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ABSTRACT

The study focused on optimizing multiple-materialgentory control system for resource allocatiorthia Plastic
Manufacturing Industry in Nigeria with a focus ambson Technical and Industrial Company Limitedudin Effective
inventory management is concerned with making penti policies that border on inventory procurenaan allocation of
resources. The objective of the study was to op#ngost and production efficiencies of inventorytenals for the
production of Honour plastic chair. The study emyplb a statistical design, of which secondary prtdaocand cost data
were used. Data collected were estimated usingessgm models. Ordinary Least Square (OLS) fornhedbiasis for
estimation. The study showed that the optimal \alfiee Copolymer, Homoplymer, Filler, and Colour we,704.90kg,
25.058.20kg, 1,022.11kg, and 1,661.891kg, respalgtiVFurthermore, under optimality condition, Filles an inventory
material minimized most the total cost of invenidoflowed by Colour, Copolymer, and Homoplymertiat order. The
optimal (functional) values were compared to, aodtasted from the discrete EOQ values. The compardid suggest
that the Economic Order Quantity (EOQ) values atgdiusing the discrete methods overestimated tpnial” values.
The study concluded that optimization method mimadi the total cost of inventory relative to diser&conomic Order
Quantity (EOQ).

KEYWORDS: Optimization, Economic Order Quantity (EOQ), Invamwyt Q/R Operating System, Plastic, Ordering
Cost, Carrying Cost, Total Cost, Polynomial

INTRODUCTION

The dynamic nature of business environment andethed of customer awareness presuppose that manotifag
firms place emphasis on effective control of inwent Organizations exert considerable efforts inkimg pertinent
decisions that border on inventory procurementeffidient allocation of resources in an attemptrteet the demands of
the changing environment (Scott, 2007). Every resguincluding inventory is limited in its supplin some cases,
demand for inventory is also limited. Demand forantory might not be unlimited given that a firmpoduction capacity
is limited. Supply and demand limitations on inwegt resource therefore call for efficiency in int@y usage.
Minimization of total cost is the basic tenet ofi@ént inventory management policy or goal. Theentory management
problems of when to replenish the inventory and houch inventory to order for replenishment becorbsolutely
imperative that organizations such as Innoson Tieahrmand Industrial Company attempt to align itecations and
inventory management to ensure smooth, efficiemd, @ninterrupted productionnventory management is among the

most important operations management functionsuseci requires a great deal of capital and affeztimely delivery of
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goods to customers (Abara, 2011). It is the mopensive and important assets to many manufactfirimg representing

a good percentage of invested capital.

Innoson Technical and Industrial Company Limitedaisubsidiary of Innoson group of companies and was
incorporated in 2002 with it's head office/factosjtuated at plot W/L Industrial Layout, Emene, Enu8tate. The
company commenced full-scale production in Octa@02. It manufactures plastic chairs, tables, trajates, spoons,
cups, and jerrycans of different varieties every. de chairs come in different forms and shapesrst which are:
Honour, Pest, Val, Victory, Teenage, View Delux,e8sly, Duke, etc. Their products have gained wide@eance among
different customers and therefore serve as thentgvévase of the organization. The Company opefatasfts which
account for three production runs per day. Thetiglggant has grown to be one of the successfudtiglananufacturers in
the Nigeria Plastic Industry. Due to the rapid dedhaf their products, the company’s productiondiné injection moulds
have since been increased in an attempt to meeintlkedy demand of their products. Over one thousadéyenous staff
and few expatriate staff work in the organizatibtmoson Technical and Industrial Company Limitedintans the
following inventories for the production of plastahairs: Copolymer, Homoplymer polypropylene, Kijlland Colour

(master batch).

As effective operating system is always used tocalle inventory resources, it is therefore expedibat
operations managers, especially in Innoson Techaiwh Industrial Company, have a basic understandirthe Quantity-
Reorder-Point (Q/R) inventory phenomenon, its assed benefits, as well as its related cost compisnfor effective
control of inventory. Thus, the objective of thiaper is to estimate the cost functions and optirttizeefrom values of
inventories required for the minimization of totabsts associated with Copolymer, Homoplymer, Fillmd Colour
materials in Innoson Technical and Industrial Comp&nugu, Nigeria. This paper is sequel to thdytwy Ewans, Abara,
and Nwekpa (2015) who had determined the EconomaeiOQuantity (EOQ) of the studied materials iniscikte

manner.
The Problem

Innoson Technical and Technical Company Limitedspntly experiences inventory management problems in
determining when to order its material inventodaesl how much of each inventory to order. The parsbresponsible for
inventory management has little inventory contiall dor effective inventory decision making but &® so primarily by
intuition Managing inventory system by intuition Innoson Company makes it absolutely difficult e firm to
determine accurately the optimal order quantityt thauld have minimized the total cost (carrying tsoglus ordering
costs) components of their materials. The orgaioizaherefore incurs unnecessary carrying costs4@d ordering costs
(C,) which subsequently leads to an increase in paramst of production. Increases in production castiding other

variables constant, certainly will reduce the raxederivable to the firm.

This method of intuitive control system in InnogBampany also results in unnecessary disruptiorradyction
process that could lead to increase or decreask sfanaterials neither of which is profitable teetcompany. Stocks out
costs are often present. Abara (2011) argues thek sut cost reflects the economic consequencearofing out of stock
where sale is lost, if material is not on hand.dé&sprofit lost from lost sale, goodwill in the forof future sales may also
be lost. It is therefore against this backdrop thé study is designed to determine how the opwyatharacteristics of

Q/R inventory system could be adopted to enharfeetafe control of inventory in Innoson Company.
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Theoretical Framework: Optimization

Abara (2011) argued that the objective of most mbeyy models is to minimize the total cost of halgli
inventory. The significant costs are the orderingt@nd carrying cost. Other costs, such as theofdsventory itself are
constant. Therefore, the moment ordering cost aamdyiag cost are minimized; the total cost of tmwentory is
minimized. The optimal order size, g* is the qunthat minimizes the total costs. In other wors the quantity ordered
increases, the total number of orders placed par gecreases. As the quantity ordered increasesthual ordering cost
decreases. But as the order quantity increasesatinging cost increases resulting in larger averagentories that the
firm has to maintain. The theory of optimizationillastrated in Figure 1 which shows the relatidpsh The minimum
point along the total cost curve approximates thtnwal quantity, g*. At this optimal level alsowhere the ordering cost
equals the carrying cost.

LCogt:

" Total Cost

Minimize Total Cost ?Carr',ring Cost

D e E;Quauﬁt;.- of Inventory

Dptimal order guantity

Figure 1: Optimality Condition

This paper hypothesizes that it is only the optitpariterion that minimizes total cost of holdimgventory in a
given period. Thus, it has an advantage over then&@wic Order Quantity model, as the latter tenaverestimate the

optimal quantity required.
Economic Order Quantity (EOQ)

This model was developed by F.W Harris in 1915 addpted by Ewans, et al. (2015) in their study.r6coic
order quantity is the order quantity that is ecoiuafly sustainable, with respect to annual demandirfventory, total

inventory holding and ordering costs. The formulayrbe expressed as,

EOQ = 2C,d
Ce

(

Where, G is the ordering cost, d is demand, andsGhe carrying cost. Interest charge and othstscare usually
assumed constant. The economic order quantity m@iglation 1) does not yield optimal values foreefive decision

making. Moreover, its numerous assumptions makapitdication very restrictive.

www.iaset.us editoi@et.us



4 Optimizing Multiple-Materials Inventory and Q/R Ope rating Doctrine With Respect to Function: The Case
of Innoson Technical and Industrial Company Limied, Enugu, Nigeria

Methodology

The research design attempted to build statistegitession models that captured the real intematariables
patterns. The focus of the models was on raw naterentories, relative costs, and demand requérém Thus, the costs
associated with the Q/R inventory control systens Wasided into two: carrying cost and ordering cddte material
inventories to which the models were applied ineld@opolymer, Homoplymer polypropylene, Filler andld@ir. The
inventory materials served as the basis for corsparwith respect to economic order quantity (EO@Qidinary Least

Squares (OLS) therefore formed the estimation lgise regression models such that:
Xi =&+ aY + ¢, (for cost of each raw material) 2)

Where Xis carrying cost or ordering cost, of thie (i = 1, 2... 4) material, Y = quantity of mater{&h), @ and ai

are coefficients to be estimated anid the random (stochastic) disturbance term.

Equation 2 and the OLS used were predicted ongkenaption that the dependent variable is a randmahble
while each of the independent variables could w@kdixed or random values. Furthermore, the OL®ini@pie assumes
that each value of the dependent variable has laapility distribution of the possible values of ttamdom variable. The
number of observations or scores (n) exceeds theheuof parameters to be estimated by at leashd tlzat the data,
hence error terms, are normally distributed, adependent, have zero mean, and have constant sasaich that ~ N
(0,8 1).

Inventory decisions revolve around minimizationtatfl cost of inventory where the total cost equaéssum of

carrying cost and ordering cost. Therefore, thel wast (TC) of the system may be represented as,
Total Cost (TC) = ¢+ C. ¥, (3)

Where: d is demand for the production run, q issiae or amount ordered (annually) such that dqﬁ/q(&

carrying cost (Cc), £ ,is ordering cost (Co).
Estimating Carrying and Ordering Cost Functions

In order to model these functions for estimati@b the carrying cost component be represented.as X

Therefore, Carrying Cost component)C, %= (4)
Also,
Ordering Cost component Q(Céa (5)

If the carrying cost component, &,, is represented as;Xand the ordering cost component, dl;, as %, itis
pertinent to note that £q, G, and d, are discrete parameters whose estimatealwes were deduced from historical
(Company) data. Thus, for each production run/geritquations 4 and 5 would yield data observatfonshe respective
cost components involved. Based on the aggregatitere of G %, in Equation 4, and (C‘/q in Equation 5, the variables

X1 and X% were used to denote the decomposed values oftimug cost components. Thus, Equation 3 was espdess:
TC = XX, (6)

Generally, Equation 6 is additive. In order to &piation 6 to predict the implications of ¥n TC, X% on TC,
the sum of X and % on TC, and X and X% on the Economic Order Quantity (EQO), each costpmment (Xi, i=1,2)
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became a function of quantity material (Y) usederBifiore, the general cost functions were expreasged

X1 =1(Y) (7a)
and
Xo=1(Y) (7b)

Where, Y is the amount of input or material. Estimg Equations 7a and 7b required the introductibra
stochastic error term in order to minimize the aace of the scores. Therefore, Equations 7a andere specifically

rewritten as:

Xi=a+aY+e (8a)
and
X,=hy+bYe (8b)

Where,¢ is the stochastic error term.

Generally, economic theory suggests that cost fumetare not necessarily linear. In order to edtntlae carrying
cost, ordering cost, and the total cost functidras was used to evolve an optimal inventory valiggjations (8a) and (8b)
were re-specified. Therefore, the actual cost fonstestimated would not be linear but curvilinéarthe carrying and
ordering costs. Thus, de™™ ™ termining the fiumeal forms of Equations 8a and 8b was a necessamglition for this
study. Doti and Adibi (1988) have shown that whealthg with relationships that involve a constaaterof growth (or
decline/depletion) in the dependent variable, whlassumed, an exponential relationship of thioviohg type was

postulated for both the carrying and ordinary ¢osttions.
Xy = boe”™ + ¢ 9)

Where, X% is the carring or ordering cost component, Y guinfor the kth (carrying or ordering) cost funetjo

ande is the base of natural logarithm anib the error term.
By Euler’s Theorem, the following assumptions apply
» Rate of decay is proportional to the current vati¥.
e W (random error) is multiplicative rather then diei.

Equation 9 is usually used to represent the funaticelationship between equal changes (increadiecyeasing)
in the level of the independent variable, and astamt rate of growth or decline/depletion in theeleent variable. The
sign before the parameter bi, for i= 1,2, was deiteed for carrying cost and for ordering cost. Tie¢ioally, b parameter
if estimated should be positive (b>0) for carryimwst and negative (b<o) for ordering cost. Equaficequired linearity
before estimation. Thus, Equation 9 was transformoeits linear partial logarithmic form obtainedrdhigh logarithmic

transformation. Thus:

Log X; = Log k, + b)Y+ ¢ (for carrying cost, where;bo) (10a)
and
Log X; = Log k, + b,Y+ ¢ (for ordering cost, where,40) (10b)
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Where, “Log” is the natural logarithm,;Xi = 1,2, represent ordering and carrying cosspeetively, Y is the
qguantity of material, and is the error term. The data for estimating Equaf{it0a) and (10b) were sourced from the study
by Ewans, et al. (2015).

Estimating Total Cost Function

Estimation of the Total cost curve, theoreticalhyeaking, requires a polynomial function, say of thied order.
However, the sum of the carrying cost and ordedost functions in Equations 4 and 5 would approxérthe Average
Cost Curve. The AC curve when estimated will formoavex parabola (to the origin of a graph) and used to estimate
the optimal inventory usage. To accomplish thisnestion, both the carrying and ordering costs (datare aggregated
such that:

TCAVC = G/, + G, %, = X* (11a) Thus, X + X, = X* (11b)

where, TC is the cost; AVC is average variable ,castl X* is the horizontal sum of the costs. If g of the costs in

relation to quantity of material used (Y) is modglthen the model to be estimated becomes:
X* =1 (Y) (12a)
Which translates to X = g, + g Y« + ¢ (12b) where, Yis the Kth material item, fori=1,2...4.

Infact, polynomial functional form is a more compléunctional relationship that describes the assauoi

between variables. A polynomial relationship isegivgenerally as:
Yi=hy + bX; + bz>(2t2 +...+ bn Xnt (13)
Where Y is the dependant variable 21X is a vector of explanatory variables.

Equation 13 is difficult to justify on theoreticgrounds. This functional relationship is usuallyt generally
tested unless a theoretical basis (framework) aardiablished a priori for its possible presendwasT the total cost

function was approximated by the polynomial.
AVC = b, + by X* + b, X*?2 (14a)
Which translate to X =g, + . Y + Y% +¢ (14b)

Where X* (i = 1,2,...,4) is the total cost of each materald Y is quantity of each material in inventory.
Equations 14a and 14b are theoretically plausiblgnmmials of the U- shape average cost functiontis study such that
0:<0 and g>o. That is, where the parabola reaches a minimaint,ghe value of gand hence dX*/ dY is hypothesized to
be negative (i.e.,& 0), while the value of the second derivativ¥dY ? is hypothesized to be positive ( i.e>®) from
the minimum point of the curve up. Theoreticallgerage and marginal cost functions assume thesgngoial

characteristics and shape, hence the adoptionrpuaiial) here.

Data obtained from the study by Ewans, et al. (2@H@abled functional estimation of Equations (1Q&)p), and
(14a), (14b) for each material. Application of adics to Equation (14b) could minimize the total tcoeach material
studied. However, the optimal values obtained hyatiqg the estimated ordering cost function of gigalar material to
its carrying cost function and solving same. Fipdlhe optimal values were compared to, and cotetlaisom the discrete
EOQ values obtained by Ewans, et al. (2015).

www.iaset.us editoi@et.us



Abara | O C, Nwekpa K. C. & Ewans Chukwuma 7

RESULTS

To get the estimated optimal quantity for eachhef studied inventory materials, the ordering cagtdfion for

each material was equated to its carrying costthadjuantity of the associated optimal value ole@inThe result was

further transformed to it's partial logarithm form.

Copolymer

Ordering Cost: Log £= 2.367 — 0.034X

Carrying cost: Log €= 1.574 + 1.801X

Total Cost: Log TG= 2.671- 0.114%+ 3.546%>

Thus, % = 0.432152588, and, Anti-log of 0.43252588 = 2904

As the data were measured in 1000 kg, 2.7049 wdtspirad by 1000 to obtain the required optimal gtigy of

Copolymer as 2,704.90 Kg.

Homoplymer Polypropylene

Ordering Cost: Log £=1.888 — 0.016X
Carrying cost: Log €= 1. 355 + 0.365K

Total Cost: Log TG= 2.384 - 0.581X+ 0.135X%2
Therefore, X = 1.398950

Thus, Anti-log of 1.398950 = 25.058207 The optingalantity of Homoplymer Polypropylene becomes

25,058.20kg kg.

Filler

Colour

Ordering Cost: Log £= 1.700 — 50.059X

Carrying cost: Log €= 1. 224 + 0.045X

Log TG = 2.504 — 0.137X+ 6.679%°

Thus, % = 0.009500239, and Anti-log of 0.009500239 = 110®

The Optimal Quantity of Filler becomes 1,022.11kg k

Ordering Cost: Log £=2.337 — 2.188%

Carrying cost: Log €=1.799 + 0.251%

Log TCy = 3.106 — 0.003% + 0.060X,

Thus, X;= 0.220582205, and Anti-log of 0.220582205 = 1.663B

Therefore, Optimal Quantity of Colour is 1,661.81kg
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The Economic Order Quantity (EOQ) of Copolymer, Hmhymer, Filler and Colour based on discrete
(deterministic) estimation obtained previously bwdhs, et al. (2015) using the same data were 6D124Rg,
78,836.31kg, 502,89ikg and 40,353.29kg, respegtivEhble 1 shows the Discrete and Estimated EcomoBrider

(Optimal) Quantity of the Inventory items.

Table 1: Discrete Versus Estimated (FunctionallEconomic Order (Optimal) Quantity of Inventory Materials

. Optimal
Inventory Materials LS .EOQ (Fur?ctional) Difference Average
iy Values
Copolymer g* = 61,212.24kg 2,704.90Kg 58,507.344kg 31,958.57kg
Homoplymer g* = 78,836.31kg 25,058.20 kg 53,7783 51,947.25kg
Filler g* = 502,891.64kg 1,022.12 kg 504.869.524 251,196.88kg
Colour g* = 40,353.29kg 1,661.81kg 38.691.48Kg 27,65kg

Table 1 shows the results of the estimated optifieadctional) values of Copolymer, Homoplymer, Hilland
Colour as 2,704.90kg, 25,058.20kg, 1,022.12kg,1a661.81kg, respectively. The Economic Order QiaEOQ) of the
inventory materials based on discrete (determmisithod) estimation obtained previously by Ewatsl. (2015) using
the same data were 61,212.24kg, 78,836.31kg, 5088ky, and 40,353.29kg for Copolymer, Homoplynkélter, and
Colour, respectively. Conversely, the average dtiesitwere 31,958.57kg, 51,947.25kg, 251,198.88kgl 21.007.55kg
for Copolymer, Homoplymer, Filler, and Colour, respvely. However, the optimal (functional) valugsre compared to,
and contrasted from the discrete EOQ values, aaddifierences were 58,507.344kg, 53,778.103kg, 8%®kg, and
38,691.48kg for Copolymer, Homoplymer, Filler, aBdlour respectively. Based on optimality conditidtiller as an
inventory material minimized most, the total cossaciated with inventory, followed by Colour, Copuokr, and
Homoplymer that minimizes the least of the totadtaaf inventory. The implication is that Innosorciiaical and Industrial
Company does not require much Colour and Fillearasnventory material to produce Honour plasticighdn real life
situations, the demand for white plastic chairshigher than colored plastic chairs. The Companysus®re of
Homoplymer, and Copolymer, respectively, in thewduction runs for required specification necesdarymarket driven

quality of their products.

From the foregoing, the obvious result that cowddtbnsidered novel in this study is that optimizingnimizing)
the total cost of inventory gives a more realisttue of the desired Economic Order Quantity (EQ@)a-vis obtaining
Economic Order Quantities (EOQ) of inventory itetisough discrete (deterministic) methods. The deisistic
approach over-estimates the Economic Order Quanttitgaterials because it does not take into accpassible variants
in inventory management. Such variants as changegraduction technologies, price of materials, picidprices,
government policies, etc. create risk and uncestain inventory management. Conversely, the esgahdunctional
approach incorporates these risks and uncertaititiesigh their error terms, and therefore yieldsenealistic (Lower)

values of Economic Order Quantity (EOQ).
SUMMARY AND CONCLUSION

Inventory is one of the most expensive and impadri@ssets to many organizations, representing a good
percentage of total invested capital. Inventory aggament is pivotal in efficient allocation of resmes in an attempt to
balance the conflicting economics of overstockingtockout of inventory materials, as well as nggnaventory levels

in the best interest of the organization. Everyouese, including inventory is limited in its suppnd demand. Thus,
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demand and supply limitations on inventory resowalefor efficient inventory management. Minimigat of total cost of
inventory is the basic tenet of efficient inventananagement policy. The study was designed to dg#iroost and
production efficiencies of resource allocationhe production of Honour plastic chair. The studyptyed a quantitative
statistical research design. Secondary data wezd. i3ata collected were estimated using regressiodels such that
Ordinary Least Square (OLS) formed the basis ftimagion. The results from optimality conditions neerespectively
compared to, and contrasted from the discrete ruiestic) Economic Order Quantity (EOQ) results. was not
surprising that optimal (functional) estimationglgied lower values that minimized the total cosineentory relative to
discrete (EOQ) approach.

The limitations of the EOQ model are many and thig/ explain the reason why the model overestin@témal
values that may be required. Demand (d) is assumedn and constant whereas in many real-life siunatdemand
varies. Variations in demand will of lot material assumed to be instantaneous, and arrive all cd, dnut in require
modification or non-applicability of the EOQ. Umibst is known and assumed constant, but in pragtieatity discount
(price breaks) could apply for large quantity pasés. Delivery real life situations materials coaldo be placed in
inventory continuously as it is produced. Finalysingle product is usually assumed by the EOQ irtngenften multiple
items or materials (as in this study) are produmedfor purchased from a single produced and/orligu@nd the items are
all shipped at the same time.

Effective and efficient management practices shanlbrporate optimality conditions which will yielthe
desired amounts of inventory materials or produ€ptimal inventory quantities are not quantitiedl wéduce both
ordering and carrying costs substantially theratgbéing minimization of the total cost of inventdrystock. When total

cost of inventory is minimized, the dual, profit xmaization, is implied.
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