the \vddinr:; of are a.'! that S,X1t \vdding can nCl/. be done effectively Plate V 
)..... ~ ~-

It cmnpm~es ca.rbon dioxide gas and welding \vire. Both are concentrated on the 

Welding point by using A.f1G vlf,;ldmg tOW;t1. 3{j: mawJlD.C comalns nve [v . <..J weamg , ,."" l· .' ,- , 11{; . 1 .' 



A fvHG >,ve!ding machine 

Plate \/: MIG \Vekling Machine 

2..16.5 Tucker Stud Machine 

Tucker stud machine ):3 anctbn e(!uinment on the line, It is he.ing used t~,)r shoctim! t ~. ~ ,.-./ 

In tb1s \;;;eldillg, neitber spcJt welding machine nor ('.fIG \veUing 

machi.ne can lje used. 

2,.16.6 Hoist j\Jachine 

H(}ist machiUt:s enable C;3.f to be ruoyed n'om one jig to the other on the rrm l11lin e. The 

car body is borne on the hoist's hDOk. The button on the control petkbnt is operated to 

enable vert i.ca ! travel of the bOlst followed by hQrizonta.1 travel via wtJl arranged rail 

point (0 tbe Dther. 
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2.16.7 ,Jigs 

Body shop nm·jnhne C01l1prises jig;:; (supports) fiJI lw\ling finn car CKDs h;r welding 

Phte VI 

manually controlled \vhile some others are HlltomaticaUy controlled by using 

pneurn<:1tics. 

~A(lnU8! darnp en the 

upper t;;~mpbte 

Autom;)tic 

As there afe electrical tools; so also there are pnemnatic tools. Pneumatic toob are used 

in body shop Ex tightening bolts and HIlts, polishing and grinding car body. These tools 

Then.' is air pipelinent;t'llorked throughout the f~l.ctory. The air c;m be tapped from. 

,,1'j;n:)l·t;·,·,l.C' "'t··,,,;....j; ~n >->~ch ,.,{,,·t".,...{)~,t t.~{ ~"'.P" . ..... {. ~ :.."} ... .::.,.,' ...... -~~. :0...,....... .-'. y"( • .l) f"....t-' _ .. J ' 
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:tHi.9 Ground Conveyor 

The seGcmd rn<~ior hne in body shop is luctal finish Ene. The Ene is a custorner to 

mainEne. Car e:krnenw like booths, doors and bnrmets are fL'<.ed 011 the car body at 

metal fini:~h line. In order u} perform this operation and others, the car is engaged on a 

trGHey which itself is engaged on the grmmd conveyor. E· {lr~~.' UJ(.l.".k-er ..... "''''{"c·, "1''-'''' ~,,1.< , •. , _ !-,,,,,V-,-,,,,,,> 

predetcrrnined operations on them and a.iso makes corrections if there is any, so J;~ L') 

\\.tbenr.3vcr a car is passed, it is given green labd and ready 6:)1' ()mvatdmoven1{~nt to 

(ar body trolley 

Grr..;und conveyor 
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P~tint Shop Equipment and Operations 

1,17.1 TTS and Hanging 

TTS is an ahbreviation fonned from French language. Nonl1.aHy in English, it represent 

surface treatment tunnel. The first process in paint shop is caned hm1gbg. Here the car 

process of Cataphoresis. In the hm.nd, cars are wa.'ihed with the aid ofnozzIes tilted at 

1.17,1 

cathode »;:-hile the Cataphoresis bath comprises anode plates arranged at the fJcriphcry of 

fl"~ t' ~nt'· l-c~l'~ f"'·'lk·· C~()"l"l':ct$ I);" ~h)ut ')n (!iJ"(\ f' ;t'!'e(! ')t- '~">1'11t' 'j'''l\:ed '<n~t'h "'1'h;~r ;"hl>n1;"~'1" c .0, ~, .. ". . Lv 0""... ' .. " ~ 00. 'J. __ v, ,. ", v V t· . • ,~,. 1-"" .>( H <~ •. J. vL v. ","" ,H.", .,. 

):XU'lkt~ of rectifiers passed into the car. The whok process in s{~quence js tirne-ct \vithin 

5rnins. Paint is deposited on the car electronical1y. The treatment on the car alk:.ws it to 

cmrveyor fix onward movement into an oven system fbI' drying, 

2.17.3 Oven 

I ' , . 1 . . d h 'I"!.' d T .it oven 1;} nndc ot d tu.nnel ',nth }tlrner systern posltlonC( at t ,C top. . !lerelS a , lie! 

that !inks the burner ',vith the oven. Air is taking from the atmosphere \vith the aid of 



fan blowing at 30000m'/h to circulate the heat within the oven thus n~1il1ta;ning the 

temperature at a Hi vaiue. It should be noted that every pro""., in paint shop" 

punctuated \yith drying operations done in OVen. There are lIve oven systerns H.l J")(l.lnt 
shop, 

Mastic is a sealing material being applied "u to" car body. Every joining point o[body 

these areas win prevent ingress of moisture in case of rainfall and abo senl ihe car 

2.17,5 

1n this zone. car under-body is protected frn'" gravelling actions on the road by the 

2.17.6 Droppi.ng 

Car body hmw at the TTS entrauce is drq,}ned (It droppi:lg zone, AU ca,n~ dropped arc .... ' i.... I!._ 

troney The next process is prin'ling. 

',18 ;:;,} 



2.17,7 
Dry mul \:Vet Sand.ing Line 

To make vehicle conducive fJf priming, process of drying and 'Net sa:ndi.ng are 

introduce& They ::::re to ensnre high quality systeIn Peugeot brand is kuo,\yn fiJI'. 

Sanding ·involvc the usc of sand papering uBinghand or POlishing nwchine hden \vith 

tmnd paper of conveniem textu.re, \Vet sanding involves application of liquid Dr 

1,17.8 Plim.erLine 

In pnnwr line, pruner paint is sprayed on the car:prmung seals the car body thus 

eradIcating little pores that may adversely affect the paint iustre. 'The line consists of 

spraying booth with a \VeU conditioned air system k,r dfecti\-'e paint deposit. The 

ground conveyor, At the exit of oven, cars arc prep<'ITed fc~r Top coal 1 processes, 

Top Coat 1 Line 

Top coat 1 line is that one where the car is painted with its final paint (top) that will be 

Like witner line, Top coal 1 comprises of spraying booths and 

Top Coat 1 Line 

Ton Goat 2 fine is j"um like top coal 1 ilnd primer, The only difference is thm Top com 2 ' ". 

is f(~lr pa-ir:Ung car accessories and ph:.;tics like bumpers, side minor, fenders, 
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2.18.1 

this linc are returned br total [ceoal at top coat 1, .. AU cats <tcc'1-,ted by quality 

Plate VnL Quality A.cceptation Zone .after Top Coat 1 Oven 

.2.19 

Trim Hne 

A system of lighting 

using fluor€?cent tube5 

AU cars thai. have passed quality acceptation «Ie brought i\lto [lssembly shop. Tb~ hrst 

line IS the tri~n linc. Here car trirnmings axe assernb1ed. Pncu.mntk tuols are used 

win<i')crc;;ms~ light (overs, ~hboards are fixed into the cani. AU these operations an: 

Cars le~1V'lng trim line are 
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By chassis line is a mechanical prep"ra;;,,,, ZOue. In thi, zone, engiuG are assembled 

suspension systeJXls an.~ ~n8talkd by using rnc,biJ(~ lining plaUbmlS, Bipolar elevators 

are tlsed to lift up car, for t}Te fixing, brake fluid fiHing. Afterward, cars Bre engaged 

un g7oUY.lci C01T'leyor fi)r rennining processes hke Air conditioning gn;s filEng, radiatnr'"[; 

codan lUling, power &wisted steering fluid fiHing ilnd fiw! filling. In chps,is line, car 

coded through a ,:.l'pI~da1 coding rrmchine and the engine is started, 

Cars hom ci:mssis Hne are engaged on the ground conveyor fiJf an in-depth 

AU caL:'; produci:d are made to pass through sho\ver test. A cOlnpkted car is rnade to be 

parked inside a booth cornprising nozzles ilnpinging >,vater on the car at a pressure of 

about 3 bars for about 10ml11utes. The car is then checked £01' any ingress of rno is tu.re 

if there is one, the pmbkm must be ~.mended befbn~ quaiity i:1cceptation., Tho test i':l 
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2.19,$ Test Track 

All C·~ln; produced are to be driven thrQl.lgh ~ te3t track. The track ~s w~ed to simulate 

Hump are inh;FtionaHy mad.e 011 the road, produced car are 

nmde tomn on thern and also on a s.n1ooth portion. On the track i,s an artificial ramp to 

s1mubtc: hilly te-rraiu} here, hand-brake is checked to ensure that the car >;-,'iii not shk 

2.19.6 

l:hily, two cars are randDmly selected tor road tests; tWTl wdl trained drivers are 

engaged in dxiving the cars on tk~ roads and rna.ke observaticms en thei.r behaviours, 

Any ,d:morrn:;JIy is reported back to the factory for possihle corrections on aU em's 

produced on the k;a1'ne clay. By doing this, hum~m I~,rror lx,mmitted by any 'Norker can be 

Quality And.it 

All cars produced in a d.ay w'iH be randomly selected for audit The ~u,dit is done by a 

\\.'e11 trained ~;;tldit off1cer .. He detects and apportions blarnes Representative of workers 

i1"~.vn "".,-,1.- ,.,l... ')") <'t"'<>'1,:i" t'l>1"< ""('l't ',fhi" r'~."'H'.:t' 1',," .. ' ,r-·'.dl'a, ,+ into the shop f}r corn::ct1on on ;~ ~;, <';;,.\.,H (lUi.. 1" «t"" .u:~ . Iv au,,!.. "" <.."" ,~1".) >.. , ~ 
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CHAP'ITR TH.REB 

3.HlVIA TER1A.LS Al\1) METHODS 

3.1 ELECTRIC!'"!\:'" 

Tht bU;Dry is connected to the fKnver grid through a 33111 KV tram;fi)rmer substntion 

'~vithin ll.S prernisefi. Also .at incephou in "1975, the po\ver house wa;~ equipped v,rith t'NO 

• $' -'}" 1'·" 1; K·'· - [' ·k '1' . h ·h' . ~ l' amb ,)1" .) ,Yo Y A. $ .• l ,( ~d·OC. '.crill generators. Bot were S}'11( romZe<1 to ('c l.ver 6~·,.JV . ./\ 

11 KV for distribudon into the switch 1.'001.'1.15. Ye<ifs later, Hu:. capacity of the units drops 
, , .-, ~ ""\' ~ • . 1 ~ 'b J .:j 01 1 'r ., to anout ".i~} '{:\ eacn. aUd a so one ot t.ern WfJS scrappeo uue to unavaUlouty 01' spares 

In order to ensure steady power supply availabk for product1on a.11d. m,dntenance of the 

The t'NO sllpplies, that is, PHCN and generators~ ,'LfC tenninatcd ill a wdl secured HT 

p(;',.ver (onsmned. The dectrkity frorn the PO'i'i';::\, house axe distributed into !1K 

nroduction :}hODS '1l1,J. Om(;e~, throul.i;h Btratc~;dcanv located sVilltch romHS {A) Band C.\} 
~ ~. ~ .......... .... 

Tahle 3.1. The tables 3 J and 3,2 shows s"l),'itch r00111S in relation to th-::::ir loads. it 

fihe:v>/s Io"v pO;Ner hetm of the loads. it is on this premise; a power fador 1mprovernent 

" o'J . t~'" somtll)n WH. Dr.-; pro teredo 

T<lbl€' 1.1: Fadnry Tnm ... fnrrncrs Paramett'fs 

Transform>-'!rs 

1 
2 

:3 

S\>vltcn 
Room 

A 
A 
A 

1500 
1600 
1500 

Primary{V} Sec{mdary{V} 

11000 
11000 

11000 

415 2000 
2123 

415 1000 

4 B 1600 11.000 415 2123 
5 C 1600 11000 415 2123 

.,.....-..... ,..~-........... --............. --........... --............. -......• ,.,.-................ -..... .......--..... ~-.- ........... -............. --............... -- ........ ....,.-..... - ......... -.. - ............ --... ..,.,... .. ---.. ~~ .. .... 

44 



SVJ RtvtA 
SWRM SWRM 

U C .......... -.- ........... -... -.. ~-................. -.. -.. ~ .. -... - ... ........,- .... ~- ............... - ............. ~ ............ -..... .......-..-- ... .......,.-................. -... ~.....,.--..... ~ .......... 

T1 i2 T3 T4 TS 
"'-""-............... -..... ~-- .... .....,. .. -.................. -.... ~-.... ~-... - ... ........--.. ~ ............... - .... ...,..,.-... -.. .--~ ... ,.~- ................ --...... ~-.. -... 

U12 423 40D 423 387 420 

v.n 422 401 412 388 423 

U31 423 401 423 389 422 

V1 241 231 241. 223 245 

U2 240 231 240 nil 2.45 

U3 241 232 241 224 243 

U 1197 843 11.72. 1374 "1')-{ 

to, 

12 1435 851 99B 1375 985 

!3 12.30 907 1163 1.376 116 

KW 673 465 649 n{tf.i 64 

k'VAR 663 379 487 5775 255 

KVA 947 601 311 S62 -.,~ 0 tn.,) 

PF (171 0.73 (U~ OJ8 0.221 

J.~_9:{H~L ... ~ .... s9. ... ___ ..... _~~.~ ___ ......... __ .... :~~ ..... _~ .... _~~._~ ...... ~~ .. ~g ___ ..... " 

JANUARY fEBRUARY MARCH APR!L 

Figure 3.1: Factory I'Aonthly Electricity Consnmption in M\\Tl for tkst half of 20 1 {) 
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Egure 3.3: Air--Ho\v InAaUation it)!' Cat1plKJresis Oven showing fans d.riverl hy 
y--." < 

t:1.(~ctm:; rnotor:.; 

t .. / 
..... : 

:. ... (~l_j -,.v.~ ... "".0""""" 
"-"'~'" 

Figure 3 .4: /dr-How Installation for Top Coat Bomh sho'Ning fans ddven bv 
~. " 

Electric motors 



3,2 Lighting 

L1ghting systems an.' mainly f1uorescent fittings vvhi.ch arc used tnrough()Ut producti()u 

iUuminadon Due to the emphasis on quality of cars produced in the factory, lighting is 

the three production sbops, that iB. Bc)dy, Paiut> ASSCIUbly, Administrative and Training 

blocks. 

ASSEr",1Bl Y SHOP 

PAl NT SHOP 

Figu.re ;5.5: Power in watts consumed in the hctory 

Below ~ire th<~ breakdovms of the power according to the production lines 

48 



33 Bonl" SHOP LIGHTING .LOA.n 

Table J3: Body Shop Lighting Loa.d 

~-" ............................. ~ ..... ,."...-... ---..-.. ~~ .. ~ ... .-..-.-.-.. ~-.. ~-- ........... ~ . ........,.... ... ~",,--... ~ ............ -.................. ~ .............. -... ~- .. ~- ............. -.. ~ 
TYPf;S{W} 

... ~9..~§~.~ ..... ~ ..... ,~ ...... ~_ ... ~ ..... ~ ..... ~ .... ~f!1 .... ___ ... _ .... Qy~~TI~~_ .. 2Qy!!r:~.e~_~L 
,],07 main line 56 76 4.lS6 

406 m"lhlline 56 98 5438 

~,Aetdi Finish ilne 56 2.52 1.4112 

UEP Zan0 5"'-... 8 24 1344 

Retouch zone 55 16 896 

f,A();nt~nan(t' 20ne 56 162 9072 

tv1ainten8r::c0 orfke 55 78 4368 

.1ig shop :/t; 44 2.464 

£r:gine room S6 14 I84 

huios::en 400 324 129600 
~ ... .........-.. :-:'.,...... ..... ~ ....... ,. .. -.... ~-............... -............ -.... ~- ......... "-.. - .. ~ .................... - .. .....-.-.. ... ~ ... - ... ~-... --....--... ~ ............. -. 

TOTAL 172384 

Engine 
n)t>rr 

1% 

Wrle 

15% 

Figure 3Ji· Ughting Fittings Percentage distribution 

2% 



.From the figure 3.7 it shu·;vs tbat halogen fittings consume greate-r' pO\V<;::f .. j 29.6K\V 

3.4 PAINT SHOP LIGII'fING LOAD 

Tabl\': 3.4; Paint Shnp Lighting :Loads 

TVPES{W} 

... ~Q!:i~?,~~ .. __ ... ~ .... _ .. _ .. _ .. _ .. {5~tj ... _ .... _ .. ~.~A.~~!E~!.~ .. 29\~~!3.t~L 
Hanging TTS & Cat<3 56 1;'"l 

.J / 3192 
1',,-12stic 56 fif:' .0 3695 
.Antigrave! 56 H4 6384 

DrV $i1nding/PrimH 56 234 13104 

VV2t 5and?ng 56 344 19264 
INet S,:lnding Retouch 56 20 1120 

Top C04t 1 56 582 32592 

Tep CO()t '2 56 204 11424 
Top c'>at retouch 56 39 2184 

Orni~ Ov,~n ""g :Jv 59 3864 

Hest Z[~ne 56 10 560 

M()1ogefl 400 85 ' 34400 
.... _ ••• ~_.;: ....... _ •• _ .............. _ ••• .....-•••• ~_ •••• ...,...... ............ _ ......................... r_ ............... _ ••• .-.-.._ •••. --...._ .......................... __ •• ~ •••• ~~ •• ~~ ••• ~_ •• _._ 

TOTAL 1.31784 

so 
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Figure 3.9 shows that halogen Ught consume highest power L,Hows by Top coat 1 eXI.t 

lcp Coat 1 exit consist of massive lighting system that alknvs good illumination fix 



3.5 ASSEMHLY Sno.p LIGHTING LOADS 

Tahk ,:3-5: Assexnbly shop Ughting loads 

'""~""~""_""~"'~""~""~'···_.··N_.·_,··_",_'i)11~~(\\;f'-'-'~"-"-"-"'-"'-""-""-"'-'"-".-... -.,.--. 

... ?:t?P.'£~"N_"~"'_"'_"'_"'_"'_"''"_''_'''_''.G''1!)t .. __ ._ .. ~ .. Q.~~p..~I!y~ ... _ .... _.~~.!Y..~~ . .(~D._ .. 
Trim Em: 56 312 17472 
Chassi.s line 
.. A.COM 
Quality A.cceptation 
Whed AJignrnent 
Industrial office 

56 
.56 
56 
56 
36 

288 
402 
.. :4 
16 

4()O 

16123 
22512 
1344 
896 

14400 
UnF Zone 56 73 4088 
fblow::n 56 270 1.5120 

•• __ ••• ....,._.~ ••• ,..,.._ •• ___ ~ ••• ,.,.. ................... _ •• .;>J'_ •• -...--....................... _ ......... _ •• ............ ~ ........... ~ .............. _____ •• ,.;.-••• ~.~~_ ......... _ .................. _ •• ....,. .................... _ •• ..;.._ .-.,..-............ . 

TOTAl., 91960 

23% 

1% 

Chassis line 
16% 

Figure J. ! 0: Lighting Fittings Percentage Distrihution in A$;3t~rl:1bly 

flg:Hn~ 3 11: Lighting Fitting}~ Distribution in Assernbly 
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3.6 ASr Conditioning 

are rn<~jorly of ,vindoY,/ and split units. Production Hoors consist of extraction f~H::.f; for 

Tb: tl1ctory Gonxprisil1g the production shops, ad.rnillistnrtive onl.ces, and train.ing ccntr~~ 

contain about 300 per;~onal cornputers, 50 printed and 10 photocopiers. They are being 

3.8 ENERGY CONSERVATION TVL,\NAGE.MENT 

Ewry rnanuructuring outfit c.mbarks on e:n,::rgy com;ervatio!l teCh.11iqU(~s in order tn 

reduct' cost d' producrir.H1 so as to have higher profits. Vlastes are reduced 2nd 

• l' t ., d '1 ' , , . ;·U! tnese a.tHO ovetc-u Into resource conserV.f~tlOn alJG unage 

In order to in;prove electr.ical energy consurnpt1on, the foHo\vingideas cun be of help. 

Location of su.bstation near the load cemres to minimize energy .ir:;.sscs in cables 



PF of not less than 0.9 for hHW~ capa<:ity motor::; and at the substation f{)f aH 

.Plate IX: Ca:-:;ing Containing Capacitor Banks 

4 identification of nnder loaded tr<'L"1sknTners and redistribute the k,;;:;d tn ac-hkve 

" !" d'" DptlmUInto<!Qtng con luons. 

6. Tragsf~::r the operation of high capacity loads to lighting loaded shift hours to 

redu(>;') maxnllUm demand to Hatten the bad cmve and rrlliint~~in a high load 

factor. 

7 Stagger stardng and operation of high capacity n2Dtors' 
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:t9 

. -, 
...:... 

J. 

, 
i, 

B. 

10. 

Usage of smooth ,<veIl rounded air lnh~t cone~3. 

/\ ';,>oiciance pour f1o'~v distribution at the fan inlet . 

Minimizing fan inh::t and outkt obstructions, 

C\e(uliflr!, of scree us, filters and fan belts. 
~ . . 

Usage of lenv dip or nat belts. 

Using Va:rinble Speed Drive VSD for large\/ariable tans. 

Elirnination ofleakages in the duct works. 

iyfinirnizing beneis in duct work. 

Ekrtrk l\!otors 

(N(;;N:: HOOt-.t. 
t:~ 

ASSEMlkY 
--P:I.., 

ri51.lTe 3.12: !\pproxinnte Distribution of Electric motors in Producti.on thciEtks of 
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In any automotive industry or manufacturing phot, dectric motors ar" the most 

common electrical equipment Paint shop of PAN contains 99 units of cieelri, moto,.. of 

drtTorem capacities A lot of efficiency c<U1 be obtained if the under iistt,d tips are 
adhered to 

I. Voltage supply should near to the value mentioned on the motor rating, 

n1lr!dmum tOlerance tl1r voltage CQuid he between 3,5%. Voltage lluctwuiou 

2 Elimination of improper cabling. 

3, Ensure that the rnotor is '.vel.l aligned 

4. Usage of synchronous l11()tor to iJnprove pO'wet fi:lct~;)r. 
5. Provision of proper venti.lation. 

6. J\-faioteilllllce 0 f high power [1etor a< lower' power factor reduce, the motDr 

, 
I. 

8. 

9. 

pO'Ncr Dlctor resuJtsl.vhen rnotofS nm bekyw the fi-lH h:td ratings. 

10. Usage of Variable frequency drive, (VFDs) Whenever possible for wrying load 

like Gornpres~wrs/ hlowen; and fans 

L Turn.ing off unueces,:·>J.ry cooi.ing tnver fms when the loads an:.reduced. 
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.1,11 

3. 

t~. 

,~ , , . 

8 . 

Controlling cooling tower raIlS based on leaving water tettlperature 

Periodic cleaning of COoling tower ~vater distribution nozzbs. 

Optimization cooling tower fau blade angle 011 a seasonal '.lid on load basis. 

Optirnization of chernical ww. 

Optimization of blow dov;rn rate, 

Tr>tai Productive Maintenance (TPM) can be defined as PT9aetive 'prograrrune thr the 

irnprovemem of equipmem p~?.rforrn.<'lnce 
A',il'" -...t.s.<. ... :'1 rnvolvement ,:)f every 

stakeholdcr. TPM is it Japanese idea that can be traced back !o ]95] when preventive 

1l1alnleIlli11Ce was introduced into Japan from USA Nippondenso of T:oyota imrodGced 

plallt wide pwvcntive maintenance in 1960. In preventive roam!enance operators 

When high level of autornation \VHS introduce::], 

lru1intenanc" became problem as so many more maiu(enance personnel are required. So 

the marmgcl1lC11t decided tbAt tbe routine maintenance 'of equipment would now be 

. A " "l... > , "'.1 f' ~ CW:neu out ny the operators tHemselVes-an autonomous mamtenance, one or ene >.Ca,ure, ' , 

of rPM. The maintenance group then focussed on rmlliltermnce works of upgrade and 

57 



/\ 
/ \ 

/1 \ " , 
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fv1uch action at the tip; Breakdown 
" , 

/ Critical \ 
/ Problem \ 

/ \ 
/,--,-,~"-,~,,,-\ 

// 10 Major \ 
PrObfoms , 

// \. /-w .. __ .. __ . ___ . __ .. ~ __ . __ . __ .. _.~ __ .... ___ ._ ... ___ .__ _ ..... ~ __ .\ 

/ 100 Major Problems \\ 

/ \ 
/ \ 

::........-.. -.-.-.. ~-.-.-.-.---.-.-.. -" / \ 

/ \ 
/ 1000 Symptoms of Malfunctions \ 

1 \ 
1 \ ;Io..o.,o".....~~._ ................. _._ .. ~ .. _ .. __ ~._._._._.~~~ .. -..~:I. 

(a) Production Facility iNithout TPM 

./\ 
/ \,/\ 

/ /k, \ 
/ \ 

/ Critical \ 
/ Problem \ 

'-

.. \ 
1-- .... \ "'if _ _', 

// 1;(Majof \ 

Continuous Supply 

Little Of no action at the bottoIT' 

/ Problems \ 
1 \ 
/_.-.--.-.. ~ .. - .. -.-. .;\ 

// 10AMajorprQblem!": '\ 

-, No continuous SuPply 

1 \ 
/ \ 

/ \ 
/!.... .... - .. -~.- .. - .. - .. -.--... ~ .. - .. ~- .. -\ 

/ \ 
1 \ 

/ 1041( Symptoms of Malfunctions \ 
/ \ 

/ \ /.~"-"-"~.'-'-'-'---'-'-'--"-'-'-'-'::~ 

-""'Ill. , 

~J1any actions at the Bottom: 
Symptoms 

(b) Production Facility with rPM (No critical problem} 

Figure 3,13: rPM Pyramid 



By so , . 
(10rng, th.ere lS no connnuous supply of p .. obh~[ns; 

re:mbng to disappeafJJJ.ce of critical problern at the tip of the pynIrnid. Hut 'witbout 

efficiency of the produ.ction zone, Maintenan.ce group put rnany actions at the tip 

(Breakdcvv'n). 

The mcthodo1n::.tv U;~t~S Edrnu:n.d Deming' PDCA 'Nhed to ~lchieve its laudable. 
>'N 

deviation ii-orn the reference input (initial plan), fu.rther action is put again. Figure 3,14 

\ CHECK 00 / " ,/' ,,~ 

Edmund DemIng \I'>fhe~d 

figug 3 14. Edmund Deming Wheel 

3.12.1 'rPM Tools 

Tools in'volve productiDn vlorkers in the rnal-ntena.n.ce of the equipment they use. This is 

ti.cket. 
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Checklist l.S creakd by TPtv{ warn ac.::ording to the equipment tn that "l,v()rk~:ow:, AJ 

eva)' production eby, in the InOfntng, the worker nns the checklist For eJ-;:an,pk" he 

has f;orn.c items to check whEe the equipment is idle and some other ones at first cycle . . . 

of open::.tion, He or she marks G br Good and B for bad, Bad situatiol1sare n:uxdecl 

()n the prugress action list fbI' correctk,rl- Once again the problern heing reft~rred t() arc 

"syn,ptoms of rnalfunction" it may l1()t disturb operation on the day, /\ deadline fbI' 

3.11.3 Logging: 

r. ' .•• \ •• • b f '~' . d' . ::'lome £vrnntoms are not VlSI./:) e 1fl tne mOfl11D>:' Jut a ter senes 01 OnerdtH.:ms ' unmJ tne _ • Q I ~ 

day. The logging 1001 created for that p(;,rticular workpost is used to capt me the: 

problem. This is by putting tally against the probIen1 daily. If those symr;·torns are 

Progr(~;s Action. List (P.A.L) mid, J. tkadhne is set for the rect~fication ofthe problem~, 

3.11,4 

The tod a110\Vf; the \vorker to solye sorne httle pwblems on the prociuctio.n line without 

\vaiting for rn.ainten;}nce rna.n, Bui. such awol'kerwiU be tm1I1ed adequately fbr such an 

ilctivity. 

3.12.5 TPM Problem Ticket 

A day is f1xed by the TPM service when problem ticket'S are taking to the !iDe. Tne 

'workers are made to v;dte the problerns in their work posts on the ticket. Aftenvard, 
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, . 1, 

tnose t1Cl{.ets are attached the equipment u.~!ng thin ropes" The duplicates t.opies of the 

of the problems, deadJ1nes for the correction are 

determined wh!1e the 'rPM service ii::dknvs up the solutiDn. \V1.knever the I:!rohkrns are 

3,:U ENERGY EYFICfENCY ANALYStS 

J,13.1 

1"'! 1 ,I ' ...,,'~ ,l f/' '7r' l'S C I['(1'·'·11 j'l~ the t:;\h1.~ ~ r.·.·. b.t'l{ .. \'·~.', .;i. ','.'" : ;R',: peaK pCl\,ve:r COnSI.Hneu m eac,.! S\-<1,(;11 . ,.K" J. , ".;, ! y¥ . ~ _ .. ~ 1>., ~.' _,'" " ., 

requi.rcd to raise the pc\ver factor fr011'1 PF, to PF ::: 

Table 3.6~ Switch Rooms Peak Loads and T.hdr Power Factors 

.. - ... - .... - .. - .... ~ .... ~.-.. ~ ... -~ .. ~ .. ---.. -.-.. -~ .. -;-. S·\V··--.. ··""' .. ··~S\,,r ... ~ .. 
S\V RM .. A RAT B RtvI C 

'1'1 '1'2 T3 'JATS 
.....,_ •••• ~ ......... ~ ••• ...--••••• ,... ............. _ ............................ ~r ........... _ •• ........ _.o" .. _._ •• ...,... ...... ____ .• ....,....._ ••• .....-_ ............ _ ••• ~ ............ _ • ......,... ............. ~~ .•• ~ •••• ~ ••• ~ .... . 

K.\V 423 400 423 387 420 
l.'~' ., t· j (),7·I 078 08 0.78 {).92 

PF2 0.95 0.95 0.95 0.95 0.95 
-............... , ...... ~ .. -"~ .... ,.....~ .. ~ .... ...,...-.... ~~ ... -----..... """"~ .... '"'-................... - .. ~-... .-..-.-. ........... ~.~.~.~-.,....,....,..-.. ~.-.~~ ... ~.-.~ ... , 
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K\V ::':: Po\,ver consurned by tlle SYSfetn. 

K'~ Y \ f . 
. ' Vf;.'"" Aj.Jparent power 

Cos0 ::~ K\V / KVii 

(U) 

KVAt ,,~ K W Tan<l.l 

So hum eqn. 3.3 

],13.1 
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::; 673 >: 066 

;;:=445.12 KVAR 

There fore 4
45 

KVAR Capacitor bank would raise 'he PF from 0.71 tf) 0.95 

By using O. 12) 

":: Jf.·<:(n ~n7Jj '~"8\ .............. '~.' .................. -.~ l 

;;;;; 465 >: 0-474 

3.Ll4 
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3,13.5 
To Cakulate the RcquJredKVAR to Raise :rp fnnn {},92 to 0.95 

rl.i, .::; ,--<,..,>;.} P!:~· ~:: ("')'c;.} ()' q,,; ::, )3 1 i; 
{ .......... ~" ~. ...... ~-" '. ," ...... .Ju.". 

B v usin~2' (3 12)" 
~ '" , 

KV \ ... f'4 "T' ..... 1 (T IR Vf') 
A '" ,f? ", ,,)'. (, an L,,), -, a.u . <., .-}, 

;;;: 64(0,43/U28) 
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Figure 3 16 sho\v!~ factOJ.Y electric motors distribution according HOfSe-PO\ver. 53 units 

f ... · "'". ...... """ ..... ,.-// ........... .: .... :.:.:.:.;>.; ....... .,../ ............• :.!.:.:.."'''' .. · .. //,N' ........ -''.,.:.. ..... ,,·.· .... //,;'// .. h'.~''' .... ••• .... ///// .. ,/' .. , ... :..)..'>.." ...... // .......... ~ .. .b:.=-:.:-.,~ ...... / .... / ........ /..:.:.:>..,">,v;/////// ..... "", .. ·.·.:.: ......................... . .' ............. -":.:."'':>-'v''. .. ///~ 

~ ~ 

Polyphase Motors Distribution 

'. 

50 ··········1 .. "'" .......... "'m, ........... "''''' .. . 
40 ~ .. ········;·"···· .. ·,,_····,,,,······l 

~ ·····r ....... · .... ·." ·.·N""'N ... " ... •·.·.· 
30 
.... ·f-,. 
L.d 

.to 

figure J .16: Polyphase Motom Distrlbnt10n in Horse- Po:';ver 

It can either be KVA Demand betixe the correction Of KV A Dernand after the 

and the etfkiency of standtml rnotDfs are used for the c(ikulation. Also, in the ;wxne 

tum:d rnotors arc ,~s tabulated in table 4.1, By usi.ng the sarne method. the bar chart in 

:C' . <' 1 " . K'" >, .4' <1 t' ., f'lgurc 4 1 stlow:~ iH: reauct1C:XlB m V p~ (lCmHn~8 111. ai () ner pfoaw;;tlOn zones, 
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To Determiue Alf§:nud Energy Saving 

::0 K\V x L / Es~ ... ~ KW ',< L ! F,'t 0). 

::: K,\V :x: L > (1 OO! E~;t.·· 1 00/ Bh ..) 

Where 

.... 9 x 0.75 x (100/86 -100/90):::: 0.35 K'N. 

O.35K:W>: 1840 Hours 

641. 36 KWh/Year 

~: 641 86K.\Vh/Yr x N129 ~-=N8279.99K 
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3,15 Energy Efficient IJghting Amdysis 

It has been recommended 'hat working areas where visual tasks ate only occasionally 

pertbrrned be inuminated with mUmiu,nce ;n the range between 100. J 50lnvm' 

For example. Toy,,,,,, a pacesetter ill the automx;ve industry setS a ",an&lId of 

IOOlmim' in the quai;,y check areas. With (his, Toyota claimB S'I'mg of 30% on 

lighting energy u'e. Ford, as part of ""e"men, pmgrdlhs, is aiming to reduce energy 

Typical 56W 

Assuming, surface arq to be illuminated corresPDnds to the working height of 2.5 m'. 

'/" Luminous flux (Lumen) ! iUr.UIHance ::;; .. -. .. .-..-.... ... - .. -.-.. - ............... i .. ~-. 
SWji:l<;e Area (m .) 

.59.1.36!m/ m'2 

A.iso, 22\V LED fluorescent has luminous efficacy of40lm/w 

The re~u!t is better than that specified by Toyota Prodw,,::tion Systcrn errs) 

C'" f;; r 



Energy MVt><\ ::" 4256 _ .. j 672 ::: 2584\\1 

::~ C)st of Energy sav-ing units x Discount" / Annual s;,rv"ing 

,:: N 76000< G.7S/~ 6L333.82 ::: O.93Years, 1}'T Approx. 

nxtangIes The developed calculating aJd autornaticalJy plots a Dar chart fix v-i~uai 
appreciation of the acts of changing energy indTicient lighting systcrY1S. Figure 3. 17 
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Figure ,),18: Energy Saving Calculator Plots Autornatically Power Commml~d Bekrre 
.and f\{h~r Replacement of fittings, 
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CHAPTElt FOUR ' 

4,0 RESULTS AND DISCUSSION 

The n.::::mIt in table 4.1 ~;;c>rnpares KVA demand. at"ter ,:.;:orrection v;"lth the Gne before. 

Tanh> 4,1: An'.I.h.H:thm in KVA demand with ])rtmlium cnel'gy efH.dent ruMurs ~md 
pnwer factor impro'H:lnCnt from {Ui tu {t95 in Cataplwresis OHn tmmd. 

PROCE$SfS Hp RPM 
RATING 
{KW} 

Avg. 
Eft 

Std,% 

KVA, 

KVA DEMAND 
DEMAND AFTER 

Prem. 
{?f::;::O,a} CORRECTfON 

% 
..... ~ ........ ~ ...... ~ __ .................. ~ ...... ~ ... ~_ ... _ .... _ ....... _ ....... _ .... ~ ....... _ ...... _ ..... ~ ... ~J~::g.:9~L .. ~ ... . 
A.ir int<1ke 50 1800 37 91 a:}. 

./- .$(l8 41,9 

,i)·,ir lnt;~ke 12 :1800 9 86 89 13,1 10,6 

A?t intak?~ ' . 1800 4,05 83 87 6.1 4.9 ..." 

f;<n2u5t VEl 15 1800 11 86 90 16.0 12,9 

Exhaust VEL 15 :1800 11. 86 90 16,0 1'1 0. 
AoM~"'/ 

Exh<m~t \iE3 15 1800 11 86 90 16,0 12,9 

txh<w$t VE4 1.S 180D 11 86 90 16.0 12.9 

Exh<1u"t VE4 <:; lEOO 35 Q:< 87 .. :) 4) ',.:I ::;,,' ,;0 

E>~hau~t 'iES 1 1800 1.1 '''7 j, 83 1.8 1A-

Burner 1 :1800 0]6 77 83 12 1.0 

Bumer 15 1800 11 86 90 16,0 12,9 

Burner l.~ 1800 1.1 36 90 16,0 1},9 

Oven :>eal VRA 
10 1800 7.S 86 89 10,9 8.9 

1 
Burner 1 1800 0.76 7"'7 , I 83 1.2 :\,.0 

Burne? 20 1800 15 88 92 213 17,2 

Cooier unit LL 1800 16,2 89 93 22}1 13.3 

Oven s!~a! IJHA. 
20 1800 15 88 92 213 1/,2 

2. ................ .-..-.............. --............................. ~- ............................................... ,.~ .. -.- ..... ~ ....... ~ ...... -.............. --............................ ~ .. ~ ..... .........-.. ... ~ ... --...... - ....... - ..... ..........,.,. ...... -............ 

TOTAL 251.7 203,7 

GA!N 48J) 
... __ ... _ .. -_ ........................................... - .......................... 
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;; 
~ :-

~ §. 
; 539.7 ~ Befon~ ~ 
~ ~ 
~ OAft~'r " 
~ ~OA I 

Figure :t 1: K'v'A" Demands Hef.:;w all<:i After E1nploy1.ng Energy EtTicient )\'\otors 

hlYl 2010 ShO',Y8 that Industrial D5 tariff thr Dcm;:md KV A per month is :;:.+408. 8.5, 

Energy K\Vh per month is N 12S vi/hik cost for Meter maintenance per month b N 4, 

148JJO. The cost savings juxtaposed with initial and fin"l.1 KVA demand according to 

Tank 4,2~ Cost S~Yiug by Correcting Power Fattor 

Praductif.m 
Une Betun: Cost After Cost 

............... r ............... r •••••• ~_ ••••• ,..~_ •••••• ~~_ •••••• ~ ........ _ •••••• ,..~ ••• _ •• ~~ __ •••••• .....,......,_ •••••• ~""'--'_ ••••••• ~_ ................... _ •••••• ~_ •••••• ,..~ ...... __ •••• ~_ •••• ~_r. 

Turwcl 
TTS 
AntigraveJ 

251.70 
38040 
106.00 

101907.55 
155526.54 
43338.10 

203.7 83282.75 
30(),8 122982.08 
853 34874.91 

Primer bnc 539.70 220656.35 4405 180(}9K43 
T,:)p Coat 1 335.70 137250.95 267.4 109326.49 
TOD C<Xlt 2 292.8() 11971 L28 212.3 86798.86 _~_ ... t:...:~ .... ~~ ..... _~ ......• __ ._ .... ~ __ ... ~_ .... ~~._ .... _ ......... ~.~ ..... _~_ .... ~ .... _ ... ___ .. _~ ..• __ . 

TOTAL TOTAL 
Pi 77939().76 N 617363.50 



The tank 43 below shcrw,,:< the cakubtjons .of teta] <!.rDDunt saved per annum in each 

production Ene as result of using ent~rgy etli::ien\ rnotors. 

T~tblc 4,3: Total Alnmmt to be saved Per Annum iu Each Pl'oduction Lim' ~s a 
RC1'iult of Using Energy Efficient Motors, 

Cost S~lved 
.. 'y~:~~!!Ut:!~g.~ H.n~t_~ ~~~K_':\~\_:/!~!'..§.~~~~~ ............ _ ..... j!i),~ __ _ 

/.,D.tigravel 
Pr·in1er line 
Top Coat 1 

10843.60 
15149-40 
5205.20 
16{}08.20 
10795.GO 

,]cp (~~?~~~) ..................... nn ... ~ ...... ? 531. 7 0 
Total N 

139946,94 
195427.26 
6714708 

206505.78 
139255.50 
110071.83 

858354.39 

4.2 Energy Sayed Through Energy Saving Lighting Fittings 

Table ,t4 beb"v shews tb~ totai tUlalysis of what to Ix. gained by using energy sa'v11lg 

fittings by each production zones in Body shop. 

T~bk 4A:Energy Sayed~ Cost Saved and l)aybadr by Using Lnergy Saving 
Fittings In nndy shop 

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

IONES 

3f}7 nvdn line 
4%mair: ~~n:; 

Met~! Fir:ish 
nne 
UEP Zone 
R~~tG:.;ch zc:;e 
~vl;~i::ter:3ncf~ 

zone 
Miliflti~n;HKe 

Dffice 

.lig ~;h(;p 

[':ngine roorn 

H~!?~~!: ........ ~ .... , 

TYPES 
{SH} 

IN 

56 

56 

.56 
56 
~r 

:.""!:'J 

56 

5tl 

56 

5& 
400 

ow 

76 

98 

")("'1 
.f.c .... u: ... 

24 
.1.6 

;.62 

'10 

'" 
4-4 
1 A 
.J • ....,.. 

324 

POWtR 
(W) 

4256 

548f~ 

14112 
1344 

896 

S072 

4363 

2464 

784 

12:":500 ....................................... 

TOTAL 171384-................ --~ .... 

Pcw~r 

{En~rgy} 

nw 
1672 
)" r'~ . .:.:::>t) 

55M 

528 

352. 

35(-4 

1716 
963 
30a 

32400 

?6DOD 
98000 

252000 

24000 
16000 

162000 

nOGe 
440{}(} 

14000 

324000 

25.84 
..... "( .... (') 
.5;).;)'" 

85,58 

S.l6 
SAt 

55,OB 

2&.52 

1<'1.96 
4,76 
(1'1'1 
..-.t~ 

KWh 
Annual 

4754,$6 

6.t30,8g 

1SJ65.12 

1S01,44 

1000,9{) 

10134.72 

4879,68 

27SHA 
875,84 

178848 
................... ____ ~~~ •••••••••• __ .... _ .......................... n • 

49108 1083000 1231,76 216643J:s 

Payback 

G1.333.82 (~ i:1? 
...... .J "" 

79083.35 (},92 

2032,70,(;4 0.92. 

19368,576 0.92 

12012.384 0.S2 

130737.38 Q,92 

62947.872 O.9:? 
3.')509,056 0.32 

11298.336 032 

2307139.2 ,LtG 
................ ----~~---

2923705.5 8,46 .................. -.... -......... --~ •......... -~-.. --~~ ............ ----....... ---........ -" ........ --------.. ~--"~~ .... 

n. 



Tahle 4.5 below shows the total analysis of what to be gained by using energy saving 

fittin.gs by t~a:::::h productkm zones in Paint ShDp. 

Table 4.5: Energy S~1yed.~ Cnst Saved nlltl Payhack by llsing Energy Saving 
Fittings in Pfiint Shop 

\~;3stic 

Antigr~v<:;; 

DrV 
Sanding/Primer 
"Nr:.t 50nding 
V./et $;:~r:di::g 
i'{etcuct; 

Tc)p (nat 2 
T Gp. CQ~;t n~touch 

56 

56 
S5 

57 
66 
.114 

234 
344 

20 
582 
204 

3192 
3V-lG 
6384 

13.104 
J3264 

.H20 
32592 
1:1.424 
2.1.84 

1254 
.1452 
2508 

514a 
7%.3 

440 
12804-
4488 
858 

S7000 
66000 

l:1AOOO 

234000 
344000 

19,2,8 

22.44 

79.56 
116,96 

356551 46000,37 
·H2R96 531()358 
7131.84 9:W(1Q,74 

14639,04 
21.520.64 

185843.6 
177616.3 

200CO £"g 1251.2 ~~6140A8 

582000 197.88 36409.92 469688 
204000 69 .. 16 11762.24 1.6462,2.9 

3900n 13,26 1439.84 31473.94 

0.92 
(j,92 

C.92 

0.92 
0.92 

(}92 
G.9:? 

0.91 

Omi::: OVf.'n 56 69 3854 1518 69000 23,46 4316,64 55684,{16 0,92 
Re$t h,ne 56 10 SGO 210 10000 3.4 6~?5.6 3.070.24 0.92 

__ Y~!.~~iE'n " ......... "_ ...... ~.~2 __ " ... ~~L,_~.i.~.Q~ ...... ?60D ....... ~_~~.~_.J~~_ ... 5 74n ...... i~,1.,23S?:~ ... _ o,~!~ ..... _ 
TOTAL 131784 468S8 1747600 S4~U6 156263,1$ 2.015804 

THbk 46 bebw shows t.he total analysis ohvhat t6 be gained by using energy saving 

Tahle 4,6: Energy Saved~ Cost S~lved ftnd Pftybatk by Using Energy ~~hdl1g 
Fi.tHngs i.n Assembly 

ZONES 

TrirB tine 

Chassis line 
l,Cml 
Q:..;zkty 
Accep;;()tit;n 
Wt-:0e! 
AHgnn";.er.t 

U~p Zone 

TYPE 
St'lJ} 

(SFt) 

SG 
~'" ::-::;( 

55 

56 

Sf, 
5(i 

QTY 

.., ... ' ... 
:;';'L 

238 
402 

24 

1.6 
24 

rOWE 
R(\N} 

.l747l 

15128 

nS12 

1344 

895 
1344 

Power 
{Energy} 

?.2W 

6.354 
(.'''' .' ,)S;)t) 

B344 

s;~a 

352 
528 

Cost (Nc) 

3'12000 

238000 
402000 

24000 

16(x)0 

24000 

K\\'h 
.saved 

l%.OS 
§7,92. 

136J;S 

8,15 

SA4 
8.,1J3 

KWh 
Annua! 

19518,71 

18017.2.3 
251.4O,12 

1501.44 

1.000,96 

1501,404 

(o.st 
Saving 

251791 
232421 
324413 

19358, 

12912, 
19358, 

10.23 

0.93 

0.93 
O/}3 

0.93 

0/13 

o.sn 



The results sl1D\v tbat by improving the pO'Ner factor in Cataphoresis oven turmd fhm1 

0.8 te () 95 and replacing st:.<.ndard 11"1otors ',,-,ith premium energy efficient mutors, KVA 

demand drops from 2.51.7KVc"\ to 103.7KYA tnlnsbting tD the saving of 48KVA. 1\.1';;0" 

in TTS, K\/A demand drops {fern 380 4KVA to 30G.SKVA, In paint shop, teLl! gain of 

In the sanK vein, llsin£ enerQV efficient ti2:htillB fittinfEs in. A3sembl.vsho-n, ~/ ....... ~. J,,;.:> b . ~( ,.' v.' 

"!l ' d t l' ' i A'\ <:;~ ... '~K~~~ 11' 1 ' Wh,. De sa'./e ransarmg \.0 J.'vfi.~t .. \Vh an.n:UUl.'J' V,/lt1 cost S(lvll1£ 
~ Q 

of about 

N2.7rniJlion.Also, 1\2 million and N2.9m1ilion Vim be saved in Paint shop and B<:xi;l 

H is on records that in 2010 alone, PAN spent about N90 million on 

savings can be made \vith attendant increase in annual productiops ihus improving 

national Gross DGmestic Product (GDP). 

Lo\ver KYA. demand rneans 10'>ver current dernand and vice versa; reductkn in current 

drawn by eqnipment, conducted b)' conductors and handled by switci1geafs and circuit 

bre,'lkcrs Vi/in undoubtedly tr<U15iate 10 reducl10nin the rate oftheix breakdowns. 

Illduslrict' aU over th.e world are ess"tt;lished In order to gamerproG.tH~ this is ::,150 

. l' 
att~.u.nal)Je if rnamtenance cost subs1des. a situatIon occasioned by reduction in 

breakdown Qf pC;iwer equiprnent .. w'ithoutwhich the ahn would be a mimge, Efficient 

electrical puv,'cr win rednc<:: downtime, rework duties in the prod.uction facilities will be 

greatly abated; aU resul.t1ng to im:,:rcase in prodm:tion, and hence rnore energy wiH be 

channelled into production of cars, 
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l-ndustrid electrical energy dTiciency do d<.:n?emiJs into redu.ction of caroon J{oxide to be 

emitted into the a.tmosphere, this is hecau;::~: the hight:r the ;mvv'[111tt~d loads, tht: greater 

the: ~~ctivity z;t' prirne movers r;f the generators to 'nv.:et the d.ernands. also more diesel is 

COn5UHv;;(L In P/>~N's case, when a set of 2~,;1VA is on load, in order to rned h.igher 

tra.nslating to higher ernissioHS of carhon dioxide, one ofthe culprits of global warrnlng 

improved \vhile our environment >,vill be saved fron.1 pollutions and their resultants 
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CHAPTER FIVE 

5.0 CONCLUSION AND RECO:M1\1.ENIJATIONS 

5.1 Condusion 

Investigation of electrical energy savmg potential of Peue.::nt .f\utornc;bik !<igeria 

Limited has be(~n carried ontin this research work. The resuih obtained finm the study 

pO'Ne: fitctor ilnd replacement of agin.g stamlard motors with premium energy efficient 

rnot<.;-rs. Alsc}, replacement of hallast fluorescent fittingt., \vith energy saving tYIWS has 

broudlt about maior reduction in ene1"g~y comnlInption f,)f li~tbting. This c()uDI~d \vith ......... .~ ;;::).....'. 

in'lrdemenLltlOr1 of Total Productive :tdaintermnce (TP~.{) raetbodobgy is sine qua 110n 

tu iml;foved in.dustrial electrical enemy efficiency 111 the industrv. t ....."v..,."; 

The devdcmed energy sayit}g~ calculating tool orovides a lee-way t.o ene.rzY i'mditing 
... .............. .,.. ~ ¥ ... ;/." ~~ 

particularly l.ighting system. This too! can be u;,;edby engineers and conSl..:'1YlCrs dike t:> 

cakulate energy consufaption and gains accruable frorn energy sm'lng lighting 

It h,'t'> also beeI1 shovvn that red.uction in energy cOYlsmned '\v111 hring about reduction in 

cost of producing G{l.n~ in the factory 'with corH'::oluitant pmfits. Theinvestrnent 'with 

408 in one hand. a.nd diversification of the factory to production of other Fast Moving 

ConsunV;T Products thus transl.adng to more gainful employment of teerning 

unempbv('d Nigeria.n youths. 
","; ..... r' 

In c:rdcr to consolidate the results, it is pertinent to dVlays consider the t'bUov:if1g 

reconmwndatiom. 
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1. T 0 m~ike energy efficiency R watdnvord 'whenever new, equipment IS to be 

:lcquired. 

2.>~o equipment should be procured ,<vitnout comddering its KVA dernan.d . 

. ). Cablings and electrical equipment should be selected 1n relation to alk}"valj1e 

volta.ge drops frOtH tb~rn. 

Au'>! unused production Hne should have their1khtin~w disen£~H?)ed. ~ ~ hJ h7 ~ 

Every 8dion shDuld be e.mpkycd to rc·::kce the number cf generators 

6. :~.;blntena.nce supporting functions should. ahvays embrace the tenets of TP!'v1 

, ,. Prod.uction of C;-lrs must always he juxtaposed ·with energy efficiency. 

8. A period.ic energy auditing of tne industry shonldbe encouraged This vlill 

It ' d' .H::vea! t!l~~ current energy comn.rfnptlDD an lV., costs. 
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APPEl\l)ICES 

APPENDIX A 

Table AJ ~ /\ verage Efficiencies for Standard and Em.·rgy Efficient 
.[VInton 
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~Z .. ~ t·L~J 
S2S} ·U!H 
}.::)fj ~ !:) 
:~~:J.~ {~~) 

~;.) i)2} 
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(Source: National Electrical Ma..nufa.cturersAssociation) 

-:'''·3: ;~.:~ . ..... ~~'(.~ 
f:~'~' 
??f.J ;~}. 

':{j{j ;':); 

?,::~§ ~f~ 
:; ~.:.tJ ~~S~3 
f~)~. ~:5: 
t:.$¥j ~~~~ 

;~i~ :0~ 
t52.J it) 
:f.f"}f; 
::·~;SJi 

~-:f· 

~i:i: 
{ .. t} 

.~: j~:z~£~ {4J 

;, 
... $ 

2ftJ 
24~~-Z 



(A) 
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Length 
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APPENDIX B 

Meg:),. t. X 1 million} 
Kilo O( ! ClOO! , / 

miHi (I thousandth) 
micro ( 1 ·mWionth) 

25 Annn 
{J.3{)48rn. 

OJJ3937in 

64S.16nm/ 
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/\cllvity 

Public arens viith da.rk surroundings 

Simpk ori~zntatkm ({)1' short visits 

\',/orking area;;; \vhere visuBl tasks (It:::: only 
u(:ctbionrJly perli.}nTltd 

Easy Ofnec \Vork~ Cbsses 

S' ')"' 'Y' , •• L. ·t'· 1\'<'-' ,1·' ,:." 1 Vi. !.-.), ...... n!::t~">f' " \~j: ~;;l ,U<ll.K.e .', i·,~.C;dJ«Iv·d, iY \.).t!".:-;':UJ;;:-<, ' .•.. 1> ... ;' 

Landscapes 

·['.Jon-nul Dn:rvving Work, Detailed tvkchaniea! 
H' '; 1 () . "1" W on:.s 10PS, '. pemtlOrl .i ntatn.:s 

JD ' '! 1 j') .., . k \V 'j' 'J' el(tue(~ . ra\Vlllg \V(}f .v':( tery Jetal }~(1 
p.ifcchanical Works 

PcrFlHn~::n(:e of v!:mal t;.'lsK;) of 10w c()ntrast 
and '-/cry small :;;)Dz l-()l" prolonged pcrioj~~ of 
timc 

P':"'j-;-","n1'~UY'F' <)!,' VC"'· l")rolo'FP"! ~1'1,.j CX'l;·· ... ;no .'. ".-.......... { .. .'.'-- J......... ... "'"'J ........ ..\ .';;, ...... ~ ~. ~ 'v!- .r.. ..... "' ... ~ t::. 

vi s ual L,sKs 

31 

Illumination 

(lux, [umen/m'j 

20 ~ 50 

50 - 100 

.1 00· .... 150 

150 

250 

500 

750 

1,,000 

1500 ~ 2000 

200() ~ soon 

.5000 .. · 1.0000 


