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ABSTRACT

In this study, energy savings in a cocoa processing tactary was found
to be dependent on vanious factors which include monitoring and auditing
of otal enargy usage and Steam consumed.

AS @ result, tests were carried out on the load centers such as the
boiler, power generating housea, process zone and othices where equipment
for processing beans as well as air conditioners arg put to usa onoa daily
basis.

Complete analysis al the results obltamed from raw data over five
yaars reveals that LLP.F.O is preferred to AG.O 6t a Loiler Cambustion
etficiency of 74.49%, Savings amounting 1o N 112,324.50 par annum
could also be realizable. On steam distribution, the company would logsa
as much as 325W/m it its steam supply lings are insulated with 15mm thick
materials as against the prasent 25mm thick. S50W/m ot energy would ba
conserved using an insulating materal of 50mm thickness.

A proposal of using 40 sodium lamps in place of 5386 fluorescent
tubes would increase luminance in the factory by 22% with 4 reahisable

cash savings ot W308,9871.80 per annum.

o ._:i.l_.,.-T‘“u
y e e 4
F V-4
% 7



CHAPTER ONE

1.0 | INTRODUCTION

With the mereasing cost and demand Tor Tuel today, no prograssive
bBusiness can attord wastage of energy, A proper anergy maonitonng,
auditing, conservation and targeting systen can yield substantal savings in
bath nme-and moneay.

Muost  practcing  enginasrs  and  industiiahists  consdern  endgegy
mianadgement in abstraction which ideally 1o tham cannot be redalised in small
and mediom scale manutactunng mdustnes thus produchion procasses arg
carried out without much consideratian om ways to harmess available aternal
enargy resources.  Today in Nigerna, compianies employ imdanagemant
consultants who arg nat mora knowledgeaable than prachcing enqineers tor
such angrgy management thus cost of anplemantation is still an fthe high

S,

1.1 Aim of the Project

Most of the demand of enirgy anses rom domestic, commercial,
midustrial and transport uses,  Virtoolly w0 the processes aivolved in
supplying this energy have one thonmg i coranon: thay are quite aetticianot
iy thair conversion of primary enegrigy 1o an end ose. The basic reason tor
this r.[IEffi{'.“j{im’."I'r,. and what can ba done about it tarm the comant ot this
sludy,

The techpigues used m the mansgement of energy have much in
commaan with those required tor tha manogoiisent of any other résources in

dan establishmeant. These are: resources, such as matenals and maipower,



| concapt of monitoring partormancea, the setting of fargets which
| 1o the contral ol costs and the motivation of stafl associated
PRTCRTEN
b INAUSInes uso energy i one or two major ways:
i diract manutacture of & prrodedct, &4, m tha roasting ot gocoa
wicocoa bs, powering elecnic motors as owell as energy 1o
irs far steam generation.
W activities which support manutacturing process, e.q. ensrgy
o inaiestain a tactory ' s enviroiiment for the benpatit of smployees
| as:-spaco healing or coolg of affices, warehouses, hot water
iwces and hghtings.
an over simplitication to imaging that the concept ol monay
an energy Stuady 15 (ust a guesbon of establislung areas of
el and raking appropiiale carrective actians, thoughon does fomm
ntostarting point in the description of the achivity ol 8nergy
Tha fuel and energy cost of a company is related to tha tantts
wablishied by N.E.P A,
rancis (1958) put it, there is often a choica of tailt structure, tor
ith alactricity and it is a matter of negobtiaton with relevant
g installation os 1o which is the most advantagedus struciung
he tarift stracture viall not of itsel nécessanly alter the total
i 2l energy but may support a dilferent pattern ot usage to
B
rding to Easton asd Crott (1990), compames emplay tanfi

or obtn advice from relevan! autharities duning plant upgrading



it comphicated natura of tarffs in same counties, For most
he selecuon that would give the lowest average prices is
o0 the load palttem whilch the consumer impuses on his
ply aystem throwgh tho yoar.

duction can also b schigvaed by reviewing assessct copacity
ieticubar for premises which have undergong a reduction n
anges in electrical unlization. Taritls should be reviewed at

als particularly when BEPA introduces changaes to their taritt

Data Uses

i enargy studias i oo industry can provide uselul infarmation
/8 which inclhuda:

fuel 1o usa.

ance, the ever Increasing cost ol luel 10 Nigera can impede
wih of industnes and send unstable ones 1o oblivion. Energy
; gnables enetgy managers to identify areas where higher
s walue fuels would be useful as agmnst lighter fuels.

ol stanstical data to cumpare the energy ellicingis of one
Jative to another in the same market seiling.

nvestment dacisions s energy analysis provides investons and
furers knowledge of the certainty of the luture hence the
ity of managament of anarganization o make decisions winch

sad to an aptimal bahaviour ol tho urgamsation,



il.

1.3

-} s

Resegarch guidanco as proper enargy record of a plant gives a
rasearcher an insight to the ensrgy state of a plant wiach i atfect

givaes him o lea way 1 s research work,

Objectives

To quantily el enargy cost per metric onng of Cocon products

[butter and Calke]

To determing how affective le-olup Cocaa products company utilises

her energy.

To establish an optumum encrgy raquirsment 1or cocoa indusinas n

the country.



CHAPTER TWO

2.0 LITERATURE HEVIEW
2.1 Energy Management Process

Broudly spedaking, there arg threg major wadys [0 manage snergy use.
The twst s by reduction ol demand, either through selt-danial or through
enforcement, regulatory action, or econamic measureés.  The sscond
appraach is 1o use an allemative method, progess or pece af equipment 19
achieve the desired and result with greater atticiency.  Implementatuon of
thesae types of change hinges largely on the avenlabihty o technology and
econumig justilication. The third method 15 to substitute ane Tuel or energy
sourca for another. The current enlighteriment trend in the country on the
use af natural gas as substitute for diesel and heavy tuel ol by the Nigena
Mational Petroleum Corporation and the Nigerian Gas Company is a step
toweards -achieving the third mathod.  Thes may or may not lead 1o net

areegy savings, but can shift the requirgment from one luel to anotier,

Saving thoreby SCance resoerces. f . '
F, H’/"""_““m .
\ '-'.& for ol
2.2  Alternative Power Sources Th =
Ny ——
g1
o

2.2.1 New Electric Capacity Turning To Natural Gas
I Eurape, électne utilities and ndependent power producers dgre
selecting notural qas as the fuel of choGe tar navw power plarits i the 12
countries comprising the European Community (EC), accarding to a new
report released by the Utility Data Institute as highlighted by Soow [1992].
Urilities and non-unhty povwer producers ure plandnng a coribarisd total

of 86, 000MW Gl misw geEnarating Capaeity tived e ekt e yieors, ot which
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39% will be Tualed by gas, 23% by coal, 13% by nuclear and 13% by
hydroglectnic:  Of this planned capacity, only 40% 15 actually undar
construction, Tables 2.1 and 2.2 show respectively tha distribution ot
installed and projected generating units and capacity by fuel in thie European
Union.

Uritity Data Institute’s (UDH} 1992 aditon of directory of power plants
in the European Community is a substantial update of the European
Comumunity power plant data base and ancludes about 30% more unirs
racords than the 1990 edition. "The powser plant bosiness in the EUs bath
dynamic and unsettled at the present tme®, said Christopher Bergesen, UDI

Viee Presidant.

TABLE 2.1: Distribution ol Instilled generating unmits and Capacity by Fuel

i the Eurgpean Union.

Fuel/type Number ot units CapacityiMW) | % ol capacity
Coal 852 163,110 33.6

Natural Gas A46 30,580 6.3

il 1,302 89,383 18.4

Nuclaar 131 108,925 22.4
Hydraulic 4,433 77, 164 16.0

Other gas (518} 2,889 0.6

Linknown 138 10,580 2.2

Others 177 2,660 0.6

6,539 ah% BY0

Souice: (Snow, 1282)
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TAELE 2.2: Distribution of Projected generating Units and Capacity by Fuel
in the European Commurnity.

Futl/typo Mumber of uniis Capacity {MW) %% of capacity
Coul b4 19,705 22.8

Mitural Gas 24 33,425 aB. 7

Chil 19 3.5469 4.1

MNuclear 8 10,945 12.7
Hydrauhe 137 11,204 13.0

Other gas 23 1,204 1.4

Uriknowwn g9 1,103 1.4

Orhars 105 5,292 B.1

R[5 86,437

Soyrce: (Snow, 1992

Orthar alternative gnergy suurced include: S0lar energy; csio povwer,
ocean termal enargy conversion; tdal power; wind energy and wave

PoOwer.,

2.2.2 Solar Energy

Solar energy, which has been considered as a pollution - free and a
renewable form of energy especially dor cooking is considerad a better
Jlternative to the conventional sources of energy. The 1974 report of Bruce
Research Institute Sanegal to UNEP shows that solar cooking with
smokeless wood stoves as a back-up was far the least expensive allarnative

compared 1o butane gas or charcoal



2.2.3 Osmo - Power

According to Jellinek {1974), Osmo power is as a result ot the
chemical potential difference between fresh and sea water, As fresh water
rivers are discharged into estuanas, this portental energy s dissapated by
direct mixing withaut producing vsetul work, The energy of this nixing
process can be utilized if the mixing s allowed 0 proceed via a semi
parmeable membrane.

Osmaosis occurs between solutions separated from solvent by means
of such a membrang thus allowing diffusion (o ocour betwaen the solutions.
I this diffusion is restricted, Osmaotic pressures are buill up across tha
mambrang,

This high Osmotic pressure can thus be made (o do work.  One
method of doing this is to et the liguid rise tw a high level and then-allowed

to discharge through a turbine,

2.2.4 Ocean Thermal Energy Conversion (OTEC)

The OTEC or "power from the sea” concept uthses the lemperature
gradient which exists between the ocean floor and the surface in trogucal
region. The surlace waters heated by sclar wradiation, are directed over the
heat - transfer surfaces of the evaporator of a Ranking cycle engine while
the cold water retuening from polar region and settling on the acean bed is
used to cool the condenser (Robert, 1983}

The cost of such a system is domimated by the large heal - oxchanger
arga nvolved, The design, construction and maintenance of the lung deep

plpes necessary s also a major problam in OTEL:



2.2.5 Tidal Power

This is the energy stored in tdes, currents and the thermal gradiants
of the ccean. The tides and tidal currents have a powsr estimated at 3 x
10YW (Shaw, 1974), The tidal mations of the ocean are the results of the
interac: on of the gravitational forces of the sun-moon-garth System. wiach
change as the garth rotates about it's axig, and the centrifugal force due to
the rotauon ol the earth - moon doublet, Although tha estimated global tidal
power available is sbout 3 x 10W, practical sites on world coasthing for

tidal power extracoon installavon pught clitan only about B4, 00UMW,

2.2.6 Wind Energy

The wind enargy oceurs as o result of atmosphenc changes and thus
aperates on the ariginal tuel of the sun,
The kinetic power avalable par unit area of capture in a wind siream

is calculated from.

Where g is the density of the wand (Kq/im?) and ¢ is the average wand speed
imis). Wind energy is usually harnessaed using the aarogenerator o tha wand
milll as discussed by Haolland (1978).

2.2.7 Wave Power

Solar energy genefates atmespheric winds and the winds and tdes
cause waves. As estmated by Holland [1978), wave fronts cantain kanetic
energy at the rate of 100kWh/m and that the encrgy stored in global Goean

veaves 150 the arder of 2.7 TW.
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For a wave ol o root mean sguare haght abaut the mean plane of H,, .
density of water, pika/m”’) and acceleration due to gravity g tn/s?), the

IMEGEn wave engrgy per unil area of walter is calculated trom,

I L - 2.2

i me

and the power par uanit depth of g wave crest, assuming a sinusodal tarm

where T is the penodic bme ol the Sacular orbit.

2.3  Load Factor lImprovament

The selection of the cheapest tanft 15 ong method of reducmg
plectricity cost, a change of taoth an ks owine & unlikely 10 produce targa
Lonatits 1F the load tdetor s paor.

Land tactor = annual gonsuiipioag n KWh siginnesi Btk
Max demand (KW x haurs In years

Bacause maxunum demand totls compriso o domand and an éneigy -
ralated component, an improvemant o g load tactor will lead w the
demand charge baing distnbuted over o greater number ol units and hence
izad toe o lowsar dver e ganice

Ag Eastop and Crott (1990} putl at, an wcreasa i otal glectocity

consumption will also oerease the load tactor, The maxim demund can

-——
-

alften b reduced by energy recovery schidmaes o daraful ril-’:nllu L e i
L =

fi= f 1
such as heating element of the use of modorn soethacdsasd gining aJrldr

Neating, : ‘,a"
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2.3.1 Load Factor improvement Techmigue

A mechiiigue tor improving the oversll load taowor s demand
management, @ System which will reduce glecincily consumplion it the
metdred demand looks likely w exceed some prascent ot The aétual value
ol The masimam demand 5 taken frome 4 metier wisch aguregates anergy
LW} ver a8 30 minutes pernod; Systems noomally amploy microprogessorn:
based units 1o predict the hall lfe demand and compaea This sath a reterence
leval, I the torecast demand excesds the refarence Evil then thi
managemant systam will either Sowmd o waniog alann or take oot Dy
disoonnecting the supply trom non-gssentiol vsags and later recoannecting
when the oral demand has reduced. The equipiment shich iz considersd
non - pssential will iy wath the type of company or gstablishment, e.q

space and watar Reatars. or air conditionet s,

2.4  Power Factor Corraction

Powwar facior = the ratd

_setul poser (KW
apparent poveer (KVAS

Cartmn types af sledtneal douapimeain suk ay resistance heslers and
incandescent lamps rake andy Lsatul poveer ol S the pivigs Tactor ab d
syl v iy thhiesa o s Jatinlid b panuty  LIEIEE DS oal s e g
such s wlecure wsducton i, Trrstoriiers a i o e s bve dlisgiogs
alter the phase Betvgaer e vOlinge aieg 105 cureent Lausay 1he apparenl

PuveiEr 10 De greatarn Mo e usedul powvior.
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A customer will be illed for apparent power because it is s
responsibility to make best use of the energy on his premises. If a lactory
has a low power factor then NEPA will have to install a large supply capacity
than is really needed, for which the factary will have to pay via the demand
and availability taritfs. The power factor can be improved by installing
banks of capacitors (1o correct the phase angle} either ar the supply point

or an individual piece of equipment, (Francis, 1958).

2.4.1 Powaer Factor Correction Technique

As an Hlustration, two induction motor loads are connected in paralll
at the end of a three - phase line with balance impedance, The voltags at
the input terminals of the motors is a balanced 440V (Figure 2.7). It is
expected to find the input voltage V. Input current ly and the mpul power
factor with a sketch of the povwer triangle 1or the system.

In arder o correct the power factor, consideration is given to the
correction af a three - phase delta connected capacitor bank {shown by
dotted lines in Fig. 2.1}, It is expected to find also the capacitance per
phase of the delta necessary to bring the input power factor 1o & 0.9
lagging, compare the value of input current before and afrer power factor

corfection assuming V,, s constant at the value tound above.
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From Flgure 2.1,

Pp = Pi+P, 12,51
= 5+ 3 - SkW
Q, . A S ¢ T {£.6)
= A4 9 = BkVAR
& = ey eams (2.7)
= B + j6 kVAR
|5l = JBE + 2 —————v {2.8)

1S = \JE‘EH:"’ = 10kVA

I3l o= JTIw LDl = 10kVA -==(2.8)

VTt = LOKVA_ _ 33,134
WERY T 1

= 3(13.13)%(1} = 518W = 0, ,518kW

R T e (2511

= 3(13.13)4(2) = 1036 VAR = 1.02ekVAR

rP,=p + Fo= 0.518+8 = 8.518kW

i 1na

{-!'u.- - 'D_H.-h b -E'I' = L.036 +&

T.DhinkW

8y = B.S1BKW + J7.036kVA
(5 = (B. 5185« (7. n36)*
=11.05kVA
Vo = L1.058VA | seav

1.."-5‘.]_"“ L)

The phasor diagram s shownoin Fig, 2.2,
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Opmbant B0 ___ a1
Fry

= 39.6°

Pl cos 39.6° = 0.771 lagging.

To correct the power factor to 0.9 lagging, the new Q. must be such
that Q, = Cos'0.9 = 25.8°. This is a reduction from 39.6° to 25.89,
This is accomplished by adding negative [capacitive) VARs. FReal power
does not change during this process il one assumes that the capacitor is
lossless as in Figure 2.3,
Qy = Pu tan B, = B.52 1an Z5.8° = 4.12KVAR
Qe = Qi Ewith-capncitancﬂ}- 0y, (without capacitance)

Ouoes = 4.12 - 7.04 = -2.92 KVAR [Negalive sign indicates Capacitor)

Q.. Phase = g = 2,92 = 0.973 KVAR
3 3
Q,../Phase = A"
X
X =-__ IVl =  [486)* = 243 0
Q,ua/Phase 973

Gaddeds -21-92 KVAR

8, =417 KvAR

Fig 2.3: Corrected Phasor Diagram.



2w (md) (243)
10.9uf

Magnitude of the input current with the capacitor added is

Ery
VaVee X pf

8518
V3(d488) (0.9)
= 11.3%4

| Xyl =

The reduction in cuarrent is

AT = 13.13-11.25 = 1.88A

In large power situations with nigh load (currend), wiring costs can be
reduced with proper maintenance of a power factor of 0.85 or greater.

(Leander and Morgan, 1987).

2.5 Energy Recovaery

Atypical systam producing usetul heat and work from an BRENgY Input
rejects energy in the form of waste gas/or liguid, and transters heat to the
atmosphere due to machanical friction, slectrical losses, and heat transfer
from surtaces. To minimise the energy input for a grven wsaiul output of
waork and heat, the plant must be caretully designed 10 reduce the energy
wastage 1o a minimum. Energy recovery is ona af the ways of menimezing
the thermal losses and wvarious energy recovery methods would be

discussad.
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Considerable savings have been made in indusiries by producing
insulaning matanals tor steam, hat water as well as chilled water distnbunon
and circulatory pipe networks,

Many industrial processes involve the heating of liguid in open tanks
and considerable savings 0 hiear loss can be made by using
axidation/reduction (KDF redox madia) in remowving chloring fram municipal
water supplers, proftectng reversed osmosis System, contralhing scaie

[ormation as well as bactaria and algaie growth in Cooling tawer waldr,

2.5.1 Process Water Treatrment

When water tempearature changes, nunerals precipitate m the farm ol
a hard brittle scala that collect i pipengs and on heat ransfer surfaces. This
ingsulating scale buld-up reduces pificiency ol equipmant, INcregses fual
reguirerment, maintenance tme and cost,

KDOF (Redox) process medio ara high purity coppér - z2ing formations,
They reduce contaminants i water usig axdaton/reduction method. Water
15 thie most frequently used meédia W ranspoit thenmal eneegy [or some
vaeiul purposes (Al Kharusy, 1996)
2.5.2 Luminaire Energy Recovery

There are sevaral ways in wiuch the anargy used tor ighting may . be
reduced with a consequant reductan of annua runming cost. Thee Birst and
perhaps most cbwvious way 15 1o chack that each lamp s switched on only
whion required..  Sunple tmers can b used and phaoiocell switohes
conracted in areas where divy light lesel prosvede adeguare ogbing tor parts

of thie panad ot use an the buddng
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The must trequently used heat - recovery luminaire draws ar from the
room across the whes or lamps and delivers it (o a plenum above the ceiling
from wheare it can ba passed to mix with the inleél air to the room, Less
frequently, water is used as the coolant fluid. (Eastop and Crait, 1990).

It can be seen that for the nonmal use luminaire, the way the luminaire
15 enclosed and ventilated is impoartant in ordoer (o maintain optimum hght
output and when it is dasigned for heat recovery then the heat transter from
the tube must be too hegh otherwise the fube surlface tamparature could tall

below the optimum valua.

2.5.3 Advanced Heat Recovery Systom

A growing number of crganisations thar consumes large amount ol
energy are cutting cost by installing ther own combine heat and power
(CHP) systems Peter (1993) reported that heal recovary system is Hexible
to-allow for reduced amount of heat recovery depending, of course, on the
loading and varying demands. When full waste heatl recoveary is not needed,
an automatic electrically controlled system within the heat exchanger
gradually reduces the recovery of exhaust heat by allowing the exhaust flue
lamperature to rise,

Whenever lovwer level ol heal recovery 1S reguired, an automatic
systam within the flameaiec module increasingly directs coolant to a bank ol
external cooling radiator to dump the excess heat 10 atmaosphere.

The heat exchange system reduces the exhaust gas temperature 1o
below 120°C during full exhaust heat recovery. According to Peter (1993},

Normnl Love, Flametacs Managing Director noted that it 8 not anncipated
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that clearing of the exhaust heat exchanger will ever be needed. The design
15 Rased on many years of experence m the manufacture of diesel engme

exhaust gas heat exchanger for tlamerec tama profection systam Covering

& wida range of sizes and Types of engme.

2.6 Solar Heating Applications in Industrial Process

Charles (1284), amphasized that energy consarvation is the best frst
step in the tharmal design of buldings, His view was that the procedurae for
determiming the optimum amaount of engry conssrvaton is no dtferant for
4 passive or active solar building than tor any other building. He turthear said
that thae life-cycle cost analysis of insulation may take into account any
number of credits or changes, such as mamienance, 1ax saving and salvage
value,

Kennoth (1988), defined mdustnal process heat as thermal gnergy
vsed directly in the preparanon and/or rreatmant of matenals and goods
producad by manutacrurng concerns. He lurther assessad surveys ol the
reliative quality of hest énsrgy requirgd a1 vanous lemmperaturegs in tha
industrial sectar showang that a sigribicant fracuon ol industnal process haat
i used at temperature withun the opetaEnng range al current solar thadamal
collector technalogy that GO% of total industrial process heat demand
ooours . below 150°%C and over 40% ol tatal manulaciuning  energy
consumption m 1978 was used tor heat requirsd a0 the processing of

manufacturad goods.
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2.7  Proactive Maintenance - A Cost Reduction Strategy in Industries

Jamas, (1992} worked extensively on machines prediclaoble service
life-and came up with strategies of machines mamntenance (o achieve uselul
aperating lives many times that attainable just a few years ago. He said that
the 1980s bore the popular practice of prodictive maintenanoe and condition
monitonng to combat nsing mamtanance costs and that 0 the 1950s
prediouve maimtenance was amplemented with greater conhdence and
precisiwon,  These early warmings have proven effective at reducing the
magnitude of failure and most of unscheduled downtime, howewver no real
progress has been made in réducing regquency.

Proactive maintenance siresses the monitonng of conditions, not
fallure itsell. Abnormal or unheslthy conditions are the precursors to failura,
The implementation of proactive mainténance has the potential 1o extend a
maching’s hfe (MTBF) by more than ten times. It Is the maintenance
strategy that extends maching life by monitonng and correctng tallures root
cdusas,

The monitoring and contral of contamination in lubricating Huids s a
proactive maintenancea activity since lubrieating-ail contaminaion 1s a cause
ot wear and fallure, exceedingly clean fluids proactively lead to exceedingly
reliable and long -lived machines.

The tactue of targenng  clean  fluds,  instaling capable
filtration/separators, and frequent contaminant monitoring makes sense in
diesel and gas - turbing engie maintenance, Finley (1930], s_ta[E::l that

wr kS
pericdic checks on the levels ot vanous contamnants arg L'sygrﬁi#m anstire

f 1||__
adequate (contamination) control. The lour principal cquagmrmurs ta b

tl II‘ h ; =
X —”" _J___’f

-



manitored in order ol importance, arg: sohd parctes, water, acids and low -

bailing hydrocarbons.

Contamination contral s nol a matter of dointg of ot L‘iﬂil'lg i

gengric sense. Whar really mattiers is how clean the tluids are and how

rigorously thes cleanhiness @ maintained,  The quality ol contammanon

contral as a plant maintenance activity can ba caregorized v a number of

Wil G,

alfort,

Passive Contamination Control.

Fluids and llters ara changed mirequently. No schedula s observed,
na accoauntability of parts changed, Flud cleaniingss targets are not
defined and Huid cleanliness levels are not measured.

Reactive Contamination Control,

Filters and Huds are changed according to avalatile manpawer,
budgeats, and the frequency of maching problams.  Thearg is no
rafqimaented schiodub.

Active Contamination Control.

Filters and Hud are changed sccording 1o @ structured preventive
maintenanca schedule. Filter rype and changa intervals dré based an
equipmeant manufacturers  recomimandations (OEM]). Target
cleanliness levels arg based also on eguipment  manulaciurers
recummendations

Implementation ol proactive contamination control requeres lots ol

Tymcally required ares change of mamtenance habat; change of

fdtration  meathads: and most anparrantly, 4 change ol maimntenances

phalasophy and attituds,
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2.8 Maimenance Technology in Factorios

Tha tield of maintenance technology s going thicugh a revolution of
change. Gone dre the days when a maching had a predictable service lite,
atter which it was replaced, continuing the cycle. Today, machinery and
gquipment can achieve usetul operating hive many tmes over what (L usad
o bea lew years ago.

Any or combination of the following methods of mamntenance are
being apphed to the different plants and machineries in our production

system taking into considaration:

i Complexity

i Age

il Cuantity

v, Mode/condition ol operaton

V. Reliability
. Manulacturers specitication

wil. Reliability factor (MTBF].

2.8.1 Preventive Maintenance

Preventive maintenanceis applied tor single pieces of equipment such
as Beans clesner, Micronizer, Roastir, Boller e1c. This involves inspection,
lutirication adjustment, cleaning, checks {(visual and audial.
2.8.2 Predictive Maintenance

This mvolves condition manitonng with trend analysis to combat
raising maintenance cost and Lhese garly warning have proven sffective at

checking the magnitude of tailure and amount ol unscheduled downtime,
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2. 0.3 Shutdown Malntenance

Thes would involve overbiauling, replacement installation, multiple

| ¥E ERTTETF 1 f LR I!1:Ii11[EJIﬂHﬂU‘.
1

I General shutdaown (planned, unplanned)

ii. Ermergoency shutdown {emanating [rom Failure),
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2.8.4 Econornic Life ol Machines

The useful sorvice hife of a machine bofore it becomes unprofitable for
its origingl purpose due to technological obsolescence, wear or a change in
thie finm enterprise.

All new machines are supplied with malntenance schedules. For most
tactory machines; preventive mamtanance and owverhaul schedules are
spegified in terms of hours of work., Figure 2.4 shows an gptimum
maintenance migrval wheraby the total cost of mainténance and repairs s
I,

2.9 Elecuical Energy Consumption

In bus lecture, ttled Electnc Energy Managerment in the Factory, Esan
11998), was of the view that government plans of deregulation of electricity
industry in Nigeria will amount to skyrocketing cast in generation of electnc
anergy which would mvariably mcrease energy pricing.

According to Esan, the world's commercial energy consumption for
1995 was 8 .000million tons ot oil equivalent (M. T.0.E} of which anly 28
percent went to developing countnes.

In 2020, the projection for world commercial demand would be over
11,500 M. T.0.E with developing countrigs consumption increasing to 50
percent. Global glectricity production in 1985 was estimated to be around
13,000 Tera watt hows (TWHI, with only 25% i developing countries. In
2010 global electricity production is estmated at 18,700 TWh with 6,600
TWh {35%} in developing countries. By the year 2030, 50% of the world’s
glectricity production is expected 10 be from developing countrigs as

indicatad i Table 2.3,



- 25 -

TABLE 2.3: Estmated World Energy Production

S/MN | Region 19490 2000 20140 2030
I TWih)

1 DECD & Dthers 9.020 11,150 | 12,000 | 14,200
2 D.C'S 2.680 £, GO0 6,600 14,200

Warld 11,700 | 15,650 | 18,700 | 28,400
TWh; Tara Watt howr
OECD: Oceanic ragn
0D.Cs: District of Colomina

Source: {Esan, 1998)

2.9.1 Energy Demand and Consumption in Migeiia

Tha total glectricity generated in 1930 was about 14,000TWh with
industries consuming aboul 25.7 percentage (Esan, 1998). Table 2.4
shows the percentage share of comimercial energy consumption in Nigeria
for 1989, 1990 and 1992.

Tha elactrical energy consumpton levels tor various years are ghven
in Table 2.5. Shonage of petroleum products and frequent electnic power
failure in recent times are due to operational problem such as, obsolete

eguipment, inadequate distnibution of facilites and high apearational cost.



TABLE 2.4: Energy Consumid In Nigeria To Arrive At GDP For The Years
1989, 1990 &nd 1992

14449 19490 1992
1. | DP at 1984 factor cost (Mb) A 90.34 88.07
2. | GMP avcurrent Tactor cost (N | 49063 257.688 440,20
4. | Populatian (oalhon) 73.80 98.0 EA.G (1991

Projserad | projected | consus)

4, &5 shares

i Fetraleum, 79.4 791 9.6
i Matural yas; 0.30 29.8 <8.3
m | Coal, 1.30 0.2 0.1

v | Electnoity, 19.0 23.3 22,0
5. | Fuel Wood, Bk 4 GO0 650.0

1. Estimated from (otal primary @nergy consumpuan
2 Estimated from total commercial energy consumption
Sourco: {(Esan, 149938)

Table 2.5: Electrical Enaergy Consumption

Yaar Elactre Energy (kW)
1987 73147
1989 86556.3
1892 BE99.0
1995 94358

source: {Esan, 1998

The alectric energy requirament for vanous years are given in Table
2.6, The additional gencrating capacity mdicated in Table 2.6 s presently
vary prohibitive. Even the runming cost of stand-by generators has ncreased
due 1o Increase n cost of fuel

A wiay aul s energy savings, an altemative torm ol energy supply.
It s cheapér to supply anergy by freliasing portion [ost due to ingthcigncy

from the existing supply capacity than it 15 1o add now capacity.
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TABLE 2.6: Electnic Energy Reguirament

Year Electne energy (kKWh)
1986 14482 6
1989 12813.1
1992 14833.8
1994 158531.0
1995 14482.0

Sowrce: (Esan, 1998)

Tabde 2.7 gives a typical tuel consumption profile by sectors in
Migerna. It must be pointed cur that despite thes rapid growth rate, on a per
capital basis, Nigena stll has a low clectnoity consumpttian par capital at
JORWN per capital (1987). Fram international comparative stand pomit, the
per cagntal electncity consumptian in Migena s less than 1% of that of any
ol thie industrialised countries. Tha low level of electricity consumption per
capital 15 due 1o the fact that more than 80% of the population rasides in

the rural areas where they have no access to alectricity,
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TABLE 2.7: Fuel Consumption Profile In Nigera

Wizl Housihald Incdustey ERTIE T Chthitrs Toral
b capital Kwhicamtal | KWhicapital kwWh/capital k¥Whicapatal

1970 | 0,204 Q.57 (830G AR EE Y 1.460
1972 | 0.267 (304 1.229 0 g | R T
1834 | 0368 LERFE 1.G99 00 2GHEO
1976 | 0.495 0. 88 2.507 0.210 J.4980
19798 | 0,710 g 44714 0210 6320
THH0 | 0.965 187 e e 0.330 H hagh
1982 2.114 3,840 4.0 750 11 50K
1984 | 2.372 2.530 EHEEY WRELEY 10,650
THHG 2523 4,150 doabd Lh1d 10,440
10488 2,703 4450 4,941 LR F2oo40

Souwrce! [Esan, 1398}

2.10 Fundamental Concept of Thermodynamics

All matenals have the tendency o degrade by dispersion, decay or
OXidation ta a cordition iy barocny osath the ervaronenernital daaturre,  The
aquilibrium process which causes arderoed anergy to "diffuse over larger
volumes” 8 governad by the capacity. 10 do work.  Applicaton revievy af

fundamental Liv s considerad o 1y sectian.

2.10.7 First Law of Thermodynamics
Contemporary Science has gained deep nsight inti the concapt of
esnergy by establishing the relationship batween the two characrensucs of

PR, BIeFdYy and mass. In vanous henmooyrames pHocesses, |r|.'|.-'u|'..l|r|.g
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changes in the state of working Huds, energy either enters or leaves the
systérm in the form of haeat, Q, and worl, W, &5 a resull, thi intermal enargy,
L, of the system changes. Than, according to thae law ot conservaton and
convearsion of energy, we may wrile.
b & S iveiireirsnrannaranns 2.14

0 =AY e Y i e Z.1h

When expressed in such a torm. the law of conservanon of enargy in
a thermodynarmic process 1s referred 1o ag the st law of thermodynmmics.
[(Maduzhy, 1365).

Any work performed on o closed system s converted to thermal
gnerdgy and a substance’s internal energy is o funcian af temparature only

(Rogers and Mayhew, 1958},

U = MET —ivemirrinissmses 2216
" UTE Bt Y S T 7 ¥
Au = Change m intermal encrgy ol o Systemn, Jikg
AT = Tempaerature differance, K
i r= Mass tlow rate, ks,
o4 = Specitic heat capacity at constant volume J/kgk.

orQ-W = U, - U ... whichis regarded as the non flovw enargy equation.
For steady How eguation.

Q-W = [H, - H) + w2 [C7-CFF 4 gldy - 23} v-svevee- 2.18

and for @ unit mass of working ud

g-w = (hy-hy + w2 G- 71 + g, - &) viicinea 2.19

wherea hy - Final enthalpy [k kyl

I, - Irutial enthalpy (edikg)
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(e - Final velocity. Im/s)
=t . Initial velocity (my/s)
s - Lacation abve datum {finaly (m)
Z; s locaton above datuwm {mital) (m)

2.10.2 Application OF SFEE Toe Boiers And Condensers

iNeglecting potential energy term)

Heat added or extracted al canstant t@mperatlirg

Q-W = m [hy-h) + w2 Gy -G . 2.20
C,=Ci,W=20 e e
and so Q = m (h, - hy) IERPPRR -

This implies that the llow rate s constant hence C,' - C7 = 0 and
thera is no work done across the houndarnes thus W = 0 tor boilers the fluid

gnters ad hquid and leaves as Vapaur while im condenser the reversa is the

Case,
2.10.3 Application in Turhine Or Compressor
Assume O = Q [isentropic, PV = k, 45 = ()
Assume C, = C,
THEN W= 115 [h; =By} ccisevrapmsicsriniiin. a2
2.10.4 Apphlication fn Thiortle Valve P i '_1.
Qs 0, W="0,C; =C; & i, =1 f 'r’f \
| | . 1 . 1

There 15 no enthalpy change, aorimg the o, ‘.‘ Al
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2.10.5 Availability, Exergy and Anergy

The availability ol energy, or exergy 15 @ measurg of tha maximum
uselul work that can be performad by a system mteracong wath an
environment which is at a constant pressure P, and a tempearature T, (0
Callagham, 1981}.

Availability or exergy fulfills a tunction of correctly rating the quality
of desirable energy requirement iy an energy conversion process. The
maximum efficiency with which heat withdrawal from reservoir may be
converted into work is the Carnot etticiency, Thus the availlability, x, of a

reservair T providing a rate ol heat transfer Q in surrounding at To is given

by

=T
X={ 00 e 2024

Heat axergy.
Thus the eflicliency of a Carnol cycle operating between [wo

reservairs ot T, and T, may also be expressed in terms ol exergy as

e
N = [ B (R (517~
£y

il "axergy"is that part of @nergy capabile of doing work, "Anergy”, Y,

i5 the remaning energy because "hoat Anergy”
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10.6 Application of the Laws of Thermodynamics

MNan - How system:

LR f JE 2 i e 227

The net usetul work pertormead 5 reduced according to thie wark

ired to displace the surrounding enviromment al @ constant pressure P

W, = W, = Pyl = M) -—-0- 248
and [rom 1st law of thermodynanics
(9] - A, 4+ Wi wees 3, 29
or isothermial heat transier
¥ = Tl = S —————d: 30
where S represent the entropy of the systom. Substituting equation 2.30
.i.n.tu 2:29 and the result imto agqn 2,28
W, = TlS, -850 - (U, -y - PtV =My e - 2.31
which represents the net  usetul work obtamable from the
menmodynamic substance undergomy a reversible process between state
poirtts 1 and Q.
ir Met useful work = {heat ransterred to the environmeant -
change m mitérngl energy - displacemsnt
Wk
W, = Q L W R

far real or areversible process

WH ':.'. T..I.E'. rd E“h I:ul L'Iu:l ¥ ‘I:Flll:“ull B llHIIIF S 2'33
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The non How availability tunction, A is defined
CE A=U+Pyv-Ts
S W, o= A, - A, for a reversible process

Wy = A, - A, for an irrevarsible process and for steady flow process.

axergy X - (O, -By)+m{c-/2+ge) ....2. 34
where 8 ={U+ Fv-T s} ={Il- T 3)

X=1H =TS8 = (R~ Ta.) vmc®

2.11 Second Law of Thermodynamics

The second law is an expression of the fact that some heat must
alvways be rejacted durmg the cycle, and theretore that the cycle efficiency
15 always less than unity. Kebvin Plank statement of the sacond law of
thermodynamic states that "it is impossible to construct a system which
will operate in a cycle, extract heat from a reservoir, and do an equivalent
amount of work on the surroundimg. Clausius statement on the other hand
states that; its impossible 0 construct a system  which will operate in @
cycle and ranster heat from cooler 10 a hotter body swathout work being
done on the system by the surroundings. (Royers and Mayhew, 1958).

The tist law suys that the net work con never e greatar than the
heat supphed, while the second law goes lurthar and states that v must

always be less.
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2.1 Application Of Second Law Analysis OF Energy Flow
Consider 4 set of mdustnal protess operating m a steady - state
situation which reguires anargy 1o bie supphed. as tollows,
A 1000kW dat TOOUK
B 1500kW ul BOOK

2900kW ol BOOK

'l

D 2000kW it 400K

E 4000kW at F50K. The hgures above aris for Space bsating
an outside enviconment at 300K, Assume that imsulation levals ara double
and that 50% waste heal Is recorded. This reduces each process energy
demand o 25% of its nibal value, resulting in the schedule shown below
and dustrated in tigure 2.4 wath a net enery demand of 2750kW
Processes A 2hHUkW dl | DO0K

B J7HhW at 300K

c G25kW at GOUK
(W D00KW dt JO0OK

E 1000kW at I50K a1 an envaronmaent at 300K,

Thi seoond law analysis gives the grade of enarygy required at each
procass i tenms of gxargy. The exergenc potential and rhroughout gxergles
are provided in ftigure 2.5 10 s noted that winke 1000KW ot energy s
reedded, this represents only 430kW o1 exergy.

Assumung that all the epergy is available ar 1000kW. {y = 0.7] then
thi Introduction of exergy converter [Such a8 gas fired heat Pump) operating
betvesen T1000K and 300K, and haviog and overnll exergeic conversion
etficiency of 50% can reduce tha amount of prmary engrgy supplied 1o the

350K temperature level 10 153kKW.
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Okwose (1998) highhghred some other studies carried out an engrgy

diiglysis of production plants. According 1o Qkwose, Gaggoll compared the

pnergy eificiency lor @ number of grocesses and unit operatons based on

the first and second laws of thennodynamics as indicated in Table 2.8,

TABLE 2.8: Compdanism OF Fust And Second Low Efficiencies %)

Linit aperation (ur pro¢ess) First law Second Law
Hesidential water (510 g

Domestc Water heater 40 2.5

High pressure steéam boilar =0 L

Tobacco dryer 40 4

Coul classitication by a6
Petroleum retining 90 10

Steam heated boler 100 40

Blast furnace 76 46

Source: (Okwose, 19498)

He obhserved thary the socond lave el hicienaies were much lovesee than

the caloulated using the sunple eothalpy Balanca (hrsr law), Thus according

to him it is due mainly o the irreversibibites of the process which have

destroyed some of The avalable energy of the mput materials, so that the

products have a lower capadity o eftect changes than the feed streams,



CHAPTER THREE

3.0 METHOD OF PRODUCTION AND USES OF ENERGY AT
ILE - OLUJI COCOA PRODUCTS INDUSTRY LIMITED

3.1 Introduction

The corporate abjective of Ue-Oluj Cocoa Products Company Limitad
is 1o make profit on the invested capital, Within thes contaxt, tha actual
trade is processing of cocoa beans nto cocoa products viz:
d. Prime cocoa butter
b. Cocoa cake
. Cocoa powdear
d. Cocon hguor

In commercial cocoa processing, thera are twa major technologias in
use and these are based on mode of cocoa roasting adoptad. The hrst
technology is whole beans roasting which in any case is beconing obsalete
and the second is the cocoa nibs (fragmented cotyledon) roasnng, which is
the favourite of processors because of its advantages.

Whatever technology that is adopted by & processor, Lha following are
the major operations in cocoa processing (Fig 3.1):

Cleaning and sorting of the cocoa beans

Winnowing

Roasting
- Grinding Domilling)

Pressing
- Butter cleaning

- Products packing.
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Production umit 15 being taced with a lot of challenges i annexing all
the aparating unins economucally to acheeve the set goal.

Amaong the challenges that readily come to mind are;

Produotion of wholesome products
- Plant gapadity mandagsimeiit

Optimal utilizaton ol resources

Etficient operation of plants and machingry

Ettective and efticient process cantrol,

Tha aim of this rasearch work s o idently arens of gnergy losses and

find ways  of minimising these losses It not tatally eradicating them,

3.2 Plant Description
3.2.1 Cleaning

The tirsl processimg operation 15 cleamng of the beans (o remove all
foreign matenials such as stones and gritg, metal pieces, hbra from the sacks
as well as unwholesame mouldy and mmatiee beans. Tha cleaning machine
is gquipped with magnetc separators, dilferent sizes ol sieves meshes,
brushes and air lifts tor separating good beans from o ampurities, Apart froon
immature graing, all the foregn matereils ae repected. nmature beans and

clusters are usually blended with athar winnowing products and processed

for thie production of cocoa bt

3.2.2 Shelfing And Winnowiny

A typical cocoa bean contam abowt 877, 120 and 0.9 pergant

respecively ol cotyledon or b, shell and germ., (Makanjuoala, 1996).
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fing and winnowaing are aimed at separatng all the cotyledon from tha
hell and germ. Most mechanical devices give maximum nib yields of about
to 83 percent.

Shelling 15 acheeved by passing micronized beans through impact
trushers. The crushed  cotyledon then lalls under geavity onto vibiratory
wves of various miesh sizes ranging fram Bmm (the largest] to 1.0mm
jﬁmalluan for elfective sieving and complite removal ol shell wia dust shells
&l the other end ol the maching. Winnowers are equipped with cyclones
and air tilters to remove the tine dust from the air coming oul of winnowers,

Hermiman, 19764).

3.2.3 Roasting

Roasting s particularly an important process in the production of
chocolate or cocoa but it is less imporant if the beans are to be processed
solaly tor production of cocoa butter, It is partinent to note that He-Olup
Cocoa Company uses the most recently deviloped method of heat treating
‘gocoa beans, the Nibs, Alkabizing, Roasting and Stenlizing (NARS)
processes. Itinvolves the subjaction ol mbs to 8 very legh tamparature via
& heat exchanging medium for 30 munutes, no dirgct heat s involved and
finally, a fine watar spray is applied 1o the hot nib, which includes most air

—

capable of destroying all microorganisins, includieg heast FESiStant Spores =

g —
3.2.4 Nib Grnding k

Ny
Ne o &

.t
This is achieved via a two stage particle size reduchion arrangement, ) /

The first state known as the Beater Blade Mills reduces particle size 1o 10%
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af the milled liguor., This section houses most of the pping netvork for
steam and hot water distribution as it ubdizes hot water especially when put
out of gperatan 10 keep the mall content m pasty form. Hammar mels ara
gmployed herg to create impact gt 902 1o the direction of flow ol mibs.
Sievas ot 0.25mm mesh size are used during the light cropping season while
that of 0.5mm are used for main cropping season to achieve a residua ot
10% rmaximum i the cocoa hquor,

Mext 15 tha agitated ball mill which turther reduces the particla size 1o

1% for maximum butter extraction.

3.2.5 Fat Removal

The tat in the lquor is removed by hydraulic pressing i pol press,
Most modern pot presses are of the horizontal type with up to 22 pots. lle-
Oluji Cocoa Product Company was installed with horizontal presses with 12
pots each of 150kg capacity. Maximum butter s axtracted from the iquaor
moara readily whan the liguor is hot.  To achieve 'rhis.. steam is introduced
thraugh inlet pores to the pots which keeps the press emperature at a

100°C pefore and during operation {Hermman, 19760},

3.2.6 Cocoa Cake Grinding

The cake from hydraulic Or pot presses are expelied and ground nto
cocoa powder. The cake lumps are first passed through hamimer imills i
then finally ground to ting powder, Since the cake sull contains soime cocoa
butter, there is a tendency for the fat o melt as grinding progresses and
there is a nead to use cooling air during gonding (o prevent the melting of

cocoa butter. The cooling is done with the aid of an all air-conditioning
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system with low refative humidity. The cocoa coke 15 transported via a
double serew conveyor into the grnder chambeér with the use of a vibro
teeder which regulates tha tlow. To achieve the pulverization, are a
sefmentad stator assambly wath bars arranged at O.5mm equidistance and
a rutor assembly which hits the cake against a grinding jaw in the stator.,
Particle size of 9% maximum 15 acceptable tor powder., The transter pipes
aré cooled and at the end of the pipes, an air stream then returns into
circulation (Hermman, 1976c).

Plants that generate steam, hot water of hot Huids usually depend on
heat transfer trom the gases produced by the combustion of fuel, The
potential for high thermal efficiency depends on the design of tha plants and
thi insulation of appropriate  firing equipment.  deally, the plant should
include suftficient heat transfer surface arga Lo extract the maximum possible
amount ot heat from the combustion products.  The actual thermal
afficiency of o particular plant depends on how 5 operated and
maint@ined. The maximom efficency can be achioved only under a
reasonably steady load when attention can be given to etlicient linng and

combustion control,

3.3 Fuel and Combustion

The categories of fugl used in industries in Nigena rangas trom
kerosine, gas oil (diesel), natural gas, hgh fuel oil and heavy ftuel oil
Ingustrial coal is not left cut. Their specific gravity range from 0.79 for
kerosing to 0.97 tor heavy fugl oil. The highter fraction known as gasaling

and benzene are not commonly used industrially, Gasaline s used manly
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as o el tor cars and Benzena tor cooking, Thae major tactor in the cost of
Jdselul heat s the fuel cost. The mital capited cost 1s wsually less as an
daiea! charge tor capiial and terest,  thaa thio labaor, mmaineoaoce and
sundngs such as chemitals and spares needed 1o ran a plant (Dryden,
1975).

TABLE 3.1 Physical Properties Of Some Fuels

Fared [ s - L 1 { TET R Ly Winiianaly
Bl g P A L
I:l.lj-:.-luj
Fair sl B2 130 0. AG.d QLo
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thigr storage,s pamping, Gong e Baoang. Tha most anparrant sngli
property af Gl s e viscosity Sowde Uos e divedetly colatend 1o thied punying
oot fEnuriac aved Galso attacts thue DS bty ooc B aloenizedd foe Liroloes
vlc ainall A cplets] o essenaial gt e g te Do comibaasing

FPhay wipdciisityy OF din il elizeiessens dlpiidby as thwe Doamspuaroliite s
pe s e and Deres e rasechudal Taol ods s be staracd atabiowe 2090 and
heated to abour TO0C belure delivery 10 the buiner (s viscosity will be
pedoed by o factor ab about sax i g procassy tEantop sd Coott, 199401,

Iredorsrreal bscnbars tor gy palassr Besire Dogber aancd bocavey Tacal oal
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a1 Bur cony Beoesbendind by dsinng ool sl portss Trog Bigliass

Perr gl G N Gumitaston i obtantd wiiein o tucl o lacned walli an eedcts
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supply ot air and when combustion s complate. Whon éxcess air 15 supplied
it must Le heated thus taking usetul gnergy trom the pgrocess. On the other
bvand, if nsulticient o 5 supplied leading to mcomplete combushon, the
aificiency is even less and pollution may be coused

In il firing, especially of industrial boiers, it s essential to match
combustion equipment properdy to the plant 10 be hixed. The charactensuc
of an oil flame are altected mainly by the composinon of the fuel and the
rate at which tuel and gir are mixed and subsequantly burned in the
combustion zone. Good mixing of fuel and alr Is assisted by tine atomization
of the ail.

A general equation can be witten for combustion problems which
makes calculation of air-fuel ratig and product analysis easier. For cases

when the fuel s a solid or a lgud hydrocarbon the equation is as follows.

0233 0 TET

lky rfued + A . &k e N

o fued + A [ 2 1 % ]
——=== B [aCo, + b0, + {1-a-b) N,) +cHO —=-= 3,1

Tha air fuel ratio by mass s given the symbol A ind hence tha volume
of vxygen supplied per kg of fusl s (A < 0.233/32)kmaol, and similarly for
Mitrogen. The symbol B represents the kmol dry tuel gas per kg of tuel; the
symbaols a, b orepresent the volumetnc fractions of carbon dioxide and
axygen in the dry flug gas, the symbol ¢ rapresants the kmol of stoam per

kg of Tuel



3.4  Energy Efficacy in Utilities
The overall efficiency of o steam system, f, may be defined as:

= mass of Huid heated £ inoroass in specitic enthalpy of fuel x 100
mass af tuel burnt < specihio calontic value of fuel,

Tha Ehi.-rrﬁal afficiencies usdally are quoted e @rms al tha gross
overall efficiency or the gross calornhe value (G.C.V) of the tuel. The gross
or upper calorific vilue of & tuel includes the [atent “eat of combustion of
the water vapaur in the combustion products: The quanbity of water in the
combustion product depends on the percentage of hydrogan in the fueal as
wwiell as its moisture content. The net lower or available caloric value (N.C.V)
excludes the lent heat contnbunpon and 15 theretore & marg accurale
measura al the haat made svalable when fuel & burned n a plant, It is dlsa
a better basis for comparing efficiencies obtaingd from tuels having ditferent

hydregen and moisiurg conlents,

32.4.1 Buwilers

Bolers are essenbally el exchangars i whach the thermal enengy
released by the combustion process is transformed lrom the products of
combustion to the coolant Huid (&g water on water/steam), Thae increase
i enthalpy of the wanster thaod represants the wesetul outpul,  An Bnargy

balance appligd 10 the system sadithin the dated ineg showao in (FRgure 3.2)

fpivies e following edguation. .-‘J ':‘
[
myhy o+ by, o+ mMGENV = mih, - b+ oy + Q) ————43.2
ey

. ! Y ¥
GOV 15 used in egquancn 3.2 wdoclh anpbes that thie wiater apQup i
L |

i

thee product s condensed out,  This 8 unhkely to happen wnless a

o

-
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condensing bailier s vsed sod thergtore the NOV o requoently useo, Boiler
gpihiciendy can then ba Jdelined &4,
el = mibh, -} or N 1 e et 1T
I GLEV my,NCY
Fivel TSt vegen i edweation 3.2 68 tho endPlpy of the tuelband e ugoally

noehipbdes v riprared withe the e foms 0T He e, This e L fy e
radiation koss; eat o lost Tram the casing by ot convection and rathalion
but the latler tarm iy i general use, The casing loss is usually less than 1%
tor shell bod veater tube Lollir, but can baas high as T0% o thi Bakor & not

adecqaatedly msulatad or ol thensalistion e allizwed 1o elerar et

Fliag gas "y b

__,.r'__ i e —m e e
'I.\‘
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r J
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The enthalpy of the tlue gas should be considarad m two parts, the
anthalpy of the dry tlua gas, and the anthalpy af the super heated water
vapour. Tha flue gas loss will than retlect the thermal enargy necessary to
provida the enthalpy of evaporanion Tor the water vapor tonmed dunng
combination L& flug gas loss s given by Eastop and Crofr, {1990) s

{m, + my - {18d + VhnJrEmE mi - m,Cit, +

(18d + vimih,, - I e )

Whaere d is the number of kmal of water vapour in flue gas par unit
mass af tuel,

Vois the mass ol watar vapou in umit mass of fuel supphad,

h_, is the specihic enthalpy of the super heated water vapour at the
partiol pressura af the water vapour and the tlue gas temparatura 1., h, 15 tha
specitic enthalpy of water at the temperature of the i - fuel mixture at
combustion, t, .

Blow dovwn losg = xm [Nf. - sl vooieeivnsinaiie. 3.6

Where x isthae fraction af tha steam fiow which s lost as blow down,
and hw 15 always equal o h,.

A moare detailed axprassion for equaton (3.4 would thus mcorporate
these additional terms from equation (3,81 and (3.6] thus bolaer atficiency
iS5 geven by

M = Engrgy lnpul - losses

Energy it
o

__hosges . $3.7)
Eisray Tnous

=
I}
e

trom equation 3.7
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My = 1 - {FGL - BOL - CLVEnetgy inpuy ———- (3.8)
where

FGL = Hue gas loss

8Dl = Blow down loss

CL

Casing loss

From equation {2.8), it is obvious that for the alticiency of a unit 1o

be improved, the losses in that unit must ba monitared. Yery often, no

dltempt is made to put a monetary valug on steam. It is being treated as an

overhead, spread over the various processes. The result of a costing

exgrcisa can be illuminating, perhaps uncovering areas of potential saving

that had been overlooked during & heat and mass balance survey: Hean

losses are temperature dependent aod not load dependant, The true cost of

sleam includes all the expenses incurred in its generation and distnbution as

witll as taking account of the thermal efficiency of the boiler and its mode

ol operation, that is load factor, The contributions to the tolal cost of steam

nclurdo:

i

Tha cost of tuel delivered ta the site and the cost associated with
storage and handhng

The cost of raw water and the costs associated with water
treatment,

The cast associated vath condensati water systam

Capital interest and depreciation charges.

Insurance, inspecton, clearing and descaling charges

Cost of spare parts and maternaly tor mant snance

Labour and supervision wages,
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Steam supply to ICPCL's process ling is generated by two oil fired

boilers burning digsel or heaavy tuel oil

3.4.2 Heat Losses In Boilers
34.2.1 Flue Gas Losses

The loss ot heat with the flue or dry chimney gosses is the largest of
all heal losses involved: from 4 w B percent Tor large boder uwiits, and from
10 10 20 percent for small - capacity boilars. This heat loss is due to the
fact that the products of fuel combustion leave the boller unit at a high
temperature, 115 to 150°C in high capacity boailer unit and even lugher in
smalier boilers (Neduzhy, 1965).

Equaton (3.5) can be used for the caloulation of flue gas losses,

34.2.2 Blow Down Loss

Blow dowin can be as high as 10% or maore of the steam flow rate
which reprasents a loss of about 3% of the lual energy input. This loss can
i reducied by recovermgg part of the thermal energy of the Blow down waler

by using it 10 heat the feed wiater.

3.4.2.3 Heat Loss Due To Incompiete Combustion OF Carbon

The products of combustion may contan gassous combination of
combustible components such as CO, Hy or CH,.  Their after - burming
heyond the boller furmace is practcally mpossible since the temMperalure of
gasses and the concentrations ol the cimbustible Sompoients il oxy gen
are too low, The heat that nuglhn be produced by the alter burning ol these

components, constiute what 15 known as heat  loss by incomplite

combiustinl.,
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The heat loss through incamplete combustion 15 given by
Q= ¥V, [126:4C0 + 108H; + 358.2CH, + L31.2CH, ] kd/ky
(Neduzbhy, 1965) cressnsnas -2 3,11
Whiare
V,, 18 the specific volume of dry flue gases, m*fkg and CO, H,, CH;,
CH, arg the wvolume coneentration of the products of ncomplets

combustion in dry tlue gasas, %.

J.4.2.4 Radrative Hear Loss

Tha heat loss to the surrounding through radauon remam virtually
unchanged from the rated value, unless the boller msulation is defective, in
which case, the relative heat loss increases. Al a boller load, D differing

frowm the rated load, Drared, tha rolative lpss graed can be found from the

forrviular,
U = Qoapeq — 5 ~"7 312
Where
D = actudl capacitty al the boiler uni
Dy = rated capacity of the boller wnir
st = loss of haat by radiation at rated capacity of the boiler.

For high capaciry boiler unit g is very small {from 0.2 1o 0.3 percent)
Dot many reach 2 o 4 percent in smaller boder wats, s magnitude is

o

estimated from special reference graphs and tables. F.

=\
3.5 Water Treaunant \ o
Water 15 tha maost frequently used thaimal gnergy transler et A

proper water reatmont progranime can yield substanbal savings n both
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' py and maoney. When water temperature changeas, minerals pracipitate
tie-fommn of a hard, brittle scale that collects in piping and on heat transter
iface. This insulating scale build-up reduces efficiency of equipmeant,
preases tuel requirements, and macreases mainiénance time and cost.
Tha Impurities in watar are in the toom of disselved gases and solids
:m:hz:iun of suspensian, The pnature and concentration of the impuriies
nd on the source ol the water. Scale tormation on heatl ranster surfaca
fdue 1o the thermal decompositon of calcium dand magnesium salts and the
gquent deposiion of products such as calciam carbonate, hydroxide
d silicate,

Scale may also b produced by tha deposition of corrosive products,
ae, silt and sludge. These scales may be dense o porous and firmly
itached to the heat transtar surfaces or they may be loose and easily
mmovad from the system. The additional theemal resistance created by the
gresance ol such scale on & heat transter surface will decroase the Deat
nanster rate. This may lead o increased energy consuimptian in the fonm
gl fuel wy hEating System and increased purmping costs i the case ol coobng
systems. Moresmportantly, it may result inometal ot spots and tabe falure,
Figuris 3.3 shows a typical Boiler wital lrealment system

Corrosion o hidt transter surfacus inowdater Systems 15 coused Dy
dissolved oxygen and pH lower tan 7.0, The low pH can be due Lo
dissolved carbonates onginating from the decompositiun of icarbanates.
Corrosion products either alone or ui combination with ficale, can decréasa
the cross sectional area available to the flow ot water. This can lead to
decreasa in heat wanster capacity, an mcrcase N pumping costs W

overcome the additional pressure drops or shul dowinl 1o cliar or repiaca
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wbies.  From Tablé 3.2, It can ba Sgen that more enardgy 183 reguarad 1o
oVErCOmie commansurate scale buld-up arcas duning heating.

Unscheduled shut-dovwn due 1o plant lailureé caused by corrosin can

have senous implication on producton programime and on labour relations

il space heatng 15 altected.

TABLE 3.2 Energy cost due to hard scale build - up

Scale Thackness | Energy reguered to overcome thickness

L.Bmmi1/16") Scale requires 15% mara energy
3.2mm (1/8") Scale requires 20% more energy
6.4mm (1/4") Scale requires 39% maore energy
9.5mm (3/8")} Scale requires 5% maora cnatgy

127 0un [127) Scale tequirgs 70% more energy

Soureo: (Al-Kharusy, 1996)
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3.5.1 Oxidation Reduction Metfiod

As good as existing water lilvation/purification technologies are, each
has limitations. They are short - lived, expensive and dithoult to ma.ntaln,
Alsn, they are easily fouled by microorganisms or just plainly unablg 1o
perform up 0 anticipated stricter reguldations,

Mew process madia of high purity copper-zinc formulations knownand
marketed as KDF process media using oxidation/reduction (redaxh method
reduces contaminants I wwater. The process moedia improves oid
technologies by protecting, and in some cases replacing  existing
liltration/purification technologies. It provides extended lite for machines
using water as coolant as well as lowers maintenance cost, controls
microorganism growth and improves performance (Al - Kharusy, 1936].

According to Al Kharusy, the removai of iron from the dissolved solid
in water was made possible by Stum and Lec in 1961, The following
chemical equations arg ways wilth which KDF process madia reacts with
contaminaints

i, Chlonne remuowvial
CulZn + Cly -+ Zn'* 4 2Cl + Cu

" Hydrogen Sullide reémovial
CuzZn + HS8 =LCufs + H; +4n
2H, T 6 5 —= 2H.0

fil. Heavy meatal remowval
CulZn 4+ PL"'(NO), —= ZniCu/Ph +  Zn' "(NOy, + Cu

e, raey (M rericssdl
Falll + Cull)=Faillli + Cul
(Sturmin and Lec 1961
Cullf + Q; + H" = Cullly 4+ HOQ,
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Fe (il + HO, + H" « Feiil) + H.0,
Feill + HO, + H' « Faill + OH 4 .0
-WtehS Tl
Fell} + OH + H' = Fa{ll) + .0
Feill) + 30H = FoiOM),,, preciyitation
4Fefith + O, + BOH + 2ZH,O « 4FalOH) £
Bl risiastiten

de———— Co ndonsaly refurn

.____H_
F o

H oW
wuller _'}_ HERET

Imlgl=

S

Figure 3.4° CONDENSATE RETURN PROCESSING STEAM EmLEHF_;wﬁH
REDOX WATER TREATMENT SYSTEM INCORPORATED
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3.6 Enargy Saving in Process Zones

The overall etliciency ol a steam plant is the praduct of the individaal
elficiencies of steam gengration, distnbuton and utlisation processas,
hence, it is important to ensure that all three are as high as possible. It s
relatively @asy to moanitor the boder atficiency with respect (0 steam
production and fuel used during the same perlod. It can be rather more
difticult to manitar the efficiency of dhstnbution and utiization of steam,
especially whien individual Stesm metss are not avalabla.

Thare s ample scope for nathciencies o the distrbwation and
utilisation of steam: poor Of non-existent insulation; steam leaks) louled
heat-transtar surfaces with low heat ransler coefhcients, IF an d sitg, the
stedm or any other heat transter mediam, s reataed as an ‘on-tap’ service
and this service is not shown as a separate change to the management af
the araa, there will be a tendency 1o regard the services as "free”™ and little,
il any attemipt will be made 10 measure oF MOoniLor its utilisation efhcency.

Steam hine design should be mada to transport steam by the shortest
rite in the smallest dimmeter pipe with the least heat loss and pressure
drop that circumstance will permit.  Steam should ba distnbuted at an
appropriate pressure and velocity, Steam should be distributed at as high
G pressure as possible and used ar as low g pressara as praciicable. The
pperating conditions and steam usage for each process should ba monitored
and reviewed perlodically praferably andit ccononucally feasible, haat should
be interchanged from effluent (o ntlugnce stream but avaiding the use of

live srean.
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When steam 15 condensad on g heat ranster siwrtace, the condensate
shauld ba removed quickly and efficieantly trom the stream space to ensure
that the maximum propoctan ol the heat rransfer surfaces are in cantact
with condensing steam. Warter logged surfaces reduce the rate of heat
anster, Condensate drained froim hoat transfer surfaoes and pluelines
sarves as a valuable source of veatad water; each 5 degrae centigrade
incraasa n boiler tead waler tamperature s equivalént to about a 1 percant
decrease in fuel usage, (Craig, 1981, Thus, necessitating the msulation of
return pipelings and conneactons (rom planis and process stesm usage ared
o the boder Teed watar tank, Much care should e 1o ansured that it does
not become contaminated with process Hnds or corrosion products,

Insulating surtaces wiach reqect hear to the atmogphere s one of the
most ohylows and baslc ways of recovering ey, The annual tuel cost s
ivaniobly roduced as the thicknoss of the insulation s ncreased but the
capital cost af the nsulation moarenal moreasas with the thicknass, hencea
the financial saving must be oft-set agamnst the capatal cost far g typical

wirite - ott period. Thera will noomally Lo an ecanomil thickness ol insulation

for a particular casa,

3.6.1 Optimization With One Variabie
Consider a systam which losses heat enuedalent to MG, per year,
according 1o e equation

C = F, | %] = P A B e LT 3:13

The system can be msulated using isabition of teokness &, and the
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hixed charges, WHC. tor purchasing and installing insulation are given by
B = Byl == o & &oiaasy i

Where a, b, ¢, and d are constants. Al other plant costs are indepeadent

af thickness of nstallation and therefore need not be cansidered.  Since

differentiating a constant would rasult 1 zero.

The total varnable cust, CTas given by

4+ b A oexs 4w d e 3ith

dG, = I O IR ey 3.1a
i W

Se the opbmunm value ol x s given by

B = BT caiiineh it s e n s 3.17

Substitution of this value mta equation 3. 15 yields the optimom valua
ol the total variable cost G, thidl s

Er = fagi™ 4 b + [e)* F ' s EB

O

Cr = 2{ac)™ + b + d

l'o detenming whether tha opler valie iS5 a maximum of 3 Bunumum
gquaton 3.16 5 difterentiated a second Ume

rJ"'IL';T T - . 1o |-

(i e %!

A positive value ot this lunction odicates that C) 1% @ munimum and

a negative value mdicates a masimum, Substitution of equation 3. 17 nto

3.79 yields



(Murphiy and Mokay, 1982
i.e a posinve rasult, thoarefore & memamum total cost, €,. It the cost
parametzr C, does Nol attain @ maximurm of minkmum valug, an Inpassible
result |5 obtained for the differentiation process; such s zero o infuity, or
the sguare root of a negative numliar,

Consider a steam jacketed vessel and its associated ppelines. The
existing insulation needs replacement and it (s necessary o delerming the
thickness of insulation which will result in the minmum total cost, Table
3.3, shows the tixed oasts, based on the purchase “nd installaton of the
insulaton, and the variable costs of the heat lesses, based on nsulanon

thuckness, steam cost and hear tranater (kW)

TABLE 2.3: Insulation Thickness And Cost Variation,

Insulation thickness () 20 40 G BO 100
Fizxed Cost (M 10Y yvear) 2.2 3.5 4.8 6.1 7.4
Heut losses [N 10 yaar 10.2 | 6.5 5.2 4.6 4.2

Towal Cost 2.4 16,0 10.0 10.7 11.6

source: (Murphy and Mckay, 1982)

A graph af the cogst may be plotted against insulation thickness as
shown in Figure 3.5, The total cost gurve represanting hixed cost and costs
duiz to haat losses 1s shown, The poet af ntlection s at a minimum total
cost corresponding 1o C of W97, 500, The corresponding thickness of

insulation s 49mm which reprasants: the most economic thickness ol
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Fig. 3.5 Optimum Economic Thickness of lnsulation
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3.6.2 Sawinys In Steam Utihzation Within A Process Zone

Considerabli savings in heat 10ss can be aclueved using Adlplas balls
tor the exposed areas. These are hollow polypropyleng balls winch Taat on
the bguid surface and can be used up 1o lemperatures of about 1207C
which is considerably higher than the process temperature above which the
tree fatty acid in cocea liguor cannot be cantrollable. The balls alat act as
insulating layer thus reducing considerably the evaporatuon from the anks.
A double layer Is even more effective, tar example, water at 30°C with a
goubli layer of balls has been shown to reduce in evaporation rate Ly 90%
|[Eastop and Croit, 1990).

Evaporated tumes Trom tanks must be gxtroctod by tans giving an
addinonal Source of heat lass; by reducing the evaporauon, the axmraction
rate can be reduced considerably thus reducing further the anargy loss. lle -
Oluji cocoa products company has 13 uninsulatad stecl tanks used tor
liguor storaga during processing. Five of them are of 20MT capacity, Two
of 1OMT capacity and six of 7.5MT capacity as shown in Table 3,4, The
liguor in nine of the tanks are Hoated 10 8 temperature of 90%C while the
Butter in four af the 7.5MT tanks ara hoated 1o a temperaturi of 60°C by
steam in tubes immersed oo jacketed compartment as in Figure 3.6; the
gteam ig produced by tawo alternanng boder wath an average dihiciancy of
76.3%.

insulanng the tank walls with a 10mm thick slab of msulator veould
vield the company an annual savings as wdicated in Table 3.5 Using
double layer af Allplas balls tor the hguid exposed surfac, the company’s
annual savng would be as tabuloted o Tabla 3.5 Lasty the sinple pay -
back penod, it the measures above dre nnplemented 15 also showo in the

same table:
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TABLE 3.4 Liquor Storage Tank Specilication

Muimiber af Units Capacity Heghit Dhaimeter
B unitg ' 20mMT 3.0m 2.12m
2 unirs 10MT 2.0m 1.60m
0 umts F.5MT 1.8m 1.33m

Ambient tampearature = 31°C

Heat transfer coefticient for tank surfaces = 10W/m“ K

Assume the same for all swlfaces,

Heat transter coetficient, liguid surtirce to ambicnr air, 10W/m K

Heat transfer coetficient from hguid 1o inside wall of the tanks = 500W/m° K
Heat luss by evaporaton from liqud surface for big tanks 6.500W,m" and
tur ths smuall tanks 4, 200W/m"

Thermal conductivity of insulating material = .07 Wik

Heal loss by evaporaton from tanks with Allplas balls 1500Wim*

Cost ol tuel used In boler N7/t

Additional resistance due 1o Allplas ball = 0. 2m7K/W

W1,6200m

Insulation Cost

Cost Allplas halls = M5 210/m

Operating hours BA00 hrs patr annum.
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Table 3.5: Enargy Savings Expected Due 1o Tanks™ Insulation.

= -—

Tink sizes rEmIT FAEMT 10,0 M T 200MT
Dipuan tank Batrin taik | Diguor Tank Litter vank

Tark gqudntity 4 2 2 b

Conductive losses thiough | 8,80 4,33 1.7 i e

Tank wealls (kW)

Expeciad savings tiom F2.61 7189 12,10 47449

conductive lossas [k}

Convoctve and 15.84 10,08 12,10 GA U5
Evaporative losses (kW)

Saving txpocted rom 1210 i, s .84 44 .40
coanvective & Evaporalivi
losses kWD

Mopetary vialuo ol 5aviigs | 30,506.56 39, 620.00 | 4o 0ab B | 2000921.37

MW frcm variows schems

Total expected savings per annum H318,083,.40
Pay back period = 2.81 years

Corrasponding to 33.7 months.

3.7  Energy Savings in Factory Buildings

In @ factory, the energy conswmption due to ighting may be as low
a5 3% ol the total energy consumption but considerabla cash savings can
stll e rode by making suniple changes 10 the hghibing Sysiem as i ol fes,
wiorkshops, warehoose and factory Tioor. Industngl consumphion accounts
tor up to 40 percent of the total 0 many indostrishzed countries and
signiticant savings are pussible (Weedy, 19749),

by thus section, vways vall be considerad i reduconyg the armual hghbmg

casts with comprarativily stmall capital cost dnd with short pay back penods.
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Savings are pussible due in part te advances in hightung designs and in part

1o the introducoon of control Systems and many recovery methads.

3.7.1 Types Of Lamps And Tubes

The following types ot ighting in comman wse in the industry under

study are cansiderad.

3.7.1.1 Incandescent Bulbs

The most Common type of lamps, or light bulb is basically relerred to
as wngsten lamp. Incandescent lamps are moese eflicient and have a longear
Hte when filled with a halogen gas, vanous proportions of halegen are used

Lot the type is genarally known ds tungstan haloogen,

31312 Fluorescent Tubes

In the tluorescent tubie, light 5 produded by the excitation of a gas
[originally nean) or o metallic vapour by an electic discharge. With
phosphorus coating, a white light |s produced, This type of hght has much
higher etticiency than the incandescent lamp and also has a longer bfe.
Conneacted usually in two pin hithing on each end of the tube.

Vanous improvements to the design have been made in recent years
o increpse the efficieancy. l:ﬂr',mll::ll Upeds b Pl canig argponn gpas an thie tubes;
tuba digmeters have been reduced; tr-phosphores coalings provide more
stability and better colour rendering. High trequency Huorascent tubes hoave
riecently been miroduced whech operate on frequencies as high as 28KHz

instead of the nurmal mainsg frequency ol 50Hz. Such tubés have an
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electronic ballast which increase the cost over the normal tube but the
gtticacy is increased by about 10%.
A hagher advantage ot high frequency tubes is that the stroboscope

erffect is aliminatad.

3.7.1.3 Orhers

Lamps using tha pnnciple of discharge throwgh a gas or metallic
vapour but not necessarily using thi Huoregscent concept are also in common
use, These are the mercury tluorescent which requires six minutes o reach
full illumination and six minutes on re-start, the metal halide lamp producing
light by radiation from metallic vapour mixture requiring 12 minutes to resch
tull ilumination with Hive minutes on restart. Low pressure sodium (SOX)
lamps which have a high efficiency but give an almost monachromatic
yellow light requires eight mimutes with same tima for restarting. High
pressure sodium (SON) lamps arg alimost as efticient as S0OX, Such types
of discharge lamp are not suitable for instant lighting since thers 1s &
wearming up period betore tull durunation 8 obtained.

There are several wiays in which the eneigy used tar highting may be
reduced with a consaquent reduction of annual runming cost, The tirst and
parhaps the most obvious way is 10 check that each lamp is switched on
only when required.  Simple -li||||:r9. can be uwsed and photocell swatches
cannected in areas where daylight levels provide adequate lighting tor parts
of the period of use of the building. The choice of lamp and luminaire for
the purpose required are obviously very important, Too much light waste

energy but it has been shown by vanous studies that thare s a strang



- 67 -

correlation between praductivity and lighting level, likewise choosing the
nght type lor a specilic purpose can lead w greater energy etficiency. The
cost of replacement must be considered as weall as the runming cost and
h@nce the probable lite of a lamp is an important tactor. Replacament cost
includes the labour cost as well as the cost of the lamp itselt and intact the
former may be the greater cost element.

The tactory floor area of llg - Oluji cocoa Products Company building
is 7,880m* and is lit by 5B6 single fludrescent tubes having o rating of
43.0W and an electrical input of 40W with an afficacy of 64 Im/W and a life
expectancy of 8000 hours,

In an atempt to reduce the cost of lightings it was proposed 10
replace the fluorescent tubes with 40 Sodium lamps of 320W electincal
input, efficacy of 142 Im/W and a ife expectancy of 12,000 houwrs. The
factory is tluminated lor 54,000 hours annually.

Cust ot fluorescent tube W 180.00

Cost of sodium lamps N 360.00

It is required (o determine the viability ot the above project and the
increasa in illuminance if any,

Unit cast of glectric energy 1s N4, 25/kKWh.

Assume that the efficacy 1s based on the total electriical input then tar
the present system in use, lHumimance

586 x 64 x 40 - 190.4LX
7880

Far the proposed system, lluminanca is
40 x 143 x 320 = 232 3LX
7880




Percentage increase i dlurmmanca
= (2323 - 1904 x 100
190.4

= 21.99%

Annual electricity cast with exiling syslem |5

586 x 40 x 5400 x 4.25 - W537948.00
1,000
and with the proposed systam
= 40 x 320 x 5400 x 4.25 = M 293760.00

1,000

In the existng system, the tubes have a life span at 800 hours and
hence should be replaced at a tme inmerval of 8000/5400 = 1.48 yedrs.
For the proposed system, this should be replacad at a time interval of

12000/5400 = 2,22 years.

SoAnnual cost of replecemant of ubes will e for axisiing Systen.

586 x 180 = HW/1270.27
1.48

tof the proposed System

40 x 360 = MNGABG.49
202

Thus wsig 40 sodium lamps in place of 586 tHluorescent tubes, there will be

22% increase in illumingnce and cash savings of N308871.18 annuaoally

3.8 Energy Auditing

The technique used in the management Of enargy hove muoch in
common with those required far the managemeant of any resources m d
company or establishment.  Enargy momtoong s the tenm applicd 10 tha
regular recording of data refevant Lo the energy perfonmance of anything
from a single piece of plant to an entwe sitg. The eléctrcily  Consunipuon

ol a company will eflectively be manmtored by the metar mstaled tar Bilhing
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purposes by NEPA; such company may wish to have a more detaled
knowledge of consumption and will install separate meters at a nuimber of
lucations of major usa. This recording of infonmation tor analysis of trends
I areds of maiurldﬁmand can be carrred out.  Sumilar systam can be used to
metar the detailed conswimption af other donsumiblas such as ol and warter,
athér data such as temperaturg and pressurg can be detectixd by sensors
and again recorded {manually or by automalic means).

Monitoring will not of ltsell lead to energy savings unless the data s
diralysed and put in context weathon the  company  or estabilishiment.
Theretora atter manitoring, the next step is to analyse the data and carry out
an energy audit, A company will pay bills Tor fuals such as electricity and
ail. Tha objactive of eénergy audit 15 10 deténmina how well the company
uses the energy and ultimately the energy cost contained in the price of the
product. Having then sstablished how the shergy is being utiized, many
indusines apply the concept that encrgy consumiption can be decraasaed by
say 5% par year by the practuce of good house keeping and more systeématic
mamtenance, Starting with the present anoual consumption relarad 1o @ umt
ol praduction (e.g in MJd/ton) or ta the umt area of o building (Craeg, 1981).

This appraach has two advantages, hirst it affords a compansm o ong
system with another, the other advantage o expressing endgrgy consumption
i terms of umit cost is that changes i oulpul o building sze will lead To
Ehﬂl'lgl:':l on consumption unrelated (o ethcency ol anargy use,

He-Oluji Cocoa Product Company produces lour major cocoa products;
Cocod butter, Cocoa Caka, cocaa powdar as well-as cocoa liquor all stored

al difterent stores within the tacrory, Datails of monthly. producton hgures
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tor tive years are as shown in Table 3.6. Table 3.7 shows the regrassion

dgnalysis tor the year 1996/97 for prediction of product yield,

TABLE 3.6: Product Output For 5 Years

Maonths 1992/93 1903/04 1994/95 1995/96 1996/97
MT MT MT MT MT
October 128 152 441 110 749
November 305 121 607 121 981
Dacember 145 190 455 - 1078
January 241 212 317 105 1084
February 281 134 70 166 11777
March 236 212 636 108 633
April 339 268 170 126 640
Miay 479 471 416 69 612
June 3739 441 - 118 BE1
July 207 149 - 219 697
August 95 133 - G569 720
September | - 199 112 884 814
Total 2,806 2,687 3.278 2,676 9,846
i N
3 |
%
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TABLE 3.7 Regression Analysis for the year 1996/97
MONTHS Production Dhiesel far xy !
Uutput X Hoasting
{MATH Plachine Y
(ILTRS)
Oerober Tidd 4.7ah5 7,328,365 BE1,001
Howember BH1 13,500 13,302,360 g6 aa1
Decembear 1078 16,470 16,676,660 1,162,084
January 1084 18,380 19,923,920 1,175,000
February 1177 16,270 19,149, 74940 1,385,229
March B34 12,480 8,096,070 400,689
April G40 14,857 9. 508, 4 E0 404, 600
May 612 B,022 4,909,404 374,544
Junig GE1 9,790 5,471,190 436,921
July GaT Hhb1h iR B - di5, 509
Adgust 720 11,610 B, 359,200 B8, 400
Seprember | 14 12,550 10,248, 260 BEd, 596
Avarago 820.5 EY= IxY = ikt =
151,639 129,909,314 8,534,390
X = PR = 846 = 820.5
N 12
Y - iy = 151.639 = 12636.6
N 12
b = Exy - Nxy = 12.05
Ixf-n (x)?
Regrassion aquanan
d = W o- bx
a = 2758.9

Thus the regression equation of the above is
v = 27639 + 12.05% Ll 304

3.8.1 Load Profile
In industries, it is possible to relate energy usage and enargy cost Lo

production tigures thus tormulating energy indices which are used lor checks



1D
as well as energy forecast. Such forecasts are baced on previous years
loading for the puriuu in guestion updated by factors such as general load
mncregsas, major new loads, and weather trends, Both powaer demand and
energy (kWh) torecasts are used, the latter often being the more readily
obtamned,

Figures 3.7 o 3.11 show the Trend for five years of internally
consumed power and consumption from natcnal gnd n le-Olup Cocoa
Products Company. From these figuras further detailed braakdown can be
aclueved e.q.

Enargy index for October 1992/93

]

Corresponding tatal load/product output

- 815.7 = 6.37kW/Ton
128

and for Ocrober 1996,97

1200 = 1.60 KW/Tan
749

Energy indax

When a company produces specilic products, a uselul parametaer to
monitor and compare energy consumprion is the energy index, The snergy
mdex s the ligure obrained when tha. gnergy usa s divided by the
production output, and the ndex may be calculared weakly, monthly or
annually,

Although the total energy ndex 15 sufticient 1or manitcnng purposes
a record of the individual energy indlces should be maimntainegd, In the event
ol an Increase or decrease (dug 10 a conservanon measurel n the energy

index, the particular source can be imvestgated immediately.
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It can be observed that the energy consumed for the year 1996/97
was far higher than corresponding years bul the engrgy inde;. far that year
i5 least for the five years compared because there 5 a correspanding
increase in the tonnaga of products - produced hence the trend thus axisis.

Enargy managers would not be pleased if there 15 an increasa in
erergy consumptfion but will not necassarily complain it there s a
propartionate increase in owput as in the above case. The slope ol graphs
from Figure 3,12 also indicate Tuel energy index for Roasted beuns in tha
year 1995/96 and 1996/97 which are 16.08 liters per tonne and 15.40
litre/ton respactivaly.

From the sgatter diagram in Figure 3,12, the points show consideralile
scarter but there s a disunct trend relating production output and beans
roaster fuel consumption. Tha bast straight ling relating the points can be
abtained using least square analysis and the regression ling is given by the
euation:

Y - TR & YEABE e b oy |

The regression ling can be used (o compare energy consumptions with
agtual results and when cansumption is unfavorable, measures may be rokan
to reduce the marginal consumption,  The relationship  betweaen anargy
consumption and production output 15 not linear. Energy mdex can be used
to specify how uwsage and consumption efticiency of tuels aftect the
production costs, The identification of energy cost center, in order 1o
breakdown the total consumption, varies betwean different organizations.
Typical specitic areas of anecgy consumplions are otfices,; lactory premises,

maching shops and procass units.
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The monthly usage of fuel ol and electricity for Steam genceration in

lle - Oluji Cocoa Product Company is consumed in the tallowing stages,

He Process usa

£y, Environiment use

g, Unaccounted |losses

d. Boiler losses |.e tlue gases.

The gas oil consumption by the company 1s used for.
b povvet house
i Ruastur
il Vehicles

The thitd energy source used by the company which is electncny s utiised

as fallowes:
Eneragy Canter Poweer consuimed (KWh)
i) Bailer 20.30
(il Pivwver hiouss 1.38
(i) Enviranment a7.80
L] Process zonag 14971.72
L) Qifices 40

Tatal tuel utibsed ducng the year 1996/97 suinds ot B61.645.46
litrées valued gt NGO31518. For an annudl producion output ol 9,846 MT,

the cost of producmg o MT of beans would be N735013/MT ol beans,




CHAPTER FOUR

4.0 RESULT AND DISCUSSION

There are generally scopes for enargy savings in any arganizat,on but
the anergy manager should remember that there is ample opportunity to
embatk on il - conceived energy "conservation” projects that can result in

maldistribution of energy or greater owecal! expanditure by the company.

4.1 Discussion of Findings and Obuservations

Carelul considerations werg given to proposed projects 1o determineg
their cost ettactiveness. This was to ansure that money that ought to have
baen spent on other profitable aspecm of the business was nat spant on
energy conservation project without commensurate profit margin,. 1t s a
matter of fact that an energy manager should be tamiliar wath the tinancial
palicy af a company and his case should be stated in terms af potential
sdvings discounted over a period of tima, against the pgrojaot cost of energy.

A straight torvward pay -back time based on present - day oosts can
attan be misleading and may result in the rejection af a proposal for what
5 0 realty a cost elfective project.  In uying to hind solution o some
problems through energy opumisation in ile-Olep Cocon Products Company,
VEMOGUS ophons in cost reduction strategy werd analysed within the context
of this research waork.

Thiese includea:-

1: Developmant of mare athciont processes tor energy use wiach takes
tirmig and maoney N consederation,

2. Operating existng process more efficiently which reguires the
dedicated enthusiasm of all.

Al common services should be regularty inspected for leaks, sincg
they are often not attended to tor long penod due o poor accassibility.
Where more than one boiler 1s 10 use, It may b possible 1o shiut one down
far part of the tme. Hot water storage of a boiler will vary wath the load an
it and is greatly atfected by the elficiency ol combustion and by the franstar

of heat trom the wasle gases o the wWatdr,
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The treatment af feed water protects a boder from the effects ot
corrosian, raducmg the nsk ol faidure by overheating and lass ol afficiency
which would atherwise result from the bulld-up of doposits carmied to

axcess, blowdown of the dissolved sohds in Doiler water which can cause
up to 10% ol the energy supplied as heat o be lost,

Whan energy Is rejected in the teom o pressure, bedl, wasts gases
and athar products of unburmt fuel from ong process, it may be possible o

harmess it to reduce the énery naads ol the saime or somae other processes,

4.2 Heat Recovery

Heat recovery Systems can be ntroduced at the design stage of a
new plant, but It is morg often the case that heat recovery has to be apphied
tu axisting plants like e-0Olup Cocoa Products Conmipany.

With two bailers ot sizes UL-S 2600x10 which amit tHun gases as
high as 190°C/220°C respectivaly, a mun around coil, shall and tube or
cross How heat exchanger can be used 1o recover engrgy from the Nug gas
tor teed swater heating trom the present 40°C thus reducing the energy
requirement tor raising the temperature of teed water into steam. From the
bLiler paramaeters, the efficioncies of the two boders wera estmated in order
fe ascertam ther cosh allacliveness, Alsa, the rmeducticn oy Tuel
consumpuons if fead water temperature woes nereased mw aboutr 90%C and
it the boilar were redasigned for a flue gas temparature of 127°C and
177°C respectively wirs estimated. The results are prescoted in Tatdes 4.1
and 4.2 respectively

Tha spacifications and operatily conditions of the boders Gre as
shoven below!

1) BOILER A

Fugl rypis Easol



i

= Ea .
Composition by mass

BG.2%C, 12.8% H, 1.0%5, GCV 4b5.6MJ/kg

Mass Howrate of fuel - 200kg/h
Fuel Cost (October 1998) - W 9. 00hire
Rate of steam genarated - 2600kg/N
Pressure ol Dry saturated oir - 10bar
Fied water temperatura - 40°C

Blow doven flash vessel at 1.7 bar and 10 o) stedm mass tow rati,
Temperature of make up water ut blow down = 16%C

Alr tempearature at entry 32°C.

Average Hlue gas temperature at boiler exit = 190°C

Fluge gas pressure at uxit - 1.03 b

Heat losses (rom casing = TakW

Boder is used at twll load tor 4,800 hours per annwm

BOILER B

Fuel ype . MHeawy Tued ail

Compasition by mass! BZ2.9%C, 17144%%H, 4.5%5; Y1.2%5 othar

GOV 42 5MJ/kg

Mass tlow rate of tuel FaGkygih

B OO e

Fuel cost [October 1998)
Steam produced ot 10 bars
Flug gas temperature at bolor exip = 220°C

Heat lgss fram casing = P S0RW

All opther parameters aro similar to that ol boler A above.

A cross flow heat exchangar s used o fecover ungrgy truin @xhaust

Hue gas winch consists of mixed stream of hot exhaust Hue gas Howing at

2.5kqis across a bank of abes conveymng uiimesad Doiler feed waled.
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The gas with specitic heat capacity of 1.09kJ/kgK enters at 190°C

and leaves at 1277C, The averall heat transtar coefficient being 180W/m K,
the calculated heat exchanger aréa required was 13m°. The tual cost
savings per annum wsing an L.P.F.O boller with etficiency of 74.49%
amounted o N112334.50. This is in additon o over a milhion naira that
would be realised from the reduction in llue gas temperature as mdicated in
Tables 4.1 and 4.2. The project has. a payback penod of less than two

yaars whan amplementad,

TABLE 4.1: Result Of Analysis On Boilers A and B

Boiler A Boiler B
Flug gas lossas 13.016% 14.23%
Casing loss 7.120% B.76%
Blow down loss 1.70% 2.31%
Etticiancy 78.16% 74.49%
Savings from leed water MEG1678.68 M578109.92
Tamperalure increase
trom 40°C o 90°C Par anmum [FELF T

TABLE 4.2: Result With Reduced Flue Gas Temperatures.

From 1 90 220°C

To 1300 17720

Bimilar A B
Flug gas losses 10:5%% 12.29%
Caging loss 065 8.43%
Blow down loss Z.03% 2.57%
Méw gflimency BO41%: JB.18%
Annual reduction in fuel cost M1225224.00 BMES2E00.00
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4.3 Savings in Cost ol Steam Distribution Within a Process Zone
Existing wat steam supply pipings from a fuel cil fired beiler into the
process zone of lle-0Oluji Cocoa Product Company utilises pipe network with
an outer diameter.of 15 .2mm and an insulation thickness of 25mm. With
insulalli.nn thicknesses of 15mm and 50mm, comparnson of economic
viahility and cost savings, il any, in the use of different thickness was

estimated using the lollowing data and the result tabulated in Table 4.3,

~O
P

JAVA

o

Figura &«1 PIrIHG WITH IMSULATION THICKMNESS OF Femam -

Steam supply pipe outer diamater 15.2mm

'Heat transfer coalficient tor duter surface of insulation = 10W/m?*K

Thermal conductivity ol insulation = 0.043W/mK

Steam temperature = 1859C A
i g
e

Tampoerature of ambiant air = 0% C I o |

L |

Boiler efficiency = 74.49% % >
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Frice of heavy fual ail = B 700/ itre
Diuration of aoperation = 5400h/annum

HOmum at M4109=/m

Cost of insulating material
25mm at K 1800=/m
15mun at W 108U =/m

The thermal resistance of cylindrical msulation s given by

R = In {r./r;] for unit length . ........ 4.1

2Kl
From figure 4.1

whire ry = pipe 4 insulaving matenal outer radius Im
f = prpe outer raius m
k = thermal conductivity of insulation in W/imK

I = length of section being considered m.
The thermal resistance H ol the Hud film on the outside surtace s
piven by
A’ = | PR . 5.
and the heat vanster par unit ared

* R
walara

R, = H+ R

TABLE 4.3: Result Of Analysis Using Different Insulation Thicknesses

Insulation | Theimal Thermil Heat Annual cost Hayback
Thickness | Resisrance Resistance Transfer per | of heat loss Pt
frrirrg of Insulation | fuid fiim it duniggeh [HAE TIVETET fmianehsd
[ A {en kA Wi (M} 250m
L¥] i 210 Ta.5 | 7585 . 9/m
43HRST5.0
15 4,03 0. 325 TR S 130
1807576.0
b B39 0.49 263 N BT 0 T 1.88

1 5AB007 .5

i8] 6.98 028 213 4989 3/m 3.90
12473149.0
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From the above analysis, the company would pay about B 1.9millien
more for fuel if its steam supply lines are insulated with 15%mm thick matarial
or waste a8 sum of MW369976.5 for using 1%mm insulating marcerials,
Whersas the company would save N 290688.5 using an insulating material
al 50mm thick,

It can be turther deduced that the cost of heat loss is smallest using
the 50mm thickness ab insulation comparad 1o othars but the imital material
-:::ust_iﬁ higher than others. The heat 1085 rom the surface can be reduced
substantially by covering it with a matenal that has a low thénnal
canductivity and a low emissivity.

In general, the temperature of the outer layer of a properly insulatad
surtace is such that the steady-state heat 10ss s maintangd by natural
convective heat transfer. Tha air in the immediate vicinity of the insulation
15 heated, thereby reducing its density; the warm air rises and s replaced
continuously by colder air.

Considerablae savings have been made in the cOcoa processing Sector
by providing insulation to cover machings that hava extremsa tempoerature
diffarence with 1s surroundings dunng oparation, Many cocod industrigs
involve the heating of liquids in partially opencd tanks Sach as maxing tanks

for alkalization process or mass and liquor storage tanks during operation.

4.4 Insulation

In particular situations, the actual economuc theckness of an msulator
depends on the relananship, trade ofts berween insulation cost and haating

cost. Considering the analysis of engrgy savings in section 4.3, one &an
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evidently aﬁcena_in that as the insulation thickness increasad from 15mm to
50mum, the thermal resistance for insulation also increased proportionately
fram 4. U24mE/W to 6.9756 mEK/W with a corresponding decrease in the fluid
film resistance from 0. 7m K/W to 0, 3m K/W.

Thus there is a high rate of heat loss from the 15mm thick insulation
compared to higher thickness, It was also shown that the minimum heat
loss was obtmnad with the 50mm inswlanon thickness but wath a longer pay
back period ol 3% manths, basically due o the higher cost of the 50mm
insulating material. This imphes that the 15mm matedal has more imimal cost
advantage but long 4erm saving is in favour of the 50mm material.

© At presant ICPCL uses the 2Bmm thick insulating material with an
annual fuel cost of hear loss valued a1t ME6738.6 per meter. An additional
fual savings of W1273.50/m can be achieved using the ‘50mm thick
insulating material. Hence, with a total length of 238m of insulating steam
pipes, lual saving valued at N 30309300 can be achieved, A loss of
M 1,620.90/m could have béan incurred using the 15mm insulatng material
resuluny is a gross loss of N3B85774.20 annually,

Tha insulation of tanks s capital intensive with a very long pay back
period of over two years which some industrialists would consider
unprotfitable to invest over a milhon Naira on. Though the annual savings s
wiorth the trwesthenT. ignarant enterpranaurs would prefer o nvest on raw

materials at the expense of energy 5aving venlures,
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4.5 Water Treaument

The reatmeant given 1o the rave water depands on its composition and
the type of boiler system inowhich the treated water will be used, the higher
the boiler presswre, the purer the treated water.

In ICPCL, water technology is tar behind technology tor today's boiler.
The raw watar hardnass in the company 15 60ppm and the baler water
hardness 1520ppm.  Thus, there exist a high degree of scale formation,
Wiitar 15 pumped diractly from the company’s borahale into undarground
tanks of 460,000 litre capacity without chlorination or any othar physical
freatmesil. The raw water goes dirgctly into the boiler house, 1t s then
passed through lon softners which are not tunctional as the resins are spent
hence all feed water hardness goes to the baoiler.

Tha water pH is maintained ar relanvely high value and gamadyné 1s
I.IHI"IU;J'LGEL”'H' {'Ju:-zeld in but that alone cannot perfarm the primary function of
removal of jons from the water, Thus, the farmation of heavy scales. The
hugh hardness load on the boiler 1s the mam cause ot scale dEiJl;}::i-iLruﬁ an the
boaler tubes, The depositad scale reduces haeat rranstar leading 1o incréased
time tor pressure build-up in the boiler and increases in fuel cost. Scales
also lead to overheating of tubes, and it 15 therafore capable of causing
ultmate demage to the boiler installation,

In an attempt o solve the above stited problems, ditferent
Illi:'lllilqurHEﬂ'[ had on one accasion or another visited the issue of punficanon
af water but cost had been a major impedimant in the realization of these
goal. Newly invented oxidationdreduction system in water téchnology by a

research team hesded by Dr. Wayne C.Turner, Regents Prolessor at the
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Oklahoma State University (05U College of Engimneenng, Architecture and

Technology resolves costly problem from watar treatment.

Keltronics design and assembles ponted circut boards for Cusiomers
which fabricate electronic egquipment for telecomimumications, arcraft and
scigitific application, At ong tme the tin/lead content ol effluent water
used to rinsa off prnted circut boards was coesting Keltronic Corp,
Oklahoma City Ok W 327,680 per gallon to dispose ott as harzardous waste,

The cost has beean eliminated with the installation of a closed loop
wash down system using progpriegtary water treatment technology based on
oxidation/reduction {redox) chemistry, Tha first of the two solutions was by
using ion exchange to remove lead and adjust the pH. The second solution
ottered by Turners team involved the wuse of redox chemistry. The redox
chamistry system otfered two disposal options.

1. Discharging the treared etfluent into the sanitary sewer system at a
standard industrial discharge cost of N78.75 per 1,000 gallons.

2, Continually reusing the water in a closed loop rising system that
would eliminate not only the sewer discharge lees, but also the
constant cost of using incoming city water for the rinse process, The
savings ware in addition o aliminate the M327.60 per gallon cost to
treat lead -impragnated waste-walers.

Much as these praposals had been tested and tound not anly to have
a last pay back penod but also having @ igh profin yield, le-Qluji Cocoa
Product Company’s management sull considers cost as a major impediment

in traating her water both tor process operation as well as tor drinking.
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4.6 Lightings in Building and Power Factor Correction

Enargy expended onlighting in ICPCL is small, significant conservation
of energy had been achieved in this area. Most signihcantly 1§ the type of
luminaire used in various sections in the factory. A knowledge of the
maximum light output of a typical fluorescent tube enabled us In the
distribution and installation of the tubes, thus tluorescent tubes are not used
in the butter roams whare the room wimperature s below 18°C.  Such
mmﬁera[ure reduces ight output to abowt 75% of maximum.

In the refinery as well as the tankage areas where tank temperature
go up as high as 90°C in which case surrounding  air temperature will be
commensurately increased above 40°C, flugrescent tube light output wil
agan reduce 1o 75% of maxmum. Replacement rate of tube and bulbs had
hean haphazard thus incurring undoe running cast, labour cost as well as the
cost of purchase ol the lamps themselves,

Luminaries, tubes and bulbs cleaning at predetarmined intervals
depends on the cleanliness ot the atmosphere in which they are sited. 1115
most gdvisable that laimps and tubes should be reploced atter a fixed numbar
of hours of lighting based on the probable life expectancy since it this is not
done, productivity may sutter when light fails unexpectedly.

A proposed lighting system for ICPCL by replacing 586 pieces of
fluorescent fittings with 40 sadium lamps s estimated to have an increased
percentage illuminance of 21.99% and a cash savings ol N 3089971.18.

The simplest methed of power factor improvemant which is the
installation of power tacior iImprovement capacitors s in place in ICPCL 1o

provide the required amount o capacitive reactance CVAR, The company
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saems to be comfortable wath a power factor of 0.90,

. To maintain comfortable environments, there are many types of air
conditioning systems, based on wvarnous concepts and using dirferant
methods 1o achieve the heatng and coaaling. The system and eguipmeant
chosen for a partcular building thermal load combination can have a

signihicant effect an the enargy usage and hence require careful selection.



CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATION
5.1 Conclusion

The study is focused on optimisation of energy in a8 cocoa procassing
industry. This involved identitication of areas of energy losses, proposed
wiays of minimising the losses in a cocoa Industry which will enhance
operational system and the finances of running such plants. Findings from
the case study can be summarized as ftollows:

Fuel savings per annum using L.P.F.O as builer fuel with a combustion
efficiency of 74.4% amounts to N 112334.50 using fuel price of H7.00 per
litre, This is in addition to over a million naira that would be realisad from
the reduction in the gas temperature and a pay back period of less than two
yEars.

Optimum energy savings in insulation was realised using a 50mm
thick Insulating material. Savings valued at N 303093.00 was realised and
aloss of N1620.90/m could have been incurred using the Thmm insulating
material which would have resulted in a gross loss of WN385774.20
annually. The insulation of tanks were considered 1o be capital intensiva
with long pay back penod of over two years which the management
considerad unprofitable in har current dispansation. Though the annual
savings Is worth the investmant, igngrant enteérpré..éurs would prefer to
Invest on raw matenal at the expense of energy saving ventures.

There are several ways in which the energy used for lighting may be
reduced with a consequent reduction of annual running costs, The choice

aof lamp and luminaire for the purpose required i5 abviously very important.
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Studies have shown that there is a strong correlation between productivity
and lighting level ikewise choosing the right type for a specific purpose can
iead 0 greater energy efficiency. Thus using 40 sodium lamps in place of
536 fluorescent tubes, thare will be 22% increase in illumination and cash
savings of M30B971.18 annually.

The analysis ot power generation has shown that reliable generating
sats for internal power consumption reduces overhead cost for powar in a
locality whera the average power availabiity from the National grnd s below
60%. Most of the causes of energy wastage have been wentified which can
be prevented at low capital cost as highlighted in the study. Ways ol
curbing losses from the steam generation plant (boder), pipe distribution
netwaork, as well as steam utihsation areas had bean advocated for cocoa
plants.

It is notevworthy that a collosal amount of money would be saved it
the abowve is put in practice. This is due to the fact that, market structure
in the last tan years tendad towards perfect compettive markets whereby
the cost of finished products are determinad by the market torces "Demand

and Supply”™.
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5.2 Recommendations

If energy consumption at lle-Oluji Cocoa Products Company 15 1o be

optimised the following recommendations are suggestad for further work.

1.

Research an fuel savings should be carried out on machines requirng
combustible tuel.

Further research work should be carried out on different types of
insulating materials for steam  distribution and  chilled water
d.stribution,

Research work invalving unit by unit material, energy balance as well
as o steam and utility balance should be carried out.

Simulation of the identified area of losses to establish how the systam

efficiency will compare with similar industries in terms of energy

managemeint,
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APPENDIX 1

Schematic Drvagram of a Process Line and Holding Vessels (attached)



