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Abstract

Rapluc-Comparator used for predicting and compdiutgre worth of profit that will be lost to undéilization
during the useful life of production equipment ahdir replacement costs was developed in this stundlyused
to evaluate the equipment replacement potentiad®fe manufacturing industries in Nigerian. Resuiitgined
showed that 21.52% of the industries investigatedirfly small and medium scale firms) will lose preforth
more than their equipment replacement cost to witidization at the end of their systems while 384.df them
will lose profit worth over 50% of their equipmengplacement cost. This revealed that capacity jamwhich
amply accounts for both input availability and pnotldemand before design and procurement of praduct
facilities is inadequate in the small and mediurlesenanufacturing sector of this nation. Hence sibaificant
effect of unused capacity charges on selling psfgeroducts of small firms relative to those of thege ones in
Nigeria and incessant liquidation of Nigerian snaaltd medium manufacturing industries due to thbilitg of
the firms to replace their production facilities @swhen due because of huge profit lost to undiatton.
Rapluc-Comparator is therefore recommended to owraeragers of industries for self-assessment of thei
potentials for continuous existence and robustimessff market competition.

Keywords: Capacity, manufacturing system, profit lost, replaent cost, underutilization

1.0 Introduction

Capacity utilization of manufacturing sector haerba crucial economic issue in developing countries the
years due to the leading position of this sectgromoting productivity, investment, import subgtibn, export
expansion, employment and per capita income ofration at a faster rate than any other sector (@uayu
1995; Shebeb, 2002). In addition, manufacturingtaseprovides wider and more efficient linkage amon
different sectors (Ogwuma, 1995). Capacity uttlais a measure of the extent to which an enisgpor a
nation uses its installed productive capacity (hHoseal, 2011). Technically, capacity utilizatianthe average
ratio of the actual output of a firm to the maximtimat could be produced with her existing plant agdipment
(Johansson, 1988) while for an economist, it messsthre ratio of actual output to the level of otitfneyond
which the average cost of production begins to {&rndt and Morrison, 1981). However, Hosen €8t 1),
revealed that even though the typical engineerdepniof capacity differs from the economist's deifomi
because what is technically possible may not ba@uodccally desirable, time series analysis showed tioth
views stress the same fact (output versus inpudj tmne. This view of Hosen et al (2011), is cotreecause
with adequate capacity planning which account fatimoal production level with respect to input aedility and
product demand before design and procurement diftile in a firm, the differences between the #alalie
economic and engineering capacities is insignificamus, irrespective of the perspective one isving it,
capacity utilization remained the ratio of usedamafy to the available one. The difference betwibenused and
available capacities is referred as excess or utitieed capacity.

All entrepreneurs/companies desire hundred pémagpacity utilization but records showed that none
operates at this rate because of downtime dueuipmgnt malfunctions and various other causes (Jag@92;
Anwar and Moudud, 2004; Susan and Roger, 2004;idBkij 2010). A consistent rate of about 85 percent
utilization of installed productive capacity is cithered optimal in most industries. Records revkaleerage
capacity utilization rate of United States firms7&5%, Japan 83-86%, European Union 82%, Austédia,
Brazil 60—80%, India 70%, China perhaps 60%, Turk®88%, Canada 87% while that of Nigeria is veny lo
(30 - 40%) despite high demand of manufactured gaodhis nation (Anwar and Moudud, 2004; Daudd)&0
Akindele, 2014). Hence, a lot of wastes of meagedpction capacities available in this country. sThgly
phenomenon is more pronounced in many indigenousedimanaged production firms in Nigeria. Thus, the
ever increasing rate of liquidation of small anddimen scale industries as well as many indigenorgelacale
production firms in this country despite severaligoinitiatives and resources government is injegtin this
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sector to facilitate the process of industrialiaatin the country. Many attributed this nationalnaee to lack of
technological know-how, shortfall in utility andadequate government policies (Ukoha, 2000; Olodanso
2002; Dauda, 2006; Akindele, 2014). However, Ckgi42010), revealed the inability of the liquidafadhs to
replace their production equipment/machineries dfteir useful life as the major cause of the higte of their
liquidation. This work stressed that Nigerian eptemeurs are not sensitive to the adverse effebtigé profit
they sacrifice daily to underutilized capacitiestba stability and continuous existence of thaimé in a stiff
market competitive condition. Chijioke (2010), theatommended that this attitude must be contrdiefdre
other measures toward sustainable manufacturirtgrsed| yield the desired result in this countijherefore, it
is economically necessary to develop a model tlihbes used in predicting and comparing the totalfip that
will be lost to unused capacity of any manufactgirdystem after its salvage period with its replaeeintost at
any given time and production rate. Comparisonhesé two parameters is necessary to enable opexator
manufacturing systems know the ratio of the momepiired for their system replacement which willds due
to excess or unused capacity. In other words tlegliption and comparison of the two parameters is a
measurement of the monetary worth of unused systapacities relative to their replacement costswiticoe

a tool for forecasting equipment replacement paéniof industries at any given production rate dinae.
Although, many model and approaches for capaciligation measurement have being developed and oged
the years by Rasche and Tatom (1977), Berndt anisda (1981), Corrado and Mattey (1997), Omer 8)99
Kim (1999), Anwar and Moudud (2004), Ray and Kar&kg2005) and Hosen et al (2011) and many otherg no
of the tools developed/used in previous works dfiadtthe losses associated with underutilized capaf a
system relative to its replacement cost. This iy atimes it is difficult to relate the losses ttaagible quantity
which the investors in this sector will understafdus, the objective of this study is to developgediction tool
that will used in evaluating the total profit thafill be lost to underutilization during the useflile of
manufacturing systems.

2.0 Model Development and Evaluation Procedure
The model of the profit lost to underutilization afproduction system during its salvage period dexsved
from basic economic/mathematical concept which esges profitP; as the difference between total salgB,
and production cos€P (Equation 1).

P, =SP—CP (1)
Production cost is the total cost of materials, @gglepreciation and other production disbursemsuth as
transportation cost, selling cost, maintenance etst Therefore, profit per unit produd?, constitutes the
difference between the selling price per uBiand production cost per unit (Equation 2);

A ) )

WhereM, W, D andO constitutes annual cost of raw materials, wagegradgationand other disbursements
respectively whileA is the actual production rate of the system in givgn year. Annual depreciation which
measures the cost of deterioration in the value mioduction system or the cost of having the systaring any
year under review was determined using straightedggtion method given by Onwualu et al (2002) as;

D= 50 @
WhereZ, FandN are the initial cost, salvage value and salvagogef the system respectively. Initial cost
constitutes total amount spent in the procuremémstallation and commissioning of the production
equipment/system. The total profit lost due to @dausapacity of a manufacturing system in any yeais the
product of the profit per unit item sold and numbéitems that should have been produced but aréewause
the system is not fully utilized (underutilized eafiy). Recall underutilized capacity of any syst@mthe
difference between its installed and actual prdduactate. Thus, the total profit lost to unused amgy of a
manufacturing system in any given year is expressatthematically as follows;

P, = B,(C-4) 4)
Where C is the installed capacity of the systemsyear, which is the number of products the systeas
installed to produce in a year. Hence, the futuoethivof the total profit lostP? to unused capacity at the end of
the salvage period of any production equipment determined from Equation (4) using compound interes
approach;
P=P(1+ )N (5)

Wherei is the interest rate prevailing in the economybsSituting Equations (2), (3) and (4) into Equat{&i)
gives the future worth of the profit lost to undiization during the salvage period of any prodactsystem as;

p = (s - MEA) (¢ - ay(a + N 6)
Equation (6) is suitable for prediction when thenaad production rate, selling price, cost of rawtenals,
wages, depreciation and other production disbureesmeemained constant over the salvage period ef th
manufacturing system. However, this is rarely dassin practice, in order to reduce the effect afiations in
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the values of these parameters over the produtifesespan of the system, their mean values for\eemitest
period k> lyear) should be used for the prediction inste#fgaroduction data of one year. Hence, accounting f
the fluctuation in these production parameters fy@ar to year gives the future worth of the profat will be
lost to underutilization of any production systesn a

p=1yk (s A (- aya + N @)
The future worth of the replacement cd®®f a production system at the end of it salvag@opdewvas deduced
from capital recovery model of Onwualu et al (2088)
R=Z1 +)"-F (8)
Therefore, the percentage ratid, of the profit lost to underutilization of a manafaring system to its
replacement cost was determined as;
100[1+i]V N[M+W+0]+[F-Z]

T= kz[1+i]N - kF Yic1 [(S - AN ) (- A)] ©)

In order to sidestep lengthy and error-prone manaaiputations in the use of these models (Equation
7, 8 and 9) and to make their application usemétig, an easy to comprehend object oriented C#ndbt
program,Rapluc Comparatowas also developed for their implementation. Bufware was designed with an
embedded installation set up that installs alpits-requisite files including the .chm help filedfline as a single
install pack. System configuration required fostioftware includes Windows 2000 or higher; 512MBRAM;
800MB of free disk space; 1024x768 screen resalutio higher and Microsoft. NET framework version 4.0
(640r 32 bits). Its installation involves doubléckling on the CD/DVD drive icon on “My Computer” wpen
the software CD namedRapluc Comparatdrbefore a double click on the folder namdgapluc Comparator
setup”to run the setup file inside the folder followitige prompts to install the software.

Launching of Rapluc Comparator after its instatlatirequires a double click on its HelpNDoc 3
shortcut icon on the desktop (Fig. 1) or click g@me on the window start menu to feature the cordman
window of the software (Fig. 2). The command windserves as the main program interface by which
operations are performed using its main menu aobkar. The main menu (Fig. 3) has three majoromsti
“FILE”, “"VIEW” and “HELP”. A click on the “FILE” menu displays five different sub-options, “New”,
“Existing”, “Export to Excel”, “Print” and “Exit".A click on “New” opens a window (Fig. 2) for créad a new
test record; type in your data in the appropriai boxes as per each test period or year befoliekaon “save”
to save the inputs and thereafter click on “cal@iléo generate the predicted values of P, R amhith will be
displayed under the “Result” section of the wind@®ig. 4).The “Existing” option is used to displdyettests
sidebar if it is not visible. The side bar shows list of all the previous tests saved in this pang The “Export
to Excel” option allows for exportation of table dfta (inputs and predictions) from this applicatim
Microsoft Excel while “Print” is used for printingf works performed directly. “Exit” closes the ajgaltion. The
“VIEW” menu is used to display and hide the TooltdRarameter definition and Tests sidebar. The “Dad|
gives quick access to useful functions like Newistixg, Save, Export, Print, Show all data, Datanary and
Help. “Show all data” button shows the parametalsies during all experimental periods for all tastsorded
with the predicted values of P, R and T while “D&@ammary” button shows a table of data for all gatests
(Fig. 5). The “HELP” menu shows two options; “Alftband “Help”. The “Help” shows the help file while
“About” displays information about the software.

The production data used in the assessment oft posfi to underutilization with this software were
obtained using questionnaire approach complememithdphysical verification of the data through felisits to
thirty-seven manufacturing firms in Nigeria betwedtay and December, 2013. The questionnaire was
structured so as to assess all the parameterseomtuels while the interest rate used in this stisdthe
prevailing mean interest rate of 14.9% in Nigetaig this period.

FRaplac

Comparato

Fig. 1: Rapluc Comparators HelpNDoc 3 shortcuttendesktop
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Fig. 2: Command window of Rapluc Comparator

<l Rapluc Comparator

FILE VIEW  HELP
| - New | .'r’{;} Exsting E’I Save all <& Export = Print E Show all dats # Data Summary Bﬂ Help

Fig. 3: Main menu and Toolbar options of the Rapgheenparator

Dats Summary  BEST BITE |

BEST BITE
Data callection Parameter Definition
Company wh Edt AN
hame of the Company: BEST BITE
Praduct Sampled: Bread
Scale of Production [Small/Medium/Large) : Medium
Experimentsl Period (K): 5
Specify the Years [separate by commas) : 2005, 2006, 2007, 2008, 2009
eg. 1959, 200, 2005
Automatically increment by: 1
DATA FOR 2005 .—4 Edit D pelste
Z= 9500000 F= 1450000 N= 5 A= 4590000
C= 4990000 $= 320 M= 1407000008 Q= 3610000
W= 9000000 i= o148
DATA FOR 2006 b Edit € Delete
Z= 9500000 F= 7450000 M= 5 A= 4358000
€= 4984000 §= 320 M= 1310400000 Q= 3500000
W= 8000000 1= 0148
DATA FOR 2007 #h Edt @ pelete v
RESULTS Calculate 7
Accumulated future worth of profit lost to unused capacity. P : 22648183.31
Replacement cost of the production system, R: 17564955 84
1268.94

Comparisen Factor, T

Fig. 4: Predictions of P, R and T for BEST BITE Gmany
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3.0 Result and Discussion

The Rapluc-Comparator predictions of the profit lmsunderutilization, replacement cost and the parative
ratio of these two parameters made from the prooluctlata of the thirty-seven Nigerian manufacturing
companies investigated are shown in Table 1. Tdiitetshows that 21.52% of the industries will |@sefit
worth more than their equipment replacement cosinderutilization at the end of their systems’ ubdife
while 35. 14% of them will lose profit worth ove®% of their equipment replacement cost. This reack#hat
capacity planning which amply accounts for both uinpavailability and product demand before
design/procurement of production equipment is lagkn the small and medium scale manufacturingosemft
this nation. Hence, the high cost of goods frons¢hsectors relative to large scale sector resuitorg shifting
the cost of unused capacity to consumers, therlmyng the firms in a tight corner in a prevailiogmpetitive
economy. The results also revealed high rate ofdation of manufacturing industries in this natesa result
of the inability of the firms to replace their pradion facilities as and when due because of hug#t post to
underutilization during the useful life of theircfities.

Table 1: Comparative Analysis of the Profit LostWaderutilization and Replacement Costs of Producti
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4.0 Conclusion and Recommendation

Models and their implementation software, RapluenBarator used for evaluating profit that will bestldo
underutilization during the useful life of a protioa system were developed in this study. Analgdisome
Nigerian manufacturing industries using this sofeveevealed low capacity utilization rate as on¢hef major
causes of high cost of products of small and medinale manufacturing firms as well as incessanidition
of many indigenously owned/managed industries is ¢buntry. This is because entrepreneurs at ¢visl lare
not sensitive to the negative effect of huge prbity sacrifice daily to underutilized capacitiestbe stability of
their firms in a stiff market competition. Rapluc@parator is therefore recommended to operatorglostries
for self-assessment of their potentials for cordimiexistence and robustness in stiff market catigret
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