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Efficiency of ens 1y utihization is ong of the major fssuss 1 the global so
wmi s rechiniion in ensrgy roquired o moreass production and pnmd& o°£
This research work investigates various ways and patterns through which electrics!
encrgy s being vonsumed i Peugeot Automobile Migeris Limbed ¥t ideniified the
sowrees of enpigy wastage and suggesied strategies o curb the negative fends, The
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cornad were determined to justify their deplovment. In the course of this work, an
engrgy saving calonlating food w o developed o caleulate energy saving capabilities
using energy efficient wams With ample devolion 1o the implementation of the
seommmendations mude, the cost of enorgy per var will be dmstically reduced with
concovniant profits. In el mwae cars will be producsd thus tasslating fo more
swptoyment opporunities in the mulustry.
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CHAPTER OMNE
1.8 INTRODUCTION
1.1 BACKGROUND OF THE STUDY

Enpinsering is the sclenee of economy and eonssrvation of snergy stared up by natore
for the use of man, It s the business of cogineering to utilize this energy to the best

wivaniage, so that there may be the least possible waste {Willlam, 1908}, Ensrgy for

o

ohvicas reasons i3 regarded as the prime mover of any coonomy, il the anging of

5

growih arcursd which sl sectors of the sconomy r'wzziw Thus it hecomes wnperalive

beg

<

that i3 development, mansgement, and improvement must have predetermined plans
andd steategies that are capable of driving the soonomy towards a sure path of susteinable
development {Aderena, of of, 20093 The sim of any industry aryvwhere is {0 make
profits, increase productivity and redace waste, conserve resources and enbhance bnage

¥¥ ol

th ample devotion o tenets of cost redoction and deployment of energy efficient
wochnoiogies and practices, all of these cancbe achioved, Andrew Walker, (2006) opined

that by managing the demand in the network 18 3 good way of saving expenditos oo

mfrasiruciure, 88 the cost of this type scheme s considerably Jess thau retnfoming or

upgrading existing infrastruchure,

Energy efficlency henceforih in sach an industry will be 2 soitenon for all squipment

soauisition. That is, befors any squipment consuning energy 18 procused, consideration

.

will be given o iy efficiency viz-a-viz power | s be consumed by i Manufacturers of

%

squipment bave kevedoin to this alse by designimg s %;;zv effisient sysiemsy i s

Fta see printers, laptops earrying encrgy star labols. Pl systems
are designed and Oited with appropriate conwols and other components that oplimize

their endeuse energy efficiency. By imbibing onerg *‘f——»#ff“ isnt practices, all energy




consumming sysiems are from time (o thme monitored, cleaned, adiusted, maintained and

operated to ensure that ey make the most efficient vse of energy (CIPEC, 2010
Awgreness areg created within employees through sysiomatic waining and velidation on

how best to camy out daily operations and mainienance works using powerful

».

uethodalogy of Totad Praductive Mairdenance (TPM

Ag a vesull of wehnologies ususlly deploy in sutomobile mdvetry, Industion motors,

.

%

sften reforred to ay “factory workhorse usuai’iy wagid, 'ﬁms maotors, being inductive

Woads require a cnrrend flovw 0 vreale mag ”’ilt‘ii; fighds to pmd 100 the desred work, This
brings low power factor. A low powsr factor i expensive and ipefficiens. Unlity
coampanics do charge additional feea when the powsr factor is less than 095, it reduces

clectrical systorn’s distribution capacity by ipcrsasing the curresd flow and causing

Powsr oty correction brings the power facior of an Allernating

A

v aga G dic
Current (AC) systers coloser o 1. T i bolipved dhat impmoving powsr factor will

fuoreass energy efficioncy snd reduce cost. Alse by acquiring snergy efficient motors,

2t 8% officioncy can be gotion compared with standard motors, They owe their higher

g ’}

revformance o key dosign improvements and more socurate mannfacturing iokrances,

Anotheor system of pote i an auttanobile industry 15 Ughting systarn, About 21% of the
workd’s elecirical energy is used for Hghting, That equals 3 whopping 12 Billiops KWh
pey duy, By replacing inefficient fluorescent fittings with Light Bmitting Diode (LELY
and vosnpsct foorescent Hghting, & o of eﬁ&;‘gﬁ can be saved with coneomitant cost
reduetion,

Fmplovment of efficlent energy programmes i an apomobile mamalaciuring indusiry

can bring sbout reduction in fossi! fuel wsed by 12% with atendamt reduction in

3




The ernisgion

greenhouse gasses by niore than . L00 woms of Curbon dnxide {5
aiduchion which van be of belp in fighting climate change i sgual 1o the emissions fram

the electricity use of more than SO.000 homes in a vear,

L2 AIM AND ORIECTIVES

The msin aim and obiectives nf this work ares

To gudll eloctricy] energy efficiency i the indus siry a;z\i proffer areas of

By
sty
Ry

nprovement,
{1} Tonmravel the cost sxving oppormnities and potentials,

{1y Todevelop strafegios for maintaining effective ener gy saving in the industry,

L3 PROBLEMSTAT EMENT/MOTIVATIONS

L owas shown in the factory records that the indusiry consumes avers age of 1 million

itres of diesel anoually. ansiagin it 8 mdnimurn of 33000 Bires wumithly, G

high cost of the comwnodity i Migeria, » owum of MO0 million was used for i

resent in 2010, B is on factory woords that a whooping sum of ¥ 110 million
was used W provide clesirics! energy in 2008, the breakdown of which shows that
27002 million was used to buy diesel, another N37.57 million was wsed e pay

electricity bills whils maintenance of generating sets gulped M2.47 million o the same

yenr, the cost of electrical ensrgy por car was # 200,000,

o manuiscturing sestor in Nigeria hes been bedevilled by this negative trend. Thig

Caceunt for the closing down of some factorios in Nig gevia while # couple of




others are seloc aling o other Wast A \rican countries where comt of energy is affordabls

in order 4o break » Ve,

Undobitediv, the aforeme ;*twm:& situation has 1o he reversed for the contimanoe of
Business fn our factodes. Not vielding 10 this Leckon will Bt augnr well for our nation

.

hence sl hands must he an dook for this clarion catl

Altogetber, going by the climage changes ovcasioned by ublguitous emissions of gresn

3
house gasses, one can nob but carrvout 3 research work towards amphiorating the
negative yends,

14 METHODOLOGY

My familiarity with the equipment has been pricoiess iy ex wouting the research work,

5 also is made possible by my posting within the s Peugent phant a factor thy

my day @ day study of the probloms,  The production lives and the swich rOoms

powering them wers idontified, The tansthrmers feeding the o EWHCH rooms wers

(2‘

determined ang careiully studied,
Uther methods smplo ryed tnciude the follow ng,
eiection of daty from recerds books and equipment name plates

4. Statistical evaluation of the result ng daty with ample use of charts, , graphs,

asing MS Bxeel 2007, _ . ‘

Tas

Conclusions were drawn from the resalis abtained.




13

Fhe aspect of coun ting equipment snd fi mgs in the shop floor and werk zones

persanally i an aspect thas produces relishle dats,

The collected data were enfered o sxoel spreadsheet for avalyais using excpl formulag
and programs.  The viaual result is made possible with charts made from the dats,

These chars Hier thas thesis,

L8 SOOPE OF THE STUDY

The study is peared towands auditing onergy conswuphon in the industry, It tentifies

by

¥ «

et aud how energy io b ring wasted; it profiers sohtting o the problems. The resais

f‘
:- IQ

fucidly caleniate 283 10 be scorved when energy officient Systems ave deploved. It ia

shovwn 1

a«t

at by mokling the menuce of mefficiency, cost of ene Y pur ocar will be

vogdced,

L6 DRUAMIZATION OF THE THESIA

i first Chapter gives rensral introduction to o nergy use efficiency in the mdustry, B

COWIPTILSS aitn and obijectives of the Tolect, motivation and the methodology any wdoved.
£y

Chapier two reviews the hm*‘om sl lanes on motor vehicle manufacturing in Nigers

which shows the pinnacle of cur production in the country and Us downward trends
heralded by harsh BOVEIUBON coonoiois policy of Swuctural Adjusted Programme

(SAPYL Chapter three o plaing the materials and methods used, Chapier four shows the

4

wsuits ebiained fom the analyels while chapier five gives the conclusion and

5

resommendation. The references ar il appendives ware lated a2 the end of the report,




CHAPTER TWO
pARL : LITERATURE BREVIEW
2.1 INTRODUCTION

Migeria government imvaly eraent in the automotive indusoy dates from the second

eviopment plan period (1970 16 1874}, when the two passengey cuar sssembly planis
were established, This was followed, during the thivd plan pertnd (1975 10 19803 by the
sstablishunent of thres more assemdddy plants for wucks and Hebt commercial vohicles

.

complemented by a fourh that was 10 speishise in raotis and other form squipment,

Sty planis wore vetablished and were for :z:‘:e assembling of Pougents (Pougent
Sutomobils Migeria Limited), Volkowagen (Volkswagen of Nigens Limited) Tars,
FIAT (Natonal Trocks Manofacturers), Siovr, Mercedes 3:%; and Leviend trucks and
bases. Limued Iability Companies (1003 were formed with twotaVmajor shares held by
Yedersl, Siates, Corporate bodies and other Migerians, The plants were conoeived as
profuable ventnres capable of scorving o the govermment revenues in the form of

various and increased X vields and dividends,

s

Aaoangbiles Peugeot (AF) in within the PRA group that manufactvres the Peugeot and

woin serial models. AP has been manufacturing these muodels for over 3 hundred

St
(34
v
=3
&
bied

now in France and later, Britain, Spain, Africa, Asie and South Amenca, PSA i
into six substianes semi-autonomous divisions, but the two vehicle
manufacturing ones heve thelr bomrd,  The divisions are: Automobile, mechanical
snginesring and services, human resources, fuancial services, Peageot Automobile and

Autarnobile Uitroen divisions,




Peugeol serinl models ware selecied for assembling in- Nigeria because it has been
deterpsined that 3 possess totad qualities thar would ensure Relighiliny, Resitience anid
Longeviy (RELY w owse. The mumtive o establish Pougeot Automobile Nigeria
Lamuied was taken by the then Federal Milktary Government under the leadorship of
General Yakubu Gowon, then as a Military Head of State. The idea was conmretized on

&% {otober, 1969 when the govermovent ipvited 16 reputable vehicle manufactunng

companies m the world to sulwnit proposal for the establishment of vehicle assembly

P

[

Twebve yoars before the mitigtive was taken, 1957 to be precise, Peugeot Cars made
their first enfry into Migeria when ghowt 100 units of the Peugeot 403 model wors

fported into the country by individuals. These carg soon became popular due 1o thew

Peugoot cars in Migeria rose sharply again i the 1960 with the further introduction

o the country of Pougeot 404 mndel  With the high demand of Peugeot products

203w ox

which was g mark of accepishility, it was therefore not swpreing when on 75 May,
L, Auntomobiie Peugeot of France’s proposal was selected out of thuae tendered by

gixteen various vehicle mamsfacturers.

. L SUTA ,@,g.-i,( y I Mg
Wantions date Dol rA N LW £
Rt o

Figgre 2.1 Peugsot Automobile Nigeria (PAN) Limited Current Ownership structure.

b g Pod L !




&

In 157 December, 1972, PAN was meorporated as Limited Liahi! hty Company with ¢
avthorized  share  capital of ihres willion nalra Twenty seven mnontha after
meorporation, the asserab! ¥ plant was commissioned by the then Head of State, General

Yakubu Gowon on 14% March, 1975, though # commenced operations on 2% Mareh

A

The company commenced moduction with an anmag) output of 60,000 cars. In the
19803, the company mroduction o mtput improved substantially to 70,000 cars per annum
and i bad more than 2000 siaff on it payro it role in the industrial seotor Yas one of
significance due to heavy reliance on loeal Fsuppliers with 70 local ﬁ%ﬁ;zs_ roviding 37%

of Incal content for domestic oroduciion.
33 Btructural Adjustment Programume (5AP)

I 1984, the government of Migeria introduced strucioral a adjustroent programpie { SAapy

This harsh economic policy commenced the re sginie that wiped off middie class thar

o2

purchases bulk of cars oan The policy sparked off difficulties cxperienced by

aptomobile manufacturers in the COUTHY. {started with a

production of 11,584 cars in 197 75, it went up to 15,224 in 1976 and more than 27 500

enay
HES
;

~3

¥
B3

After this year, the trend was smoother but 1 rOBE irm;.moaiiv W 1979 and up 1o 1984

when the range was 47 908 1o 44,244 care within the vears. Decline becare apparent

#
ke

o
]

iy
[
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2.3.2 Adm for Betting Up Peupeot Antomobile Nigerfa Limdted

The yopin zin of setting up Pougeot Autcrnobile Migeria Limited was 1o snsure massive
production of vehicles particularly cars, based on demand and the need 10 save the
natton’s foreign exchangs rescurces.  On long term basis, Peogeot plant was also
wtended {0 create enpioyvment opportunitics for Nigerfavs 1o contribute significantly to

the Cross Domestic Product (GIPY More unporiaotly, the plam was to hove multiphier

i%

s

effeeis, which could result in the development of various ancillary industries o
manufacture Gifferent compovents for the velucles. The long term goal was to ensure
that the assembly plant depended mcrsasingly more on tocal sources for afl the
components required for manufacturing cars and other related dems for internal

consumption and for export indo other African countries,

Iris i support of these, that the Federad Government took some positive attions to pu
i plave clear polioy guidelines that would redivect the development of the suto-ndusiry
gongraily m Nigeria. Those gusdelines are documented in the Natonal Automotive

Polioy which was Junched in August of 1993, Decree Mo 84 of 1993 established the

onal Autornotive Couneil (NAL

2.2 Electrical Power Sysiem and Loading Basics
in order 1o design an installation, the actual maxiroum load demand tkely to be mposed

o the power supply $yster must be gssessed.

223 Inxtalied Power (KW}

The mstalled power is the sum of the nominal power consuming devices in the
installarion. This iy not the pewer (6 e actually supphied ip przz.:i'.icf:, This is the case of
glectric Taotors where the power rating refers to the outpul power at i driving shall.

e grester, Fluores seert aud discharge

,u-\\

The oot power consumption will evidently
bareps associated with stabilizing bellasts are other vases in which the nomingl power

indicated on the lamp s less than power consumed by the lamp and ds ballast.

i




The power demand (KW is necessary to chonse the rated powsr of a gensrating st or

b %

battery, and where the requirenents of a prime mover have 1o be considersd.

For a power supply from a Low Vollage (L) public supply network, or throngh a

z

ey

Medium Volage/Low Voltage (MY/LVY tansformer, the sigmficant guantity i ihe

apparent poser in KY A
2,22 instatled Apparent Power (KVA}

The msighed spparent power 15 commonly assumed to be the arithmetice! sum of the
Filovol-Ampere {KVAY of mdividesl losds. The maximuan estimmted KV A o be

supplied however 18 not equal to the total installed KV A, The u;"?i,d‘f{m’{ nower denmnd

£

of 2 Joad{which might be » single appliance} i obtained from s nominal power rating

and the spplication of the followmg coslficients.

(}mj}zﬁ K
Inprt KW .

¢ por wundt gffivienc

J

. . KW
(L ofagr = (Fe nowe j{.’:,l{'}" UL evsnennsasseren.
; ] T
¥4

P
NS
N

The apparens power KV A demand of the load.

-
8

p{i o~ ..-‘uululv-:’“'"w'

nalasy

{2.3}
From the value, the Al load cwrrent o taken by the load will be
F o {For single phase 0 neutral connected load)y
2.4}




€ {Vilis)
L= phase-to-phase v cltage (Yolts)

It may be poted th strctly speaking the total KVA of apparent power is pot th

[E415

artheetical sum of the caloulated EYA ratiogs of individual foads {omleas all loads are

at the same power facion) B i commen practice bowever, to make a sim yrle arithmetioal

surmunAtion, the regull of v

h ich will give a KV A valuse that exeeeds tbf‘ true m ne by an

0

design margin”. When some ar all of the iami characioristios are nof

e

acvepisble
Enown, the values shown in Tables 2.2 and 2.3 helow may be used to give a Very
appreimate estimute of VA demands {mdividua! foads are gonerall v oo somll o he
cxpressed m ENVA or KW The estimates for | Hghting loads are based on foor areas ¢ of

SO0

Table 2.2: Estimation of Tnstalied Appareat Powsr {(Flugrescent Lighting Cos S TR

ESTIMATED (Van? 3 AVEBAGE

CATION INDUSTRIAL REFLECTOR {ux = Ln/m%)

TYPES OOF FLUGRESCENT TUBE WiITH LAGHTING LEVEL

oads and highway

SLOTAES greas, mtermittent

work 7 150
Heavy duty works:

fabrication aud assemb by

ofvery large work pieces 14 300
Day-to-day work: office

work 24 506G

scision . ‘
mp ’ 41

-
S

800

{Source: Hlectrical Tostallation Gisde s electrical installation org)



Table 2.3: Power Clreuits

TYPES OF :
APPLICATION ESTIMATED (VA

Pumping station
compressod afr

Yentilation of premises
Hlecwrica! convertion

heaters: private houses, 115 10 146
flata and apartmenty 9

Offices 25
Dispatching workshop 5

Assembly work shop 7

Hy
Machine shop a0

Pamnting workshop 33

Heat treatiment plant 700

{Sowree: Bleotrical Installation Guids: www.elestrical mstallation org)

2.2.3  Estimation of Actugd Maxbmum KVA Demand

Al mdividual loads are not goees

U958

ity operating at fall raied nominal DOWEr N0y

neceasarily ot the same time. Factors Ku angd Ko allow determingtion of the st

power and apparant-power demands actuall ¥ vegquired fo ditnension the instaliation,

1.3.4  Factor of Maxiwm Utization {Ra)

In noroml operating conditions, the r power consuroption of & oad is sometinmes less than

that wslicated as its nominal power rating, a fairly common ocourrence that jusiifies the

appheation of a utilization factor (Ku) } in the estimmtion f*? reabistic values, This factor

mwst be applied to each individual Toad, with particular attention to dectric motors,

AR

which ave very mavely operated at full load I an industrial installation this factor may




e

be estimated on an average at 095 for motors, For incandescent- ighting Inads, the

~

actor abways equal to one. For socket catlet cwentis, the factors depend entively on th

) =y
LA LG

bype of appliances being supplied from the SOUEEts concerned

2.5 Favtar of Simultaneity {Ks)

It 45 2 mater of conunon sxperience thal the simulansous o speration of all justalled

ek p

mads of & given installation never ooews in practice, tha s, there i alwava some

dogree of diversity and this fact is taken into account tor estimating purpnses by the use

-

of a simullaneiry factor (¥} The factor Ks is 5 applied 10 each group of Joads fo 2. being

"

supplied from o distribution or sub distribution hoar d}. The determination of these
factors is the respanaibility of the designer, sincs it rec duires a detatled knowledge of the

mstallation and the conditions in whic ch the individeal circuite are 1o be miplotted. For

this reason, 1t 15 not possible to give precise values for general application.

2,26 Factor of Shunltanelty for an Apartment Rlock

Some typical values for this case are given intable 2.4, and are applicable 1o domestic
consumens supplied at 2307400V (3.phase dewics ep In the case of consumers BEIng

sleetrical hent storage uniis for space heating, a factor of 0.8 is recommended,

regardless of the number of o ORSHINers.

14




NUMBER OF
BOWNSTREAM FACTOR OF
CONSUMERS SIMULTANEITY (Ks)

A ERY:
TG0 0375

SRR
14 {63

oy

et

10T
1STO 18 0.53
20 TO 24 {49
2ETO 29 ' 0.46
303 70 24 744
35T 30 (.42
0T0 49 041
50 AN AROVE .4 :

N

£

(Source: Blectrical Installation Guide: www.elecirical installation. org)

227 Factor of Bimultaneity for Disteibution Switvhboards

Table 1.5 below shows hypothetical valuss of ¥s for & distribution board supplving 2

samber of circuits for which thers is no indioation of the manner in which the 1otal load

divides betwoen then 1 the circuils are iy for lighting loads, #t i prudent to ac

‘-'v v 1. k1 e " - )A .
Es values close to unity,




Table 2.5: Facter of Strmulisnsity for Distribution Boards

SNUMBER OF FACTOR OF
CIBCUITS SIBMULTANEITY (Ka
Assemblics entuely

tested 2 and 3 55

Gand S 03

T8 0.7

10 and more , 4.6
Assemiblies partzally

tested in every Case

Choose !

(Source: Blecirical Instaliation Guide. www.eleetrical installation. org)

Table 2.6: Factor of Simultaneity According ¢ Clrenit Funetion

Furtor of

Srenit Fanetd - g -
Clreait Funetion Simultansity {Ks)

' so b H
E.uwd.,xﬁc?, i

Heating and air conditioning i

t oniilaty Gl a2

For the most powertul

Lo

Lifis and catering hotst  For the second most

pewerind motor

o
~d
wn

For all motors 0.6

{Source: Blectrieal Instaliation Guide www electrizal installation.org)




It should be noted that Ko can be higher in the case of socket outles of medastrial

fmstallations. Alse for Hifls and hoist, the current 10 take wio consideration is sgual o

%c;m

¢ nominal current of the moior, nereased by a third of #ts starting current,
2.2.8 Diversity Factor

The term diversity factor, a8 defined by TEC standards, is identical o the factor of

sunaltaneity (K<) In some Englia -speaking countries however divers; ity factor i the

iverse of B, that s, # 15 ahway va =1,

2.2.9 Choles of Transformer Rating ’

When an instaliation i3 o be supphied direct] ly from a MV/LY transformmer and the

AR sppavent-power Inading of the installation has been determined, a suitable

%

rabing for the tansformer con be decided, iaking into acoount the fodowing

conziderarion:

{a Ve possibility of improving the power factor of the installation
by Anticipated extensions of the installation
{e}  Installation covstraing (eg. temperature]

{4 Standard wansformer ratings,

The nominal falbdoad current Tnon the LV side of 2 2 ~phase ransformer i given by

3
Fa o 1Y
Fap w0

vy |
{5473
LN

e
g

~
-




U= phase-to-phase e yoltage at no bad in vels

i m Amperes,

For a single-phaze transformer:

Where Vo Voltage between LV terminals gt 1o foad

Table 2.7: Apparent Powers for MV/L ¥ Transformers and Related € piput Corvent

A gspmm t

06 244 idt
180 G645 225
150 5805 352
313 TET

474

1218

;gga
e
2438
3045 TE0
i g g
931‘3{? Gl
4872 2818
GOS0 AR
THIA 4436

cal Installation Guide: www eloctrical installation org)
2210 Chalee of Power-Supply Sources

In practice, comnection to 2 MY sogres may be necessary where the load sxcesds {or is

planned eventuslly 1o exceed) 2 certain lovel. -generally of the order of 250KVA, or if

L+

7

the quality of service required i groaler inan that normally available fom g LY
sebwork,  Moreover, if the instaliation i ikely 1o cause disturbance to neighhouring

-
L5

-




consurners, when connectad to a LY nebo ork, the supply authorities may propoge g MYy

sefvice,

T oan bave certain adva wages: v fact, 2 MV conzamer

e
e’
i

s not disturbed by other consines, which could be the case 2 LY
() ia free to choose any type of LY earthing svatem,
{3 Has g wider choice of econnmic tar 518

{d}  Canaccept verv I WEC morease in load
1211 Installed Power Loads

An esamination of actual values of appareni-power required by each Joad enables

(0} A declored power demand which determines the coutragt for the supply of

£rerey ’
(b} The rating of the MV/LY trang dormoer, where applicablela Howing for
expected mereased load)
{3 Levels of load current at each individual bo \,,id

e b Induction Motor

e
=

=3

[

-




The nominal power in KW ¢ (P} of a motor indicotes Hs rated equivalent mechanical

power ouiput. The apparest power fn KV A {(Paj supplied 1o the motor i & function of

be output, the mutor efficienc ¥ and the power factar,

2.3.3 Lurrent Demand
The flbdoasd corrent Ta 0 pplied to the motor is given by the following formulse:

w YO0
3G motor o = - Pﬁ - {;~i~«-
NER ‘»ﬁ/uysu (2.9

i"}f # i (}C &

s 37 s g

A
[
-
v

M

Where $a = corrent demand {in Arnps}

Pu = nominal power (in ¥ Wi

and voltage between terminals for s 1y fes

lage between phases for S-phase me

= per-unit efficlency o Pl BB i W
Cos @ = power factor

532 Subtransient Current ang Frotection Setting

* b irangient current peak value can he very hight typical value is ahout 12 10 15

Hreos the rmg rated value (), Svmetimes this value can reah 25 times lam,




Lt

«  Schneiwder Blectric cirenit-breghers, contactors and thermal relays are designed to
withstand motor starts with very high sub transient cwrrent (sub fransient peak
vatus can be up 1o 19 times the rove rafed value (),

s It unexpectszd tripping of the overcurrent protection cceurs during starting, this
means the starting curvent exceeds the porpml Hodts As g resulr, some

maxinam switchgear withstands can be reached, e time can be reduced and
even some devices con be destroved In order o gvoid such a sitpation,
oversizing of the switchgear must be considersd.

s Schneider slectric switchgears are desigred 1o ensure the protection of motey

starters agatnst short-circuts.
2.3.3  Motor Starting Carrent -

Although high efficiency motors can be mfmﬁ on the market, in practics their sta

currents are roughly the same as some of standard motors. The use of start-delig starter,

static aof start unit or variable speed drive reduce the value of starting currend
2.3.4  Compensation of Regotive-Power (KVAR) Rupplied {0 Induction Motors

it i generally advantageous for technizal and financial reasons to reduce the current

o an induction motors. This can be schieved by using capacitors withost
sffecting the powsr outpel of the motors.  The application of this principle to the
operasion of induction motors is generally referred 1o a5 “powsy fcter improverment” or
“nower fator correction”  The apparent power {KVAY supplied to an mduction
moter can be significantly reduced by the use of shuntvonmected capaciiors. Reduction
of jnput KVA means a cormsspanding reduction of ioput cusrent (sinee the voltage

«

rEInBing constant,




Compensation of reactiv CpOWer s particularly sdvised for motors that operate for long

so that o KVA input reduction will ineresse {ie.

.....

The ourvent supplied to the mater, atier power-factor corrention, s given by
fe Copgp
Jom lnZF
Cos g
Yyi > { ¢ i T N > e YR ey o R R EEROTIRA P 2 E
wiere Cos ¢ 13 the power factor before semponsalion and cos 9" iv the power factor

after compensation, It being the original current,
24 Synchrensus Motors

Synchroemous motors can also be uged e mprove Power factor, When they are
empioved, an inproved power Bactar may be obtained by adinsting the feld exeitarion
of the moters. Synehronous motors used i this manner are referred to as Syachronous

\,’t";jw{ ST
2.5 Enevgy Efficient Motore

Energy efficient motors ars ¥ higher quality motors with incressed rehability and longer
s taciurer's warrantess, providing savings in reduced downtine, replacement and
mantenance cosis, Saving this cnergy and money requires the proper selection and use
of energy-efficient motors. Buergy efficient wwotors should he e ongsidered in the

tollowing instances:

s For all new installations




Wi

*  When major modifications are raade te existing faeilities or processe

®  For gl new purchases of ¢ equipiment packsges that contain slectric moin 73

#

such a3 atr conditioners, ¢ COMPressess efe,

s When purchasing spares or re lacing failed wotors.

2.6 Electrie Motor E{f cleney

‘$

tis defined by the motor manufactorer as how efficiently a motor s elecirieal

. s

Rusar

encrgy inte mechanical energy. To the end user, motor officiency percentage is
wpertant beranse i is direetly related to the cost of operating the motor. The higher
the motor efficiency percentage, the less power is required; using less power conserves
energy and saves money.

The efficiency of 3 motor it the ratio of the mechanical power output o thie clectrical

¢

powsr input. This may be expressed as,

o
F
oy
P

R

g (}w‘;u{ _ nput - Loszes Lt

fﬁ', ;'4; CESHTY = o AT o -
X ra oy . 3
fput Input Chetpnst + Lonses

Design chanoes, hetter ateriais and manufacturing mmprovemenis reduce miotor foases,
Los) ':7 ;
naking prenvom or energy efficiont wotors more efficien: than standord motors,
Redocsd losaes mean that ¢ ergy-efficient wotor produces @ given amonnt of work

with less energy input than a standard motor,

2.7 Resistive-type Heating Applances and Ineandeseent Lamps

The current demand of o heating appliance or an meandescent tavap s easily obtained

from the nominal power Po quoted by the manufactures

N
Lad




R e . Y. .. i 3 -
For 3 phase case fow Pa/ 3 U

ey
w3
it
N3

and single phase | Jo= Pu/l U (117
. A L]

,y»% PN i T o \';.(v‘ ¥
WSO L S

Table 2.8: Cwrent Demand of Resistive Heating and Incandescent Lighting in Ampere

Mominad :
Power{ KW 3-8 230V 3-0 400V
.1 {343 3,314

D2 .87 .29
.5 G.73

P
:
£

Fnd
P
WY 3

=

1.44
2,17
2.89

3.61

ot
IR
oy I

~f A5 RS
o]

(o]
43
foest
o
® =

3 13.04 4.33
35 15.22 5.05
4 17,35 5.77
4.5 18.57 £.50
5 217 7.22

oy
tar NG

4

T pe
I O
Lo AU S
2l
k!
b

2 34.7 1155
g 33,13 12,899
18 43 48 14,43

{Source: Blectrical Installation Guide: www glectrical msiallation org}

Tt

e

Fluerescent Lamps

» 2.

The power Pu (Watts) indizated on the tube of a flucrescent lamp does not include the

nower dissipated in the ballast. Ballast is g mechanism that vegulates the wmonnt of

24




elecirivity required to start 4 Hghting fidure and maintain a steady output of light. The

CLETent is given by

oo f 2 o B3NS ;&
fp=iF P U Cosg

(2. 14)
Where U iz the voltage applied to the lamp
283 Sovwdard Tubular Fluorescont Lamps

With {unless otherwise indicated)y:

it

Cas g o= 0.6 with uo power factor correction capacitor
Con g = .86 with LOWED factor correction {single of fovin

30 Cop g =096 for eloctrone ballast.

I o power-loss value is ndicated for the ballast, a figure of 23% of Po may be sed.

¢

Table 2.8 Curvent Demsnds and Power Ususamption of Floeresesnt Tubes

Current{A} at 230V

Arrangement Tub fragnetic ballast
of lamps, Without , Triny
srarters and pawer BE With BF Eiectronic fength {1}
W . . ballast
pallast worrection correction
capacitor  capagitor
18 0.2 .14 &1 2
Single tubs 35 {1.33 023 (.14
58 0.5 {3,386 .28 5
2w iR .28 AN B 2
Tweirs tube Ix3 .46 (.35 4
3w hY .72 52 5

{Source: Blectrical Installation Guide: www electrical mstallation org)
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2.8.2 Compact Fluorescent Lamps

Compact fuorescent lamps have the same characteristivs of seonony and long lfe as

;iaosksv :fotubes, 7 hey are commont iy oused in pubie places which are permanently

luminaed (for mampier corridors, hallwavs, burs #¢} and can be miounted

#UEOnS otherwise Bhuminated by meandescent larps. Table 210 shows current

porcty

demands and power pey srunption of compact fuoreseens lamps.

Tabde 230: Current Desands and Power Consumptiog of Compact Fluorescent Lamps.

Caerresnt
Jype of lamp _ Lamp power (W) (230w

j1s] 3008
Separated hallass famp 1%

26

28 Enevpyv Efficient 1 ighting

ALout 21% of the world’s sle cctrical energy is used for Hghting. That equals 4
whopping 12 Biflions KWh per day.  With emergence of LED technologies and
conpact fuorescent tubes, 4 lor of energy is boing saved ghobally. Plate 2.0 shows some

energy efficient fttings

N
231

s




Plate 1 Engrgy Efficient Filtings
2.18 fHscharge Lamps

These Iamps depend on the huminous elecirieal discharge through g gas or vapour of »
metaihic compound, which w contained in a hermetically-sealed tramsparent envelope at
a predetenmined pressure. They bave a long start-up time, during which the current la is
greater than the nomingl owrst I The power io watls indicated on the mbe of

“

discharge g does not e § wde the power dissipated in the ballast,

x13 Lapsinous Fluxg

It i 2 measwre of the powsr of Hght peresived by the human eve. The ST unit of
Iminous fux s humen (o, A single fuorescent light Hxture that prodeces & luminous

flux of 12000kamens might Hghe a resideneial kitchen with an tuminance of 500 Lax

& barger ares to the same Hlomineance requirss 2 proportionately greater number

2.11.4 Haminance

it is 2 roeazure of how much luminous Bux s spread over a given area or a8 measure of
the jutensity of Humingtion on a surface. A given amonnt of lght will dununate 2
surface more dimby i # i spread over g larger ares, so dbwmnance is jpyerssly

proportional to the area. Toyota sets o standard of 100 lm/m” fu the quality check arsas

The 51 umt of Huminance is Loy and 1 Loy =1 In/m”




2.13.2 Luminous Eflieacy
It oa figure of merit for Hght sources. ¥t s the ratio of huminous flux o power. The
tarninous efficacy of 3 source is a messure of the efficiency with which the sourge

provides visibie Ught fom eleciricity. The 81 wnit is humon per watt {nfw).

2.32 Eurrgy Efficiency

SN

Fuergy eificiency i the gosl of offorts 1o reduce the amount of energy required o

provide products and services. For exampls, insulating 2 home allows a uiding o use
less heating and cooling enwrgy to achieve and maintain a comfortable temperatnre.
fnstailing fuorescent Hehts or notural skvlights reduces the arnount of onergy requived
o antain the same level of lomination conmpared (o wsing tradivional jucandescent Hght
btbs. Compact Tluorescent Ughts use two-thirds Tess energy and may last 6 to 10 tmes
jonger than meandescent Hphes, Tmprovements v energy officiency are most ofen

achieved by adopting a more efficient technology or production process

There are voerious molivations o hoprove energy efficiency. Raducing onergy use
reduces energy costs and may result jooa financisl cost saving to consurners i the
energy savings offser any addional costs of wmplementing an crser_éy etfivient
technology. Beducing energy use 8 also soon as 8 key solation 10 the problern of
reducing greonhouse gas amissions. According to the International Baergy Ageocy,

unproved energy efficlency in buildings, industnial provesses and trapsportation could
reduce the world's ensrgy neads 0 2050 by one third, and help controd global emissions

of pregohouse gases.

Hnergy efficiency and renewable energy are said to be the twin pillars of sustaineble
energy policy. in many countries eneryy efficiency is also sesn w have 2 national
seourity benefit because # can be ased o reduce the level of energy inmports fom
foreign countries and may slow down the rate at which domestie enerTgy Te80urnes A
depletod.

Making indusiry energy efficient is seen as  largely ontapped schution to addressing the
provlenss of poliution, global warming, enerpy seourity, and fossil fuel depletion. Many
of these ideas have been discussed for years, since the 1972 oil orisis prought energy

issues o the forefront. Tn the tate 1970s, physicist Amory Lovios popularized the notion

»

ot
faced




.

of o "sof enzgy path®, with a strong focus on energy efficiency. Among other thing

Loving popularized the notion of Z\F"Od"ﬂ’if{w---“{h(') wieg of meeting energy needs by

L8

mneressing efficiency insiead of increasing energy production.
Ergrgy efftciency has proved to be o costeeffostive strategy for building zeonomies

withoug i,fz,ect’,:%&:e‘-il“i.iy SICOWIRY TRy Consumption.

we mnount of energy to power a diverse range of manefacturing and
resouros extraction processes. Many industrig! processes require large aroounts of beat
and mechanical power, most of which i delivered a8 natwead gas, petrolewrn foels and as

SRy,

Electric motors usually vun at g constant speed, but a variable speed drive sllows the
mot's energy output to mateh the required load, This achieves encrgy savings ranging
from 3ty 60 percent, depending on how the motor it used Motor coils made of
supereonducting materials can also redoce energy Josses. Motors oy abso bonefit fomw

k2 Jf?s&‘ Q}’)’ﬂl’fh&ui’&

Inchutry uses 2 Jarge number of purnps and compressors of all shapes and sires and in 2
wide variely of applications. The officiency of punps and compressars depends on
rany factors bud often tmprovements can be made by implomenting betler process
control and better mamienance practices. Compre PSSOTS ArT SO andy used o provids
comgressed air which i3 used for sand blosting, paimting, and other power ol
Avcording to the US Department of Bnergy, optimizing compressed air systens by
mstaliing variabde speed drives, along with preventive maintenance to detest and fig air

feaks, can mnprove energy officiency 20 to 50%.

233 Renewable Energy

Renewable epergy s energy which comes from nobwal resowrces such gs sunlight,

by

.

wind, rain, tides, and geothermal heat, which are renewable (naturally replenizhed). In
ZO0R, zhout 1994 of global final cuergy consuroption camse from renswables, with 13%
comping from raditional biomass, which 5 mainly used fyr beating, and 32% from

hydroelectricity, New  renewable {small hydro, moderm bomass, wind, solar,

geothermal, and bio-fuels) accounted for another 2.7% and are growing very mapidly

£y

The share of renewables in electripiiy generation B around 18%, with 15% of global

-

5




electricity coming from h‘ydmcicctm ity angd 3% from new Tf.’ﬁf"s“eu es. Wind power

e

e
oy

ing gt the rate of 30% annually, wah a2 worldwide instalied capacity of 158

¢RI

Cigawatts {OGWY i 20 f}%a sud 8 widely used zz“ Ewrops, Asia, and the United States. Ar
the end of 2009, cumalstive global phowovoltale (BY) instalintions surpassed 21 GW
and PV povwer stations are popalar in Germany and Bpain, --Sc:}m thermal power stations
operate 1o the LISA and Spain, and the lorgest of these 15 the 354 Megaveatt (MW}
SEGS power plant o the Momve Desert. The worlds largest geothermal power
instaltation iz The Geysers in Califormia, with a rated capacity of 750 MW, Brazt! hag
one of the largest renewable energy programs in the world, fnvolving production of
ethancl fael fom sugar cone, and othanol now provides 1895 of the countrys
sutomotive foel. Bthanol fuel s alse widely available w the USAL

While many renewable energy projecis are large-scade, renewable technologies are also
*z;&*i e rursl and remote aregs, where engrgy i often crucial in human development.
Crictaily, an estimated 3 onthion households get power Fom small solar PV svsioms.
Micro-hydre systoms configured mro village-seale o county-scale muint-gnds serve

mazy areas. More than 30 million nesl bouseholds pet Hghting and cooking from

Z

-

biogas made in hoaschold-scale digesters. Bilomass cook stoves are used by 160 million

Chimate change concerns, coupled with high wil prices, peak off, and nersasing
government aupport, are driving increasing renewable engrgy legistation, wventives and
comwnercibization. MNew gﬂ"»fer‘mmz}z spending, regulation and policies belped the

industry weather the global fnancial crisis better than many other sectors.

244 Econnmic Tremds

R EAEY gt N T Qs . . g s e £ NP . T
All forms of energy are expensive, but ax tme progresses, renewable energy generally

gets cheaper, while fossil fuels generally get more cxpensive. 1t has been explaimed that

“

renmwable energy technologies are declining W price for three main reasong
First, once the rencwable infrastructure s buil, the fuet 45 free forever. Unlike carbon-
hased faels, the wind and the sun and the earth itself provide fuel that is free, in amounis

that are effectively Hrmitless,

5%
~




Sevond, while fossi] fus! technologies are more mature, renewable encrgy iechnologies

are being rapidly fmproved. So innovation and ino genuity give us the shility

eonstantly increase the officiency of repewable energy andd contivually reduce #s cosi,

Third, once the world makes 2 clear compnitment to stifiing toward renewable energy,

the vitume of prodaction will itself sharply redoce the cost of each windmill and each

.

solar panel, while adding vet more incentives for additional research and deve! fopment

1o further speed up the innovation proce

338 Energy Effiviency and Fmission Reduction
Ununtries all over the world, Migeris inclusive have fioated sgenvies fo mowior and
entorce laws for the protection of thelr envivonment, Nigeria has Natlonal These

nvironmental Standards and Regulation Buforcement Agency {NESREA}

Envieonmental Protection Agencies (BPAs) have evolved international forum where
environtoental issues are discussed. For example, i December 2009, .there was
Copenhagen summit where Migeria was greatly repres sented. Miger i delegation was led
by NESREA boss, I, brs Ngerl Benebo. Coincidentally, going by the bmportance
attachad o environmental fssues, Foram for Chief F\'ecm;’m Officers of Biates
Eovironmental Protection Agencies (FOCESPAY in Nigeris converged o Kaduna's
ASAA Pyramid botel between Monday 7% and Tuesday 8% December, 2009 fr the
confvence themed: “Protecting the Environroent through Effective Legislation and
Entorcement”. | was privileged to represent Peugeot Auntomobile Migeria Limited 2t the
wgugural seasion. The UK Bavironmental Protection Agoney’s Bnergy Star DrOgran
has helped improve the energy efficiency of the auto manufacturing indusiry, which has

cut fossil fuel use by 12% and reduced greenhonse pases by more than 700,000 tons of

ronmental

e

carbon dioxide, according te a rocent report by the Nicholas Institute for Fn

Policy Solutions at Duke University. The ensissions reductions, which help to fight
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chmate change, equal the emissions from the slectricity use of toore than ¥0,000 homes

for a year. ’ _ ‘ '

The report, Asssssing Dmprovement 1 the Boergy Bffictency of U8 Auto Asszmbly
Marts, affirms EPA's cnergy manasgement strategy, ,am cularly the woporiance of
performance measyrement wnd recogotion for fop performance. The report alse
demonstrates that the gap between top performing plants and others has closed and the
perinrmance of the mdusiry as a whole has wnproved.

\

Contral 1o this onorgy managoment approach s the Energy Star Ensrgy Performance
Indicator {EPE for anto assombly plants, which ensbles indusiry to benchruark plant
energy pertormance against peers and over time. Energy Star EPIs exist or are under
development for more than 20 otber indostries.  Across these industries, HPA has
recopnized sesrly 50 manufacturing plants with the Eoergy Sty label, representivg

savings of meoe than $300 million and mors than & million metric fons of carben

dioxide equivalents annually

The ULS. indusirial sector accounts for more than 30 percont of energy tse in the United
States. 1 the energy efficiency of industrial facilines wmproved by 10 percent, EPA
gatimates that Americans would save noarly $20 billion and reduce greenhouse gag
erissions cqual to the enussions from the electrivity use-of more than 22 million homes
for a vear. Flundreds of mdustrial companies across mors than a dozen manufacturing

indusiries wre working wih EPAs Epergy Star program to develop strong onetgy

iy
o
s

management programs, earn the Beorgy Star for thelr plants and achieve breaktbrongh

improverments in energy officiency

N
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216 CAR PRODUCTION PROCESSES

261 Bady shop Equipment and Processes

Plate HI: Body shop Mainline

.46 3 Spot Weliding Machine
Spot welding machine otherwise referred to as welding gun is the maim machine in hody

shop for welding of car body’s Completely Enocked Down {CKD) parts together, The

machine comprises g control unit, a halancer, conling wnit, welding arms, welding rail.

Spot welding gun

Plate IV Spot Welding Machine

iad
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246, 3 The Controel unit

-

£t 13 o unit designed to control & mamal wehmg gon. 1 i normally progranmed fom

—

& computor connectad 1o the

o

e REZA2 comnector on the .izrmt panel  The operating dais
such a5 the measured current, program movber and fanl code is displaved oo 2 soreen,

Fhe cabinet is buil around 2 contral brass plate used for distribution of air and water

and alan a5 a grounding device and cooler. The whole cabinet i protected eloct ciricaily

by o 1254 thermal magmetic cireult bresker, Power unit for fransformers ia pIRTy:

TEKV A with s ieady state cwrent of 580 A

% 5
% e :
,»ﬂ"'%{“ -
T Tl
rail B
o j ks T Balancer
Control unit
Welding gun
4

2164 MG Welding Machine

Apart from spot welding process, there is MIG welding. - MIG refers to metal inert pas

e LAk i,

it enables the welding of areas that spot welding can not be done effertively. Plate v
i comprises carbon dioxide pas and welding wire,  Both are concentrated on the

welding point by using MIG welding touch, 307 mainline containg five MIG welding




A MG welding machine

.18 & Tucker Stud M achine

AL

Tucker stud mackine i anothes squipment on the line. §t i being used for shooting
stud on the car bady, In this welding, neither spot welding machine nor MIG welding

markhinge can be nged

2158 Holst Machine

Huist machines enahie car to be moved from one tig m the other on the mainline. The
R

car body s bornz on the holt’s nook. The button on the contred pendant is operates? to

enable vertical travel of the hoist followsd by horizontal fravel vig well wranged rail

system in this case, workers arp shielded from physically carrying car bodiss from ons

poant 1 the other,

Lar
[¥H




Body shop wainkine coveprises figs (supports) for holding firm car ORI for welding
process. A Jig iy designed in sccordance with welding procdess ?a'f{.s'z,zid be performing.
Plate ¥1 They consist of arrays of clamps for effective supports. Some figs are
manuslly  controlied whiles  some others  are automatically  controlled by using

prEmmEtics,

Manual damp on the

ey template

Automatic
clamp

236, ¥ Preunmatic Tools

As there are electrical tools, 50 also there are pewrnatic tools. Poewmatic tools are used

i1 body shop for tighsesin & bols and nuts, polishing and grinding car body, These tonls

>3

are powered by compressed aiv at § to 6 bars generated from the factory’s compreasor,
There is aw pipeline networked throughout the factory, The air can be pped from

ubicuitons staubli in cach workpos,

fad
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2,165 Ground Conveyer

The sccond major Iine in body shop ¥ moval flnish line. The Hoe Ix 5 customer fo

mentine,  Car olements fike booths, doors and bonnets are 8xed on the car hod
metnd finish hine. In order 1o perform this operation and others, the car ix engaged on a

wotley which #self 5 enpaged on the ground comveovor,  Each worker performs

predetermined operations on them and also makes corvections if thers 8 any, 20 25 io
have good quality car. The qualily of the car 1w measwred at the exit of the line.
Whenever a car i passed, it iz given greon label and ready for onward movament @
padnt shop otherwise g retouch process will conunence
s et biashy Irodley
sround conveyor

Plore VI Metal Finish Line

Wi
Sed




237 Paint Shop Equlpment and Operations
2373 TTS and Hanging

IS s an abbreviation formed fom French Bnguage. Normally in ‘Eng,_ié.szhj it represent
surface treatent tunnel, The first process m paint shop s called hanging. Here the car
body from body shop is hung on an aerial conveyor for onward treatrent in the surface
freatment tunnel. The treatment is to prepare car body for electroplating using the
process of Cataphoresis, In the womel, cars are washed with the aid of nezales tilted o

(g . v . .
4570 with chemicals, treated with phosphates and vinsed with chromium,

2372 {ataphoresis

I Cataphoresis, trested car body is electroplated, the car body is disengaged from the
i gerial conveyor and eng gaged on the Cataphoresis carrizr. The car beds s made a
cathode while the Cataphoresis bath conmprises an«.,de plates arranged at the p exiphery of

the tank. The tank consists of ghout SO0 Hires of paint mixed with other chermicals

The car engaged on the carvier i dipped into the bath awtomatioal! y and current from

banks of rectifiers passed imo the oy, T he whols process o sequence is timed, within
Smins. Paint i deposited on the car electrond woally. The treatment on the car allows i io ‘

bave good aesthetic and to 1 profect & from rast. Thecar s ¢ e-engaged on the main acrial

cowveyor for onward movement into an oven ystem for drving,

A MR Crves

Fhe oven is made of 2 tunnel with burner system positioned at the top. There i5 a duct
that Yinks the burner with the ¢ oven. Alr i taking from the atmosphers with the @i of

34




by

an blowing at 30000m'h to cireulate the Beat within the oven thus | maintaining the
lmperabure ot a ser valne. §t should be noied that CVELY pEOCESs in paint shoy
punctuated with drying operstions done I oven. There are five oven avsterms in paing

sh fﬁ“

B

2.374 Mastic Zone

Mastic is 3 szal ing material being applied on the war body. Bvery joining point of body
parts conaist of rtle opening that can conpronse the éguajjiy of the car body, Sealing
these areas will prevent ingress of moisture i case of rainfall and alse seal the car
against external unwanted noise. The mastic preumatic maching uses compressed air for

1 n,mmfzvm and mastic application guns,

2475 Antigravel zane

I this zong, car under-body {5 protected from gravelling actions on the mad by the
apphication of 4 plastic 1 mm tal in molten form Antigravel is spray md on the car under

body already on aerial conve vor. Here the car Som the Antigrave is deied in an oven

116 Propping

Car body hung at the TTS entrance is dropped at dropping rone. Al cars dropped are
ell parked ot the parking zone in the shop. Hach car ia borne hence forth oo a car body

tolley. The next provess is priming.




2377 Py and Wet Emmdmv Eing

To make vehicle conducive for priming, process of de ving and wet sandin £ oare
miroduced. They are to wasure high quality svater Peugent brand iz known for,

Sanding involve the uge of sand papering uging hand or polishing mackine laden with

sand paper of couvenient texiur Wet sanding involves applivation of Hgwd or

PRER Primer Line

hne, primer paint i sprayed on the car prim g seals the car body thus

-

ng Hitle poves that m wy adversely affect the paint lustre The Hne congists of

spraving booth with a well comditioned aiv system for effective pamt depogit. The
output of the booth is passed through s primer oven. Painiig i 38 done by painters clag

spectal anits with noge maaks, caps, gloves and safoty shoes, The line consists of a

ground conveyor, At the exit of oven, cars are preparsd for Top coal | processes

2475 Top Coat 1 Line

Top cogt 1 line is that nne where the car i painted with 1o final paint {top} that will be
seen by the customer. Like primer Hoe, Top coal |4 vonypnises of spraving booths and

2VEL,

28,1 Top Cont 2 Line

Fop cost 2 Hne is fust ke W eoal T and primer. The anl y difference i thar Top coar 2

1

5 for pafuting car accessories and plastics like bumpers, side mirrer, fenders,
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236 CAR PRODUCTION PROCESSES

2361 Body shep Eguipment and Processes

sody shop Maintine

2.46. 2 Spat Welding Machine

)

Srot weldimg omehine otherwize reforred t0 as welding gun is the maim maching in body
shop for welding of car body's Completely Kuocked Down {CKD) party together. The

machine comprises a coutred unit, a balancer, cooling unit, wekling arms, welding rail

»

Spobwelding gun

L & S o I SO P54 2 el i
Blare IV Bpot Welding Machm

L ¢]

W
L




234, 3 The Control unit

oo
o
ooy
(e
]

s undt designed to control 8 manua welding gun. B is normmal ¥ programmed from
A cemputer connecied 1 the BR222 sonnector on the fromt panel. The operating datg
such ag the measured curvent, program muvher and fank codg is displayed on a screen,

The cabinet is byl around a centrgl brass *' plate used for distribution of air and waier
and also as g grounding device and cooler. The w ?z e cabinet is protected eloctrios ally

by g 1254 thermal owgnetic cireult breaker Power untt for transtormers it up to
R & ¥

A gae pry g oy . M oy {~ o oa
TSRV A with ste ady state curren: of S8R5 A

T Bedamesy

Contraf unit

Welding gun

Fig, 2 A4 Welding Gus Installatinn

2.16, 4 MIG Welding Machine

Apart from spot weiding process, theve is MIG welding, MIG refers 1o metal inert gas.
it enabies the welding of areas that apot welding can not be done effectively. Plae v

i comprises carbon dioxide gas and welding wire  Both are concenty alesd on the
weiding point by nsing MIG weldin g touch. 307 maivline containg Hve MIG welt ding

WRChmss,




€

A bR weelding machine
¥

¥

Plate ¥ MIG Welding Machine

214 8 Turker Stud Machine

Tucker stud machine # another equipment on the line. 1t i being used for shooting

o

stud on the car body. In this welding, veither spot welding muaching nor MIG welding

'

machine can be used.

2105 Hoist BMachine

Howt machings enabde car to be moved from one jig to the other on the mainline. The

car Body 18 borne on the hoist’s hook. The button on the control pendant is vperated 1

systemy Inthis case, workers are shiclded from physically carrying car bodies from one

e

pnd 4y e other

X%
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2.16.7 Has

Body shop mainline conyprises jigs (supportsy for bolding frm car CEDs for welding

prosess. A Jig s deasigned i accordance with welding process it wonld be porforming.

Plate V1 They consiat of arrays of clamps for effective sopports. Some flgs are

manvally controlled whils some others are autormatizally controlfed by using

PUSLITATICS.

T panuat camz on the
upper smpiate
Automatic
plarmg
Plate ¥E Final lig
2.16. 8 Pasuwmatic Tools
As there are elecirical tools, so also there are pueumate fools. Pneumatic tools are used |

g3~

in body shop for tightening bolts and nuts, polishing and grinding car body. These tools

are powered by compresaed alr gt 5 10 6 bars generated fron the faciory’s comprussor,

There i alr pipehine networked throughos the factory. The aw can be mpped from

abngutoass stanbli m sach workpost.




2.36.9 {rround Conveyor

The second major Hne in body shop i metal fnsh ne. The Une i3 8 customer 1o
mainking,  Car elemenss ke booths, doors and boupets are fixed on the car body a
mretal finish line. In ovder o perform this operation and others, the oy s ongeged on a
tofley which Hself is enpaged on the grousd conveyor.  Bach worker perforos

; M - 5y .cn Y = prgtge vk § 47 P AN RA LyeYAr ey Doy A
predetermuned operations on them and also makes comrections if there 5 any, 30 23 0
fave good gualty car. The guality of the car & measwred at the exit of the lme

Whenover o car is passed, # s given green label and ready fbor onward moveament to

paint shop otherwise g retouch process will commence,

Car body trolley

Ground Lonveyor

et gy Tt
Plare Vi1 Metnl Fimish Ling




117 Paint Shop Equipment and Operations
2374 TTS and Hanging

TTS i an ablyeviation formed from French language. Nesmally in Boghish, & vepreaent
surtace treatment tunnel, The first provess w paint shop i called hanging. Here the car
body from body skop 8 hung on an aerial con veyor for onward treatment in the sur face

weatment tumnel The treatment i o prepare car body for ele ctroplating using the

process of Cataphoresis. In the wunnel, cars are washed with the aid of nozzles tied g

Fn
LY
!

=

with chevmicals, treated with phosphates and vinged with chromdom

2372 Cataphoresis

o Cataphoresia, treated car body s electropiated; the car body is disengaged from the

miain acrizl convevor and ¢ngaged on t%;w Cataphoresis carrier. The car | ody is made a

cathode while the ¢ Cataphoresis bath cornprises anode plates arranged at the periphery of

the tank. The tank consists of {about 30,000 litres of paint mixed with other chemicals,

The car enpaped on the carriar i dipped into the bath automantically and current from
¥ ¥

banks of rectifiers p passed muto the car. The whoke Provess o sequence i timed, within
Swins. Paint is depnsited on the car electrondeally. The treatment om the car allows it 1o
have good assthetic and o protet 3 fomrast. The car i re-engaged on the main acrish

cotveyosr for coward movement into an oven systern for drving,

3.37.3 Oven

-

The oven is noade of a tunnel with burner system positioned at the top. There is a dugt

that finks the burner with the nven, Al s taking from the strosphere with the aid of

2
i




fan blowing m 2000 Ol to clrondate the heat within the oven this maintaining the
temperatire 4 g aer value. ¥t should be noted that every process mopaing shop iy
punctusted with drying operations done fu oven, There we five gven SYstems in paint

shop,

2.37.4 Mastic Zane

Mastic 15 4 sealing msterial being applied on the car body. Every joining noiut of body

1
Parts consist of Hele apening that ean compromise the quality of the car body, Sealing
these areas will prevent ingress of moisture i case of rainfall and alzo seal the car

g

3AnSt exiorual anwanted uodse The wastie pueumatic machine uzes compressed air i

ita operations and mastic applicating suns,

2.37.% Antigravel zone

i this zone, car under r-hody s protected o gravelling actions on the read by the
applicatiog of g - plastic material in molten form, Antigraved ig sprayed on the car under

body already on aerial conveyor Here the csr from the Antigrave ig dried jn m oven

»

2.17.6 Bropping

Car body Bung ot the TTS oy rance 15 dropped at dropping zone, Al cars dropped are
well parked at the ¢ sarking sone in the shop. Fach car is borne hence forth on g car body

trofley. The pey XEProcess i priming,




2377 Pry and Wet Sanding Line

To make vehicle conducive for PRUNING, process of dr ving and wep sanding are
miroduced, They are to ensure hgh quality system Peugeot trand i known for,
Sanding fnvolve the nge of sand pape Sring using hand or polishing machine laden with
sand paper of convenient toxture, Wet sanding involves application of puid or

chenyicad for sanding,

178 Primer Line

Yo primer bine, primer paint i sprayed on the car p'rimé.ﬁ.g seals the car tody thus
sradicating Hitle pores that may sdversely affect the pait lustre. The line comsists of
spraving %u’“ with g well conditioned alr sysiems for effoctive paint deposit.  The
sutput of the booth is passed hrough a primer cven Painting is dope } Yy painters olad

i ospecial suits with noge masks, caps, gloves and satety shoes. The lne consiots ¢ of &

ground conveyor, At the exit of oven, cars are prepared for Top coal | ROCesses,

217¢ Top Coat 1 Line

Top coat 1 line is that one where the car iy panted with is final paint (op} that will be

43

een by the customer. Like priver line, Top coad comprises of spraving booths and

Z.18.1 Top Coat 2 Line

Top coat ¥ line is fugt ke top coal ©and primer, The zm.v differcace i thar Topooar 2

i for pzﬁ';’siiﬁ_ “ar accessories and plastics like b opers, side mirror, fenders,

40



2382 uality Retouch fone

e
Pty
127
2%
]

ouch sone s that zope wheve anonalics are corrected Cars beyond correction in
this hing are returned for total recoat at top eoat 1. Al cars sccepied by guality

operatives are given green label which is huog on the cur. These carg ave taken 1o

b2

asserubly shop for assoobly processes.

A systzrn of lighting

using fluoresrent tubes

Blate VIIF Cuality Acceptation Zone after Top Coat 1 Oven

219 Assembly Equipment and Processes
2.1 Trim Huoe ’

o i % ; :

Al cars that have passed guality acceptation are broughs inde dssembly shop. The st
h 7 s % g

fine i3 the trim lne. Here car trimmings ave asserbled.  Pooumatic tools are used

majorty o trim Hne. Apart frow trimming being fowed, cars are wived, Dumpors,

windsceresns, hght covers, dashboards are fixed into the cars. Al these operations are

maide possible by engaging cars on the ground conveyor. Cars leavipg wim line are

passed witn chassis line.

PN
ot




2.18,3 Chassis Line

s

By chassis H0C 15 2 mechanio zi preparation zone, In ihis zone, RN gre ansemizied
USIE preumatic o 08, figs and hoigs machines. In the chassis lne, car 2005 and rear
SUSPEBSION Systems are mstalled by using mohile ifting platforms, Bipolar elevators
are used to fift up cars for tyre fining, brake fluid filling,  Afore: ard, cars are en gaged
on ground conveyor for FEINANNNE Drogecs §§ Adr c:md;’_timmg gas .ﬁ_iiimg radintor s
conlam filing £ power axsisied stesring fluid ?*&mg and fuel filling. In chasgis fing, gar

SCHLS are put in place. The lag PIOCess in the Hne ic inttialization process whers cars gre

codded thi augh a apecisl coding machine and the SOgE i3 started,

2083 Quality Accepiation Lo

Cars from chaseis bine gre tgaged on the ground Comveyor for an in-depth
quality checks  The cars are rough handled, doars banged handly, headlight checked.

These are done to dogeet any defect. ¥y def“.c?, 5 found, # has io b amendad,

23194 Shower Test

5

Al cars produced are made o pasy through shower test, 4 completed car is mads io be
parRed mside a booth Ccotgising noseles i‘:ﬁpiﬁgi@ 'xvai;:r on the ¢ar at g pressure of
about 3 bars for about 10 eimtes. The car s then he cked for any ingress of moistire
B thers is one, the problem must be amended befors q;z:w*w acceptation. The fest i

iniste | cavy ramfall

ot
1233
%
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=
e
e
2ee
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2305 Test Track

Ad} cars produced ave 1o be driven through o test track. The track s used to shmulate
Migeria romds conditions. Bumyps are intentiomally mmade on the road, produced car are
made 0 run on them and alen on a smooth portion. On the track §s an wrtificial ramyp o
srmuslate hilly terrain, here, hand-brake 15 chocked to ensure that the car will not shide

off on 4 sieep ares i handbrake 16 sngaged. Fu all, any unusual noke ém‘ms* the tea will

be cosrected,

2.19.%6 Road Test

Daily, two cars are randomly seleeted for road tests; two well tramed drivers are
sngaged w driving the cars on the rosds and make observations on ther behaviours,
Ay shwormally 18 reported back 1o the factory for possible corrections on all cars

produced on the samwe day. By doing this, honan oreoer commmitted by any worker can be

correctsd, thus preventing comulative problems.

2487 Cruality Andit

5

A3 ears produced in g day will be randomly selected for andit,. The audy o done by &
well trajved andst officer. He detects and spportions blarnes. Represenmtative of workers
from each shop attends the andit. The resulf is fedback into the shop for correction on

ving work post of a particular worker that wakes the ervor,




CHAPTER THREE
3.8 MATERIALS AND METHODS

34 BLECTRICHY

The faciory is connecied o the power grid throngh a 33/11 KV transformer substation
within #s pre:r;:@is:za Also at inception o 1973, the power hoase was eguipped with two
enits of 3MVA TIEY Cockerill peverators, Both were synchronized to deliver 6MV A
HEY for distribution inte the gwitch rooms. Years later, the capacity of the units drops
o about MY A each and also ong of thers was scrapped & due 1o woavailabil ity of epare

nee the avatem bas been grossly outdated.

in order fo ensure steady power supply available for production and maintenancs of the
midtial design capacity, three anits of 2MYA TIKV FG Wilson generating sets were

2008 1o deliver SMVA VIKY when synchronized

ARV

The vwo supplies, that s, PHON and gencrators, are fermmnated in g well secured HYT
Toom foaprising a Power control room equipped with control consoles and mimie
panels. The control facility slso containg PHON revenue meiors for Active and Buactive
power consumed. The elootricity frean the power bouse are distributed info the
;'zz*oamcf;i{:sf; shops and offices through strategially Iocated swich rocns (A, B and ()
Table 3.1, The iahles 21 and 3.2 shows switeh rooms in relation w their oads. |
shows Jow power factor of the oads. 1t s on this premmse; a power factor improvement

sohuton will be proffered.

Table LY Factury Transformers Parameters

Transformers S;"Zii: &izig Primaryivi 58(23:'& adaryiv} Se::z;:;ﬁaw
1 A 1500 11008 415 2000
P/ A 1600 1R0G0 415 2123
i 5 1500 11000 415 FOOG
% 8 1600 13000 415 2123
5 £ 1600 11006 415 2323
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Tabde 3.3: Switeh Roows Loads Pattern

SWRM  SWHM

W R, A 5 ¢
71 T3 T3 1! 15
412 423 ADG - 423 387 430
123 423 40% 422 348 433
431 473 403 473 359 422
41 241 231 241 22% 245
12 AL 231 249 224 245
£33 243 23 241 234 245
i1 1147 845 1172 1374 75 '
iz 143% 853 985 1375 G55
i3 1330 937 13163 1378 136
KW £75% A65 £49 08 64
KVAR BE3 373 357 5775 26.5
Ky A 47 501 311 562 §57.9
g 0.7 0.7¢ 0.8 078 0.921
FREGL{KY 50 36 a6 53 503

1458 1398 |

JANUARY FEBRUARY BAARCH ABHIL BAAY BUNE

Pigure 3.1: Factory Montbly Blestricity Consomption s MWH for first half of 2010
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b % kL s
3% Lighting

Lighting systems are mandy fuorescent fittings which are used throughouwt production
shops and offices.  Halopew fttmgs are also cuploved in shops 1o enbance groater
stopnnation. Due to the amphasis on guality of cars produced in the factory, Hghting is
isken serivusty since it allows vialbility to every minute space and also enhavces qualivy
audita. The tables 3.3 to 3.5 and figures 3.4 1o »EG telow show lghting distribution o

the three production shops, that is. Body, Paint, Assembly, Adnumistrative and Tramiog

Mocks.

POWER CONSUMED FOR LIGHTING {W)

372630

. ADRAIN AND TRAINING

ASSEMBLY BHOP

PAHT SHOP

BOLY SHOP

Figure 3.5 Power in watts cousumed w the factory

Below are the breakdowns of the power according 1o the production lines
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33 BODY SHOP LICHTING LOAD

Table 3.3 Bedy Shep Lighting §.oad

TYPESIW)
ZLHNER {558} LIANTITY POWER{W]
37 mminline 56 76 4E55
408 rapin fine 56 48 5438

dhetal Finich fing &6 252 143112
LIER Zone &4 24 1344
Ratouch zone 55 18 856
tantenance 2ons 56 162 G373

n
~4
o«

4368
2468
TE4

324 179600
TOTAL 177384
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Figore 3.6 Lighting Fittings Percentage distnibution
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Fumre 3.7 Lighting Power Distribation in Body shop

~~

From the figgre 2
£ 943

foilows by medal finish Une 14 1RW

3.4 PAINT SHOP LIGHTING LOAD

Table 3.4: Paint Shop Liphting Loads

| TYPES(M)
ZONES {aFy) QUANTITY  POWERIW)

Hanging VT3 & Cata 56 57 #3182
Mazstic 56 84 3656
Antigs &ve;’ a6 113 G384

ki
Bry Sand gﬁf irner 56 234 13154

Wet Sanding Retouch 55 20 1320

Tops Coat § G4 k&2 32592

Top Coat 2 55 204 1142

Top Coat retourh A 3% 2
3]
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Figare 3.9 Lighting Power Distvibution in Paint shop

Figure 3.9 shows that halogen lght consume highest power follows by Top coat 1 exit
Top Cont | exit consist of massive Hghiing systen that allows good iHlumination for

s ¥ Py iviar e IRy i e
retouch and qualily acceptaiion process




1.5 ARBSEMBLY SHOP LIGHTING LOADS

Table 3.5 Assambly shop lebting loads

Types(W}

Fanes {3FD Quantity

Poweyr (W}

Trim jine 56 312
s line ot DER
AU 5 407

Cuality Acceptation 56
Wheel Alignment
Tadusirind office
UEF Zone
Halogen

PTATE
P6128
22532
1344
HAG
14400
4088
15120

wt 3osst

TOTAL
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36 Alr Conditioning

The factory offices conprise 100 units of varions types of Al cong itioning units They

are mggorty of window and split units. Production fooes consist of extraction fans for

the remneval of puisonous gases for the conveniense and safety of workers.

37 Gifiee Eguipment

373 Personal Compnters and Printers

[

The factory comprising the prodaction shops, administrative offices, and training coutre
R 3 %y by 3 P
contain about 300 persenal computers, 50 printers and 10 photocopiers. They are being

managed by infbrmation technology department.

18 ENERGY CONSERVATION MANAGEMENT

v

Bvery nwnufacturmg owtfi cmbarks on energy comsgrvation fechnigues fn order
reduce cost of woduction 80 as o have higher pofits. Wastes are reduced and
productivity enhunced.  All these alse dovetadd into rescwrce conservation and tmage

ephancenwnt,

i order to prove electrical energy consumption, the following ideas can be of help,

i Frovizion of separate Hebting transformer for control of lighting systent
3 3 <paer E o "‘»'.ve pn RNy fraime e 4 sobedene
2. Location of substation near the load centres o minimize engrgy fosses in cables

and also improve voltage levels.
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Tnstatiation of capaciin with awtomatic pow

Blate IX: Casing Contaming Capacitor Banks

tess than 0% for large oapachy motors

P 50y

Fe v ¥ ay vy o
£ FIor contral panel to maintam 2

ardd at the subsmaten for olf

{dentification of under loaded tramsformers and redistribute the load (o achisve

optiraam loading conditions.

[

fopeplace fneffioiont motors and tansfoemers.

Pravsfor the operation of high cgmciy foads to hghting loaded shilt hows o

reduce maciunn demmand o Hatten the load

curyve and main

a high lead

Stagger starting and operation of high capacity motors.
Balancing of loads on all 3 phages within + or - 1%

fo higher fosses.

Optimize the tandfl structure with utility supphier.

as voltage imbalance vesults
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3.4

Fan and Blowers

Usage of smooth well rounded air inlet cones.

Avoidence poor flow distribution at the fau ilet,

Mimmizing fan inled and outlet ohstructinns.,

Cieaning of seresus, filters and fan belis.

Usage of low shp or fat belts.

hecking of belt tensions regularty. ‘

Usging Variable Speed Drive VED for i*wg:: variable ??134*

Lisage of ensrgy efficiend motors for coptinuous OF near CoBtNLOuE operaticn.
Ehnmation of leakages v the duct works.

Minhmiving beods m duct work,

Electrie Muotors

oot dnr
piNess 4

EHGIHE RO

ASSEMBLY o
P

20 Approsimate Distribuiion of Blestrio muotors in Production facilities of

€53
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B any ansnr Oty industry or manufacturing plant, elecrric DS 2r¢ the o

P

Conumon electrieg CHRIpmEnt Pai tahop of PAN oo Hams U9 ygis et electric motors of

;
)
2,

differen; Lapaciies A fnt of SHiency can he obtained if the under histed LS are

adhered 1o

i, Voltage Spply should near 10 the value mentioned on the n VoY rading,
WU tolerance for voitage conld he between 3.504 Yoltage Huetuation
results reduced offip ey of the motorg

< Elimination nfs wproper cabling,

A Eusure thar the motor is we il aligned

4 Usage of ¢ ¥RCEOHOUs motor 1 Nprove power factor,
S Provigion of proper ventilation

. Maintenance pf bigh power factor as lower power fator reduces the motor

efficiency and aka roduces the offios Sency of electricsl 4 Bistribution. Lower

POWEr Lactor resnlts whey RO run below the g1 foad ratings,

‘
&
%

W comrols which . S0P T0tors which HE unning idle,

XYy
P

<

Heplacing nin 5 wWith new motorg before it fails,
g 3}';'-:}cm‘ez'z“;en_t :::fen&s v efficien: motors,

;o

Sage of Variable Foequency drives {VEDS) whepever possible fo VErYIng foagd

-
--<

f
N

fhe SOTDTESEOrS Mowers angd fang

3.1 Cooltug Towers

~

i Tuming off tunvecesaary Y Cooling tower fans when the } foaids avereduced

Kk

i




4. Controflin 88 coshing tower fans hased on 2 deaving water temperatyre

i p eriodic ¢ C&:iﬁié‘f of cooling tower water distribusing nozzies

4 InsisBiation of O nozzies to ohiy 9 mre unin BT water patern
3 Optimizatiog s conling tower fan blade angle o g seann #al and on load f bnsis

& Tocherk Waer overflow pipes for Froper operating level

L Optimization pf chemical yse,

8. Optimizas 100 of biow f‘*zmmaw

312 Total Prog wetive Maintenanee {TP/

.

Total Productive Maintenance {TPM) can be defined 44 Proactive wrogranme tor the

Improvemeny of LgUIDMmEent performance through daily mvolvement  of

stakeholder. TPM i a lapanese ides thas can be traced back 1o 1951 when prevers itive

maEienance was o rluced inin fapan from USA Mippondense of Tovota introdies

plant wide PrEvemtive muaintenance iy I960. In preveny Ve mamienance DPEIAtors

U8 using machin s and the maintens L groun was dedicated i the work

maittaining the mackings, When high level of BUGIEon  wag miroduced,

ramtenance hesane problem ag gn Hany more wainienanee personmel are required, Xp

the managemen Cdecided tha e routine maintenanpe of equipment wionid now he

carvied out by the © Uperators themselves-ay AROBDIBOUS Taintes HANCE, one of the featureg

of TEM. The Mattenange group then focussed oy mamtenAnCe works of upgrade and

equipmEnt m dification thas woukd wnprove it relishility,
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TEM 15 active at symptoms loveh most of the actions are done at the bonom of the
pyramid (Figure 3.13) By so doing, there is no contivuons supply of problems;
resulting o disappoarance of critical problem at the ‘i?p of the pyranddd. Bt withoot
TEM, reverse is the case, there iv glways continuous supply of the problens, httle or no
activity ar sympiom lovel resuluing fo oritical problemd Bresk downy which lowers the
efficiency of the production zone, Maistenance group mut many sctions at the fip

5332‘6 o),

The methodology uwses Bdmund Dewming PDCA wheel to achieve s lsudable

shisctiven, An action i planned, dowve, checked for conirol purposs, f there 1 a

deviation from the reference input (fuitial plany, further action is put again. Figure 3,14
‘Wk

\
/

|
‘x\ CHECK 030
Nl Y

M"'w..m MM‘
Edmurd Deming Whoet

o

Fignre 3 14 Edmund Deming Wheel

3824 TEM Tonls
Tools invalve production workers in the maintenance of the squipment they nse. This s
§

posaible because they have real tims ;z‘zmrz'szwsm about the eouipment peribrmance.

wing, self mantenance tool and TPM problem

3

W
A




2322 Checklists

I YOS 16 DOWP I ey EY 7 ;
Checklist i created by TPM tram according 1o the equipraent in that work mons. A

Fets

<‘\\

very production day, wn the moming, the worker [ills the chenldist. For esample, he
has some ftems to check while the squipment is idle and some other ones at first cvele

operation. He or she marks G for Good and B for bad. Basd sBtuaiions are recorded
on the progress action list ?; corretion. (huce agais the problem belng referred to are
“sympims of malfunction” # ey not disteh operation on the day. A deadling for

rectification must be fixed.

33123 Logging:

Some svaptoms are not visible in mfz n}ﬁr;iii';g but after series of operations during the
day. The logging tool created for that parti in& WO ;"~:';>c«<«s' i used to capture the
poblemy This is by pulting tally againgt the problem dasly. I those symptoms are

noticed, mavbe five times, o more depending on the TPM service, i is recorded on the
o }

Progress Action List {PALY and a deadline is sef {or the rectification of the problems

3.12.4 Self Maintenancs Procedures
The twol ailows the worker to solve some Btk problems on the production Hne without

¥

watting for mainienance man. Bul such a worker will be trained adequniely for such an

activity,

332.5 T3 Problem Ticket

©

e
4]

A day is fixed by the TPM sorvics when problem tickets are taking 1o the lne. Th

workers ave made to wrie the problems in thel work posts on the tcket Alterward,

Fal

a1



those fickets are attached the equiproent usimg thin ropes. The duplicates coples of the

ickels are given fo the piots of the probloms, deadines for 1he correction are

determuned while the TPM service follows up the solation. Whenever the problems are

ved, the tickels also are detached from the equipment.

3.33 ENERGY EFFICIENCY ANALYSIS
33131 Power Factoy Carrection
The peak power consumed i esch switch room is shown i the table 3.6 below, i g

required 1o vaisn the power factor from FF 10 PV,

Tabie 3.67 Switeh Booms Pegk Loady and Thelr Powser Factors

B TTEWTTTTRW
SW RM. 4 air RN C

iy 12 T3 T4

Dewad
L&

B 423 406 343 287 420
PE .71 .78 08 4.74 3.9

gy
2 n e

L
Lo,
L
(¥
~
3
N3
s&
.
[
N
LA
-~
e e
L

195 1.5

in vigw of this, the value of KV Ar of capacitor basks will be caloulpted o5 follows:

o
past




W s Poy onsamed by the System
K"‘«’f‘i;’. = Apparent power

EVAL = APPEER power afiey Sorrection
E¥A o1 = Indperivn KVAR

E¥Ar2 = Capacitive KV AR

{Z‘o'az.fzi?; = BF before corresting

Loyl = pp afier corvectinn

Cord = KW/ KV A

EXAr = KW Tang

Sofrom egn, 32

KV Ary = KW {Tand, - Tong 1}

%

KRR To Calenlate the Regunired KVAR to Ratse PF from 0.71 1o .05
G= Cop PRy = Cos? 071 = 44,75
Ads @ Copt PR, w Cpg? {t:.é:i = 18150
By using {33 23

BY A= 873 (Tan 4474 “Tan 12,19 }

s,

]
NP



=673 % {66
44512 KV AR

Therefore 445 Xy AR Capaciior bapk would raise the BY M7 to g 08

3133 o Catenluse e Reguired KVAR g Ralse PF from 9,74 g .98

14
s
4+
A
'
o
£
3
3

Therefor 227 KVAR O “apatitor bank would rase the pp Fom 8,75 1o 095

i34 o Calealais the Required KVAR 10 Raise PF from 0.8 1o $.98

{1

PE = Corl g e g

*C)S

<

Ury g e

K

P

PE, = Cos? 096 = 15 14

Blary (B g -
Alse &y = g

,-
(3
157}




oo

Therefore 274 EYAR Capaetior bank would radse the PE from 0.8 w099

By using {3 12

KVAR = 64 (Tan 23,174 18.149%

S SRV A v
OOV AR

£ & s

Therefore 6,52 Kvan Capacitor bank woula raise the PF fromm 050 o .98




333 Energy Efficient Motor Analysis

Pigure 3 16 shows

.

fastory electric motors distrihution according Horse-Power. 5% unils
sl within the range of one 1o five Horse-Power while other four units are within 101 1o

L RCOR G T SN § N s
165 Horse-Power

Polyphase Motors Distribution

G 5 et 180 1Niin iss p

Pigure 3,18 Polyphase Motors Disiribution in Horse- Poswer

Pa=Pn/(nx Cos o)
That fs, KVA Demand = KW / ( » Cos ¢)

It can either be KVA Demand before the correstion or KVA Demand after the
covrection. In the case of KVA before, the BF for the zone before the corroction is done
and the effwiency of standard wolors are used for the caloulation. Alse, w the same
way KV A after is computed by asing pew antivipated FE afler correction wih the
efficiency of new premivm energy officiency motors. The resulis for Cataphoresis oven
tumne] motors are as fabulated in table 4.1, By using the same mathod, the bay chart in

Figure 4.1 shows the reductioss i KV A denands in ol other production zonss,

L
&




3.34.3 To Determine Annunal Energy Saving

VW s wm KW o L Hey - KW < L B {1},

SEW % Lo (1004 B 100/ Bpy) (

Whers B =Eificiency of a standard motor,
e EHicieney of a prendurn motor {Appendix A

L= oad factor,
For exampie, for o SKW motor, Bg =86%, B 0%, taking L =75%

Plaing egustion 2 ghove

90X TS 2 {100/46 L1080 = D35 KW,
{2}

KIWh savitig = KW se ¥ Antiial operating bous
- . 38RW 0 1840 Hours
54150 KWhiYear

Cont e = EWh saving ¥ Bnergy charge

= 647 SEEWR Yy » N12.9 =NBITH Q8K

&
&




115 Energy Efficions Lighting Analysiz

it haz besn feoommended tha vrorking aregg where visyal tasks are o iy oopag mui

performed be fuming fed with uminance in the range between 100, PSCInyny

For example, 7 OYSa. 4 pacescuer ip the automotive mdustry sers g fandard of

HiBho/m® in the Guality check areac With this, FTovota claims saving of 30% oy

hghting o Ay use. Ford, g part of assessinent PIORIAINS, 18 aiming o redue

Osts for Nghting by alinvinating some ghts where areas are over Hi

flunrescons famna has fgmm nnous effie acy of S6lmaw This transiares i3 3608 Iy

Assutiing, surface are 2 1o be ithoniaated corresponds 1o the w orking height of 2.5

Hetinases {m}m{v 5 ;:ar !Lzm;efz}
ERTRINIR e :

(2.5
Sum,z e drea {my ’
2594
Fomee o SG1 g Lt
2.5%
Also, 2IW LED Huorescent has huninous efficacy of 40w
Henee 22W produses 401w X 22 = B80kymen
_ . 8RO At re s s
I the same way, Hivmimance in - Ter ® Mlimim
The resubtant value falls within the ran e recommended oy enrgy efficiency void of

The vesnlt iz better 14 tan that specified b vy Tovota Produciion System (TP8)

.

aa]
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3.35.1 Calenlation gn Replacemeny of W Fluorescent ftting with 23w Uniy

2182 Mainline {Figsy
Flusreseens ¥y ttng (35W) Fluoreseent Piesiy g {22W)

Powers, N R O gty Powers, dte 22N TS jgaw

Energy savey
ERCIEY ot = 4256 - 1672+ 255410

Energy saved per day ( 10hours)

LY sy = 2584 7 10 = ~5BA0Wh =25 84 kv,

Ensrey saved By Annum (184 days average}

Eﬁﬁ’,‘fg}’ v a1 25,840 3843 4. 56 KW

\3
L‘}
t

Ameunt saved i N 4irs per annum INIZOKwW h}

Amount saved annually = 4754 56 w0 =861 333 82
*avhack = Lostof B

EOMTEY Saving unjts x Discount / Annpal Saving

= P TEO0 » G780 AWK

,.y\i

1382 = 393V 248, 1 vy Appros,

3353 - Developanent of Energy Saving Calenbier

The energy saviy g caloulator antomgtic ally calonlares the PRETEY Saving capabilities of
replacements dons This Is achisved by changing the variables indicaied by the

molangies. The dey veloped caleulating 2id auto anatically plots a bar chan for visyal

appreciation of the acts of changing onergy inefficien it highting svstems. Figure 3,17

beakd :
el

W 00! was developed asing Bxcel application software.
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CHAPTER FOUR
4.8 RESULTS AND DISCUSSION

4.1 Power Faetoy Correction

The result i table 4.1 compures KVA demand after correction with the one before.
Theve is a mark reduction ju thew demands. It shows the processes, thelr electols motors

n relation to thelr sizes. A wtal gain of 45 0KV A i recorded.

Table 4.1 A reduction in KVA demand with Promivm energy efficlent motors and
power factoy improvement frem 0.8 in 6.95% In Cataphoresis Oven tunnel

Ave. KV4
| HATING Ayg. 5, 4 17:) DEAAND
PROLESSES Hy RERA (R} ‘é?f‘ Bram DEMAND  AFTER
: 5d. % o {8F=.8) CORBECTION
A {PFa0,B%)
Ady intake 5Q et 37 a1 832 LB 41.%
Aarindake iz 1804 9 &6 R8Y 331 pRER
Alrirtaks 5 1863 4.0 £.3 44
Exhatist VEL i5 1800 i1 &6 G} 60 325
Exhaust VEZ 1% 1800 1% :s
5 1860 i

[ 2

33 5]

fvas s

S5 o

) o
¢ fak
&
T
Y
[A T o8
W3

dand
o
oo
2D
In i
e e
o ow
Pt head
"

Exhaust VER i

21')

7%
M
=
3
g
5
o
<7
£
ke
PRy
25

s 11 8

00 3.5 g3 47 5.3
1804 1.3 77 i
1800 .76 77 23 1.2 1.6

e
x
poo il
&0
&

‘ {53
~
<2
e
On

[ ¥ k]

g

B B2 e

g

Bisrnaor

Burner 15 1880 11 26 2 I 16.0 12.4
Burner i5 1600 13 A% 903 18,0 13.8
Owen seal VRA ‘

YR aEs T S X 26 89 1.9 2.9

s 3
Rurner 3 1204 476 77 23 1.2 1.0
Burner 240 1ROD 15 34 a2 23.3 17.2
Comder unit i3 LR i6.? 29 93 228 183
Overn soal VEA

5 20 18Gh 15 g4 34 21.3 172

TOTAL 2817 2037
GAIN 484
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Figare 4.1 KV A Demands Before and Afler Brploving

The tetal KV A demand is 1908 3KV A before and 1510
IVGIKVA The PHON tartff schedule for vear 2

Fa

ity o 30
Fuby, 2010 shows

that Inds

.

production Hnes are tabulated in Table 4.2 below

Table 4.2: Cost Saving by Cerrecting Power Factor

% afier; thers

PDS it bor Demand KVA per month s MEOE RS,

s jpxtaposed with inttial and final KV A demand

Energy Eifficiens Mot

is total gamm of

1072011 which came to effect i Ist

Envrgy KWh per mooth is 8 129 while cost for Muter mwdntenance per month i M 4,

coording o

Pragduction
line Befors

sy

8328273

("x"‘”a
5 n-AI-?(/Aq {}

3487491

43R Z 3
Primer lin { JZO65G.35 4445 FROIE 42
Top ot | 23370 §37250.95 267.4 109326.49
Topilon 2 252 80 1197128 2122 B6T79B.ED
TOTAL TOTAL

o
B
#




The table 43 below shows the caleulations of total amount saved per annum i cach

production line as result of nsing energy gificient motors,

Table 4.3: Total Awount to be saved Per Aunum in Each Production Line as 2
Result of Using Ensrpy Efficient Muators,

Cost Saved
Praduetion line EW/ Yy Saved {2

Cota Oven Tunned 1ORAT 60 135945,94
TS 15149 40 195427 26
Antigravel F208.20 67147 08
Primer ime 16008 20 20654575
Top Coat § FIRE 0D 12928550
Top Coat 2 33270 PROG7E 872

Tatal i 4584584 29

4.2 Energy Saved Through Ensrgy Saving Lighting Fittings

Table 4.4 below shows the total analysis of what to be gained by using energy saving

fittings by zach production rones in Body shop.

Table 4.4 Energy Saved, Cost Savesd and Pavback by Using Energy Saving ;
Fittings in Body shop

TYPES Powey
# iR £Wh KiWwh
TONES ey ory oWE

{Energyl  Cost {B) Cost Saving Pavhack

i §343 i saved &nsal
37 z;n.sxés*. AT 32 ¢ 4256 16872 FHOUG 25.84 475458 LI333.87 0.52
405 main Hne 55 G 8485 I15G SR 3332 £130,88 TR0BR.5Y (.82
santal Fnish
fine 55 FEZ 14183 5544 ERYAES ] 25,68 ISF6R 12 PASE R SRS IREY:
UER Zone K18 4 1344 2B 24000 86 1501.44 15368.5370 {342
Eptauch 2one 55 18 836 352 16000 5.44 1346338 12812.384 .82
Maintenanoe
ioneg 6 162 BOTY BRI 1630060 BEOB 1313472 LAGTAY.RE 0,52
Maintenancs

&4 78 436%  17i8 PR 26,52 487558 G987 BT2 .82
Ap g a5 44 244 BEB 440430 14,86 37884 35502056 .52
Engine raom hat s i4 784 305 1400 4,76 87554 112%8.334 .92
Halogen 400 3i4 vy 22400 324000 a7é 178348 23071383 210

v TOTAL 17i584 48308 TORBG0G 123178 2266438 FFIZT0R.5 £.46
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Tabde 4.5 below shows the total analysis of w}m » be gamed by using encrgy saving

fithings by each prodoction zones in Paint s%wp

{"3‘}
m
3<2

Lﬂ
b3

<

-4

5

Table 4.5: Energy Saved, Uost Ssved and Payback by Using ¥
Fittings in Paint Shop :

TYPE Power
2ONES WY Oty ?{gzjf & {Energyl  Costip) iiif; ;ﬁ? g ;Gft Payhack
{554 TIW g e sving

Hanging TS &
{aty 6 k¥4 318% 1384 STONG 19,38 3565.9F 4600037 0,487
WMastic 55 &5 A 1452 GBI i2.44 412896 5335358 3492
Antigraved 55 113 354 508 114000 3876 TIZ1.84 Q200074 .92
Py
Sanding/ Primay 56 34 13104 514% PRLICES] 78.56 1483304 1BEB43 4 3.92
Wdet Saruding 55 344 1u264 FRe8 J44G00 11686 21520.84  IYTSIS3 {392
Wet Sanding
fetoush 2 20 1120 44¢ PALE LY &5 1251.2 1514648 3,92
Yop {oat 54 532 335492 1204 SRIGOO 13738 35840882 ALGEER £6.92
Top {nat 3 56 204 i 424 4485 204G H8.56 12376234 1R4BELY .52

Tap Sost retimich 58 A3 2584 RSR 38050 13,25 343984 3147384 .97
g Gven 56 &5 ABB4 1538 EH00 23,46 4316.54  S5884.66 3.57
Rest Zans 86 JAL B6D 226 10040 2.4 HI5.4 H370.24 3.97
Halagarn G643 56 34400 B&0G BEGG 258 47472 I* TEIRRE 300

TOTAL 131784 45958 1747800 2449, ADIRR04 10,23

?'\)
&
P2
o))
f¥3)
- i\} N
5
(3%
o

Table 4.6 below shows the total analysis of what 16 be gained by using energy savieg

fittimgs by each production xones in Agsenmbly shop.

Table 4.4 Energy baved, Cost Saved and Pavback by Using Energy Saving
Fittings in Assembly

TYRE , Frrasay A
FONES B ory p;:;?f {Ensrgy}  Cost (8} iiﬁs &Zii; sij:;; Pabark
{55 : ¥ -
Trirn ling 54 312 17472 G364 BR300 10608 1851877 317w 3,43
Chassis ing 56 288 FRER AL 6335 ZRBO0 9752 18017 28 233422 .93
ACON 56 462 23512 Add A0 13688 2514547 3244383 .93
Thaadity '
Accepration 56 24 1344 SEE 24500 5.16 150144 192368, 253
Wiaet
56 16 245 352 16GH0 5.44 00086 1281 143
54 24 1344 528 28004 515 150044 19388 £3.93
Halogen sy pALY LGRACG 200G 2O 10 145040 152281 031
TOYAL  1678%6 53457 JAAB00G 14744 Zi8PEG FYRILG 5 68




4.3 Discussion of Results

The results show that by fmprovisg the power factor in Cataphoresis oven tonne! from
0.8 40 0,95 and replacing standard motors with prevatum energy offictent motorg, KVA
degnanst drops fom 251 7TEV A 1o 203 7KV A dranslating 1o the saving of 43KV AL Also,

m TS, BV A domand drops from 380 4KV A 1o 300 u{{v A. in paimnt shop, 1otal gain of

IRV A B avhieved, this results 1o the savi

o
pre s
joud

"
o]
a3
i
"'S\

‘..5
o

L U277 23,

*

fu the smne vein, using energy efficient Ughting Bitings in Assembly shop, 1172KWh
will be saved translating o 2ISTIOKWh annuslly with cost saving of ahout
M2 Trutbion. Alse, N2 million and W2 9mithion will be saved in Paing shop and Body
shop respectively. 1t is on vecords that in 2010 alone, PAN spent about MO0 million on
provision of electrival energy for ber sprvices. Gomg by the afbrementioned, mwors

savings can be made with sttendant increase in gnpual productiops thue improving

national Gross Domestic Product (GDPY

Lower KV A denmand means lower current demand and vice versy, rednction m curran
drawn by equipment, condocted by conductors and bandied by swichgears and ciroult

breakers will undoubtedly travslate to reduction v the rate of their breakdowns,

Indusirics all over the world are established i ovder io garner profits; this v alse
attzinable i roaintenance cost subsides. a situation oceasioned by reduction i
breskdown of power equipment, without which the atm would be a mirsge. Elficient
eiﬁatzféczﬁ power will reduce downtime, tework duties in the production faciiities will be
greatly abated: all vesulting to merease in production, and bence more energy will be
channelied inio production of cars.
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fndustrial slectrical snergy efficiency do dovetails o v sduction of carbon doxide 1o be
ermitted inte the atmosphers, this is berause the higher the im‘wantt)zd Inady, the greatey
she activity of prime movers of the gensrators 1o meet the demands, also move diesel 18
consumed. T PAN’s case, when 4 5ot of 2MY A s on load, i order 1o moet mgher
desnand, other ones gre anomatically called upon o shoulder the new demands, thus

wranslating to higher emissions of carbon dieide., one of the culprits of global warming

and chmate change. I the profiored ¢ ohutions are auh:,,wi 1, the efficiency w it be

e

%

jeon)
et

improved while cur env ironrment will be saved fom pollutions and their resultants,
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CHAPTER FIVE

Rt CONCLUSION AND RECOMMENDATIONS

3

5.3 Conclusinn

Investigation of electrical snergy saving potential of Peugeot Astomobile MWigeria
Lamued has been carvied out in this research work. The results obtained from the stdy
vndoubtedly justify the noed to install capacitor banks for the improvament of low
power factor and replacement of aging standard moetors with promium encrgy efficien
motors. Adse, replacement of ballast fuorescent fitings with energy saving types has
brought about major reduction in enerpy consumption for Hgbiing. This coupled with
wpdementation of Total Productive Maintenance (TPM} meibodology is sine qua non
to improved fndustrial slecivicad energy efficiency in the ndusiry.

The developed energy saving caleulating tool provides a lee-way to ensrgy anditing
paricularly Hghting system. This 1ol can be vsed by engineers and consumeps alike to
caloniate energy comswrnption and gaing avcruable from energy saving Hphting

it has alen been shown that reduction in encrgy consumed will bring about reduction in
2y W &

cost of producing cars in the factory with concomitant profils. The mvestroen with
short period of payback can as well propel thy launching of modern cars Bhe Peugeod
408 i une hand and diversification of the factory 1o production of other § aat boving

Consumer  Froducts thus bonshiing to more gamful enwloviment of ieemung

wemnployved Nigerian vouths,

5.2  Becommendations
ty order to copsolidate the resolts, 4 8 pertinent to aweys consider the foliowing

reconrnendations.

~
N




i, To ke energy officiency a watehword whenever new. ¢ cnpipment 18 10 e

aequirad.

2. Mo squpment should be procured without comnidering s KVA demand.

3. {abiings and electrival equiptent shouid be selected in relation 1o alowable
yoliage drops frov them
4 Any amesed produgtion tine should have their Hghtings disengaged.

5 Fvery action should be crployed to redoce the number of penerators
F"’f"v{f" (% o4
REEIRS S IAVEN

5 iaintenance supportiog functions sbou 14 always embrace the tenets of TPM

T Production of cars mast abways be jurtaposed w ith energy officienay.
8. A perindic encrgy auditing of the industry showld be encouraged. This will

coveal the current energy consumption and s costs.
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APPENDHX B

Meiric 8 Units and Conversion Faclors

{43 Muliiples and Submoltiples {3 Yolume

3

%] Mega ¢ X 1 mithon) ) =5 16387 mm
k Kilo (X 1000 Y= 00283
0 it (1 thousendih} YUK gab= 3178
4 = nicoro {1 mibitonth) b’ o= 353

3 0,220 gal
{Ey Length A {¥y  Pressure

fin 25 Ao § o/t &.895kN Nim®
Moo= 30480 ibifm e (.145Thfn
ivd .91 44m

£, 53’%{;}%?.‘};2

m s P0GV

t

i

b
fg
oed

it

{5 Aven {5y Fores

Pibt o= 4,448
= (0.2248 by

H 3&” #
brom”

£073  Mass (Hy  Tempersture

3;%} = &4536’\'& ¢ o { e :Xk {3{::' ? 4+ 372

ton = 1016kg
R S
g = 22051 ARTY (A ST 3

o
oo
L

e

Energy {work, heat}

e
-t
“

R o st e g
P kWwh = RN AT B

B = AT
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APPENDIX O

Table AS: Recommuended Momination level acenvding o Sctivities

THuminaiion

ffux, hiwenion }

Simaple orientation for short vishs

Wiorking areas where visual tasks are only ) 100 - 156

Sheneites :J By pe ;:_i'{';m'; &g

Warshouses, Homes, Theaters, Arciuves

250
} (‘L‘z"" {} i}.vb ‘33 {’1}\ i,th'\”
Mormal Office Work, PC Work, Study <00
4 SIS
{ibrary, Uroceries, Show Rooms,

{.aboratories

.
Lo
ety
o

Supermarkets, | Wcizazzzc:ﬁ‘»‘mrﬁ shops, (e
L,Q,iid SCRPOS

Wormal Drawing Work, Detailed Mechanical LG
Works h ons, Operation Theatres

pey

Detsited Drawing Wark, Very Detailed

SMechanical Works

ey

> g R d
T TS s
Pertors fow & ” 2060 - 3000

&l i d very s:mz‘z,ii aizg for pre i et periods of

(fu

fine

00 - 10000

Performancs of vory profonged a

visyal tasks

SE -



