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ABSTRACT 
This research study seeks to examine the improvements accrued by adopting production planning for a food processing 
organization in Zimbabwe. Relevant key performance indicators (KPIs) were considered to achieve set goals and targets. 
Production planning and control recommendations synchronized inputs, processes and out outputs to achieve greater level of 
efficiency close to world class standards. This this work structural approach to production can be useful to production 
practitioners and managers in industrial operations for increased higher productivity.  
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I.INTRODUCTION 
The manufacturing activities of a plant such as OilCo are said to be “under control” when the actual performance is 
within the objectives of the planned performance. However for the past few years, jobs haven’t been started and 
completed on schedule, great concern about the meeting of commitments have been bothering management due to poor 
production planning. Optimum operation of the plant, however, is attained only if the original plan has been carefully 
prepared to utilize the manufacturing facilities fully and effectively. 
 
2. JUSTIFICATION 
OilCo has been having problems in job scheduling which determines when an operation is to be performed, or when 
work is to be completed. This has greatly affected the flexibility in production operations, full utilization of men & 
machines and also the coordination between men & machines. Poor effective use of the key performance indicators 
(KPIs) was also observed. This paper provides guidelines on how to select the most effective KPIs.  
 
3. LITERATURE REVIEW 
According to Mula [7], different departments contribute in the processing of raw materials until is a finished product. 
The efficiency with which the units collaborate in so doing is critical, and this mechanism is called Production 
planning and control. This brings all resources together to assess future market demand and production planning is 
done in advance to establish the route each individual item assembly, setting and finishing would take as well as 
releasing required orders to initiate certain activities. Figure 1 below outlines the basic production cycle: 
 

 
Figure 1: Production system cycle 

 
A computerized system with a data base and coded software, of late has been widely used to utilize data in the data base 
to improve production planning. Such one software package used to identify bottlenecks and losses is FlexSim CT3 [2] 
to improve the overall plant through put. 
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Three dimensional models of real life system can be built using FlexSim, which allows the study and analysis of system 
in a short period of time, and come up with required improveme Figure 1: Production system cycle 
nt KPI’s. 
As a “what-if” analysis tool, FlexSim also provides quantitative feedback on a number of proposed solutions to help in 
quickly narrowing in on the optimum solution. FlexSim’s graphical animation and extensive performance reports, help 
in identifying problems and evaluating alternative solutions in a short space of time. By using FlexSim to model 
systems before they are built, or to test operating policies before they are implemented, many of the pitfalls that are 
often encountered in the startup of a new system are avoided. Improvements that previously took months or years of 
trial-and-error experimentation to achieve can be attained in a matter of days and hours.  
 

4. REVIEW OF OILCo. 
OILCo’s operations entail production of edible margarine among other food products. Key performance indicators 
(KPIs) used in measuring the continued success are: 

 Inventory 
 Rejection ratio 
 Overall equipment effectiveness 
 Raw materials  
 Lead time 
 Downtime 

 
The  KPIs seek to direct the focus of the whole organization towards a common goal to accomplish the targetted 
objectives [3]. 
At OilCo the organization is concerned with: 
 Increasing throughput- by reducing bottlenecks 
 Reducing machine setup time 
 Implementing preventive maintenance- thus improving machine reliability 
 Maximizing optimal run rates and capacity and 
 Eliminating down time. 

This simulation process puts a system in place to address these concerns, improves the manufacturing process and 
allows management to identify ways of improving OEE. From the machine operator to the production manager, this 
production monitoring solution visualizes information that can help to recommend solutions. 
The Table 1, below gives related production costs at OilCo and their percentage contribution to overall production cost. 

Table 5: OilCo annual production cost at full capacity (USD '000) 

Items Cost % 
Raw Material and 
Inputs 

787.06 46.31 

Utilities 83.26 4.90 
Maintenance and 
repair 

257.1 15.13 

Factory 
overheads 

44.63 2.63 

Administration 
costs 

71.4 4.20 

Total Operating 
costs 

1,243.45 73.17 

Depreciation 292.28 17.20 
Cost of finance 163.66 9.63 
Total Production 
cost 

1,699.39 100 

 
The highlighted areas on maintenance, factory overheads and depreciation can be areas of potential improvement with 
proper production planning. The current KPIs given in Table 2 below, are going to be reviewed to add value to the 
production system. 
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Table 6:  Current Key Performance Indicators (2012) 

Key 
Performance 
Indicator 

Target Actual 

Inventory 
(tons) 

344 294 

Lead time 0 3 

Down time % 10 15.13 

Customer 
Satisfaction 
% 

100 88 

Rejection 
ratio % 

12 18.8 

 

4.1 Assessment of the proposed indicators for the year 2012: 
 
 Inventory. It is amenable to independent validation and is direct as a reflection of the outcomes itself, as one can 
simply analysis easy if the objective has been achieved or not. From the above able it clearly shows that during the 
period 2012 they were not able to reach their target. 
 A small % value of the lead time shows that a greater part of the production has been able to provide the required 
amount of the throughputs at the required time. Using the JIT method effectively can help them attain the required 
target. 
 A 15.13% down is a reasonable value compered the 10% standard value for such a production company. 
 

 KPIs set above are clear as they show what exactly the KPI measures. This ensures that every different user can 
interpret it the same way and as a result, come to the same conclusion. In trying to achieve the best out of the key 
performance indicators, they are monitored at different levels. These KPIs in general are needed to monitor the inputs, 
activities, outputs, outcomes and goals. 

4.2  Simulation outcome indicators 
Through varying of simulation parameters, the resulting outcome indicators assess the progress towards the production 
purpose and development goal, querying whether the production process is making any improvements or whether it is 
responding to the set target. If the customer satisfaction of the plant has increased by 4% from the previous year, the 
indicators will be increase in the quality of the product and also a decrease in the rejection ratio. In other words most of 
these KPIs are related, either as the one increases in its value the other one will be decreasing. In this case  

Customer satisfaction  

 Where K is a constant. 

So a closer monitoring of the outcomes was be carried out to evaluate the success of the use of the KPIs. 

 

4.3 OilCo. Model 
Different departments contribute to the process that occur from the moment the raw materials are purchased until the 
point a product is delivered to the customer at OilCo. In this simulation model development on a pilot section, was 
done on the margarine production unit. The flow chart in Figure 2 below gives the production of margarine and it is the 
same chart used in the pilot simulation. 
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Figure 3 :Flow Chart of margarine production 

 
Table 3 : Actual view and simulation model 

Actual Model 
Storage tank  Source 1 (for oil) 

 Other ingredients 
   
Master Churn Fluid Mixer 
Fillers Fluid to item  
Chillers Fluid to item 
Tester Fluid Processor 
Sink Rack 
Represents the initial production 
of oil 

Processor 1 

Represents the initial production 
of other ingredients 

Processor 2 

 

 

Table 4:  Model data 

Description Model Value 

Maximum Content of item to 
fluid 

20 gallons 

Fluid units per discrete unit 
(item to fluid) 

10 gallons per flow items 

Maximum content of pipe 
leading to tank 

20 gallons 

Transfer rate (item to fluid to 
tank) 

2 gallons per second 

Tank low mark 1 gallon 

Tank high mark 45 gallons 

Maximum content of pipe 
leading to mixer 

10 gallons 

Transfer rate (tank to fluid to 
item) 

1 gallon 

A ticker is the object that controls the fluid objects in a model and it is responsible for calculating how much material is 
being transferred between fluid objects and the rate at which the fluid is being processed. In implementing this program 
an optimum value was chosen through a series of tests. In this case the ticker was set at 0.75 units. 

Table 5:  Muster Churn's Steps 

Step 1 Material 1, no delay time 
Step 2 Material 2, 10 seconds 

delay 
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Table 6 : Mixers Recipe 

Material1 10 gallons, step 1 
Material2 20 gallons, step 2 

Maximum Content of Fluid To 
Item 

10 gallons 

Fluid Units per Discrete Unit 
(Fluid To Item) 

10 gallons per flow item 

 

4.4 Model Layout and Connections 
 
The units in Table 3 were arranged and connected as indicated by the screen shoot below. 
 

 

Figure 4: Snapshot of model layout (3D) 

 

 
Figure 5:  Snapshot of model layout (orthographic view) 

 
The system requires the operator to transport and feed the raw materials such as oil and other ingredients into the 
production line. In this model the ingredients were classified in two forms of liquids (oil and a solution of other 
ingredients such as water, salt and colorings) which were then stored in tanks as shown above. From these tanks the 
two liquids were moved in pipes to the mixer (which is the master churn). It is in this master churn where the main 
processing occurs and where margarine is produced in a liquid medium. This medium then moves to the fluid 
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processor, which represents the region where quality analysis was carried out. From there, heat exchange occurs at the 
chiller where the liquid medium is converted into blocks of margarine. 
 
5. RESULTS 
 
5.1Reports and statistics 
Using the database in Microsoft access and in excel, the  program provides a number of different types of graphs which 
are used to analyze objects at a particular period of time. 
 
5.2 Time Plot 
These are line graphs of the variables whose data is interesting over a time range (1 hour). Each line in this graph 
displays the results of a single selected object. 

5.3 Comparison of Source 2, 3 and Sink (Inputs and throughputs) 
The behavioral change of the two sources (rate of release of input) and the amount of throughput absorbed by the sink 
after being processed at different values of ticker timer was analyzed by the two graphs . As indicated by the two time 
plot graphs, it can be seen that as the value of the ticker timer is increased the rate of production of the throughput is 
reduced. This allowed the development of the following relationship: 

Through put = ak  
/ ticker timer 

 
Where k is a constant 
In this case when ticker timer was 0.25, throughput was 141;  and when ticker timer was 0.75, throughput was 138. 
Just having this comparison will not allow coming up with the optimum value of the ticker timer, further comparison 
was thus done as a way to correctly justify why the value of the ticker time was the most appropriate despite the others. 

Below is a time plot of the number of inputs produced over a period of an hour by the two sources and the throughputs 
at the sink. 

 

Figure 6: Snapshot of Throughputs vs. time (ticker 0.25) 

 

Figure 7: Snapshot of throughput vs. time (ticker 0.75) 

 
With this program a projection of the size of the inventory the plant was produced. Depending on the type of inventory 
being used, values such as the annual holding cost and the economic order quantities were calculated. In this case for 
OilCo they use the MTO approach to avoid depreciation.  
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5.4 Master Churn 
Since master churn is one of the main machines for the production of margarine there is need to analyze the activities 
occurring during the process. The function of the master churn was to cook and mix the different types of ingredients 
used to produce margarine. During the process there were also some loses incurred, such as energy losses.  

 

 

Figure 8: State of master churn at ticker time 0.25 and 0.75 

According to the pie charts above, the master churn has an allowance of only about 3.9% of being starved(per hour) of 
its required ratios of mixing liquids but still able to mix them properly. When the  ticker timer was increased to 0.75, it 
was observed that the master churn was not starved. 
Within a period of an hour when the program was executed, the graph indicates that the greater part of its time, the 
master churn had been receiving (raw materials in liquid form) and releasing (margarine in its liquid form) and only 
14% of its time was used to mix  
The the observations made the optimum value of the ticker time is 0.75 
The overall equipment effectiveness was calculated and compared with past OEE. 
 

 

 

 

 

 

 

 

 

 

 

OEE = PA  

WHERE PA =          PU=      and  

Quality rate, QR=  

 

Working hours per day 12 

Setup time 35 min per day 

Adjustment time 25 min per day 

Breakdowns  108.94 min per day 

Defects 18.8% 

Ideal cycle time 0.6 

Actual cycle time 0.7 
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Running time = (12  

                         = 551.06 minutes 

Desired time = (12  

Thus PA =  

For PU =  

The desired output is given by  

And actual =  

Therefore PU =  

For The quality incident in which all items produced not right the first time, QI =  

            =  

Then QR =  

OEE = 0.765  

         = 43% 

Using the same procedure as above but now calculating the overall equipment effectiveness of the plant basing on the 
assumption made above and the possible outcome after running the program it was calculated as follows ; 

Working hours per day 12 

Setup time 35 min per day 

Adjustment time 25 min per day 

Breakdowns  58.54 min per day 

Defects 14.4% 

Ideal cycle time 0.57 

Actual cycle time 0.7 

 

PA =  

PU =  

QI =  

Therefore OEE =  

                           = 50%   
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5.5 OEE Benchmarks 
According to world class standards the following are considered: 
 An OEE score of 100% is considered as perfect production: thus manufacturing only good products, as fast as 
possible, with no down time. 
 An OEE score of 85% is considered world class for discrete manufacturers. For many companies, it is a suitable 
long-term goal. 
 An OEE score of 60% is fairly typical for discrete manufacturers, but indicates there is substantial room for 
improvement. 
 An OEE score of 40% is not at all uncommon for manufacturing companies that are just starting to track and 
improve their manufacturing performance. It is a low score and in most cases can be easily improved through 
straightforward measures (e.g. by tracking down time reasons and addressing the largest sources of down time-one at a 
time). 
 
6. DISCUSSION 

From the calculations made above it can be noted that working on production planning without a computerized system 
that helps in planning production and job scheduling the effective use of the machine or equipment is 43%  which is 
within the lowest benchmark and requires 17% for it to reach the typical OEE for discrete manufacturers. 
On the other hand, 50% for the simulation, it indicates that there is still room for improvement when actual planning is 
done, although it hasn’t reached 60% due to the use of estimated values. With a proper planning of production, it 
would ensure a higher OEE and also improves the production and quality of the throughput. 

7. CONCLUSION 
It is not about just choosing any KPI to evaluate the success of the company but it is about choosing the relevant 
objectives of particular sections properly evaluated for continuous improvement enhancement. This helps to identify the 
very important aspects for the model to run. Areas of potential resources losses,  bottlenecks and frequent break downs 
need to be modeled for solutions. With KPIs in mind the management will be able to fully utilize the simulation by 
concentrating on the important data generated by the package in Microsoft Access and Excel to their benefit.  
Simulation provides a picture of what is happening or what has happened before or after certain inputs have been 
coded. This system also provides management with a better understanding of their production without actually being 
physically there to monitor them. Not only does it predict the possible future events, it also can be used to identify the 
areas that would have gone wrong during a certain period of time being hourly, or given mouth. For such cases an 
hourly bases analysis is recommended as it provides more accurate results as compared to the others. 
Given enough time for the programing, the system can be further defined to give more accurate results. More details 
such as the setup time, utilizing time can be stated and can allow the calculation of  overall equipment effectiveness. 
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