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ABSTRACT

This study sought to optimize cement distributianthie Nigerian cement manufacturing industry wiplecal
interest in cement distribution from three seledettories to four markets in Ebonyi state. Sourakedistribution were
identified as Gboko, Port-Harcourt and Calabar,levidestinations or markets were identified as AbkkaOnueke,
Oha-ozara and Afikpo with a view to determining #trtest route that minimized the cost of cememtsportation from
Gboko, Port-Harcourt and Calabar factories to AbkkaOnueke, Oha-ozara and Afikpo markets respetyi
The literature reviewed showed that transportatimdel could improve the shipment route at minin@dtc The study
employed Descriptive research design of which s#éapn data were collected from the randomly seleatethent
producing firms and the data collected were anayxiéh Excel solver. It was found that these coniganncur cost
following the transportation of cement from facésrito number of destinations which subsequenticafier unitcost of
their product. Therefore, high cost of transportprgducts from factories to their respective magltet a large extent
increases the price of the product and thereforelades that transportation model is an indispdestinl that could
improve the cost efficiency required in the diattibn net-work. it is against this background ttra study recommends
that cement producing firms should adopt this maded tool in order to minimize cost of transpdastaby identifying the
most efficient route.

KEYWORDS: Optimization, Transportation Model, Linear Prograimg and Solver-In
INTRODUCTION

The dynamism of business environment, logistic andply chain management plays a pertinent rolehén t
management of an organization. Most manufacturingsf that supply their products from various fasrto their
respective destinations (warehouses) strive tovevohnsportation model as a technique that woutdnnize the cost of

transportation. This is because cost of shipmeanhtextent determine per unit price of the products

Transportation model is a model for capacity plagrand scheduling. As a tool, it borrows its degigm Linear
Programme (LP). Thus, the transportation problemsgecialized form of the linear programming peofol This problem
can be visualized as a business concern havingctdrfas, each of the factories having fixed proauctapacity. It has N

warehouses or destinations each spatially sepafatedthe factories (Abara, 2011). Moreover, eatlthe warehouses
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needs to receive a fixed amount of the product feanh factory. Therefore, transportation model wsealistinctive
approach in evaluating various shipment routestten@t to improve on the transportation flow of trganization at a
minimized cost. in the light of the aforementioné@e et al (1981) argue that transportation probterals with the
transportation of a product from a number of sosiredth limited supplies, to a number of destinasiowith a specified
demands, at the minimum total transportation d@sten the information regarding the total capasiti¢ the origins, the
total requirements of the destinations and the phip cost per unit of goods for available shippirgutes, the
transportation model is used to determine the adtshipping programmes that results in minimumltsképping cost. In
addition, Lee et al (1981) observed that the cairgs of the transportation problem are that densneglach warehouse

must be met without exceeding productive capactigaah factory.

These companies however distribute quantity of cesndrom their factories to their respective masket
(aggregate "distributors”) in Ebonyi State . Dudhe competitive nature of business environmehtsse firms ought to
evolve transportation model as a strategy to redlieecost of transportation. The cost involved hipping the product
plays a major role in price determination becausesamers all over are sensitive to cost. Theretoaasportation model
is a special class of linear programming problefmaldch the overriding objective is to transporbguct from different
manufacturing plants to their respective warehoosesarkets at minimum costs. This model is anspénsable tool that

looks for the best route in attempt to improve $gortation flow of the organization.
Statement of the Problem

Dangote, lbeto, and United Cement (Unicem) orgditia exert a considerable efforts in evaluatingbpgms
involving efficient transportationoutes and it's cost implications in an attempt to impeahe transportation flow of the
organization. These companies incur cost folloviimg transportation of cement from factories to nemil destinations
which subsequently affect per uwibst of their product. Therefore, high cost of transpgrtproducts from factories to
their respective markets to a large extent inciedbe price of the product hence posing great ehg#ls to the
organizations. Thus, it is imperative to evalude shipment concerns of these cement producing faonas to determine

the most efficient route to be used.

Therefore this paper sought to optimize cementidigfon in the Nigerian cement manufacturing inttysising

the transportation model. Specifically, the objezsiare:

* To determine the shortest route that minimizesctist of cement transportation from Gboko, Port-idart and

Calabar factories to Abakaliki, Onueke, Oha-ozach Afikpo markets.

* To establish that unit cost minimization on schedumaximizes unit profit from shipment from Gbok@ort-

Harcourt, and Calabar factories to Abakaliki, OrejgRha-ozara and Afikpo markets.

e To determine the quantity (Xij) that minimizes ttotal cost of shipment (supply) from Gboko, Pogreburt,
and Calabar factories while satisfying the demasdrictions in shipment of cement to Abakaliki, @ke, Oha-

ozara and Afikpo markets.
Conceptual Framework

Transportation model is a special class of lineagmmming that involves the shipment of produotsnf point

of origin to various destinations Abara,(2011) wotieat
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Transportation model is a model for capacity plagnand scheduling. As a tool, it borrows its desigpm
Linear Programme (LP). Thus, the transportationbj@m is a specialized form of the linear programgnproblem.
Transportation problem can be visualized as a lssitoncern having M factories, each of the faetohaving fixed

production capacity. It has N warehouses or destimaeach spatially separated from the factories

This model however is concern with the outcomehendffectiveness function regarding the shipmentem of
manufacturing firms having variousumber of plants (sources) and respective destimamarkets). Thus, transportation
model explore the available route in attempt toriorp on the transportation flow of the organizatiira minimized cost

In another development. Abara (2011) argued thalblpms that conspicuously deal with "tsgortation” when

such problems relatively involves efficient trangption ROUTES require the application of a spes@ution procedure
known as the transportation method of solving @dmprogramming (LP) version to solving transpastafproblems.
Abara (2011) further stressed that the applicatibthis solution procedure requires modification of the triaial linear
programming model and such modification into parfic model arises in decision regarding routinghesiuling,
assignment and locating new plant (product/marlggtiiacilities where transportation factors are aficim relevance.
From the aforementioned, the various cement priaduplants are: Dangote group (Benue State), ligetap
(Rivers State) and Unicem (Cross River) respeltiaee the three supply units i(i=1,2,3...m) whieakaliki, Afikpo,

Onueke, and oha-ozara are the number of destisatioarkets) which argeprese nted as: j(j=1,3,..,n). Cij represents

the unit transportation cost for transporting tmétsifrom sources to their respective destinatidie overall goal is to
determine the number of units to be converged nke#din so that the total transportation cost isimized. On the other
hand, Sharma (2011) argue that the structure afp@tation problem involves a large number of gimg routes with
several supply origins to several demand destingti®his should be done within the limited quanbityroducts available

at each supply.

As with every mathematical model, the transportatitodel is vital to the extent it satisfies thessumptions.

The following assumptions were outlined by ShargGi().

The shipment of product from plants (source) taidasons (markets) could be done comfortablthaigh this
assumption according to Sharma (2011) is notsaland could be modified in cases where the é@guadndition does
not hold, the shipment cost per unit of item frolengs to destinationss known (deterministic), and the shipment cost on

a particular route is supposedly presumed to bpgstional to quantity transported on that route.
Mathematical Formulation of the Transportation Model

Assume that there are three companies producingrem

Dangote group (Benue State) represented ag = A

Ibeto Group (Rivers State) represented as , = A

Unicen (Cross River) represented as Az =

The aforementioned are various facility locationlseve cement is produced and supplied to their nrke

Ebonyi State. Let the markets in Ebonyi Statedpeasented as follows:

Abakaliki which is represented as =B;
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Afikpo which is represented as =B,
Onueke which is represented as =
Oha-ozara which is represented as B, =

Let the quantity of cement produced at#, andAzbe a a and g respectively, and the demand at their deports

be h b, b;and b, We assume this condition under balanced transpmrtptoblem. Where:
at+ &+ &= btby+bs+ by

Thedistributionnetwork of the transportation model is shown inufeg1

Dangote group = i LS by . Abalkaliki

Ibeto group A,

Cha-omara
Unicem Ay

Figure 1: A Network of the Transportation Model
The quantity of cement to be transported frartoaall destinations i.e. [, bsand h must be equal to
X X+ X3 +X 4= &
Similarly from g and g the cement transported is equal to a2 and a3cteplg.
Xo1 +Xa2 X3+ Xos = @
X31 +X32 X33+ X3s = &
On the other hand, the total quantity of cemenivdetd to h from a aand a are equal tohb,,bz;and he.g.
X1+ Xo1+ Xa1 = by
X12 ¥ X2 + Xz = b
X3+ Xoz + X3z = by
Xia+ Xoa+ Xza =y
With the aforementioned, we construct the followiafle.

Table 1: Represents a Balanced Transportation Model

B, B, B; B4 Supply
Ay X11 X1z | X1z | Xug &
Az Xa1 Xaz | Xaz | Xog &
Az Xary | Xaz | Xaz | Xz

%
Yai = bj
Demand B B, Bs B -1 =1
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In table 1, the as and Bs, Xijs, as and Cijs ararmpeaters and variables used to a transportatidulgaroin matrix

(tableau) form without loss of meaning. The vamstdnd parameters are defined as follows:

Cij = unit of cost of shipping from factory, & their distributors bj. (e.g.,-&€is the unit cost of shipping from

factory A,to their major distributor §

Xij = the physical amount shipped from factory ittweir distributor j. (e.g. % is the amount Shipped from
factory A to their distributor B)

ai = total capacity (supply) of factory i
bj = total amount required (demand) by warehouse |

The matrix depicts three cement factories and foarkets in Ebonyi State. Each cell in the matrresents a
variable, and a route from a particular factoryatgarticular destination. There are M x N (3x4)1@r routes in this
problem. Also listed on the right hand —side of th&trix are the amounts available at each factbing. quantity required
at each distributor’s are listed on the bottomhef thatrix. In addition, these required quantitiassthbe supplied from one
or more factories. The lower edge of the matrixvehdhat the total quantities of the products avédeat all factories

(supply) just equal the total quantities requirgdheir distributors (demand).

The objective of the transportation problem themefes to find the shipping routes from factories their
distributors which will minimize the total cost whnsportation. In cell matrix the unit cost offghing one unit through the
cell or routes is shown. The total cost of trantgt@n is then the sum of the amounts shipped tiiraach cell multiplied

by the unit cost shipping through that cell.
» Market Constraints

Where the number above the diagonal of each céfleiscost per unit (Cij) shipped through the c&l},is the
amount shipped through the cell, bi is the totabant required by the market j, and m is the nundfemarkets. This

simply means that the number of units shippedante@mand point is equal to the amount required.

m

Y Xii=hi
thus, we have i=1 1

»  Supply Constraints

Where ai = total amount available at warehouseeiagsume here that the total amount shipped theatharkets
equal the amount available at each warehouse. Stiomria across all columns (j=1) for each row i, s&m over all

markets j for each warehouse i.

Kij=ai
>

This constraint may be stated l =1 2
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* Non-Negativity Constraints

This is the condition, that only non-negative qiteest can be shipped. It suggests that the amciipped be

non-negative. This constraint may be stated as:

»  Objective Function

The objective is to minimize the total cost of spartation. To formulate the objectives functiore et Cij
represent the cost of shipping one unit from wanshol to markets j. Multiplying these unit costg the total
transportation cost C.

Thus we have: C = oY Cij Xif= @l eeeeeeeeeee e, 4
iml j=nl
The mathematical problem then is to minimize thipgihg cost given by Equation 4 above subject sirietions

on Equations1, 2 and 3. The following conditiorsoapply:

* Number of Variables: the number of variables in transportation modeia¢gthe number of factors (plants), m,

multiplied by the number of warehouses (n). thUgaNM ... e, 5
Equation (5) defines the objective function vargsband number of routes.

* Number of Constraints: the number of constraints equals the sun of timebeu of plants (M) and the number of
warehouses (n). then NC is the number of consgatingn,

METHODOLOGY

The research design used for this study is des@ipésearch method and secondary data was obtamadhe
selected three cements producing firms consistiidamgote Group (Benue State), Ibeto Group (RiBtede) and Unicen
Cement Company (Cross River State) as well as tlsipective markets in Ebonyi State. These compamieduce
cements and transport them to their major distoitsuin Abakaliki, Afikpo, Onueke and Oha-ozaraattempt to achieve
the stated objective the researcher obtained ddtailfformation with respects to a number of trallmad of cements
transported to their distributors with its assamiatinit cost within the month of August 2012. Belang the data: Dangote
group (Benue state) supplied 300 trailer loadseshents at full capacity of 800 bags each, Ibetou@r(River State)
supplied 80 trailer loads of cement at full capacit 700 bags each, and Unicem (Cross River) se@db0 trailer loads

of cement at full capacity of 700 bags each.
» Dangote Group = 800 bags x 300 trailer loads 4@,@00 bags
» |beto Group = 700 bags x 80 trailer loads56,000 bags

e Unicen Cement = 700 bags x 150 trailer loads 105,000 bags
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Table 2: Initial Tableau with North-West Corner Rule (NWCR)

From  To | Abakaliki Afikpo Onueke Ohaozara Supply

Dangote 00 Elo 120
110

(Benue State) || 520,000 | || 20,000 L ATA
Tbeto ‘140 1F0 ‘130 120
(Rivers State) 56.000
Unicen | 60
(Cross River) p— 24,000+ M
Demand 220,000 100,000

era : : 101.00G

From the table above we have:

Min. X = 100x1 +110x2 + 110x3 + 120x4 + 140x5 +0%8 + 130x7 +120x8
60x12

Subject to:

X+ X + X5 + Xy =240,000
Xs + X5+ X7+ X5 = 56,000
Ko+ Xpo + X1 + X2 =105,000
Xy X Xs =220,000
X, Xs X =100,000
X3 Xz Xn = 38,000
X, Xs X2 =43,000

Xij>0(@{=1,23J=1,223,4)

Solving the above linear programming problem uditigrosoft Excel.

+60x9 + 60x10 + 5Dx%
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$P$4 | Varvaevae | 0 | aowo0 | |

OBJECTIVE FUNCTION

Table 3: Transportation Model

ST I

CONSTRAINT 1 240000

240000

CONSTRAINT 2 56000

56000

CONSTRAINT 3 105000

105000

CONSTRAINT 4 220000

220000

CONSTRAINT 5 100000

100000

CONSTRAINT 6 38000

38000

CONSTRAINT 7 43000

43000

CONSTRAINT 8 1640

CONSTRAINT 9 0

CONSTRAINT 10 345.4545

CONSTRAINT 11 316.6667

CONSTRAINT 12 400

CONSTRAINT 13 0
CONSTRAINT 14 0
CONSTRAINT 15 0

CONSTRAINT 16 0

CONSTRAINT 17 1666.667

CONSTRAINT 18 0

olo|o|e|e|eo|e|e|e|e|e

CONSTRAINT 19 83.33333

Table 4

$C$4 Var Value X1 0 1640

$D$4 Var Value X2 0 0

$SES4 Var Value X3 0 345.4545455

$F$4 Var Value X4 0 316.6666667

$G$4 Var Value X5 0 400

$H$4 Var Value X6 0 0

$154 Var Value X7 0 0

$J%4 Var Value X8 0 0

$K$4 Var Value X9 0 0

$L$4 Var Value X10 0 1666.666667,

$M$4 Var Value X11 0 0

$N$4 Var Value X12 0 83.33333333

$C$7 CONSTRAINT 1 X1 240000 $C$7<=%$D% Binding

$C$8 | CONSTRAINT 2 X1 56000 $C$8<=$D$3 Binding

$C$9 CONSTRAINT 3 X1 105000 $CHI<=$D%$9 Binding
$C3$10 CONSTRAINT 4 X1 220000 $C$10=$D%10 Not Birrdin 0
$C$11 CONSTRAINT 5 X1 100000 $C$11=3$D%$11 Not Birdin 0
$C$12 CONSTRAINT 6 X1 38000 $C$12=3$D3%$12 Not Bindin| 0
$C$13 CONSTRAINT 7 X1 43000 $C$13=3$D3%$13 Not Bindin| 0




$C314 CONSTRAINT 8 X1 1640 $C$14>=$D%$14 Not Binding 1640
$C3$15 CONSTRAINT 9 X1 0 $C$15>=$D%$15 Binding 0
$C316 CONSTRAINT 10 X1 345.4545455 $C$16>=$D%$16 Blioding 345.4545455
$C3$17 CONSTRAINT 11 X1 316.6666667 $CH17>=$D%$17 Bloding 316.6666667
$C3$18 CONSTRAINT 12 X1 400 $C$18>=$D%18 Not Binding 400
$C3$19 CONSTRAINT 13 X1 0 $C$19>=$D%$19 Binding 0
$C320 CONSTRAINT 14 X1 0 $C$20>=$D%$20 Binding 0
$C321 CONSTRAINT 15 X1 0 $C$21>=$D%21 Binding 0
$C3$22 CONSTRAINT 16 X1 0 $C$22>=$D%$22 Binding 0
$C3$23 CONSTRAINT 17 X1 1666.666667 $C$23>=$D%$23 Bloting 1666.666667
$C324 CONSTRAINT 18 X1 0 $C$24>=$D%$24 Binding 0
$C3$25 CONSTRAINT 19 X1 83.33333333 $C$25>=$D%$25 Bloting 83.33333333
Table 5
$C$4\harvau_
$D$4 Var Value X2 1E+30
$E$4 Var Value X3 345.454545 b 0 110 0 1E+30
$F$4 Var Value X4 316.666666Y 0 120 0 0
$G$4 Var Value X5 400 0 140 0 1E+30
$H$4 Var Value X6 0 0 130 1E+30 0
$1$4 Var Value X7 0 0 130 1E+30 0
$J$4 Var Value X8 0 0 120 1E+30 0
$K$4 Var Value X9 0 0 60 1E+30 0
$L$4 Var Value X10 1666.666667 0 60 0 E+30
$M$4 Var Value X11 0 0 50 1E+30 0
$N$4 Var Value X12 83.33333333

$C$7 CONSTRAINT 1 X1 240000 0 240000 5000

$C3$8 CONSTRAINT 2 X1 56000 0 56000 5000

$C39 CONSTRAINT 3 X1 105000 0 105000 1E+30 0
$C$10 CONSTRAINT 4 X1 220000 1 220000 0 5000
$C$11 CONSTRAINT 5 X1 100000 1 100000 0 10000(
$C$12 CONSTRAINT 6 X1 38000 1 38000 0 5000
$C$13 CONSTRAINT 7 X1 43000 1 43000 0 5000
$C$14 CONSTRAINT 8 X1 1640 0 0 1640 1E+30
$C$15 CONSTRAINT 9 X1 0 0 0 0 45.45454545
$C$16 | CONSTRAINT 10 X1| 345.4545455 0 0 345.4545455 1E+30
$C$17 | CONSTRAINT 11 X1| 316.666666[7 0 0 316.6666667 1E+30
$C$18 | CONSTRAINT 12 X1 400 0 0 400 1E+30
$C$19 | CONSTRAINT 13 X1 0 0 0 292.30769P3 0
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$C$20 | CONSTRAINT 14 X1 0 0 0 292.3076923 0
$C$21 | CONSTRAINT 15 X1 0 0 0 316.6666667 1366.66666
$C$22 | CONSTRAINT 16 X1 0 0 0 83.333333B3 633.333333
$C$23 | CONSTRAINT 17 X1| 1666.66666[ 0 0 1666.666667 1E+30
$C$24 | CONSTRAINT 18 X1 0 0 0 100 0
$C$25 | CONSTRAINT 19 X1| 83.3333333B 0 0 83.33333833 1E+30

The data in the Excel result shown above are floenAnswer report and Sensitivity report when sajvihis
problem. These types of report are available whenéxcel solves a Linear Programming Problem, éfvdrat problem

is not a blending problem as we have here.

From the aforementioned analysis, the optimal smluto the linear programming problem (transpootati
problem) has the value of N401, 000.00. The vagmbalue X1, X2, X3............ and X12 represent the twelputes
(cell) with associated final value indicating qugnbf cements that were transported through thgero Each constraint
has a corresponding shadow price which is a mdrgaiae that indicates the amount by which the eadfithe objective

function would change, if there were one unit cleimgthe Right Hand side constraint.

In addition, the shadow price for each constrait'd, RHS value and the allowable increase and allue

decrease determine the range of feasibility forcthestraint.
CONCLUSIONS

Transportation model is an indispensable tool thdroves the transportation flow of manufacturimgms in
order to minimize the cost on transportation bydifig an optimum solution for transportation roufesm different

factories (sources) to different warehouses.

The study is considered worthwhile as it plays #ipent role in cost minimization and optimizatiof the
transportation process in attempts to improve tmapany’s position on the market and increase tofitability of the

organization. This model is used is different sdibusiness arrears with many suppliers, buyersd#ferent quantities.
RECOMMENDATIONS
From the findings and conclusion drawn from thiglgt the researcher made the following recommeodsti

» The recommended routes that minimized the costamsportation from Answer report of the solver-iralysis

are as follows:

X4 C; = Benue State to Abakaliki
X, C; = Benue State to Onueke
X, C4 = Benue State to Ohaozara
X, C; = Rivers state =Abakaliki
X3 G, = Cross River = Afikpo

X3 C4 = Cross River to Ohaozara

e On the other hand, government should provide awciad environment for the distribution of produatsoss the

Index Copernicus Value: 3.0 - Articles can be sernb editor@impactjournals.us |




Optimizing Cement Distribution in the Nigerian Cement Manufacturing Industry: 45
The Case of Cement Distribution from Selected Firm$o Markets in Ebonyi State

regions by developing cost saving and faster meatransportation system such as Rail.

Considering the onerous nature of transportatiatesy in Nigeria, government should rehabilitate tmostes to

ease transportation flow which to a large extedtice the rate of road accidents in Nigeria.

Cement producing firms should adopt transportatimdel as a tool to improve on the transportatiartes/flow

of the organization in order to minimize the caditransportation.
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APPENDICES

|
| | $P$4 | varvalevae | 401000 | | |  [] | |
|

Table 6

$C3$4 Var Value X1 1640 1640 401000 1640 401000
$D$4 Var Value X2 0 0 401000 0 401000
$ES4 Var Value X3 345.4545455 345.4545455 401000 345.4545455| 401000
$F$4 Var Value X4 316.666666[7 316.6666667 401000 316.6666667 | 401000
$G3$4 Var Value X5 400 400 401000 400 401000
$H$4 Var Value X6 0 0 401000 0 401000
$1%4 Var Value X7 0 -5.59689E-14 401000 -5.59689 | 401000
$J%4 Var Value X8 0 6.0633E-14 401000 6.0633E-14401000
$K$4 Var Value X9 0 0 401000 0 401000
Table 6: Contd.,
$L$4 Var Value X10 1666.66666(7 1666.666667 401000 1666.666667 | 401000
$M$4 Var Value X11 0 -1.45519E-13 401000 -1.48513 | 401000
$N$4 Var Value X12 83.33333333 83.33333333 401000 83.33333333| 401000




