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Abstract: This work focused on the optimization of the two packaging products; Supershake and 

Chibuku made up of three and two parts respectively. Copolymer polypropylene and white or 

coloured batch materials are the two raw materials needed to produce the two packaging products.  

The weight of copolymer polypropylene needed to produce each unit of the five parts were 9.94g, 

141.15g, 59.69g, 9.94g and 30.81g while the weight of white or coloured batch needed to produce the 

five parts were 0.06g, 0.36g, 0.85g, 0.06g and 0.19g. The manufacturing plan was developed for the 

organization. The production inputs of 1.11, 6.67, 15.78, 2.47 and 7.70 were generated as the 

objective function coefficients. 308 hours per month for day shift and 364 hours per month for night 

shift were established. Production time of 10 seconds, 20 seconds, 10 seconds and 12 seconds per unit 

of the five parts were also established. The manufacturing constraints in terms of machine capacities, 

material available, time and labour were extensively used to develop an integer linear programming 

model to obtain the optimum quantities of each part that will yield the maximum profit. The 

developed model was analyzed using TORA optimization solver which gave a net profit of N3, 

751,932. The sensitivity analysis performed for different manufacturing conditions gave results that 

were not feasible and the one that were feasible were not optimal. A decision support system was 

developed for manufacturing planning to assist the management of Maheu plant in Intafact Beverages 

limited in decision taking. The model is now being used in the manufacturing planning and also 

recommended for application towards organizations with similar production inputs.                          

Key words: Optimization, Manufacturing plan, Packaging products, Production inputs, Manufacturing constrain.                          

Labour and Time. 

 

 

1. Introduction                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

Maheu plant in Intafact Beverages Limited is a subsidiary of SABMILLER breweries plc. The plant 

was incorporated in Nigeria on 2
nd

 June 2011. The production plant was commissioned on 31
st
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August 2012 by President Goodluck .E. Jonathan. The production capacity is 250,000hl/year. This is 

expected to rise to 1 million hectoliter within the next three years. They started active production 

shortly after commissioning. The plant thought it wise to produce their packaging materials 

themselves by opening a sub-plastic plant which produces the Supershake crate, Supershake cover, 

Supershake body, Chibuku crate and Chibuku body. These products are used in the beverage 

company for packaging their products while they also sell to the external customers who also use 

them to package their respective products. 

Capacity shortage and the difficulty of planning and scheduling changeover of the products has been 

a big source of delay in meeting customers’ delivery dates. 

Maheu plant of Intafact beverages limited needs to improve her delivery performance in order to 

maintain customer’s confidence and satisfaction.  

The injection moudling machines are of capacities; 210 ton, 100 tons and 170 tons. They produce 

super shake body X1 with its cover X2 and crates X3 alone for 6 months before adding the Chibuku 

container X4 and its crates X5 to their products in January, 2012. The Chibuku moulds were ordered 

when the management discovered that it was having a huge downtime due to idle machines. This was 

as a result of the faster manufacturing rate of the supershake crates and its covers when compared to 

that of the body. Two machines were mostly idle while waiting for the supershake container to level 

up with the quantities of the other two parts. On the arrival of the Chibuku moulds, the need to plan 

the manufacturing so as to relatively balance the line that will give optimum profit arose. Some of the 

parts demands could be met as the various items were not matched together to make completes 

products. 

The objectives of the work are to develop a mathematical model for optimization of the 

manufacturing and material planning of Maheu plant in Intafact Beverages Limited with a wider 

application using TORA optimization solver and also to proffer a solution method, when applied at 

both planning and scheduling levels will be efficient enough to support interactive decision making. 

1.1 Manufacturing Planning Models 

Any planning problem starts with a specification of customer demand that is to be met by the 

production plan. Production planning problem are one of the most interesting application for 

optimization tools using mathematical programming. The idea of incorporating uncertainty in 
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mathematical models appears initially with Dantzig, well known as the father of linear programming 

[1]. 

Mula et al received an exhaustive model for production planning under uncertainty [2]. They carried 

out their research over the following seven categories of production planning: hierarchical production 

planning, aggregate production planning, material requirement planning, inventory management and 

supply chain planning. They also identified four modeling approaches: conceptual, analytical, 

artificial intelligence and simulation models. These modeling approaches were originally defined [3]. 

Mula et al concluded that the analytical modeling approach, in particular stochastic programming was 

the most frequency encountered [4]. 

Hax and Meal introduced the notion of hierarchical production planning and provide a specific 

framework for this, whereby there is an optimization model with each level of hierarchy [5]. Each 

optimization model imposes a constraint on the model at the next level of the hierarchy.   Bitran and 

Triupati, provided a comprehensive survey of hierarchical planning methods and models [6]. While 

Gfrere and Zapfel, presented a multi-period hierarchical production planning model with two 

planning models, that is aggregate and detailed and with uncertain demand [7]. On the other hand, 

Maybodi and Foote developed a multi-period for hierarchical production planning and scheduling 

with random demand and production failure [8]. Zapfel, presented hierarchical model that can be 

incorporated in a manufacturing resource planning (MRP) system to program the production with 

demand uncertainty [9]. 

Graves, developed linear programming model for production planning under the following context: 

multiple items with independent demands. Multiple shared resources, big bucket time periods and 

linear costs [10]. Fandal and Stammend, present an optimization model for a supply chain composed 

of the following process: procurement, production, distribution and recycling [11]. The model is a 

multi-product, multi-echelon, multi-country, dynamic application with the objective of maximizing 

global after tax profit. Vila et al, discuss a strategic production planning problem with an application 

to the lumber industry [12]. The context included the possibility to choose between the production 

and a planning horizon which is divided into four periods, each corresponding to one session. The 

objective is global after tax profit maximization. Ouhimmou et al. developed an optimization model 

to support tactical decisions concerning procurement contracts, inventory levels and demand 

allocation and outsourcing policies [13]. The overall objective is total cost maximization.  
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Billington et al, studied the interaction among lead times, lot sizing and capacity constraints in a 

production process with complex bill of materials and uncertainty in demand and lead times [14].  

Escudero et al, analyzed different modeling approaches for the production and capacity problem 

using stochastic programming [15]. Escudero and Kamesam, develop linear programming models for 

stochastic planning problems and methodology to solve them [16]. They used a production problem 

with uncertainty in demand, to characterize a test case. Rota et al, presented a mixed linear 

programming model to address the uncertain nature and complexity of manufacturing environments 

[17].  Their proposed model includes; capacity constraints, firm orders, subcontracting decisions, 

demand forecasts and supply for a rolling planning processes. 

Aggregate production planning is not left out in literature. According to Axsater, the purpose of the 

aggregate plan is to ensure that long term considerations are not ignored when making long term 

decisions [18]. According to Lee and Khumawala, aggregate production planning is related to how it 

will determine aggregate planning production levels, inventory and work force size [19]. Production 

planning has serious impact on the cost of production. Gianesi, pointed out the impact of the planning 

process on direct and indirect costs, on delivery speed, on delivery reliability and on flexibility [20]. 

Bitran et al. proposed linear programming models to solve the aggregate production planning 

problem respectively with a single stage and two stage approach at the product type aggregation level 

[21]. The objectives were to minimize overall cost, including raw materials cost and inventory and 

backorder goals per period. 

2. Methodology  

The Research Methodology adopted in this work is the case of an existing production system in a 

packaging manufacturing company in order to investigate and improve its manufacturing plan for 

maximum profit. That data for this research were obtained from production information of the 

products made available by the management of Maheu Plant in Intafact Beverages Limited. These 

include; the production capacities of the three injection moulding machines involved in production, 

the daily production output chart, customers maximum product demand, power scheduling 

information, raw material supply, etc. These data obtained were analyzed using linear programming 

(LP), with an objective of maximizing profit through optimal production of these items. The model to 

be generated through this approach can be applied in planning and scheduling processes.  The 

simulation and solution technique to this model will be based on Linear programming solutions and 

Sensitivity Analysis method using TORA optimization software. 
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 2.1 Model Formulation: In order to formulate an integer linear programming model for the 

products, which are; a Super shake      , and Chibuku     , we shall describe a bit of the production 

scenario or process. These products consist of   : crate of super shake, super shake cover and super 

shake body,    : chibuku crate and container. They are produced on three different machines of 

different capacities; Machine 1 which has the least capacity is used in producing super shake cover 

and Chibuku crates. Machine 2 which is the next in capacity to the first is used to produce the super 

shake crate and the Chibuku plastic body containers. Machine 3 which has the highest capacity is 

used in producing only the body of the super shake containers. 

The materials involved in the production of these products parts are the same and they are (1) PPCP 

(material M), co-polymer poly propylene and (2) white or colored Batch (Material N) mixed at a 

different proportion. 

The linear programming model to be developed at this juncture is to help in a monthly optimum 

manufacturing plan for these products with an objective to maximize profit; hence we formulate the 

LP as follows. 

2.1.1 Definition of Variable and Parameters (Alternative Variable):                                                                                                                                                 

 Xij=No of parts i produced at shift j 

    i= 5 parts of 2 products. 

    j= 2 shifts of Day (11hrs) and Night (13hrs) 

Model variables and parameters; 

                = Total profit from sales of product    and    

    As;             

                   

i i1   crate of super shake. 

            i2  super shake cover. 

 i3 super shake body. 

 i4 Chibuku crate 

 i5 Chibuku body 

Si   selling price of unit of i. 

Ci   unit cost of manufaturing of part i(material) 

 Fc   fixed costs (salary/overtime, power, maintenance etc) 

di    Demand of part i per month. 

tj    Total available machine time (hours) for shift j 
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ti Required production time (hours) for unit part i 

xij number of variables at each shift day and night.  

Mi weight of material m (kg) needed to produce a unit of part i 

Ni weight of material n (kg) needed to produce unit price i 

Am Available quantity of material M (kg) 

An Available quantity of material n (kg) 

   For all values of i 

   for all values of j  

Objective function: 

                                                                                                                                                    

Subject to:  

      

                 
 
          

                      
 
           

               
                  

 
    

     
               

 
            

                                  
     

                                                                                    (2) 

                         

                         

                        

       

On expansion of the linear programming model of equation (1) and (2), [22], we have;   

Max           

                                                      

                                                          

                                                                          (3) 
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Subject to: 

                                                    (4) 

                                                      (5) 

                                  (6)     

                                   (7) 

                                  (8) 

                                  (9) 

                                            (10) 

                                                 

                                       (11) 

Period under consideration is 24hrs per day for 28days in a month  

                                                                              (12) 
   

                                         (13) 

                                          (14) 

                                           (15) 

                                           (16)  

                                          (17)  

                                         (18) 

                                        (19) 

                                        (20) 

                                           

For our computation using TORA Software, we have our variable to be: 
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2.2 Model Formulation  

Table1: Objective Functions Coefficients (Variables) and Constraints for TORA LP Solver  

 X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 Enter R.H.S 

Variable name  X11 X12 X21 X22 X31 X32 X41 X42 X51 X52 <> or =  

Maximize 1.11 1.11 6.67 6.67 15.78 15.78 2.47 2.47 7.70 7.70  308 

Constant1 0.0028 0 0.0033 0 0.0056 0 0.0028 0 0.0033 0.0033 > 346 

Constant2 0 0.00028 0 0.0033 0.000 0.0036 0 0.0028 0 0.0033 > 12000 

Constant3 1 1 0 0 0 0 0 0 0 0 > 12000 

Constant4 0 0 1 1 0 0 0 0 0 0 > 12000 

Constant5 0 0 0 0 1 1 0 0 0 0 > 90000 

Constant6 0 0 0 0 0 0 1 1 0 0 > 40000 

Constant7 0 0 0 0 0 0 0 0 1 1 > 250 

Constant8 0.00994 0.00994 0.05964 0.05964 0.14115 0.14115 0.00994 0.00994 0.03081 0.03081 < 672 

Constant9 0.00006 0.00006 0.00036 0.00036 0.00085 0.00085 0.00006 0.00006 0.00019 0.00019 < 672 

Constant10 0.0028 0.0028 0 0 0 0 0 0 0 0 < 672 

Constant11 0 0 0.0033 0.0033 0 0 0 0 0 0 < 672 

Constant12 0 0 0 0 0.0056 0.0056 0 0 0 0 < 672 

Constant13 0 0 0 0 0 0 0.0028 0.0028 0 0 < 672 

Constant14 0 0 0 0 0 0 0 0 0.0033 0.0033 < 672 

Constant15 1 1 -1 -1 0 0 0 0 0 0 = 0 

Constant16 0 0 1 1 -1 -1 0 0 0 0 = 0 

Constant17 0 0 0 0 0 0 1 1 -1 -1 = 0 

Lower bound 0 0 0 0 0 0 0 0 0 0   

Source: MAHEU plant, Intafact Beverages Limited, Onitsha 2012 
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Table 2: Typical TORA LP Window  

Problem title: Linear programming  

No. of Variables 10 

No. of Constraints 17 

Input Grid 

 X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 Enter R.H.S 

Variable name  X11 X12 X21 X22 X31 X32 X41 X42 X51 X52 <> or =  

Maximize 1.11 1.11 6.67 6.67 15.78 15.78 2.47 2.47 7.70 7.70  308 

Constant1 0.0028 0 0.0033 0 0.0056 0 0.0028 0 0.0033 0.0033 > 346 

Constant2 0 0.00028 0 0.0033 0.000 0.0036 0 0.0028 0 0.0033 > 12000 

Constant3 1 1 0 0 0 0 0 0 0 0 > 12000 

Constant4 0 0 1 1 0 0 0 0 0 0 > 12000 

Constant5 0 0 0 0 1 1 0 0 0 0 > 90000 

Constant6 0 0 0 0 0 0 1 1 0 0 > 40000 

Constant7 0 0 0 0 0 0 0 0 1 1 > 250 

Constant8 0.00994 0.00994 0.05964 0.05964 0.14115 0.14115 0.00994 0.00994 0.03081 0.03081 < 672 

Constant9 0.00006 0.00006 0.00036 0.00036 0.00085 0.00085 0.00006 0.00006 0.00019 0.00019 < 672 

Constant10 0.0028 0.0028 0 0 0 0 0 0 0 0 < 672 

Constant11 0 0 0.0033 0.0033 0 0 0 0 0 0 < 672 

Constant12 0 0 0 0 0.0056 0.0056 0 0 0 0 < 672 

Constant13 0 0 0 0 0 0 0.0028 0.0028 0 0 < 672 

Constant14 0 0 0 0 0 0 0 0 0.0033 0.0033 < 672 

Constant15 1 1 -1 -1 0 0 0 0 0 0 = 0 

Constant16 0 0 1 1 -1 -1 0 0 0 0 = 0 

Constant17 0 0 0 0 0 0 1 1 -1 -1 = 0 

Lower bound 0 0 0 0 0 0 0 0 0 0   

Upper bound Infinity Infinity Infinity Infinity Infinity Infinity Infinity Infinity Infinity Infinity   

Unrestricted(y/n N N n  n  n  N  n  n  n  N    

 

 

SOLVE Menu MAIN Menu Exit TORA 
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A typical input into a TORA software is exhibited above with original data (coefficients) shown at 

respective columns and rows. By clicking the solve menu button prompts the next step to the 

solution. 

3. Sensitivity Analysis Result  

In LP models, the parameters are usually not exact, with sensitivity we can ascertain the impact of 

this uncertainty on the quality of the optimum solution. 

A natural sequel to sensitivity analysis is post-optimal analysis, where the goal is to determine the 

new optimum that results from making target changes in the model parameters.  

Our original linear programming model is depicted in equations (3) to (20) which give its optimal 

solution at iteration 13; the summary of this optimum iteration simplex tableau is shown in table 3. 

Table 3: Summary of simplex Tableau of Iteration 13   
Basic       X1      x2  x3……………………………     . Rx34  Solution 

Z (max)     0 …………………………………………..  100                4898182 

X9      0 …………………………………………..   0   120000 

X6       0 ………………………………………….    0   1040 

Sx12      0 …………………………………………..   0   0 

Sx13       0 ………………………………………..       0              0 

Sx14      0 …………………………………………..   0   934 

Sx16         0 ……………………………………………  0   113636 

Sx25         0 ……………………………………………  0   6414 

Sx26         0 ……………………………………………  0   47 

Sx27         0 ……………………………………………  0   336 

Sx28         0 ……………………………………………  0   276 

Sx15         0 ……………………………………..…….  0   0 

Sx30         0 …………………………………..……….  0   120 

Sx17         0 ……………………………………….…… 0   113636 

X2            0 ……………………………………………. 0   120000 

X4            0 ……………………………………………  0   120000 

X7            0 ……………………………………………. 0   203636 

 

The optimum solution this LP model shows a profits [(max)] of N4,898,182. The net profit of this 

solution is obtained when the fixed cost is subtracted which gives N3,751,932. The solution suggests 

a scheduling and production plan as follows; X9 which is X51, in the solution means that the Chibuku 

body should be produced to a maximum quality of 203,636 pieces. X6 which is X12, in the solution 

means that the supershake body should produced to a maximum quantity of 120,000 pieces, X2 which 

is X12, in the solution means that the supershake crate should be produced to a maximum quantity of 

120,000 pieces X4 which is X12, in the solution means that the supershake container should be 
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produced also to a maximum quantity of 120,000 pieces X7 which is X41 in the same optimum 

solution means that the Chibuku crate is to be produced to a maximum quantity of 203,636 pieces. 

Finally, these indicate that for a gross profit of N4,898,182 (i.e net profit of N3,751,932) to be 

achieved during a month manufacturing plan, all parts that make up the supershake container should 

be produced only during the night shift while the Chubuku container should be produced only during 

the day shifts but more than the stipulated demand of 90,000 pieces given by the model, through the 

model  gave room for inventory. 

4. Post Optimal Analysis Result  

Series of sensitive analysis in the form of post-optimal analysis were conducted on the original LP 

model and the following inferences were drawn. 

When the inequality signs of equation (4) and (5) were changed from > to <, the optimum solution 

was obtained at the simplex tableau of iteration 7 of with a profit [z(max)] of – N31,683,172. 

The optimum solution is not feasible as the value of z (max) is negation and some of the artificial 

variables were still found in the solution making up for some of the variables especially those of the 

super shake container. The detail of this summary of the optimum solution tableau is in table 4.   

 

Table 4: Summary Tableau of Iteration 7  

Basic       X1      x2  x3……………………………. Rx34  Solution 

Z (max)       0 ………………………………………….. 83.569      -31683172 

X9        0 ………………………………………….. 0   16970 

X6         0 ………………………………………….  0   10513 

Sx12        0 ………………………………………….. 0   109487 

Sx13         0 ………………………………………....   0              109487 

Sx14        0 ………………………………………….. 0   109487 

Sx11           0 …………………………………………   0   73030 

Sx16           0 …………………………………………   0   0 

Sx25           0 …………………………………………   0   34117 

Sx26           0 …………………………………………   0   214 

Sx27           0 …………………………………………   0   643 

Sx28           0 ……………………………………..…… 0   637 

Sx15           0 …………………………………..……….0   613 

Sx30           0 ……………………………………….…  0   420 

X17            0 ……………………………………………0   375 

X2              0 …………………………………………   0    10513 

X4              0 …………………………………………   0   10513 

X7              0 …………………………………………   0   90000  
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Another change on the LP model made on the right hand-side of the equations (11) and (12) where 

the total available material resources was reduced from 40,000kg of PPCP to 30,000kg and 250kg of 

master batch to 200kg. In the effect, the inequality signs of these equations where changed from > to 

<. The optimum solution for this model occurred at the simplex tableau of the 14
th

 iteration with a 

profit [z (max)] of N4,003,276. The summary of the optimum solution’s simplex tableau is in table 5. 

 

Table 5: Summary of Simplex Tableau of Iteration 14  

Basic       X1      x2  x3……………………………. Rx34  Solution 

Z (max)       0 ………………………………………….. 100             4003276 

X9        0 …………………………………………..  0   115642 

X6         0 ………………………………………….   0   120000 

Sx12        0 …………………………………………..  0   1040 

Sx29         0 ……………………………………………0              0 

Sx14           0 …………………………………………..  0   0 

Sx11           0 …………………………………………… 0   397 

Sx16           0 …………………………………………… 0   25642 

Sx17           0 …………………………………………… 0   25642 

Sx26           0 …………………………………………… 0   19 

Sx27           0 …………………………………………… 0   336 

Sx28           0 ……………………………………..…….  0   276 

Sx15           0 …………………………………..……….  0   0 

Sx30           0 ……………………………………….…    0   348 

X31            0 ……………………………………………. 0   290 

X2              0 ……………………………………………. 0   120000 

X4              0 ……………………………………………. 0   120000 

X7              0 ……………………………………………. 0   115642- 

 

This LP model suggested the same manufacturing plan as that of the original LP model, but due the 

reduction in the quantity of the material resources, the production of Chibuku container was reduced 

to 115,642 to accommodate this change in constraints. 

In the next sensitivity analysis, we tried to stop any form of inventory by trying not to exceed 

demand, hence changing the inequality sign from > to <. The optimum solution simplex tableau of 

this model occurred at the 8
th

 iteration with a profit [z (max)] of N3,945,900. The net profit for this 

optimum solution is then N2,799,650. The optimum solution tableau of this mode is shown in table 6.  
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Table 6: Summary of Simplex Tableau of Iteration 8 

Basic       X1      x2  x3……………………………. Rx34  Solution 

Z (max )      0 ……………………………………    83.569              3945900 

X9        0 …………………………………………..   0   119821 

X6         0 ………………………………………….    0   179 

Sx12        0 …………………………………………..   0   1403 

Sx13         0 …………………………………………     0             0 

Sx14        0 …………………………………………..   0   0 

Sx11           0 ……………………………………………  0   110000 

Sx16           0 ……………………………………………  0   0 

Sx25           0 ……………………………………………  0   10230 

Sx26           0 ……………………………………………  0   70 

Sx27           0 ……………………………………………  0   336 

Sx28           0 ……………………………………..…….  0   276 

Sx15           0 …………………………………..……….  0   0 

Sx30           0 ……………………………………….        0   364 

X17            0 ……………………………………………. 0   309 

X2              0 ……………………………………………. 0   120000 

X4              0 ……………………………………………. 0   120000 

X4              0 ……………………………………………. 0   110000 

  

The model’s optimum solution suggested a production plan and scheduling as follows; the 

manufacturing of 120,000 pieces of supershake cover, X3 which is X21 only during the day (morning) 

shift. That of 120,000 pieces of supershake crates. X1 which is X11, to take effect also during the day 

shift. While 119,821 pieces of supershake body, X5 which is X31 should be produced at morning shift 

and a complementary quantity of 179 pieces of the same part should be produced at night shifts. It 

also suggested the manufacturing of Chibuku body, X10 which is X52, to a maximum quantity of 

110,000 pieces.  The complementary Chibuku crate, X7 which is X41, will be manufactured to a 

quantity of 110,000 pieces also, hence inventory is unavailable. 

Hence, it is obvious that the original LP model produced the optimum solution that will give best 

manufacturing plan and the maximum profit, hence it is recommended for application not only to 

MAHEU plant but to other organizations with similar production inputs. 

5. Conclusion  

The monthly manufacturing plan for Maheu plant in Intafact Beverages Limited was developed in 

this work. The plant/factory has five (5) separate part items and two products which are produced in 

three (3) different injection molding machines. Material requirement, sequence dependency and unit 

production time were considered. In order to articulate properly the problem, the model was 
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formulated as integer linear programming and was solved using TORA Optimization solver software. 

It gave the products quantity which should be produced in each machine during each shift and 

expected profit if the optimum manufacturing plan for the adhered to. The results were presented in 

the tables 3 to 6. The linear programming model developed here could be used for other different 

applications of services operations with more than one type of service at a time or multiple products. 
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