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ABSTRACT

In this study, energy savings in a cocoa processing factory was found

to be dependent on various factors which include monitoring and auditing

of total energy usage and steam consumed.

As a result, t.ests were carried out on the load centers such as the

boiler, power generating house, process zone and offices where equipment

for processing beans as well as air conditioners are put to use on a daily

basis.

Complete analysis of the results obtained from raw data over five

years reveals that L.P.F.O is preferred to A.G.O at a boiler combustion

efficiency of 74.49%. Savings amounting to N 112,334.50 per annum

could also be realizable. On steam distribution, the company would loose

as much as 325W/m if its steam supply lines are insulated with 'l Srnrn thick

materials as against the present 25mm thick, 50W/m of energy would be

conserved using an insulating material of 50mm thickness.

A proposal of using 40 sodium lamps in place of 586 fluorescent

tubes would increase illuminance in the factory by 22 % with a realisable

cash savings of N 308,9971.80 per annum.



CHAPTER ONE

1.0 INTRODUCTION

With the increasing cost and demand for fuel today, no progressive

business can afford wastage of energy. A proper ener qv monitoring,

auditing, conservation and targeting system can yield substantial savings in

both time and money.

Most practicing engineers and industrialists consider energy

management in abstraction which ideally to them cannot be realised in small

and medium scale manuf acturtnq industries thus production processes are

carried out without rnuch consideration on ways to harness available internal

energy resources. Today in Ni()eria, companies employ mariaqernent

consultants who are not more knowledgeable than practicing engineers for

such energy rnanaqerncnt thus cost 01 implementation is still on tile high

side.

1.1 Aim of the Project

Most of the demand 01 eflergy arises from domestic, commercial.

industrial and transport uses. Virtually all the processes involved in

supplying this energy have one tiling II) common: ttley are quite inefficient

ill their conversion of primary energy to an end use. The basic reason for

this inefficiency, and what can be done about it form the content of this

study.

The techniques used in uie manaqernent of energy have much in

common with those required for the manaqcrnent of any other resources in

an establishment. These are: resources. such as materials and manpower:
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the general concept of monitorintj perforrnance, the setting of targets which

is essential to the control of cos ts and the motivation of staff associated

with energy usage.

Most industries use enerqv in one or two major ways:

i) in tile direct manufacture of a product. e.g. in the roastinq of cocoa

beans/cocoa nibs, powering electric motors as well as ener qv to

boilers for steam generation.

ii) in tile activities which support rnanufacturinq process, e.g. energy

used to maintain a factory's environment for tile benefit ot employees

such as space neatinq or cooling of offices, warehouses, hot water

services and lightings.

It is In over simplification to imagine that the concept at money

saving in all energy study is just a question of establishinq areas of

inefficiencies and takiriq appropriate corrective actions, though it does form

a convenient starting point in the description of the activity of energy

rnanagers. The fuel and energy cost of a cornpany is related to the tariffs

which are published by N.E.P.A.

As Francis (1958) put it, there is often a choice of tariff structure, for

exarnple with electricity and it is a matter of negotiation with relevant

au rhoritv during insta lIation as to which is the rnost advantageous structure

to adopt. The tariff structure will not of itself necessarily alter the total

consumption of energy but may support a differern pattern or usage to

reduce costs.

According to Eastop and Crort (1990), companies employ tariff

-
consultants or obtain advice from relevant authorities during plant upgrading
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because of the complicated nature of tariffs in some countries. For most

consurners, the selection that would give the lowest average prices is

dependent upon the load pattern wilier) the consumer imposes on his

elec tricitv supply sys tern thr ouqh the yea r.

Cost reduction can also be achieved by reviewing assessed capacity

charqes in particular for premises which have undergone a reduction in

activity or Changes in electrical utilization. Tariffs should be reviewed at

regular intervals particularly when NEPA introduces changes to their tariff

structures.

1.2 Energy Data Uses

Data from energy studies ill all industry can provide useful information

in diverse ways vvhich include:

a. Type of fuel to use.

For instance, the ever increasing cost of fuel 'in Nigeria can impede

the growth of industries and send unstable ones to oblivion, Energy

analysis enables energy rnanagers to identify areas where higher

calorific value fuels would be useful as against lighter fuels.

b. Provision of statistical data to compare the energy efficiencies of one

plant relative to another in the same market setting.

c. Aiding investment decisions as energy analysis provides investors and

manufacturers knowledge of the cerraintv of the future hence the

possibility of mariaqernent of an orqanization 10 make decisions which

could lead to an optimal behaviour o t rile organisation.
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d. Research guidance as proper energy record of a plant gives a

researcher an insight to the energy state of a plant which ill effect

gives him a lee way to his research work.

1.3 Objectives

I. To quantify luel energy cost per metric tonne of cocoa products

(butter and Cake)

II. To determine how effective lle-oluji cocoa products company utilises

her energy.

III. To establish an optimum energy requirement for cocoa industries in

the country.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Energy lVIanagement Process

Broadly speaking, there are three major ways to manaqe ener qv use.

The first is by reduction of demand, either through self-denial or throuqh

enforcement, regulatury action. or economic measures. The second

approach is to use an alternative method, process or piece of equipment to

achieve the desired end result with greater etficiency. Implementation of

these types of change hinges largely on the availability of technology and

economic justification. TI,e third method is to substitute one fuel or energy

source for another. The current enliqhtenrnent trend in the country on the

use of natural gas as substitute for diesel and heavv fuel oil by the Nigeria

National Petroleum Corporation and the Nigerian Gas Company is a step

tovvar cs achieving the third me thod. This mayor may not lead to net

ener qv savings, but can shift the requirement from one fuel to another.

saving ther ebv scarce resources.

2.2 Alternative Power Sources

2.2.1 New Electric Capacity Turninq To Natural Gas

In Europe, electric utilities and independent power producers are

selecting natural gas as the fuel of choice for new power plants ill the 12

coun tries comprising tile European Community (EC), according to a new

report rei cased by the Utility Data Institute as hiqhliqhted by SIWW (1992).

Utilities and non-utilitv power producers are plal1l1ing a combined total

of 86,OOOMW of nevv generating capacitv over the next ten yeclrs, of whicn
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39% will be fueled by gas, 23% by coal, 13% by nuclear and 13% by

hydroelectric. Of this planned capacity, only 40% is actually under

construction. Tables 2.1 and 2.2 show respectively the distribution of

installed and projected generating units and capacity by fuel in the European

Union.

Utility Data Institute's (UDI) 1992 edition of directory of power plants

in the European Cornrnunitv is a substantial update of the European

Community power plant data base and includes about 30% more units

records than the 1990 edition. "TI'w power plant business in the EU is both

dynamic and unsettled at the present time", said Christopher Bergesen, UDI

Vice President.

TABLE 2.1: Distribution of Installed generating units and Capacity by Fuel

in the European Union.

Fuel/type Number of units Capacity{MW) % of capacity

Coal 852 163,'110 33.6

Natur al Gas 446 30,580 6.3

Oil 1,302 89,383 18.4

Nuclear 131 108,925 22.4

Hydraulic 3,433 77,763 16.0

Other gas 60 2,889 0.6

Unknown 138 10,580 2.2

Others 177 2,660 0.6

6,539 485,896

Source: (Snow, 1992)
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TABLE 2.2: Distribution of Projected generating Units and Capacity by Fuel

in the European Community.

Fuel/type Number of units Capacity (MW) % of capacity

Coal 55 19,705 22.8

Natural Gas 24 33,425 38.7

Oil '19 3, t)59 4.1

Nuclear 8 10,945 12.7

Hydraulic 137 11,204 13.0

Other gas 23 1,204 1.4

Unknown 9 1,103 1.4

Others 105 5,292 6.1

596 86,437

Source: (Snow, 1992)

Other alternative energy sources include: solar energy; osrno power,

ocean thermal energy conversion; tidal power; wind energy and wave

power.

2.2.2 Solar Energy

Solar energy, which has been considered as a pollution - free and a

renewable form of energy especially for cooking is considered a better

alternative to the conventional sources of energy. The 1974 report of Bruce

Research Institute Senegal to UNEP shows that solar cooking with

srnokeless wood stoves as a back-up was far the least expensive alternative

compared to butane gas or charcoal.
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2.2.3 Osmo - Power

According to Jellinek (1974), Osmo power is as a result of the

chemical potential difference between fresh and sea water. As fresh water

rivers are discharged into estuaries, this potential energy is dissipated by

direct mixing without producing useful work. The energy of this mixing

process can be utilized if the mixing is allowed to proceed via a semi

permeable membrane.

Osmosis occurs between solutions separated from solvent by means

of such a membrane thus allowing diffusion to occur between the solutions.

If this diffusion is restricted, Osmotic pressures are built up across the

membrane.

This high Osmotic pressure can thus be made to do work. One

method of doing this is to let the liquid rise to 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 utilises the temperature

gradient which exists between the ocean floor and the surface in tropical

region. The surface waters heated by solar irradiation. are directed over the

heat - transfer surfaces of the evaporator of a Rankine cycle engine while

the cold water returning from polar region and settling on the ocean bed is

used to cool the condenser (Robert, 1983).

The cost of such a system is dominated bv the large heat - exchanger

area involved. The design, coustruction and maintenance of tile IOllg deep

pipes necessary is also a major problem in OTEC.
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2.2.5 Tidal Power

This is the energy stored in tides, currents and the thermal gradients

of the ocean. The tides and tidal currents have a power estimated at 3 x

1Ol2W (Shaw, 1974). The tidal motions of the ocean are the results of the

interac 'on of the gravitational forces of tne sun-moon-earth system, which

change as the earth rotates about it's axis, and the centrifugal force due to

the rotation of the earth - moon doublet. Althouqh the estimated global tidal

power available is about 3 x 101LW, practical sites on world coastline for

tidal power extraction installation miqht obtain only about 64,OOOMW.

2.2.6 Wind Energy

The wind energy occurs as a result of atmospheric changes and thus

operates on the original fuel of the sun.

The kinetic power available per unit area of capture in a wind stream

is calculated from.

E == ~ (w/m2) ------------- 2.1
2

Where p is the density of the wind (kg/m3
) and c is the average wind speed

(rn/s). Wind energy is usually harnessed using the aerogenerator or tile wind

mill as discussed by Holland (1978).

2.2.7 Wave Power

Solar energy generates atmospheric winds ami tile winds and tides

cause waves. As estimated by Holland (1978)' wave fronts contain kinetic

energy at the rate of 100kWh/m and that the energy stored in global ocean

waves is in the order of 2.7TW.



- 10 -

For a wave of a root mean square height about the mean plane of H",os'

density of water, p(kg/m3) and acceleration due to gravity g (Ill/S2), the

mean wave energy per unit area of water is calculated from.

b'! = Q gH '.t. 11flS - - - - - - - - 2. 2

and the power per unit depth of a vvave crest. assuming a sinusoidal form

IS

Qg2 Hrm:; T
p z: ------ 2.3

4n

where T is the periodic time of the circular orbit.

2.3 Load Factor Improvement

The selection of the cheapest tarift is one method of reducing

electriciry case a change of tantf 011 its own IS uillikely to produce large

benefits if the load factor is poor.

Load factor = allnual cOflsunlQriolljill<;,WI1 _
Max demand (kW) x hours in years

.. 2.4

Because maximum demand tariffs comprise (j demand and an energy-

related component, an improvemen t ill tile load factor will lead to the

demand charge beinq distributed over a greater number of units and hence

lead to a lower average price.

As Eastop and Cr ott (1990) put It, an mer ease In total electrrcity

consumption vvil] also i lcre<:lse tile load tacrur. Tile maximum demand can
,.

of ten be reduced by ellerDY recovery schemes or carcf ul SiLillQ 01 equipment

I

such 3::' t1eatlng element or the U:3e 01 11l0LiC:1I1methods @>.f li(~I)[illU (3llej

tleiHing.
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2.3.1 Load Factor Improvement Technique

A technique for improving tile overall load tactor is clernand

manaqement. a'system which will reduce electricity consumption if the

metered demand looks likely to exceed some present limit. TI18 actual value

of rhe maximum demand IS t.iken tr on: (1 meter which aggregate~ energy

(kWh) over a 30 minutes period. Systems normallv employ microprocessor-

ba sed units to predict the ha It life d em and all d com pa re th is wi Ul a reference

level. It the forecast demand exceeds the reference level then the

manaqernent system will either SOU lId a vvar niriq alarm or take acuon by

disconncctinq the supply from non-essential usaqe and later reconnecting

when the total demand has reduced. Tile equipment which I::; considered

Ilon- essential Will vary with {he type of company or establishment, e.g

space and water heaters or air concntioner s.

2.4 Power Factor Correction

Povver factor IS the rario

Useful power lk'0LL
apparent power (kVA)

C erta in types of elec rrical (-;(jll iprnenr S lie il dS resista nc« heaters and

incandescent 1i.1I11PS rake onlv us elu] PUVVt:f dlll!::,() tlw power 1;IC1lJr ot a

SySWll1 USlfl~:l oulv lll(;se (j1!VIU!S 'Jvulilcll)(: ur ut v . Otl ie: TYPl~SU! l:{jlliplill:nr

sucl) as electric induction motors. U;111S!OII1H'fS tllld olll(~r .nducuve t!(;VICt;S

oil er t 11e pi) (l S e bet vvl:e I) 11)(-; v o I[,i~W an (I {II e t: ur re II Led uS III~J Lllf: (ill Par en t

power to ne CJrE~ClWrthan rllt: US(::tUi POVVl:I.
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A customer will be billed for apparent power because it is his

responsibility to make best use of the energy on his premises. If a factory

has a low power factor then NEPA will have to install a large supply capacity

than is really needed, for which the factory will have to pay via the demand

and availability tariffs. The power factor can be improved by installing

banks of capacitors (to correct the phase angle) either at the supply point

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

2.4.1 Power Factor Correction Technique

As an illustration, two induction motor loads are connected in parallel

at the end of a three - phase line with balance impedance. The voltage at

the input terminals of the motors is a balanced 440V (Figure 2.1). It is

expected to find the input voltage VIN. Input current IINand the input power

factor with a sketch of the power triangle for the system.

In order to correct the power factor, consideration is given to the

correction of 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 to a 0.9

lagging, compare the value of input current before and after power factor

correction assuming V1Nis constant at the value found above.
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From Figure 2.1,

= Pj + P2 ---------

5 + 3 = 8kW

OJ + O2 ---------

4 + 2 = 6kVAR

PT + JOT ---------

(2.5)

(2.6)

s = (2.7)

= 8 + j6 kVAR

:s: = {pi + Q/ ------ (2.8)

:s: = 13:V~: : ITN: = 10kVA --- (2.9)

II I
, IN'

10kVA

/".3(440)
13.13A

P -3:I
IN
:::R----- (2.10)

lilW -

= J(1J.lJ)~(1) = Slaw = O.S18kW

:3(13.13)::l (2) = lCn6 VAR = 1. 036kVAR

PIN = P1ine + PT = 0.518+8 = 8.518kW

Q1N = Qlin •• + Q'l' = 1.036 +6 = 7 .036kW

SIN = 8. 518kW + j7. 036kVA

(S1N) = V!(8.~18)2+(7.036)2

= 11.OSkVA

V
IN

-" 11. 05kVA '" 486 V
Ji (1.3.13)

The phasor diagram is shown in Fig. 2.2.
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Q = tan-lOIN ----- 2.12
IN P

IN

= cos 39.6° 0.771 lagging.

. To correct the power factor to 0.9 lagging, the new Gin must be such

that Gin = Cos' 0.9 =; 25.8°. This is a reduction from 39.6° to 25.80,

This is accomplished by adding negative (capacitive) VARs. Real power

does not change during this process if one assumes that the capacitor is

lossless as in Figure 2.3.

= PIN tan GIN = 8.52 tan 25.8° = 4.12KYAR

Gadded= GIN (with capacitance)- GIN (without capacitance)

Gadded= 4.12 - 7.04 = -2.92 KVAR (Negative sign indicates Capacitor)

Gadded/Phase = Gadded 2.92 = 0.973 KVAR
3 3

Gadded/Phase = fllN~
Xc

Xc = ---flIN_/2 __ = (486}2 = 243 Q

Gadded/phase 973

QaddQ.d:a -2'92 .<VAR
..

o.,n = I. • 12 KVAR

Fig 2.3: Corrected Phasor Diagram.
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C' = 1
2.13

2n fxc

1=
2n- (60) (243)

10.9J..4f

Magnitude of the input current with the capacitor added is

II I
I TNI =

J3VIN s: pf

8518

y'3(.J88) (0.9)

= 11.25A

The reduction in current is

L'lT 13.13-11.25 = 1.88A

. In large power situations with high load (curr e.-r), wiring costs can be

reduced with proper maintenance of a power factor of 0.85 or greater.

(Leander and Morgan, 1987).

2.5 Energy Recovery

A typical system producing useful heat and work from an energy input

rejects energy in the form of waste gas/or liquid, and transfers heat to the

atmosphere due to mechanical friction, electrical losses, and heat transfer

from surfaces. To minimise the energy input for a given useful output of

work and heat, the plant must be carefully designed to reduce the energy

wastage to a minimum. Energy recovery is one of the vvays of minimizing

the thermal losses and various energy recovery methods would be

discussed.
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Considerable savings have been made In industries by producing

insulating materials for steam, hot water as well as chilled water distribution

and circulatory pipe networks.

Many industrial processes involve the heating of liquid in open tanks

and considerable savings in heat loss can be made by using

oxidation/reduction (KDF redox media) ill rernovinq chlorine from municipal

water suppliers, protecting reversed osmosis system, controlling scale

formation as well as bacteria and algae growth in cooling tower water.

2.5.1 Process Water Treatment

When water temperature changes, minerals precipitate in the form of

a hard brittle scale that collect in pipings and on heat transfer surfaces. This

insulating scale build-up reduces efficiency of equipment, increases fuel

requirement, maintenance time and cos t.

KDF (Redox) process media are high-purity copper - zinc formations.

Thevr educe contaminants in water USillg oxidation/reduction method Water

is the most frequently used media to transport thermal energy lor some

useful purposes (AI-Kharusy, 1996).

2.5.2 Luminaire Energy Recovery

There are several ways in vvtuch the er18rgy used for lightir)g may be

reduced with a consequent reduction of annual running cost. The tirst and

perhaps most obvious way is to check that each lamp is switched on only

vvhen required. Sirn pie timers c a11 he used ami uhotocell swi tches

connected in are as vvher o day liglll level pr ov.d« adequate Ilulltin~J tor p.ir ts

of HI e per i0 J 0 f use In t 118 burl din q .
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The most frequently used heat - recovery luminaire draws air from the

room across the tubes or lamps and delivers it to a plenum above the ceiling

from where it can be passed to mix with the inlet air to the room. Less

frequently, water is used as the coolant fluid. (Eastop and Croft, 1990).

It can be seen that for the normal use luminaire, the way the lurninalre

is enclosed and ventilated is important in order to maintain optimum light

output and when it is designed for heat recovery then the heat transfer from

the tube must be too high otherwise the tube surface temperature could fall

below the optimum value.

2.5.3 Advanced Heat Recovery System

A growing number of organisations that consumes large amount of

energy are cutting cost by installing their own combine heat and power

(CHP) systems Peter (1993) reported that heat recovery system is flexible

to allow for reduced amount of heat recovery depending, of course, on the

loading and varying demands. When full waste heat recovery is not needed,

an automatic electrically controlled system within the heat exchanger

gradually reduces the recovery of exhaust heat by allowing the exhaust flue

temperature to rise.

Whenever lower level of heat recovery is required, an automatic

system within the tlarnetec module increasingly directs coolant to a bank of

external cooling radiator to dump the excess heat to atmosphere.

The heat exchange system reduces the exhaust gas temperature to

below 1200 C during full exhaust heat recovery. According to Peter (1993),

Normal Love, Flametecs Managing Director noted that it is not anticipated
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that clearing of the exhaust heat exchanger will ever be needed. The design

is based on many years of experience in the manufacture of diesel engine

exhaust gas heat exchanger for tlametec flame protection svstern covering

a wide range of sizes and types ot engine.

2.6 Solar Heating Applications in Industrial Process

Charles (1984), emphasized that energy conservation is the best first

step in the thermal design of buildings. His view was that the procedure for

determining the optimum amount of energy conservation is no different for

a passive or active solar building than for any other building. He f urther said

that the life-cycle cost analysis of insulation may take into account any

number of credits or changes, such as maintenance. tax saving and salvage

value.

Kenneth (1988), det.ned industrial process heat as thermal energy

used directly in the preparation and/or treatment of materials and goods

produced by manufacturing concerns. He further assessed surveys of the

relative quality of heat energy requirecJ at various ternperatures in the

industrial sector showing that a significant traction of industrial process heat

is used at temperature within the operating range of current solar thermal

collector technology that 60% of total industrial process heat demand

occurs below 150°C and over 40% of total manufacturing energy

consumption in 1978 was used for heat required in the processing of

manufactured goods.
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2.7 Proactive lVIaintenance - A Cost Reduction Strategy in Industries

James, (1992) worked extensively on machines predictable service

life and came up with strategies of machines maintenance to achieve useful

operating lives many times that attainable just a few years ago. He said that

the 1980s bore the popular practice of predictive maintenance and condition

monitoring to combat rising maintenance costs and that in the 1990s

predictive maintenance was implemented with greater confidence and

precision. These early warnings have proven effective at reducing the

magnitude of failure and most of unscheduled downtime, however no real

progress has been made in reducing frequency.

Proactive maintenance stresses the monitoring of conditions, not

failure itself. Abnormal or unhealthy conditions are the precursors to failure.

The implementation of proactive maintenance has the potential to extend a

machine's life (MTBF) by more than ten times. It is the maintenance

strategy that extends machine life by monitormg and correcting failures root

causes.

The monitoring and control of contamination in lubricating fluids is a

proactive maintenance activity since lubricating-oil contamination is a cause

of wear and failure, exceedingly clean fluids proactively lead to exceedingly

reliable and long -lived machines.

The tactic of targeting clean fluids, installing capable

tiltr ation/separators. and frequent contaminant monitoring makes sense in

diesel and gas - turbine engine maintenance. Finley (1990), stated that

periodic checks on the levels of various contaminants are ess-~r@l-tJ:-ns te

adequate (contamination) control. The four principal cO(ltaminants to fie
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monitored in order of importance, are: solid particles, water, acids and low-

boiling hvdrocarbons.

Contamination control is not a matter of doing or not doing in a

generic sense. What really matters is how clean the fluids are and how

rigorously this cleanliness is maintained. The quality of contamination

control as a plant maintenance activity can be categorized in a number of

ways.

I. Passive Contamination Control.

Fluids and filters are chanqed infrequently. No schedule is observed,

no accountability of parts chauqed Fluid cleanliness targets are not

defined and fluid cleanliness levels are not measured.

II. Reactive Contamination Control.

Filters and fluids are changed according to available manpower,

budgets, and the frequency of machine problems. . There is no

regimented schedule.

iii. Active Contamination Control.

Filters and fluid are changed accoro.no to a structured preventive

maintenance SChedule. Filter type and chanqa intervals are based on

equipment manufacrurers recommendations (OEM). Target

cleanliness levels are based also 011 equipment manufacturers

recommendations.

Implementation 0 proactive contamination control requires lots of

etfort. Typically required are: change of maintenance habit: change of

f i It rat ion met h 0 cIs : and III 0 sri I'll po rr ant IY, a CIian 9 e 0 f III il iIH e11a" c e

philosophy and attitude.
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2.8 lVIaintenance Technology in Factories

The field of maintenance technology is going through a revolution of

change. Gone are the days when a machine had a predictable service life,

after which it was replaced, continuing the cycle. Today, machinery and

equipment can achieve useful operating live many times over what it used

to be a few years ago.

Any or combination of the following methods of maintenance are

being applied to the different plants and machineries in our production

system taking into consideration:

I. Complexity

II. Age

iii. Quantity

IV. Mode/condition of operation

v. Reliability

VI. Manufacturers specification

VII. Reliability factor (MTBF).

2.8.1 Preventive Maintenance

Preventive maintenance is applied for single pieces of equipment such

as Beans cleaner, Micronizer, Roaster. Boiler etc. This involves inspection,

lubrication adjustrnent, cleaning, checks (visual and audio).

2.8.2 Predictive Maintenance

This involves condition monitoring with trend analysis to combat

raising maintenance cost and these early warning nave proven effective at

checking the magnitude of failure and amount of unscheduled downtime.
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2.B.3 Sluitdown Maintenance

.This would involve overh aufiuq. replacement ins tallation , multiple

preventive maintenance.

I. General shutdown (planned, unplanned)

II. Emergency shutdown (cmanatinq from Iailure).
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2.8.4 Economic Life of Nlachines

The useful service life of a machine before it becomes unprofitable for

its original purpose due to technological obsolescence, wear or a change in

the firm enterprise.

All new machines are supplied with maintenance schedules. For most

factory machines; preventive maintenance and overhaul schedules are

specified in terms of hours of work. Figure 2.4 shows an optimum

maintenance interval whereby the total cost of maintenance and repairs is

minimum.

2.9 Electrical Energy Consumption

In his lecture, titled Electric Energy Management in the Factory, Esan

(1998), was of the view that government plans of deregulation of electricity

industry in Nigeria will amount to skyrocketing cost in generation of electric

energy which would invariably increase energy pricing.

According to Esan, the world's commercial energy consumption for

1995 was 8,OOOmiliion tons of oil equivalent (M.T.O.E) of which only 28

percent went to developing countries.

In 2020, the projection for world commercial demand would be over

11,500 M.T.O.E with developing countries consumption increasing to 50

percent. Global electricity production in 1995 was estimated to be around

13,000 Tera watt hour :TWh), with only 25% in developing countries. In

2010 global electricity production is estirnated at 18,700 TWh with 6,600

TWh (35 %) in developing countries. By the year 2030, 50% of the world's

electricity production is expected to be from developing countries as

indicated in Table 2.3.
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TABLE 2.3: Estimated World Energy Production

SIN Region 1990 2000 2010 2030

(TWh)
1

I
OECD & Others 9,020 11,150 12,000 14,200

2 D.C'S 2,680 4,000 6,600 14,200

World 11,700 15,650 18,700 28,400

TWh:

OECD:

D.C's:

Tera Watt hour

Oceanic region

District of Colombia

Source: (f san, 1998)

2.9.1 Energy Demand and Consumption in Nigeria

The total electricity generated in 1990 was about 14,000TWtl with

industries consuming about 25.7 percentage (Esan. 1998). Table 2.4

shows the percentage share of commercial energy consumption in Nigeria

for 1989, '1990 and 1992.

The electrical enerqv consumption levels for various years are given

in Table 2.5. Silortage of petroleum products and frequent electric power

failure in recent times are due to operational problem such as, obsolete

equipment, inadequate distribution of facilities and higt') operational cost.
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TABLE 2.4: Energy Consumed In Nigeria To Arrive At GDP For The Years
1989, 1990 and 1992

1989 1990 1992

1 . DP at 1984 factor cost ( N b) NA 90.34 98.07

2. GNP at current factor cost (N b) 49.63 257.88 440.26

3. Population (million) 73.80 98.0 88.6 (1991

Projected projected census)

4. % shares
i Petroleum, 79.4 79.4. 49.6
II Natural qas , 0.30 29.8 28.3
III CoalL 1.30 0.2 0.1
IV Electricity? . 19.0 23.3 22.0

5. Fuel vvood, 69.4 50.0 50.0

1. Estimated from total primary energy consumption

2. Estimated from total commercial energy consumption

Source: (Esan. 1998)

Table 2.5: Electrical Energy Consumption

Year

7374.7
8556.3
8699.0
9435.9

Electric Energy (kWI1)

1987
1989
1992
1995

Source: (Esan. 1.998)

The electric energy requirement for various years are given in Table

2.6. The additional generating capacity indicated in Table 2.6 is presently

very prohibitive. Even the running cost of stand-by generators Il()S increased

due to increase in cost of fuel.

A way out is enerqv savings, an alternative form of energy supply.

It is cheaper to supply energy LJY releasuiq portion lost due to inernciencv

from the existing supply capacity than it IS to acJd new capacity.
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TABLE 2.6: Electric Energy Requirement

Year Electric energy (kWh)

1986
1989
1992
1994
1995

14482.6
12813.1
14833.8
15531.0
14482.0

Source: (Esan, 1998)

Table 2.7 gives a typical fuel consumption profile by sectors in

Nigeria. It must be pointed out that despite this rapid qr ovvth rate, on a per

capital basis, Nigeria still has a low electricity consurnpttion per capital at

70kWh per capital (1987). From international comparative stand point, the

per capital electricity consumption in Nigeria is less than 1 % of that of any

of the industrialised countries. The low level of electricity consumption per

capital is due to the fact that more than 80% of tile population resides in

the rural areas where they have no access to electricity.



- 28 -

TABLE 2.7: Fuel Consumption Profile In Nigeria

Year Household Industry Transport Others Total

kWh/capital kWh/capital kvvh/capital kWh/capital kWh/capital

1970 0.204 0.257 0.830 0.040 1.350

1972 0.261 0.394 '1.229 0.080 1.~60

1974 0.388 0.547 '1.699 0.100 2.680

1976 0.495 0.806 2.507 0.210 3.980

1978 0.770 0.870 4.413 0.210 6.260

1980 0.965 1.870 5.312 0.330 8.540

1982 2.114 3.860 4.771 0.750 11.500

1984 2.372 2.530 5091 0.660 10.650

1986 2.523 3.150 4.652 0.510 '10.840

1988 2.703 4.410 4.991 0.590 12.090

"Source: (Esan, 1998)

2.10 Fundamental Concept of Therrnodynamics

All materials have the tendencv to degrade by dispersion, decay or

oxidation to a condition in harmony with the environmental datum. The

equilibrium process whicn causes ordered energy to "diffuse over larger

volumes" is governed by the capacity to do work. Application review of

fundamental law is considered in this section.

2.10.1 First Law of Thermodynamics

Contemporary science has gal/led deep insight into the concept of

energy by establishing the retationsrup between the two characteristics of

matter, energy and mass. In various thermoovnamic processes, involving
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changes in the state of working fluids, energy either enters or leaves the

system in the form of heat, Q, and work, W, as a result, the internal energy,

U, of the system changes. Then, according to the lavv of conservation and

conversion of energy, we may write.

~lW ex: SO 2.14

or Q - W == L\U 2.15

When expressed in such a torrn. tile law of conservation of energy in

a thermodynamic process is referred to as the first law of thermodvnarnics.

(Neduzhy, 1965).

Any work performed on a closed system is converted to thermal

energy and a substance's internal energy is a function of temperature only

(Rogers and Mayhew, 1958).

U = mCJ 2.16

L\u CvL\T 2.17

L\u = Change in internal energy of a systern, J/kg

L\T Temperature difference, K

rn Mass flow rate, kg/s,

Specific heat capacity at constant volume J/kgK.

or Q - W Ufilldl - Uillitial which is regarded (is the non flow energy equation.

For steady flow equation.

2 LQ - W = (H 2 - H 1) + 1/2 (C 2 - (I ) + g (Z 2 - Z I) 2. 1 8

and for a unit mass of working fluid.

Final enthalpy (kJiktd)

Initial enthalpy (kJ/kg)
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Final velocity (m/s)

Cl Initial velocity (m/s)

Location above datum (fillal) (rn)

z, location above datum (irunat) (rn)

2.10.2 Application Of SFEE To Boilers And Condensers

(Neglecting potential energy term)

Heat added or extracted at constant temperature

Q - W == m (h2 - hi) + 1/2 (C/ - CIL) 2.20

C2 = c.. W = 0 .......... 2.21

......... 2.22

This implies that the flow r ate is constant hence C2
2

- C,2 = 0 and

tnere is no work done across the houndaries thus W = 0 tor boilers the fluid

enters as liquid and leaves as vapour vvhile in condenser the reverse is the

case.

2.10.3 Application In Turbine Or Compressor

Assume Q = 0 (isentropic, PV' = k. LlS = 0)

Assume C2 = C I

Tilell W = m (h2-ll1) , ... , ..••........••....• 2.23

2.10.4 Application In Throttle Valve

Q = 0, W = 0, C2 = C1 - rl.' = Ill'

There is no entrialpv change, durlllg tile flow.
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2.10.5 Availability, Exer gy and Anergy

The availability of energy, or exergy is a measure of the maximum

useful work that can be performed by a system interacting with an

environment which is at a constant pressure Po and a temperature To (0'

Callagham, 1981).

Availability or exergy fulfills a function of correctly rating the quality

of desirable energy requirement in an energy conversion process. The

maximum efficiency with which heat withdrawal from reservoir may be

converted into work is the Carnot efficiency, Thus the availability, x, of a

reservoir T providing a rate of neat transfer Q in surrounding at To is given

by

T-T
X=(~) Q .... 2.24

T

Heat exergy.

Thus the efficiency of a Carnot cycle operating between two

reservoirs at T 1 and T 2 may also be expressed in terms of exergy as

if "exergy"is that part of energy capable of doing work, "Anergy", Y,

is the remaining energy because "hear Anergy"

To
Q .... 2.26~

"1
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2.10.6 Application of the Laws of Thermodynamics

Non - flow system:

IVg = f pdv --------- 2.27
v,

The net useful work perforrned IS reduced according to the work

required to displace the surrounding environment at a constant pressure Po,

i.e.

W - P (V - V ) --------- 2 28u 0 I U .

and from 1 st law of thermodynamics

Q L1u + W --------- --------- 2.29

for isothermal heat transfer

Q

where S represent the entropy of the system. Substituting equation 2.30

into 2.29 and the result into eqn 2.28.

--------- 2.31

which represents the net usetul work obtainable from the

thermodynamic substance undergoing a reversible process between state

points 1 and O.

i.e Net useful work (heat transferred to the environment

chanqe III internal energy - displacement

work)

Q - U - Wd --------- 2.32

for real or irreversible process
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The non flow availability function, A is defined

WN = Al - Ao for a reversible process

WN ~ Al - Ao for an irreversible process and for steady flow process.

exeJ:gy X=- (B1-Bo) +m(c2/2+gz) .... 2.34

where B '" (U+ Pv= Tos) == (lJ- Tos)

X- (H" re> S') (" ) 2- 1 - 70 1 - Hi) - Togo +me

2.11 Second Law of Thermodynamics

The second law is an expression of the fact that some heat must

always be rejected during the cycle, and therefore th~:Hthe cycle efficiency

is always less than unity. Kelvin Plank statement of the second 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 surrounding. Clausius statement on the other hand

states that: it is impossible to construct a system which will operate in a

cycle and transfer heat from cooler to a hotter body without work being

done on the system by the surr oundinqs.Iflover s and Mayhew, 1958).

The first law says that the net work can never be greater than the

heat supplied, while the second law goes further and states that it must

always be less.
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Application Of Second Law Analysis Of Energy Flow

Consider a set of industrial process operatinq in a steady - slate

situation which requires energy to be supplied as follows.

A

B

C

D

E

1000kW

1500kW

2500kW

2000kW

4000kW

1000K

BOOK

600K

400K

at

at

at

at

at 350K. The tigures above are lor space IH~atil1g in

an outside environment at 300K. Assume that insulation levels are double

and that 50% waste heat is recorded. This reduces each process energy

demand to 25% of its initial value, resutrino in the schedule shown below

and illustrated in figure 2.4 with a net energy demand ot 2750kW

Processes A 250kW at 'IOOOK

B 375k.W at 300K

C 625kW at 600K

D 500kW at 400K

E 1000kW at 350K in an environment CJt 300K.

Tile second law analvsis gives the qr ade ot energy required ar each

process in terms ot exergy. Tile exer qeuc po tential and Throughout exergies

are provided in figure 2.5. It is noted that while 1000kW ot energy IS

needed, this represents only 430kW of exergy.

Assuming that all the energy is available at 1000kW. (V = 0.7) then

tile introduction of exergy convertor (such as gas fired heat Pump) operating

between 1000K and 300K, and Ili1villg and overall exergetic conversion

efficiency of 50% can reduce the amount ot primar v ener~JY supplied ro the

350K temperature level to 153kW.
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Okwose (1998) highlighted some other studies carried out on energy

analysis of production plants. Accoruinq to Okvvuse. Gaggioli compared the

energy e1ficiency for a number of processes and unit operations based on

the first and second laws of thermodvnarnics as indicated in Table 2.8.

TABLE 2.8: Comparism Of Firsr And Second Law Efficiencies (%)

Unit operation (or pr ocess) Firs t lavv Second Law

Residential water

Domestic Water heater

High pressure steam boiler

Tobacco dryer

Coal classification

Petroleum refining

Steam heated boiler

Blast furnace

Source: (Okwose, 1998)

60

40

90

40

55

90

100

76

9

2-5

50

4

46

10

40

46

He observed that the second law efficiencies were much lower than

the calculated using the simple enthalpy balance (tir stlavvl. Thus according

to him it is due mainly to tile irreversibilires of the process which have

des troyed some 0 f the ava Iiable (~flerg y 0 t tile input ma teria Is, so that the

products have a lower capacity to eftect chances than the feed streams.



CHAPTER THREE

3.0 IVIETHOD OF PRODUCTION AND USES OF ENERGY AT

IlE - OLUJI COCOA PRODUCTS INDUSTRY LIMITED

3.1 Introduction

The corporate objective of Ile-Oluji Cocoa Products Company Limited

is to make profit on the invested capital. Wilhin this context, HIe actual

trade is processing of cocoa beans into cocoa products viz:

a. Prime cocoa butter

b. Cocoa cake

c. Cocoa powder

d. Cocoa liquor

In commercial cocoa processing, there are two major technologies in

use and these are based on mode of cocoa roasting adopted. The first

technology is whole beans roasting which in any case is becoming obsolete

and the second is the cocoa nibs (fragmenteci cotyledon) roasting, which is

the favourite of processors because of its advantages.

Whatever technology that is adopted by a processor, the following are

the major operations in cocoa processing (Fig 3.1):

Cleaning and sorting of tile cocoa beans

Winnowing

Roasting

Grinding (milling)

Pressing

Butter cleaning

Products packing.
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Production unit is being faced with a lot of challenges in annexing all

the operating units economically to achieve tile set goal.

Among the challenges that readily come to mind are:

Production of wholesome products

Plant capacity management

Optimal utilization of resources

Efficient operation of plants and machinery

Effective and efficient process control.

The aim of this research work is to identify areas of energy losses and

find ways of minirnisinq these losses if not totally eradicating them.

3.2 Plant Description

3.2.1 Cleaning

The first processing operation is cleaning of the beans to remove all

foreign materials such as stones and grits, metal pieces, fibre from the sacks

as well as unwholesome mouldy and immature beans. The cleaning machine

is equipped with magnetic separators, different sizes ot sieves meshes,

brushes and air lifts for separating good beans from impurities. Apart from

immature grains, all the foreign materials are rejected. Immature beans and

clusters are usually blended with other winnowing products and processed

for the production of cocoa butter

3.2.2 Shelling And Winnowing

A typical cocoa bean contain JtWLJt 87.1, 12.0 arid 0.9 percent

respectively of cotyledon or rub. sll(;11 and germ. (Makaniuo!a. 1996).
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Shelling and winnowing are aimed at separating all the cotyledon from the

shelland germ. Most mechanical devices give maximum nib yields of about

82 to 83 percent.

Shelling is achieved by passing micronized beans through impact

crushers. The crushed cotyledon then falls under gravity onto vibratory

sieves of various mesh sizes ranging from 5mm (the largest) to 1.0mm

(smallest) for effective sieving and complete removal of shell via dust shells

at the other end of the machine. Winnowers are equipped with cyclones

and air filters to remove the fine dust from the air coming out of winnowers.

(Hermmdn, 1976a).

3.2.3 Roasting

Roasting is particularly an important process in the production of

chocolate or cocoa but it is less important if the beans are to be processed

solely for production of cocoa butter. It is pertinent to note that lIe-Oluji

Cocoa Company uses the most recently developed method of hea t treating

cocoa beans, the Nibs, Alkalizing, ROasting and Sterilizing (NARS)

processes. It involves the subjection of nibs to a very high temperature via

a heat exchanging medium for 30 minutes. no direct heat is involved and

finally, a fine water spray is applied to the hot nib. which includes moist air

capable of destroying all microorganisms, including heat resistant spores.;

f C·· \ " .. ,.,.

3.2.4 Nib Grinding "'~--;.. I •

, --"""".,

This is achieved via a two stage particle size reduction arrangement. ~ .

The first state known as the Beater Blade Mills reduces particle size to 10%
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of the willed liquor. This section houses most of the piping network for

steam and hot water distribution as it utilizes hot water especially when put

out of operation to keep the mill content in pasty form. Hammer mitis are

employed here to create impact at 90° to the direction of flow of nibs.

Sieves of 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 residue of

10% maximum in the cocoa liquor.

Next is the agitated ball mill which further reduces the particle size to

1% for maximum butter extraction.

3.2.5 Fat Removal

The tat in the liquor is removed by hydraulic pressing in pot press.

Most modern pot presses are of the horizontal type with up to 22 pots. lIe-

Oluji Cocoa Product Company was installed with horizontal presses with 12

pots each of 150kg capacity. Maximum butter is extracted from the liquor

more readily when the liquor is hot. To achieve this, steam is introduced

through inlet pores to the pots which keeps the press temperature at a

100°C before and during operation (Hermman, 1976b).

3.2.6 Cocoa Cake Grinding

The cake from hydraulic or pot presses are expelled and ground into

cocoa powder. The cake lumps are first passed through hammer mills and

then finally ground to fine powder. Since tile cake still contains some cocoa

butter, there is a tendency for the fat to melt as grinding progresses and

there is a need to use cooling air during grinding to provent tile melting of

cocoa butter. The cooling is done with the aid of an all air-conditioning
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system with low relative humidity. The cocoa cake is transported via a

double screw conveyor into the grinder chamber with the use of a vibro

feeder which regulates the flow. To achieve the pulverization, are a

segmented stator assembly with bars arranged at O.5mm equidistance and

a rotor assembly which hits the cake against a grinrjng jaw in the stator.

Particle size of 9% maximum is acceptable for powder. The transfer pipes

are cooled and at the end of the pipes, an air stream then returns into

circulation (Hermman, 1976c).

Plants that generate steam, hot water or hot fluids usually depend on

heat transfer from the gases produced by the combustion of fuel. The

potential for high thermal efficiency depends on the design of the plants and

the insulation of appropriate firing equipment. Ideally, the plant should

include sufficient heat transfer surface area to extract the maximum possible

amount of heat from the combustion products. The actual thermal

efficiency of a particular plant depends on how it is operated and

maintained. The maximum efficiency can be achieved only under a

reasonably steady load when attention can be given to efficient firing and

combustion control.

3.3 F· el and Combustion

The categories of fuel used in industries in Nigeria range from

kerosine, gas oil (diesel), natural gas, high fuel oil and heavy fuel oil.

Industrial coal is not left out. Their specific gravity ranqe from 0.79 for

kerosine to 0.97 for heavy fuel oil. The lighter fraction known as oasoline

and benzene are not commonly used industrially. Gasoline is used mainly
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a::: a fuel for cars and benzene tor cuokinrj. Tile major factor in tile cost of

useful he at is the f uel cost. The initial capital cost is usually less as an

annual char qe for CClpildl and inter est. then the labour, maintenance and

sundries such as chemicals and spares needed to run a plant (Dryden,

1975).

TABLE 3.1 Physical Properties Of Some Fuels

--------r -
ruul C'" Ht}o S'\, OIlier s ';.• LiCV VISCO::'ily'U

I MJ/ky ell 1G"C

(kQS/fll )

--

Kerosine 8G.2 lJ.G 0.2 46.4 0.002

Dil:s(;1 86_2 12.8 1.0 'I G.b O.OOIJ

LPFO 82.9 11.4 -1. :) 1.2 ·12 :, 7.L7~)

Sl)lIrce: (Eas top dl1J Cr orr. 199LJ)

t I ](-;ir s to r i:l 9(-:..p Urll pill U I fir III 0 d I Id L.JII r II iI I~J. T Ill: III 0 SI iIII Po rt a11[ sill 9 Io

properly 01 oil is rill; viscosity since this is dileuly rcldWc.J 10 the pumping

PUWUI r(~qLlirt;d dlld also ;itleeLs IIIU oil's ;i1lllity t() be; diDI]IIZC!cJ (i.f; br()kell

heated to about 100uC before Jt:livuy to lilt; hur uer (its viscosity vvill be

lu/uc(:d by a l act or ul .ibour ~)iA ill IIIL; pIULl~S::') (L,ist()I.J "'Id Crull, 19~O)_

111;JlIVLiSt:: low or mudium l)ri;S~jlll(; ,III :JIClI11ILl;r. Tilt: uu n cJOWII r.mo is

,tl-lUlll 2:'1 LJUr Cr.111be t::X.rl~llcl(;c! tJY USiflJ ,)11 s~JiIi puns. TII(J 1]IUlloSI
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supply of air and when combustion is complete. When excess air is supplied

it must be heated thus taking useful energy from the process. On the other

hand, if insufficient air is supplied leading to incomplete combustion, the

efficiency is even less and pollution may be caused.

In oil firiilg, especially of industrial boilers, it is essential to ma tch

combustion equipment properly to the plant to be fixed. The characteristic

of an oil flame are affected mainly by tile composition of the fuel and the

rate at which fuel and air are mixed and subsequently burned in the

combustion zone. Good mixing of fuel and air is assisted by fine atomization

of the oil.

A general equation can be written for combustion problems which

makes calculation of air-fuel ratio and product analysis easier. For cases

when the fuel is a solid or a liquid hydrocarbon tile equation is as follows.

lkg fuel + A [( ~~?~}.) 0. + !l.:? 67_ N.]
32 ,! 28 <!

-----B [aC02 + b02 + (I-a-b) N2] +cH.<!O ---- 3.1

Tile air fuel ratio by mass is given the symbol A Jnd hence tile volume

of oxygen supplied per kg of fuel is (A x O.233/32)kmol, and similarly for

Nitrogen. The symbol B represents tile kmol dry fuel gas per kg of fuel; the

symbols a, b represent the volumetric fractions of carbon dioxide and

oxygen in the dry flue gas, the symbol c represents the kmol of steam per

kg of fuel.
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3.4 Energy Efficacy in Utilities

The overall efficiency of a stearn system, I), may be defined as:

!] mass of fluid heated x increase in specific enthalpy of fuel x 100
mass of fuel burnt x specific calorific value of fuel.

The thermal efficiencies usually are quoted in terms of the gross

overall efficiency or the gross calorific value (G.C.V) of the tuel. The gross

or upper calorific value of a fuel includes the latent heat of combustion of

the water vapour in the combustion products. The quantity of water in the

combustion product depends on the percentage of nvdr oqen in the fuel as

well as its moisture content. The net lovver or available caloric value (N.C.V)

excludes the latent heat contribution and is therefore a more accurate

measure of the heat made available vvhen tuel is burned in a plant. It is also

a better basis for comparing efficiencies obtained from fuels naviriq different

hydrogen and moisture contents.

3.4.1 Boilers

Boilers are essentially neat exchangers ill vvruch the thermal energy

released by the combustion process is transformed trorn tile products of

combustion to the coolant fluid (e.g water or water/steam). The increase

in enthalpy of the transfer fluid represents the useful output. An energy

balance applied to the system within tile dot ed line shovvn in (Fiqur o 3.2)

gives tile foltovvmrj equation.
,.

GCV is used in equation 3.2 vvhich illlplies that 1118 vvat er

tile product is condensed out. This is unlikely to happen unless a
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The enthalpy of the flue gas should be considered in two parts, the

enthalpy of the dry flue gas, and the enthalpy of the super heated water

vapour. The flue gas loss will then reflect the thermal energy necossarv to

provide the enthalpy of evaporation for the water vapor formed during

combination i.e flue gas loss is given by Eastop and Croft, (1990) :Cl~:

--------- 3.5

Where d is the number of kmol of water vapour in flue gas per unit

mass of fuel.

V is the mass of water vapour in unit mass of fuel supplied.

hwv is the specific enthalpy of the super heated water vapour at the

partial pressure of the water vapour and the flue gas temperature tG, hi is the

specific enthalpy of water at the temperature of the air - fuel mixture at

combustion, tA .

Blow down loss = xm (h12 - hw) 3.6

Where x is the fraction of tile steam flow which is lost as blow down,

and hw is always equal to h1.

A more detailed expression for equation (3.4) would thus incorporate

these additional terms from equation (3.5) ano (3.6) thus boiler efficiency

is given by

Eflerqy Inpur - lassos
Energy Input

or

11 = 1 -
Loss es

from equation 3.7
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1 - (FGL - BOL - CLl/Energy input -------- (3. 8)

where

FGL flue gas loss

BOL Blow down loss

CL Casing loss

From equation (3.8}, it: is obvious that for the efficiency of d unit to

be improved, the losses in that unit must be monitored. Very often, no

attempt is made to put a monetary value on stearn. It is being treated as an

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

exercise can be illuminating, perhaps uncovering areas of potential saving

that had been overlooked during a heat and mass balance survey. Heat

losses are temperature dependent and not load dependent. The true cost of

steam includes all the expenses incurred in its generation and distribution as

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

of operation, that is load factor. The contributions to the total cost of steam

include:

a. The cost of fuel delivered to the site and the cost associated with

storage and Ilandling

b. The cost of raw water and the costs associated with water

treatment.

c. The cost associated with condensate water system

d. Capital interest and depreciation charges.

e. Insurance, inspection, clearing and descaling charges

f. Cost of spare parts and materials for maintenance

g. Labour and supervision wages.
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Steam supply to ICPCl's process line is generated by two oil fired

boilers burning diesel or heavy fuel oil.

3.4.2 Heat Losses In Boilers

3.4.2.1 Flue Gas Losses

The loss of heat with the flue or dry chimney gasses is the largest of

all heat losses involved: from 4 to 8 percent for large boiler units, and from

10 to 20 percent for small - capacity boilers. This heat loss is due to the

fact that the products of fuel combustion leave the boiler unit at a high

temperature, 115 to 150°C in high capacity boiler unit and even hiqner in

smaller boilers (Neduzhy, 1965).

Equation (3.5) can be used for the calculation of flue gas losses.

3.4.2.2 Blow Down Loss

Blow down can be as high as 10% or more of the steam flow rate

which represents a loss of about 3% of the fuel energy input. This loss can

be reduc d by recovering part of the thermal energy of the blovv down water

by using it to heat the feed water.

3.4.2.3 Heat Loss Due To Incomplete Combustion Of Carbon

The products of combustion may contain gaseous combination of

combustible components SUCll as CO, H:> or CH.1. Their after - burning

beyond the boiler furnace is practically impossible since tile tarnper atur e of

gasses and the concerltratiorls uf the combustible components and oxygen

are too low. The heat that miqht be pr oduced by the after burning of these

components, constitute what is known as hear loss by incornplete

combustion.
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The heat loss through incomplete combustion is given by

Q = V,jg[ 126.4CO + 108H2 + 358.2CH4 + 591. 2CIlH",J kJ/kg

INeduz hv. 1965) -------------. - 3.11

Where

V dy is the specific volume of dry flue gases, m3fkg and CO, H;u CH4,

CnHr,; are the volume concentration of the products of incomplete

combustion in dry flue gases, %.

3.4.2.4 Radiative Heat Loss

The heat loss to the surrounding through radiation remain virtually

unchanged from the rated value, unless the boiler insulation is defective, in

which case, the relative heat loss increases. At a boiler load, 0 differing

tram the rated load, Orated, the relative loss qrated can be found from the

formular.

Where

o actual capacittv of the boiler unit=

Orated rated capacity of the boiler unit

qraled loss of he at by radiation at rated capacity of the boiler.

For high capacity boiler unit q is very small (from 0.2 to 0.3 percent)

but many reach 3 to 4 percent in smaller boiler units. Its magnitude is.,..-
.II' " • . ."

estimated from special reference graphs alld tables.

3.5 Water Treatment

Wa t er is the m 0 s t f req LJe f1 t IY LJsed the rrn G I e f1 erg y t ran s fer t"1u i <:J ; A'"

proper water treatment programme can yield substantial savinqs in both
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energyand money. Wilen water temperature changes, minerals precipitate

ntheform of a hard, brittle scale that collects in piping and on heat transfer

surface. This insulating scale build-up reduces efficiency of equipment,

Increasesfuel requirements, and increases maintenance time and cost.

The impurities in water are in the form of dissolved gases and solids

insolution or suspension. The nature and concentration of the impurities

dependon the source of the water. Scale formation on heat transfer surface

isdueto the thermal decomposition of calcium and magnesium salts and the

subsequent deposition of products such as calcium carbonate, hydroxide

andsilicate.

Scale may also be produced by tile deposition of corrosive products,

algae, silt and sludge. These scales may be dense or porous and firmly

attached to the hear transter surfaces or they may be loose and easily

removed from the svsrern. The additional thermal resistance created by the

presence of such scale on a heat transter surface will decrease the heat

transfer rate. This rnay lead to incr eascd energy consumption in the form

of fuel IIi heating system and mer eased purnpinrj cosrs ill the case of cooling

systems. More importantly, it may result in metal hot spots and tube failure.

Figure 3.3 shows a typical boiler water treatment system.

Corrosion of 11(~3ttr ansf er surfaces in water systems is caused by

dissolved oxvqon allcj pH luwer inar: 7.0. Tile low pH can he due to

dissolved carbonates originating f rom the decomposition ot bicarbonates.

Corrosion products either alone or in combination with scale, can decrease

t~1C cross sectional area available to the flow ot water. This can lead to

decrease in heat transfer capacity, an increase in pUlnpil1(J costs to

overcome the additional pressure drops or shut down to clear or replace
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tubes. From Table 3.2, it can be seen that more energy is required to

overcome commensurate scale build-up areas during heating.

Unscheduled shut-down due to plant failure caused by corr osic n can

have serious implication on production prograrnme and on labour relations

if space heating is affected.

TABLE 3.2 Energy cost due to hard scale build- up

Scale Thickness

Scale requires 15% more energy

Scale requires 20% more energy

Scale requires 39% more energy

Scale requires 55% more energy

Scale requires 70% more energy

Energy required to overcome thickness

1.6mm(1/16")

3.2mrn (1/8")

6.4mm (1/4")

9.5mm (3/8")

12.7111111 (1/2")

Source: (Al-Kharusv. 1996)
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3.5.1 Oxidation Reduction Method

As good as existing water filtration/purification technologies are, each

has limitations. They are short - lived, expensive and difficult to maintain.

Also, they are easily fouled by microorganisms or just plainly unable to

perform up to anticipated stricter regulations.

New process media of Iligtl purity copper-zinc formulations known and

marketed as KDF process media using oxidation/reduction (redox) method

reduces contaminants in water. The process media improves old

technologies by protecting, and in some cases replacing existing

filtration/purification technologies. It provides extended life for machines

using water as coolant as well as lowers maintenance cost, controls

microorganism growth and improves performance (AI - Kharusy ,1996).

According to AI-Kharusy, the removal of iron from the dissolved solid

in water was made possible by Stum and Lee in 1961. The following

chemical equations are ways with vvhich KDF process media reacts with

contaminants

I. Chlorine removal

Cu/Zn + CIL ~ Zn ' t + 2CI" + Cu

II. Hydrogen Sulfide removal

Cu/Zn + H2S -i> CuS -+ H2 + Zn

2H2 + O2 -i> 2H20

iii. Heavy metal removal

Cu/Zn + Pb -r+ (NO]}"2 -i> Zn/Cu/Pb + Zn I '(N03l"2 + Cu

IV. Iron (II) removal

Fe (II) + Cu+ll) - Fe(lIl) + Cu(I)

(Stumn and Lec 1961)

Cu(l) + O2 + HI ~ Cu(lI) + HO~
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Energy Saving in Process Zones

The overall efficiency of a stearn plant is the product of the individual

efficiencies of steam generation, distribution and utilisation processes,

hence, it is important to ensure that all three are as high as possible. It is

3.6

relatively easy to monitor the boiler efficiency with respect to steam

production and fuel used during tile same period. It can be rather more

difficult to monitor the efficiency of distribution and utilization of stearn,

especially when individual steam meters are not available.

There is ample scope for inefficiencies in the distribution and

utilisation of stearn: poor or non-existent insulation; steam leaks; fouled

heat-transfer surfaces with low heat transfer coefticients. If on a site, the

stearn or any other heat transfer medium, is treated as an 'on-tap' service

and this service is not shown as a separate change to the management of

the area, there will be a tendency to regard the services as "free" and little,

if any attempt will be made to measure or monitor its utilisation efficiency.

Stearn line design should be made to transport stearn by the shortest

route in the smallest diameter pipe with the least heat loss and pressure

drop that circumstance will permit. Stearn should be distributed at an

appropriate pressure and velocity. Steam should be distributed at as hiqh

a pressure as possible and used at as Iowa pressure as practicable. The

operating conditions and stearn usage for each process should be monitored

and reviewed periodically preferably and it economically feasible, heat should

be interchanged from effluent to influence stream but avoiding the use of

live steam.
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When steam is condensed on a heat transfer surface, the condensate

should be removed quickly and efficiently from the stream space to ensure

that tile maximum proportion of tile heat transfer surfaces are in contact

with condensing stearn. Water logged surfaces reduce the rate of heat

transfer. Can ansate drained from heat transfer surfaces and pir.Jelines

serves as a valuable source of treated water: each 5 degree centigrade

increase in boiler feed water temperature is equivalent to about a 1 percent

decrease in fuel usage. (Craig, 1981). Thus, necessitating the insulation of

return pipelines and connections from plants and process steam usage area

to the boiler feed water tank. Much care should be to ensured that it does

not become contaminated with process fluids or corrosion products.

Insulating surfaces which reject heat to the atmosphere is one of tile

most obvious and basic ways of recovering energy. The annual fuel cost is

invariably reduced as the thickness of the insulation is increased but the

capital cost at the insulation material increases with tne thickness. hence

tile financial saving must be oft-set Jgciins[ tile capital cost for a typical

write - off period. Ther e will normally IJc an ceo. iornic thickness of insulation

for c) particular case.

3.6.1 Optimization With One Variable

Consider a system which losses IIOiH eqUivalen t to ~ C I per year,

according to the equation

C, .JL --r I) 3. 13
x

Tile system can be insularerl. Llslng insuluttor: o t thickness x , and the
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fixed charges, I'>JC2 for purchasing and installing insulation are given by

C2 F2 (x) = cx + d 3.14

Where a, b, c, and dare constants. All other plant costs are independent

of thickness of installation and therefore need not be considered. Since

differentiating a constant would result in zero.

The total variable cost, CT, is given by

.J:L + b + ex T d 3.15
x

Tile optimum value is found analytically by differentiating eqn 3.15

pC,
dx

~ + c = 0 3.16
xL

the optimum value of x is given by

x = (a/c)" 3.17

Substitution of this value into equation 3.15 yields the optimum value

of the total variable cost C r, that is

CT = (ac) ': + b + (acl: -I- d 3.18

or

C. 2(ac)Y' + b + d

To determine whether tile optimum value is a maximum or a minimum

equation 3.16 is differentiated a second lime

dLCT 2a 3.19

dx ' x'
A positive value of this tunction indicates that C, is a minimum and

a n ega rive va lue ill d icates a rnaxrrn urn. S U bs ti tu ti on of eq uation 3. 1 7 in to

3.19 yields
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~
d2 CT 2c;:

= ..... 3.20
cbc2 1

a 2

(Murphy and Mckay, '1982)

i.e a positive result, therefore a minimum total cost, CT' If the cost

parameter C. does not attain a maximum or minimum value. an impossible

result is obtained for the differentiation process. such as zero or intinitv, or

tile square root of a negative number.

Consider a steam jacketed vessel and its associated pipelines. The

existing insulation needs replacement and it is necessary to determine the

thickness of insulation which will result in the minimum total cost. Table

3.3, shows the fixed costs. based on the purchase ~nd installation of tile

insulation. and the variable costs of the heat losses. based on insulation

thickness: steam cost and hear tr anster (kW).

TABLE 3.3: Insulation Thickness And Cost Variation.

Insulation thickness (mrn) 20 40 60 80 100

Fixed Cost (~ 104/year) 2.2 3.5 4.8 6.1 7.4-

Heat losses (~1 O"/year) 10.2 6.5 5.2 4.6 4.2

Total Cost 2.4 10.0 10.0 10.7 11.6

Source: (Murphy and Mckav. 1982)

A qr apl: of the cost mav be plotted aqainst insulation thickness as

shown in Fiqure 3.5. The total cost curve reur esentinq fixed cost and costs

due to heat losses is shown. The point ot rnf lection is at a minimum total

cost corresponding to CT of N 97t500. The corresponding thickness of

insulation is 49mm which represents tile rnost economic thickness of
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Cocoa products ifidu:;trv as indicated if) section 4.3.1 whereby the cost of

heat loss was found to be srnallc stUSifl~Ja 50mm thick insulating material

compared to two others 15mm and 25rlllll thick respectively.

12

10

8

./

4

-0- Fixed Cost
- 0 - Heat Losses
- 6 - Total Cost

--0---------0

o

20 40 60 80 100

Insulation Thickness (mm)

Fig. 3.5 Optimum Economic Thickness oflnsulation
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3.6.2 Savings In Steam Utilization Within A Process Zone

Considerable savings in he a t loss can be achieved using Allplas balls

for the exposed areas. These are 110110wpolypropylene balls which f:')at on

the liquid surface and can be used up to temperatures of about 120°C

which is considerably higher than the process temperature above which the

free fatty acid in cocoa liquor cannot be controllable. The balls also act as

insulating layer thus reducing considerably the evaporation from the tanks.

A double layer is even more effective, for example, water at 30°C with a

double layer of balls has been shown to reduce in evaporation rate by 90%

(Eastop and Croft, 1990).

Evaporated fumes from tanks must be extracted bv fans giving an

additional source of heat loss; by reducmq the evaporation, the extraction

rate can be reduced considerably thus reducing further [he enerqv loss. lie -

Oluji cocoa products company has 13 uninsulated steel tanks used tor

liquor storage during processinq. Five or them are of 20MT capacity, Two

of 10MT capacity and six of 7. 5MT capacity as shown in Table 3.4. The

liquor in nine 01 the ranks are heated to a temperature of 90°C while the

butter in four of the 7.5MT tanks arc heated to a tomper atur e of 60°C by

steam in tubes immersed in a j ae keted corn partrnent as in Figu re 3.6; the

steam is produced by TWO alternatinq boiler WIth <In average efficiency of

76.3%.

Insulating the tank walls vvith i1 'l Ornrn thick slab of insulator would

yield the company on annual savings as 1I1LlIcaLecJill Table 3.5. Usirlg a

double layer of Allplas balls for the liquid exposed surrace. the company's

annual savinq would be as tabulated irI T able 3,5, Las tly the sirnple pay -

back period, if the measures above are implemented is also shown in the

same table.
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1 = Manual STop Valve For Steam

2 = Over-flow for Condensate

3 = . Thermorneter for Heating Jacket

,4 = Thermometer for Liquor

5 = Manual Stop Valve for Cooling Water

Figure 3.6: TYPICAL JACKETED TANK IN icrct
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TABLE 3.4 Liquor Storage Tank Specification

Number of Units Capacity Height Diameter

5 units

I

20MT 3.0m 2.12m

2 units 10MT 2.0m 1.60m

6 units 7.5MT 1.8m 1.33m

Ambient temperature = 31°C

Heat transfer coefficient for tank surfaces IOW/mLK

Assume the same for all sur faces.

Heat transfer coefficient, liquicJ surtace to ambient air, lOW Im2K

Heat transfer coefficient from liquicJ to inside wall at the tanks = 500W /rn LK

Heat loss by evaporation from liquid surface for big tanks 6,500W/mL and

for the small tanks 4,200W/rn2

Thermal conductivity of insulatinq material = 0.07 W/mK

Heat loss by evaporation from tanks with Allplas balls 1500W/rnJ

Cost of fuel used in boiler N 7/1tr

Additional resistance due to Allplas ball - 0.2m:>K/W

Insulation Cost ~ 1,620/mJ

~5,210/i11')

=

Cost Allplas balls

Operating hours 5400 hrs per annum.
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Table 3.5: Energy Savings Expected Due to Tanks' Insulation.

Tank sizes 7.5 M T- 7.5 M T 10.0 M T 20.0 M T

liquor tank butter tank liquor tank butter lank
--

Tank quantity 4 2 2 .-o

Conductive losses through 8.80 4.33 11.70 23.22

Tank walls (kW)

Expected saviriqs from 12.6'1 7'1.91 12.10 479.49

conductive losses (kW)

Cor.vectrve and 18.84 10.08 12.10 59.05

Evaporative losses (kW)

Saving expected from 12.10 6.30 7.84 44.90

convective & Evaporative I

losses (kW)

Monetary value of savinqs r 30,506.56 39,620.03 40 ,~35.54 207921.27

N from various scherns i

Total expected savings per annum W318,083.40

Pay back period = 2,81 years

Corresponding to 33.7 months.

3.7 Energy Savings in Factory Buildings

In a factory, the energy consumption due to lighting rnav be as low

as 3% of the total energy consumption but considerable cash savings can

still be made by making simple chances to the lighting systern as in offices,

workshops, warehouse and factory 'floor. Industrial consumption accounts

for up to 40 percent of the total in manv industrialized countries and

significant savings are possible (Weedy, 1979).

In trus section, ways will be considered in reducinq tile arlllualligilting

costs with comparatively small capital cos t and with snort pay back periods.
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Savings are possible due in part to advances in lighting designs and in part

to the introduction of control systems and many recovery methods.

3.7.1 Types Of Lamps And Tubes

The following types of lighting in common use in the industry under

study are considered.

3.7.1.1 Incandescent Bulbs

The most common type of lamps, or light bulb is basically referred to

as tungsten lamp. Incandescent lamps are more efficient and have a longer

life when filled with a halogen gas, various proportions of halogen are used

but the type is generally known as tungsten halogen.

3.7.1. Fluorescent Tubes

In the fluorescent tube, light is produced by the excitation of a gas

(originally neon) or a .nerallic vapour by an electric discharqe. With

phosphorus coating, a white light is produced. This type of light has much

higher efficiency than the incandescent lamp and also has a longer life.

Connected usually in two pin fitting on each end of tile tube.

Various impr overnerns to the design have been made in recent years

TO increase the efficiency. Krypton gas is replacing arqon giJS In the tube;

tube diameters have been reduced; trt-phosphor us coa tings provide more

stability and better colour rendering. High frequency fluorescent tubes have

recently been introduced which operate on frequencies as high as 28KHz

instead of the normal mains frequency of 50Hz. Such tubes have an
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electronic ballast which increase the cost over the normal tube but the

efficacy is increased by sbout 10%.

A higher advantage of high frequency tubes is that the stroboscope

effect is eliminated.

3.7.1.3 Others

Lamps using the principle of discharge through a gas or metallic

vapour but not necessarily using the fluorescent concept are also in cornman

use. These are the mercury fluorescent which requires six minutes to reach

full illumination and six minutes on re-start, the metal halide lamp pr oducinq

light by radiation from metallic vapour mixture requiring 12 minutes to reach

full illumination with five minutes on restart. Low pressure sodium (SOX)

lamps which have a high efficiency but give an almost monochromatic

yellow light requires eight minutes with same time for restarting. High

pressure sodium (SON) lamps are almost as efticient as SOX. Such types

of discharge lamp are not suitable for instant lighting since there is a

warming up period before full illumination is obtained.

There are several WdYS in which the energy used for lighting may be

reduced with a consequent reduction of annual running cost. The first and

perhaps the most obvious way is to check that each lamp is switched on

only when required. Simple timers can be used and photocell switches

connected in areas where daylight levels provide adequate lighting for 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 ligllt waste

energy but it has been shown by various studies that there is a strong
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correlation between productivity and ligilting level, likewise ciloosing the

rigilt type for a specific purpose can lead to greater energy efficiency. The

cost of replacement must be considered as well as the running cost and

hence the probable life of a lamp is an important factor. Replacement cost

includes the labour cost as well as the cost of tile lamp itself and intact the

former may be the greater cost element.

The factory floor area of lie - Oluji cocoa Products Company building

is 7,880m2 and is lit by 586 single fluorescent tubes having a rating of

43.0W and an electrical input of 40W with an efficacy of 64 !m/W and a life

expectancy of 8000 hours.

In an attempt to reduce the cost of ligiltings it was proposed to

replace the fluorescent tubes vvith 40 Sodium lamps of 320W electrical

input, efficacy of 143 1m/Wand a life expectancy of 12,000 hours. The

factory is illuminated for 54,000 hours annually.

C0St of fluorescent tube N 180.00

Cost of sodium lamps N 360.00

It is required to determine the viability of the above project and the

increase in illuminance if any,

Unit cost of electric energy is N 4.25/kWil.

Assume that the efficacy is based on tile total electrical input then for

the present system in use, illuminance

586 x 64 x 40
7880

190.4LX

For the proposed system, illuminance is
40 x 143 x 320 - 232.3LX

7880
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Percentage increase in illuminance
(232.3 - 190.4) x 100

190.4

21.99%

Annual electricity cost with exiting system is

586 x 40 x 5400 x 4.25
1,000

= ~ 537948.00

and with the proposed system
= 40 x 320 x 5400 x 4.25

1,000
= ~ 293760.00

In the existing system, the tubes have a life span of 800 hours and

hence should be replaced at a time interval of 8000/5400 = 1.48 years.

For the proposed system, this should be replaced at a time interval of

12000/5400 = 2.22 years.

Annual cost of replacement of tubes will be for existing system.

586 x 180 = ~71270.27
1.48

for the proposed system

40~ 360 = ~ 6486.49
2.22

Thus uSi'lg 40 sodium lamps in place of 586 fluorescent tubes, there will be

22% increase in illuminance and cash savings of N 308971.18 annually

3.8 Energy Auditing

The technique used In the rnanaqernent of energy have much in

common with those required for the management of any resources in a

company or establishrnen t. Energy rnonitoring is the term applied to the

regular recording of data relevant to the energy performance of anything

from a single piece of plant to an entire site. The electricity consumption

ot a company will effectively be monitored by the meter ins tailed for billing
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purposes by NEPA; SUCll company may wish to have a more detailed

knowledge of consumption and will install separate meters at a number of

locations of major use. This recording of inf orrnation tor analysis ot trends

in areas of major. demand can be carried out. Similar system can be used to

meter the detailed consumption of other con sum abies such as oil and water.

other data SUCll as ternperature and pressure can be detected by sensors

and again recorded (manually or by automatic means).

Monitoring will not of itself lead to energy savings unless the data is

ana lysed and put in context within the company or establishment.

Therefore after monitoring, the next step is to analyse the data and carry out

an energy audit. A company will pay bills for fuels such as electricity and

oil. The Objective of energy audit is to determine how well the company

uses the energy and ultimately the energy cost contained in the price of the

product. Having then established how the energy is being utilized, many

industries apply the concept that energy consumption can be decreased by

say 5% per year by the practice of good house keeping and more systematic

maintenance. Starting with the present annual consumption related to a unit

of production (e.g in MJ/toll) or to the unit area of a building (Craig, 1981).

This approach has two advantages, first it affords a comparism of one

system with another, the other advantage of expressing energy consumption

in terms of unit cost is that changes in output or building size will lead to

change on consumption unrelated to etticiencv of energy use.

lIe-Oluji Cocoa Product Company produces tour major cocoa products;

Cocoa butter, Cocoa Cake, cocoa powder as well as cocoa liquor all stored

at different stores within the factory. Details of monthly production figures
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tor five years are as shown in Table 3.6. Table 3.7 shows the regression

analysis for the year 1996/97 for prediction of product yield.

TABLE 3.6: Product Output For 5 Years

Months 1992/93 1993/94 1994/95 1995/96 1996/97

MT MT MT MT MT

October -128 152 441 110 749

November 305 121 601 121 981

December 145 190 455 - 1078

January 241 212 377 105 1084

February 251 134 70 156 1177

March 236 212 636 108 633

April 339 268 170 126 640

May 479 471 416 69 6'12

June 379 441 - 119 661

July 207 149 - 219 697

August 95 133 - 659 720

September - 199 112 884 814

Total 2,805 2,687 3,278 2,676 9,846

:-- \

7 )
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TABLE 3.7 Regression Analysis for the year 1996/97

MONTHS Production Diesel for XY X2

Output X Roasting

(MT) Machine Y

(LTRS)

October 748 9,785 7,328,965 561,001

November 981 13,560 13,302,360 962,361

December 1078 15,470 16,676,660 1,162,084

January 1084 18,380 19,923,920 1,175,056

February 1177 16,270 19,149,790 1,385,329

March 633 12,790 8,096,070 400,689

April 640 14,857 9,508,480 409,600

May 612 8,022 4,909,404 374,544

June 661 9,790 6,471,190 436,921

July 697 8,515 5,934,955 485,809

August 720 11,610 8,359,200 518,400

September 814 12,590 10,248,260 662,596

Average 820.5 LY= LXY = IX2 =

151,639 129,909,314 8,534,390

x = 9846
12

= 820.5

y by
N

= 151,639
12

12636.6

b = LXY - Nxy
Lx2 - n (X)2

= 12.05

Regression equation

a = y - bx

2758.9a

Thus the regression equation of the above is

y = 2753.9 + 12.05x 3.24

3.8.1 Load Profile

In industries, it is possible to relate energy usage and energy cost to

production figures thus formulating energy indices which are used for checks
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as well as energy forecast. Such forecasts are ba.Ied on previous years

loading for the period in question updated by factors such as general load

increases, major new loads, and weather trends. Both power demai .d and

energy (kWh) forecasts are used, the latter often being the more readily

obtained.

Figures 3.7 to 3.11 show the Trend for five years of internally

consumed power and consumption from national grid in lIe-Oluji Cocoa

Products Company. From these figures further detailed breakdown can be

achieved e.g.

Energy index for October 1992/93

Corresponding total load/product output

= 815.7
128

= 6.37kW/Ton

and for October 1996/97

Energy index = 1200 = 1.60 kW/Ton
749

When a company produces specific products, a useful parameter to

monitor and compare energy consumption is the energy index. The energy

index is the figure obtained vvhen the energy use is divided by the

production output, and the index may be calculated weekly, monthly or

annually.

Althouqh the total energy index is sufficient for monitoring purposes

a record of the individual energy indices should be maintained. In the event

of an increase or decrease (due to a conservation measure) in the energy

index, the particular source can be investigated immediately.
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It can be observed that the energy consumed for the year 1996/97

was far higher than corresponding years but the energy index for that year

is least for the five years compared because there is a corresp ')nding

increase in the tonnage of products - produced hence the trend thus exists.

Energy managers would not be pleased if there is an increase in

energy consumption but will not necessarily complain if there is a

proportionate increase in output as in the above case. The slope of graphs

from Figure 3.12 also indicate fuel energy index for Roasted beans in the

year 1995/96 and 1996/97 which are 16.08 liters per tonne and 15.40

litre/ton respectively.

From the scatter diagram in Fiqure 3.12, the points show considerable

scatter but there is a distinct trend relatinq production output and beans

roaster fuel consumption. The best straight line relating the points can be

obtained using least square analysis and the regression line is given by the

equation:

y 2753.9 + 12.05x 3.21

Tile regression line can be used to compare energy consumptions with

actual results and When consumption is unfavorable, measures may be taken

to reduce tile marginal consumption. The relationship between energy

consumption and production output is not linear. Energy index can be used

to specify how usage and consumption efficiency of fuels affect the

production costs. The identification of energy cost center, in order to

breakdown the total consumption, varies between different organizations.

Typical specific areas of energy consumptions are offices, factory premises,

machine shops and process units.
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The monthly usage of fuel oil and electricity for steam qener ation in

lie - Oluji Cocoa Product Company is consumed in the following stages.

a. Process use

b. Environment use

c. Unaccounted losses

d. Boiler losses i.e flue gases.

The gas oil consumption by tile company is used for.

I. power house

II. Roaster

III. Vehicles

Tile thire! energy source used by tile company which is electricity is utilised

as follows:

(i)

(ii)

(iii)

(iv)

(v)

Energy Center

Boiler

Power house

Environment

Process zone

Offices

Power consumed (kWh)

20.30

1.36

97.80

1491.72

4.40

Total fuel utilised during the vear 1996/97 stands at" 861,645.46

litres valued at f»J6031518. For an annual production output at 9,846 MT,

the cost of producing a MT of beans would be N 7350.13/MT of beans.

?, ./
~,- -
rn -:«



CHAPTER FOUR

f

4.0 RESULT AND DISCUSSION

There are generally scopes for energy savings in any organizat.on but

the energy manager should remember that there is ample opportunity to

embark on ill - conceived energy "conservation" projects that can result in

maldistribution of energy or greater veral: expenditure by the companv.

4.1 Discussion of Findings and Observations

Careful considerations were given to proposed projects to determine

their cost effectiveness. This was to ensure that money that ought to have

been spent on other profitable aspects of the business was not spent on

energy conservation project without commensurate profit margin. It is a

matter of fact that an energy manager should be familiar with the financial

policy of a company and his case shoulo be stated in terms of potential

savings discounted over a period of time, against the project cost of energy.

A straight forvvar d pay -back time based on present - day costs can

otten be misleading and may result in the rejection of a proposal for what

is in reality a cost effective project. In trying to find solution to some

problems through enerqv optimisation in Ile-Oluji Cocoa Products Company,

various options in cost reduction strategy were analysed within the context

of this research work.

These include:-

1. Development of more efficient processes for energy use which takes

time and money into consideration.

2. Operating existing process more efficiently which requires the

dedicated enthusiasm of all.

All common services should be regularly inspected for leaks, since

they are often not attended to for long period due to poor accessibility.

Where more than one boiler is in use, it may be possible to shut one down

for part of the time. Hot water storage of a boiler wili vary with the load on

it and is greatly affected by the efficiency of combustion and by the transfer

of heat from the waste gases to the water.
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The treatment of feed water protects a boiler from the effects of

corrosion, reducing the risk of failure by overheating and loss ot efficiency

which would otherwise result from the build-up at deposits carried to

excess, blowdown of the dissolved solids in boiler water which can cause

up to 10% of the energy supplied as heat to be lost.

When energy is rejected in the form of pressure, heat. waste gases

and other products of unburnt fuel tr orn one process, it may be possible to

harness it to reduce the energy needs of the same or some other processes.

4.2 Heat Recovery

Heat recovery systems can be intr oduced at the design stage of a

new plant, but it is more often the case that heat recovery has to be applied

to existing plants like /le-Oluji Cocoa Products Company.

With two boilers of sizes UL-S 2600x 10 which emit flue qas es as

high as 190°C/220°C respectively, <1 run around coil, shell and tube or

cross flow neat exchanger can be used to recover energy from the flue gas

for feed water heating from tile present 40°C thus reducing the energy

requirement for raising the temperature of feed water into steam. From the

boiler parameters, the efficiencies of the two boilers were estimated in order

to ascertain their cost effectiveness. Also, the reduction in fuel

consumptions if feed water temperature was increased to about 90 ° C and

if the boiler were redesigned for a flue gas temperature of 127°C and

177°C respectively were estimated. Tile results are presented in Tables 4.1

and 4.2 respectively.

The specifications and operating conditions ot tile boilers are as

shown below:

1) BOILER A

Fuel type: Diesel
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Composition by mass

8G.2%C, 12.8% H, 1.0%S, GCV 45.5MJ/kg

Mass flowrate of fuel 200kg/h

Fuel Cost (October 1998) N 9.00/litre

Rate of steam generated = 2600kg/h

Pressure of Dry saturated air - lObar

Feed water temperature = 40°C

Blow down flash vessel at 1.1 bar and 10(1'0 of steam mass flow rate.

Temperature of make up water at blow down = 15°C

Air temperature at entry 32°C.

Average flue gas temperature at boiler exit = 190°C

Flue gas pressure at exit - 1.03 bar

Heat losses from casing ~ '180kW

Boiler is used at lull load tor 4,800 hours per annum

ii) BOILER B

Fuel type:

Composition by mass:

HE~avy tuel oil

82.9%C, 11.4%H, 4.5%S, 1.2% other

GCV 42.5MJ/kg

= 145kg/h

W 7.00/litre

Mass flow rate of fuel

Fuel cost (October 1998)

Steam produced at 10 bars

Flue gas temperature at boiler exit = 220°C

Heat loss from casing = '1501<.W

All other parameters are similar to that of boiler A above.

A cross flow heat exchanger IS used to recover energy rr om exhaust

flue gas which consists of nuxcd stream of hot exhaust flue gas Ilovvinr] at

2.5kg/s across a bank of tubes convevinq unmixed boiler teed water.
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Tile gas with specific heat capacity of 1.09kJ/kgK enters at 1900e

and leaves at 127°C. The overall heat transfer coefficient being 180W/m2K,

the calculated heat exchanger area required was 13m2. The fLJ81cost

savings per annum using an L.P.F.O boiler with efficiency of 74.49%

amounted to N 112334.50. This is in addition to over a million naira that

would be realised from the reduction in flue gas temperature as indicated in

Tables 4.1 and 4.2. The project has a payback period of less than two

years when implemented.

TABLE 4.1: Result Of Analysis On Boilers A and B

Flue gas losses

Casing loss

Blow down loss

Efficiency

Savings from feed water

Temperature increase

from 40°C to 900e

Boiler A

14.23%

8.76%

2.31 %

74.49%

~578109.92

Boiler B

13.016%

7.120%

1.70%

78.16%

N661678.68

Per annum per annum

TABLE 4.2: Result With Reduced Flue Gas Temperatures.

From 190°C 220°C

To 127<lC 177°C

Boiler A B

Flue gas losses 10. 5 ~'o 12,29%

Casing loss 7.06°,'0 8.43%

Blow down loss 2.03% 2,57%

New efticiency 80.41 % 76.18%

Annual reduction in fuel cost ~ 1225224.00 N 652800.00
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4.3 Savings in Cost of Steam Distribution VVithin a Process Zone

Existing wet steam supply pipings from a fuel oil fired boiler into the

process zone of lIe-Oluji Cocoa Product Company utilises pipe network with

an outer diameter .of 15.2mm and an insulation thickness of 25mm. With

insulation thicknesses of 15mm and 50mm, comparison of economic
!. ' .

viability and cost savings, if any, in the use of different thickness was

estimated using the following data and the result tabulated in Table 4.3.

'S·l

1 IS 1 l

F igurQ 4·1 PIPING WITH INSULATION THICKNESSOFI5;.1n-,'.

Stearn supply pipe outer diameter 15.2mm

I Heat transfer coefficient for outer surface of insulation

',Thermal conductivity of insulation = O.043W/mK

185°C p;c~·~-=
30°C ((&( ~

~ /174.49%, :.., '_ ~/~,
I. /.') •

, I •..•~-

':~

Steam temperature

Temperature of ambient air =

Boiler efficiency =
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Price of heavy fuel oil = f'rJ7.00/litre

Duration of operation = 5400h/annum

Cost of insulatir g material = 50mm at f'rJ410v=/m

25mm at f'rJ1800=/m

15mm at f'rJl080=/m

The thermal resistance of cylindrical insulation is given by

R = In Ic2LrI} for unit length 4.1
2ITKI

From figure 4.1

pipe + insulating material outer radius 1m

pipe outer raius m

thermal conductivity of insulation in W/mK

length of section being considered m.

The thermal resistance R of the fluid film on the outside surface is

k

where

given by

R' = 1/LA 4.2

and the heat transfer per unit area

Q = 11t 4.3
Rt

where

R + R'

TABLE 4.3: Result Of Analysis Using Different Insulation Thicknesses

Insulation Thermal Thermal Heat Annual cost Payback
Thickness Resistance Resistance Transfer per of heat loss period
(mm) of Insulation fluid film unit length per meter (months)

(mK/W) (mK/W) W/rn (N)250m

0 0 2.10 73.5 17595.9/m -

4398975.0

15 4.03 0.71 32.5 7631.9/m 1.30
'1907975.0

25 5.39 0.49 262 6152.0/m 1.88
1538007,5

50 6.98 0.28 21.2 4989.3/m 3.90
'1247319.0
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From the above analysis, the company would pay about N 1.9million

more for fuel if its steam supply lines are insulated with 15mm thick material

or waste a sum of N 369976.5 for using 15mm insulating rnaterials.

Whereas the company would save N 290688.5 using an insulating material

of 50mm thick.

It can be further deduced that the cost of heat loss is smallest using

the 50mm thickness of insulation compared to others but the initial material

cost is higher than others. The heat loss from the surface can be reduced

substantially by covering it with a material that has a low thermal

conductivity and a low emissivity.

In general, the temperature of the outer layer of a properly insulated

surface is such that the steady-state heat loss is maintained by natural

convective heat transfer. The air in the immediate vicinity of the insulation

is heated, thereby reducing its density; the warm air rises and is replaced

continuously by colder air.

Considerable savings have been made in the cocoa processing sector

by providing insulation to cover machines that have extreme temperature

difference with its surroundings during operation. Many cocoa industries

involve the heating of liquids in partially opened tanks such as mixing tanks

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

4.4 Insulation

In particular situations, the actual economic thickness of an insulator

depends on the relationship, trade off's between insulation cost and heating

cost. Considering the analysis of energy savings in section 4.3, one can
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evidently ascertain that as the insulation thickness increased from 15mm to

50mm, the thermal resistance for insulation also increased proportionately

from 4.024mK/W to 6.975 mK/W with a corresponding decrease in tile fluid

film resistance from 0.7m2K/W to 0.3m2K/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 obtained with the 50mm insulation thickness but with a longer pay

back period of 3% months, basically due to the higher cost of the 50mm

insulating material. This implies that the 15mm material has more initial cost

advantage but long ·term saving is in favour of the 50mm material.

. At present (CPCl uses the 25mm thick insulating material with an

annual fuel cost of heat loss valued at N 6738.6 per meter. An additional

fuel savings of N 1273.50/m can be achieved using the '50mm thick

insulating material. Hence, with a total length of 238m of insulating steam

pipes, fuel saving valued at N 303093.00 can be achieved. A loss of

N l,620.90/m could ~ave been incurred using the 15mm insulating material

resultin ; is a gross loss of N 385774.20 annually.

The insulation of tanks is capital intensive with a very long pay back

period of over two years which some industrialists would consider

unprofitable to invest over a million Naira on. Though the annual savings is

worth the investment, ignorant enterpreneurs would prefer to invest on raw

materials at the expense of energy saving ventures.
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4.5 Water Treatment

The treatment given to the raw water depends on its composition and

the type of boiler system in which the treated water will be used, the higher

the boiler pressu-re, the purer the treated water.

In ICPCl, water technology is far behind technology for today's boiler.

The raw water hardness in the company is 60ppm and the" boiler water

hardness is20ppm. Thus, there exist a high degree of scale formation.

Water is pumped directly from the company's borehole into underground

tanks of 460,000 litre capacity without chlorination or any other physical

tr eatrne.u. The raw water goes directly into tile boiler house. It is then

passed through ion softners which are not functional as the resins are spent

hence all feed water hardness goes to tile boiler.

The water pH is maintained at relatively hiqn value and gamadyne is

periodically dozed in but that alone cannot perform the primary function of

removal of ions from the water. Thus, the formation of heavy scales. The

high hardness load on the boiler is the main cause of scale deposition on the

boiler tubes. The deposited scale reduces heat transfer leading to increased

time for pressure build-up in the boiler and increases in fuel cost. Scales

also lead to overheating of tubes, and it is therefore capable of causing

ultimate demage to the boiler installation.

In an attempt to solve tile above stated problems, different

management had on one occasion or another visited the issue of purification

of water but cost had been a major impediment in the realization of these

goal. Newly invented oxidation/reduction system in water technology by a

research team headed by Dr. Wayne C.Turner, Regents Professor at the
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Oklahoma State University (OSU) College of Engineering, Architecture and

Technology resolves costly problem from water treatment.

Keltronics design and assembles printed circuit boards for CUSLOmers

which fabricate electronic equipment for telecommunications, aircraft and

scientific application. At one time the tin/lead content of effluent water

used to rinse off printed circuit boards was costing Keltronic Corp,

Oklahoma City Ok ~ 327.60 per gallon to dispose off as harzardous waste.

The cost has been eliminated with the installation of a closed loop

wash down system using proprietary water treatment technology based on

-
oxidation/reduction (redox) chemistry. The first of tile two solutions was by

using ion exchange to remove lead and adjust the pH. The second solution

offered by Turners team involved the use of redox chemistry. Tile redox

chemistry system offered two disposal options.

1. Discharging the treated effluent into the sanitary sewer system at a

standard industrial discharge cost of ~ 78.75 per 1,000 gallons.

2. Continually reusing the water in a closed loop rising system that

would eliminate not only the sewer discharge fees, but also the

constant cost of using incoming city water for the rinse process. The

savings were in addition to eliminate the ~ 327.60 per gallon cost to

treat lead -impregnated waste-waters.

Much as these proposals had been tested and found not only to have

d fast pay back period but also having a high profit yield. Ile-Oluji Cocoa

Product Company's management still considers cost as a major impediment

in tr eatinq her water both for process operation as well as for drinking.

I
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4.6 Lightings in Building and Power Factor Correction

Energy expended on lighting in ICPCL is small, significant conservation

of energy had been achieved in this area. Most significantly is 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 tile tubes, thus fluorescent tubes are not used

in the butter rooms where the room temperature is below 18°C. Such

temperature reduces light output to about 75 % of maximum.

, In the refii!ery 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, fluorescent tube iiqht output will

again reduce to 75% of maximum. Replacement rate of tube and bulbs had

been haphazard thus incurring undue running cost, labour cost as well as the

cost of purchase of the lamps themselves.

Luminaries, tubes and bulbs cleaning at predetermined intervals

depends on the cleanliness of the atmosphere in which they are sited. It is

most advisable that lamps and tubes should be replaced after a fixed number

of hours of lighting based on the probable life expectancy since if this is not

done', productivity may suffer when light fails unexpectedly.

A proposed lighting system for ICPCL by replacing 586 pieces of

fluorescent fittings with 40 sodium lamps is estimated to have' an increased

percentage illuminance of 21,99% and a cash savings of N 3089971.18.

The simplest method of power factor improvement which is the

installation of power factor improvement capacitors is in place in ICPCL to

provide the required amount to capacitive reactance CVAR. The company
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seems to be comfortable with a power factor of 0.90 .

. To maintain comfortable environments, there are many types of air

conditioning systems. based on various concepts and using dil ferent

methods to achieve the heating and cooling. The system and equipment

chosen for a particular building thermal load combination can have a

significant effect on the energy usage and hence require careful selection.
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CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATION

5.1 Conclusion

The study is focused on optimisation of energy in a cocoa processing

industry. This involved identification of areas of energy losses, proposed

ways of minimising tile 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 follows:

Fuel savings per annum using loP.F.O as boiler fuel with a combustion

efficiency of 74.4% amounts to N 112334.50 using fuel price of N 7.00 per

litre. This is in addition to over a million naira that would be realised 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

a loss of N 1620.901m could have been incurred using the 15mm insulating

material which would have resulted in a gross loss of N 385774.20

annually. The insulation of tanks were considered to be capital intensive

with long pay back period of over two years which the management

considered unprofitable in her current dispensation. Though the annual

savings is worth the investment, ignorant enterpr e.ieurs would prefer to

invest on raw material 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

of lamp and lurninaire for the purpose required is obviously very important.
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Studies have shown that there is a strong correlation between productivity

and lighting level likewise choosing the right type for a specific purpose can

lead to greater energy efficiency. Thus using 40 sodium lamps in place of

536 fluorescent tubes, there will be 22% increase in illumination and cash

savings of N 308971.18 annually.

The analysis of power generation has shown that reliable generating

sets for internal power consumption reduces overhead cost for power in a

locality where the average power availability from the National grid is below

60%. Most of the causes of energy wastage have been identified which can

be prevented at low capital cost as highlighted in the study. Ways of

curbing .losses from the steam generation plant (boiler), pipe distribution

network, as well as steam utilisation areas had been advocated for cocoa

plants.

It is noteworthy that a callosal amount of money would be saved if

the above is put in practice. This is due to the fact that, market structure

in the last ten years tended towards perfect competitive markets whereby

the cost of finished products are determined by the market forces "Demand

and Supply".
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5.2 Hecommendations

If energy consumption at Ile-Oluji Cocoa Products Company is to be

optimised the following recommendations are suggested for further work.

1. Research on fuel savings should be carried out on machines requiring

combustible fuel.

2. Further research work should be carried out on different types of

insulating materials for steam distribution and chilled water

.stribution.

3. Research work i volving unit by unit material, energy balance as well

as a steam and utility balance should be carried out.

4. Simulation of the identified area of losses to establish how the system

efficiency will compare with similar industries in terms of energy

management.
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APPENDIX 1

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


