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Executive summary 

South Africa is faced with a major problem regarding power supply and consumption. 

Companies throughout South Africa do not practice efficient energy usage although we are 

a country that suffers from major power outages due substandard power generation from 

Eskom. This document gives details regarding a project aimed at re-using heat energy in the 

Wispeco aluminium plant. 

The problem and all of its elements will be discussed and possible solutions to the problem 

highlighted. Further in this document emphases will be placed on the implementation of the 

best solution. Aspects such as the materials used and the timing of implementation will be 

discussed. 

Possible solutions to the scheduling problem at the homogenizing ovens will be discussed. 

Solutions and implementation methods will be illustrated. Tools and systems such as 

employee performance charts, light indicator systems and control charts will be 

implemented to assist the remelt department in reducing cost. 
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1. Introduction and background 
Wispeco Aluminium has been in operation since the First World War and started out as a 

manufacturer of nails. Due to its ability to adapt to changing demands it is one of the best 

manufacturers of aluminium extrusions. The company consists of four main operating units 

– Aluminium extrusions, Die manufacturing, Finishing and Aluminium systems.  The 

company produces high quality extrusions in both anodized and powder coated finishes. 

Wispeco is managed by highly competent customer-oriented teams whose primary aim is to 

provide customers with the quality and service that has seen Wispeco become one of the 

country’s leading aluminium suppliers .(Wispeco,2010) 

The business world is a dynamic system, especially the manufacturing environment. This is 

due to demand that is ever changing because of differing levels of competition and the 

constant change in demand for the aluminium products.   Efforts should constantly be made 

to produce higher quality products at increasingly lower prices.  

Wispeco aluminium has many areas throughout the plant where energy can be saved; the 

plant is currently running very inefficiently due to bad energy usage. This fact has been seen 

by top management and they are starting department by department to address this major 

issue.  

Due to the nature of the aluminium industry raw aluminium can only be bought at fixed 

prices due to it being a commodity. This means that when the prices for aluminium is low 

then Wispeco must buy large quantities of stock and the price of keeping large quantities of 

stock is high, this is another reason why Wispeco must be on a constant look out for ways in 

which to lower their overhead manufacturing costs.  

Efforts should thus be made to decrease manufacturing costs and overheads to ensure that 

a competitively priced product can be manufactured. The focus of the project is to attempt 

to decrease the amount of power wasted in the remelt department. In the remelt 

department four large ovens are heated to temperatures of well over 1000˚C and the 

homogenizing ovens is heated to 580˚C, so it is clearly seen that mass amounts of energy is 

used to reach these temperatures and to constantly maintain them. 

The focus will be to re-use excess energy that is propelled from the melting ovens exhausts. 

This will be done by relaying the heated exhaust fumes to the homogenizing department for 

reuse there. By achieving this, energy that is used to pre-heat ovens can now come from re-

used energy instead of using new energy that will result in financial saving  for Wispeco as 

well as environmental benefits by reducing energy consumption.  

Benefits will also be seen in the overall health and safety for the plant workers along with 

the environment. Gasses will no longer be propelled into the plant but rather into the 

distant homogenous oven, and overall reduced energy consumption will benefit the 

environment. 
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Further the project will look at the scheduling of the homogenizing ovens which is currently 

running at sub optimum levels and ways and tools how this can be improved. 

2. Project aim 
The Aim of the project is to reduce energy consumption in the melting department at 

Wispeco Aluminium while considering factors like health and safety issues in this 

department. By doing this the overall “green” status of the plant can be enhanced and new 

markets sectors interested in products that are environmentally friendly can be explored. 

Further the possible savings that can be achieved will be computed to justify such an 

improvement. 

The reason for the project is to ensure that Wispeco will be able to produce their products 

at even lower costs due to the savings made with natural gas usage in the remelt 

department. 

Currently the gas usage for the remelt department is on average R 503 145 per month and 

the total plants gas usage is R 917 622.9 per month over an 11 month period this can be 

seen in the gas usage accounts in appendix A. It is clear that this is a major expense to 

Wispeco and it is a clear starting point to begin with lowering production costs.  

If the plant can consistently lower their carbon outputs to such a level that it is below the 

standards set by Health and Safety act, it can get carbon credits from the government that 

they can resell to other companies to further improve their profits. Wispeco has currently 

got no data on their actual carbon outputs. But it is definitely a very good reason to lower 

emissions; the World Bank has estimated the emissions market in 2008 at 64 Billion. This 

definitely indicates that there is a further market to exploit by reducing emissions 

3. Project Scope 
The scope of the project will be natural gas consumption of the ovens in the remelt 

department and their inputs and outputs. The outputs of this system namely the exhaust 

gas will then be used in the homogenizing ovens to ensure that it uses less energy. 

It will be established what the possible savings will be under different operating conditions. 

The reason for improvement of the Natural gas usage in the remelt department as opposed 

to the electricity is because the gas usage is on average R 500 000 per month and the remelt 

departments electricity usage is on average R 6 500 per month, this can be seen in Appendix 

A. It can also be seen how small the amount of electricity used by the remelt department is 

opposed to the profiles departments’ electricity usage.  

Scheduling of the homogenizing ovens and the relevant solutions to this problem will be 

discussed and implementation methods of the various systems. 
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4. Literature Review 

4.1 Outline and flow of literature study 

Figure 1 shows a general layout of the literature study compiled for the Wispeco aluminium 

energy saving problem. 

 

Figure 1: Break up of literature study 

4.2 Energy Saving 

When Rachel Carson completed her book, Silent Spring, she dedicated it to Albert 

Schweitzer who said, “Man has lost the capacity to foresee and forestall....He will end up 

destroying earth.” To foresee and forestall is the basis of the Precautionary Principle. It is 

the central theme for environmental and public health rooted in the elemental concept of 

“first do no harm” and “an ounce of prevention is a pound of cure.”  (CARSON, 2002). 

Environmental pollution is one of the biggest problems in today’s world, especially in the 

magnitude that industrial plants emit pollutants to the environment. In 1997, the U.S 

nationwide emissions from all primary aluminium smelters were estimated at 6400 tons of 

fluoride per year, of which 2500 tons was gaseous fluoride. (NESHAP, US EPA, 1997b). 

Negative health effects of fluoride include; Dental fluorosis, skeletal fluorosis, Bone 

fractures, Cancer, Enzyme toxicity and many other deadly diseases. (The real news now 

online, 2010). 

A great deal of improvement space is available in the environmental friendliness of an 

aluminium plant. Any plant should not just try to ensure that they meet the requirements 

but should try to strive to standards that are better than the prescribed standards. 

4.3 Occupational Health and safety 

An aluminium smelting plant should adhere to the following AIR EMISSIONS 95% of the 

time. (PRODUCTION, 1998). 

Milligram per normal cubic meter 

Particulate matter 30 

Hydrogen fluoride 1 

Total fluoride 2 

VOCs 20 
Figure 2: Emissions table 



LJ du Plessis 26017522  

9 
 

There are various factors that play a role in the determination of the legal amount of 

emissions. This inside a plant can mean that it is measured in parts per million. When 

pertaining to the environment it is said that the location of the plant to the forests will have 

a major influence but it is definitely safe when fluoride emissions is kept below 10 kg/hour 

(L.H Weinstein, 2004). 

4.4 Homogenizing oven 

The homogenizing process receives as-cast billets from the casting station as its input 

material. The treated product cools after homogenization to be sawed, packaged and 

shipped off to designated areas or customers for further extrusion. The objective of a 

homogenizing cycle is to get the billets at their soaking temperature as quickly as possible. 

The advantages of homogenizing billets before they are extruded are the following: 

 Significantly higher extrusion rates can be accomplished 

 Extrusions have much better surface finishes 

 Better tensile properties can be achieved with homogenized billets. 

Shown in the upper half of the figure below is the microstructure of aluminium before 

homogenization and in the lower half is after homogenization. (ZIETSMAN, 2005) 

 

Figure 3: Microstructure of Aluminium before and after homogenization 

4.5 Air duct 

TRUNK AND BRANCH SYSTEM 

A ducting system will be used to relay heated exhaust gas from the melting ovens to the 

homogenizing ovens. In the trunk and branch system, a large main supply trunk is connected 

directly to the air handler or its supply plenum and serves as a supply plenum or an 

extension to the supply plenum. Smaller branch ducts and run outs are connected to the 
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trunk. (Air distribution systems design, 2003) This is the basic reasoning behind trunk and 

branch air ducts. The duct that will be used in this instance is an inverse trunk and branch 

system. This is because it will have multiple inputs and two outputs; there will also be a 

temperature regulating vent. 

 

Figure 4: Trunk and branch ducting system 

4.6 Facilities planning 

Previously facilities planning were considered a science, but in today’s world it is a 

competitive strategy. The facility planning process entails activities such as: 

 Defining the problem  

 Analyzing the problem  

 Determining the space requirements  

 Determining the distance between different functional units  

 Evaluation of alternatives 

 Selection of the preferred design/solution 

 Implementation of the design 

Facilities planning are a dynamic process over a period of time. As technology evolves the 

methodology continues to change and new approaches are designed. (TOMPKINS, 2003)  

4.7 Insulating materials 

Thermal Ceramics is known as the global heat management specialist and they have 

announced the launch of a high-temperature insulating wool that will have the same 

performance as refractory ceramic fibbers and it is not classified as a carcinogen. 

Superwool 607 HT has been ‘exonerated’ from carcinogenic classification because its low 

bio-persistence, this refers to the length of time that fibbers remain in the lungs if inhaled 

by a human being. ‘The Superwool 607 HT fibbers have a half-life of less than 40 days when 

subject to EU test protocols,’ says Thermal Ceramics’ Technical Director Ron Wainwright. 

This implies that materials that have a high resistance to heat are durable in any 

environment including the human body. 

Superwool 607 HT is an alkaline earth silicate (AES) fiber showing low shrinkage up to 

temperatures of 1,300˚C, the highest of any AES fiber product. (Materials world, 2010)  
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4.8 Variable Control charts 

Control charts are statistical tools used to analyze and understand process variables, to 

determine a process’s capability to perform with respect to those variables, and to monitor 

the effect of those variables on the difference between customer needs and process 

performance  (Gitlow, Oppenheim, Openheim, & Levine, 2005). Control charts are often 

called three-sigma limits. The lower case Greek letter σ is used to denote the population 

standard deviation. In analytic studies, this notation is used to denote a process standard 

deviation. 

The following equations are used to compute the limits and the centreline for the Range 

control chart. 

 

 

 

 

 

The following equations are used to compute the centreline and the control limits for the 

Mean Control chart. 

 

 

 

 

) 

 

 

The D (3), D (2), A (2) values given is standard values for the above equations. 
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D (3) = 0.076 (Table B.1) 

D (4) = 1.924 (Table B.1) 

A (2) = 0.419 (Table B.1) 

The major use for control charts is fault detection within a system, the Wispeco scheduling 

system at the homogenizing ovens is a system that has many faults. The use of control charts in 

this system can vastly improve productivity and reduce waste within this department. 

5. Problem descriptions 

5.1 Melters exhausts 

The remelt department has four large melting ovens and when in operation emits 

temperatures of up to 1000˚C. This heat is simply released into the plant and none of it is re-

used. With this massive amount of heat transmitted and lost into the air there lies great 

potential for reuse of this heated gas in other areas in the plant. The area that this heat will be 

reused in is the homogenizing ovens also located in the remelt department. The reason for use 

in the homogenizing ovens is because each of the melting ovens emits 1000˚C and the 

homogenizing ovens only require 580˚C, so this indicates that the heat would be sufficient. 

5.2 Scheduling of the homogenizing ovens 

The homogenizing ovens are currently running at a much higher cost than desired. This is due 

to the fact that there is a lot of wasted energy produced by bad scheduling. By correcting this 

problem massive savings is possible. 
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6 Process descriptions 
The following section will explain certain important aspects of the Remelt department. These 

aspects are important to understand to ensure a complete understanding of the final solution.                                 

6.1 Remelt department layout 

Figure five shows the layout of the remelt department, it shows the relative sizes of the 

different ovens and their orientation towards each other. The green circle on top of the melting 

ovens is the exhaust holes, where the heat escapes the melting ovens. 
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Figure 5:Layout of remelt department 

Figure five has a key to show the difference between the different objects in the figure. Two 

homogenizing ovens are present on the opposite side of the low wall. 

Each block in figure five represents approximately a half meter. The loading zones for both 

types of ovens and the location of the doors are also indicated. When the aluminium is melted 

and the ovens are tipped via their hydraulic jacks the molten aluminium exits the ovens via the 

runners to the casting area where the aluminium is cast into billets of different sizes. These 

billets are later cut into sections of three meters each. The cut billets is then later loaded into 

the homogenizing ovens and treated there before further use. Then the process starts again 

and the melting ovens are loaded with aluminium again. 
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6.2 Process description-Melters 

Melting ovens is operational 24 hours per day and there is under normal conditions between 

two and four ovens in use. The melting ovens emit temperatures of 1000 ˚C each. Aluminium is 

loaded into the ovens by use of tip buckets that is picked up with a forklift that contains mostly 

recycled aluminium that is compressed into small cubes. Larger aluminium billets are also 

loaded via forklift. This loading process is completed in approximately one and a half hours.  

After the oven is loaded and then closed, the aluminium melts for approximately one and a half 

to two hours. When the aluminium is melted the oven is tipped using the hydraulic jack 

attached to the side of each of the melting ovens as shown in figure five and six. The metal is 

poured out into runners that lead away from the ovens to form new billets. This pouring 

process takes approximately one hour. 

The excess heat that escapes through the oven exhausts is the heat that will then be re-used in 

the homogenizing ovens. Shown in Figure six below are ovens one, two and three viewed from 

the loading area, showing where the heat exits the exhausts of the three ovens respectively.   

 

Figure 6: Schematic drawing of exhausts and fumes 

6.3 Process description-Homogenizing oven 

Figure seven is a graph that depicts how the temperature cycle of the homogenizing oven looks 

throughout one homogenizing cycle. Firstly aluminium is loaded into the homogenizing oven 

which has a capacity of 15 tons. Then the oven doors are closed and the oven is turned on to 

full power for approximately two and a half hours. After this period the oven reaches a 

temperature of +/- 580˚C.  

When this temperature is reached a computer controls the burners which try to maintain the 

temperature as close to 580˚C as possible. This is achieved with a tolerance of +/- five degrees 

Celsius. This temperature is maintained for about four and a half hours. After this time the 

metal is cured and the oven can be switched off. The aluminium is unloaded and the next batch 

of aluminium billets is then loaded and the cycle starts again.    
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.  

Figure 7: Graph of the homogenizing ovens cycle 

The heating technique used inside the homogenizing oven is called indirect heating. This means 

that the aluminium cannot be subjected to an open flame inside the homogenizing ovens. The 

way that this is achieved is illustrated in a front view of the homogenizing oven viewed from the 

loading zone in figure eight.  

 

Figure 8: Illistration of airflow inside a homogenizing oven 

The reason for the fake roof inside the homogenizing oven is to protect the aluminium from the 

direct flames of the burner (2) shown in figure eight. The position of the circulating fans (1) that 

blows the heated air in a circular pattern in the oven is shown in the figure. This ensures that 

the aluminium billets are evenly heated throughout the process.   
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7 Design and problem solving 

7.1 Design 

The design for re-use of heat energy will only use ovens one, two, and three. The reason for this 

is because an over head crane moves between oven one and oven four to remove the finished 

seven meter long billets from the casting department. A simple form of the design (front view) 

of the air duct and how it will look in relation to the position of the ovens is shown in Figure 

nine. This will indicate how the heated air will flow and move toward the homogenizing ovens 

for reuse.  

 

Figure 9: Front view of upright ovens 

The three ovens tip at an angle; this allows the molten aluminium to escape through outlets at 

the right hand side of the ovens. This is the reason for strange cone shaped vent entrance at 

the top of each oven. These cone shaped duct intakes will ensure that when the ovens are 

tipped that the heat will continue to enter into the duct. In Figure ten it can be seen how it 

looks when the ovens are tilted. 
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Figure 10: Front view of ovens tipped 

The idea of the Extractor fan is to direct the heat down the duct in the direction as shown in 

Figure nine and Figure ten. The direction of the air travel will be promoted by the extractor fan 

blowing air in the direction of the homogenizing oven. The air exiting each of the ovens will be 

at approximately 1000 ˚C. When the air moves through the vent a lot of heat will be lost due to 

contact with the sides of the duct which will decrease the temperature of the air. When the 

whole duct increases temperature it will ensure that heat loss is less than through the cold 

duct. Wonder wool will be used to wrap around the duct to ensure that the heat loss is 

minimized, if heat is found to be insufficient at the end of the duct.  Superwool 607 HT will be 

used as this is insulation wool that can withstand very high temperatures. Using smoothly 

polished ducts with an insulating layer, heat loss can be reduced even further.  

Figure 11 shows that there is a heat monitoring vent which will ensure that temperatures do 

not exceed the maximum temperature required in the homogenizing oven i.e. if all three 

melting ovens are running at the same time they might produce a very high heat output. In 

normal circumstances the vent will be closed to allow maximum heat transfer. 
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Figure 11: View of ducting system with chimney 

The heated air gathered in Figure nine and Figure tens duct intake system then moves through 

the duct to the homogenizing oven. The inputs to the homogenizing ovens sit at the side of the 

oven. The reason for the side entry is so that the air can be circulated using the circulation fans. 

At the duct entrance to the homogenizing oven there is a seal of shutter for cases where no 

ducting heat is required inside the homogenizing oven, for instances like cleaning, maintenance 

and when the burners are ignited. The duct entrance to the homogenizing ovens has four holes 

along the side of the oven to ensure that the heat is evenly distributed along the length of the 

oven. The reason that the duct heating has to be closed down when the burners are activated is 

because the oven is under pressure when the burners are activated and this pressure will force 

the heat back into the ducting. The blue portion of Figure 11 is an additional extractor fan that 

will be located at each of the homogenizing ovens; this fan will ensure that air is propelled into 

the oven. This inserted air will exit the oven via the chimney located on top of the ovens. 

7.2 Layout of ducting design 

The green portion of Figure 12 shows the layout that the ducting system will have in 

relationship to the rest of the remelt department. The three intakes are right above the three 

melting ovens exhaust holes. This is indicated by widening of the duct over each individual 

oven.  
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Figure 12: Layout of ducting system top view 

The extractor fans that will promote air movement in the direction of the homogenizing ovens 

are indicated as the orange stripes. When the ducting system reaches the back of the 

homogenizing ovens they go downwards towards the floor and enter the homogenizing ovens 

30 centimetres above the floor on the sides of the ovens. Because the duct at that entry point 

will be close to the ground and very hot there will have to be a safety barrier around the 

entrance to the homogenizing ovens this is indicated with light blue in figure 12. 
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8 Implementation of ducting system 
The ideal time for implementation is during December month where production according to 

gas usage accounts is only 30% of normal production. The reason for installing in December is 

because production levels goes low enough so that only one oven is necessary (oven four) this 

ensures that the other three ovens can be switched off to ensure a save instillation. The 

duration that oven one, two and three will be idle should be used to perform maintenance 

tasks on the ovens.  The implementation of the ducting system will take place over a period of 

four days. The implementation of the system has been divided into 12 steps and their times and 

timing is shown in the figure below and sketches with dimension and details is shown in 

Appendix A. These 12 steps will be discussed in more detail. 

 

Figure 13: Instillation schedule day one 

 

Figure 14: Instillation schedule day two 
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Figure 15: Instillation schedule day three 

Figure 16: Instillation schedule day four 

1. The first step of the instillation is to install the supporting pillars between the ovens. This activity 

can start while the ovens are still hot. When this process starts oven four should be heated, 

when oven four reaches operating temperature (approximately two hours) ovens one, two and 

three should be switched off to cool. The production in this time should be moved to oven four. 

When all the pillars have been installed the three ovens would have reached a cold enough 

temperature to start with the second phase of the instillation. 

2. The second phase is to assemble and install the ducting over the first oven on top of the 

supporting pillars.    

3. The third phase is to assemble and install the ducting over the second oven on top of the 

supporting pillars. 

4. The fourth phase is to assemble and install the ducting over the third oven on top of the 

supporting pillars. 
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5. The fifth phase is to drill the different sized holes in homogenizing oven one. These holes should 

be drilled while production is busy on homogenizing oven two, when one hour has elapsed oven 

two should be switched off to cool down.  

6. The sixth step is then to drill the holes along the side of the second homogenizing oven. Both 

ovens will be switched off at this stage until the sections are connected to the homogenizing 

oven. 

7. The seventh step is to connect the different ducting sections firmly to one another and to the 

homogenizing ovens, ensuring that the seals are tight between sections. 

8. The eighth step is to install all the allocated extractor fans into the ducting system while 

ensuring that all the seals between the fans and ducting are secure. 

9. The ninth step is to install all the shutter valves at their designated locations while ensuring that 

they function properly. 

10. The tenth step is to install all the electric wiring for the extractor fans, also get an electrician 

that can approve that the wiring is correct. 

11. The eleventh step is to install the safety barriers. 

12. The final step is to test each component of the system as well as the rigidity of the entire 

structure. The ovens can then be started one at a time to test whether the heat flow is correct 

and that all the parts function correctly together. Do the final calibration of extractor fans and 

valves. Tests consist of output temperature, stability of structure, vibration, safety and 

functionality and determining of heat loss to establish whether insulation will be needed. 
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9 Dimensions, costing and payback period.  
Figure 17 shows how the dimensions of the ducts are calculated and the whole ducting system 

uses three millimeter thick mild steel plates. In the bottom half of the table is all the additional 

costs that is incurred with the instillation. In the table it is shown that there is a 20% safety 

margin built in for the steel usage as well as unforseen costs. Other costs such as labour, 

supporting posts, safety barrriers, extractor fans, wiring and shutters is incurred throughout the 

instillation process. The total steel usage is calculated to be 259 m² at a price of R423 per m². 

The total cost of instillation of the ducting system is R 169 468.4 and this amount is used in 

figure 18 to calculate the payback period of the project. 

 

Figure 17: Dimension and instillation calculations of ducting 

Figure 18 shows the gas usage calculations for the savings incurred on the homogenizing ovens. 

It shows the amount of kilojoules saved and this is used to calculate a monetary saving. The 

monetary saving along with the cost of the project will be used in the payback period 

calculations. 
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Figure 18: Cost of gas savings and payback period 
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10  Scheduling of homogenizing ovens 
The scheduling at the homogenizing ovens is an area that has great potential for improvement 

and the following figure will demonstrate what the problem is and then a brief discussion will 

follow about how this situation can be adressed. 

 

Figure 19: Illustration of problems with scheduling 

Figure 19 shows a graph of temperature against time inside the homogenizing ovens. In the top 

half of the figure is a graph of a properly scheduled homogenizing cycle. The cycle time is 

indicated by the distance between the two yellow lines (seven hours) and the heat is indicated 

by the distance between the two black lines. The bottom half of the figure is a poorly scheduled 

cycle. The cycle time is indicated by the distance between the two red lines (11 hours) and once 

again the heat with the two black lines. 

10.1 Scheduling chart 

Figure 20 shows how a proper scheduling system should allocate batches close to each other to 

ensure that heat is not lost between two cycles. The bottom row in the figure shows how heat 

loss occurs if the cycles is not scheduled close together. The heat lost in the example above is 

close to 300˚ more than the properly scheduled cycle.  
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Figure 20: Scheduling example 

The difference between the two cycles is a cycle time of four hours and a temperature loss of 

300˚C. In monetary terms this equates to  approxamately R490  per cycle. If there is three 

cycles per day the extra cost per month would amount to approxametly R 43 875. 

A possible solution to the problem is to determine at the begining of each day the amount of 

cycles that has to be performed each day. By alligning man, machine and method in this process 

by simply putting someone in charge of getting the days schedule and ensuring that the 

operators schedule the cycles close to each other massive savings is possible. By apointing one 

of the operators (floor foreman) in charge of the scheduling and giving him a further 

remuneration for the extra responsibility is also possible because of the size of the savings 

achieved. A table similar to the one in the figure 21 can be used to schedule the cycles and this 

table should be placed by the foreman on the wall facing the doors of the homogenizing ovens. 

This table will provide a clear way for the operators to see when they should load and unload 

the designated oven. 

Homogenizing Oven Scheduling chart for shift 1 on 22/07 
No of Batches Operator name Start time End time Oven no.  

3 

J.Mathambo 

8:00 14:00 1 

8:30 14:30 2 

14:15 20:15 1 

S. Pretorius 
14:45 20:45 2 

      
Scheduling supervisor: J Dalton 

Figure 21: Scheduling chart for two Workers 

10.2 Light indicating system 

Along with the scheduling table a light indicator system that will indicate to operators when the 

oven should be loaded and unloaded should be installed. This system should consist of a 

flashing red light 20 minutes prior to unloading; a red light when the oven should be loaded; a 

green light when the oven is operational; no light when the oven is idle. An example of the light 

is shown in figure 22. 
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Figure 22: Light indicator 

The lights should be placed on a pole that is raised four meters above each of the homogenizing 

ovens and should be a light that can shine 360˚. A siren should be incorporated with the light 

system, the siren should let of a loud sound (noisy inside plant) two seconds long before the 

light changes to a different phase. This will ensure that the operators know when to look at the 

light. These two methods combined will ensure that the operators have no excuse for any bad 

scheduled cycles.  

10.3 Performance rating and remuneration 

Also by combining a performance evaluation system like the six sigma system operators can be 

compensated for their efforts to decrease wasted energy inside the plant. By monitoring the 

work of the employees like in figure 23 below a scale can be determined with which the 

remuneration of the employees can be determined.  

Operators report for Week 1 of July 2010 

  
No of 
errors 

Cause of 
errors 

Time of 
errors 

Operator 1 2 Late 22/07 
Operator 2 3 Misuse 22/07 
Operator 3 4 Misuse 23/07 
Operator 4 1 Late 23/07 
Operator 5 0 Misuse 23/07 
Operator 6 4 Misuse 24/07 
Operator 7 2 Late 24/07 
Operator 8 3 Late 24/07 
Operator 9 6 Under trained 25/07 
Operator 
10 5 Misuse 25/07 
Operator 
11 2 Late 25/07 
Operator 
12 2 Late 26/07 
Operator 
13 2 Late 26/07 
Operator 
14 3 Under trained 27/07 
Operator 
15 2 Late 27/07 

Figure 23: Error report used for performance bonusses 
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By using the six sigma approach like in figure 24, the amount of mistakes made by the 

employee with the least amount of mistakes can be used to determine the percentage of the 

allocated remuneration the employee will receive. The remuneration allocated to the employee 

can be funded with the savings made with the savings. 

 

Figure 24: Six sigma graph used for performance bonus calculation 

For instance operator five made zero mistakes so he is the winning operator, on the above 

graph it can be seen that he is entitled to 100% of the allocated remuneration. If for instance 

operator four was the operator with the least amount of mistakes then on the graph it can be 

seen as indicated by the red line that the employee will only receive 60% of the allocated 

performance bonus. 

10.4 Control charts 

The use of control charts is very handy to determine the causes of the bad scheduling, by using 

these charts the scheduling solution can further be assisted by pin pointing the time of the 

scheduling incident. Each sub group consists of 7 cycles taken over two days. Data collected for 

the charts has a sub group size (n) of seven and has 20 sub groups, therefore it was chosen to 

use a x(bar) and R chart.   

 

Figure 25: Sample Range Control chart 
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Figure 25 shows the Range chart for the times over six hours that the Aluminium billets are 

inside the oven. Six hours is the optimum time for the billets to stay inside the oven to ensure 

the minimum amount of heat loss. Also further if a batch is in the oven for over 11 hours then 

the batch must be scraped i.e. re-melted and then cast into billets again. The data and 

calculations for the graphs are shown in Appendix A. On the graph it is seen that on day six the 

process is out of control, seen as the data point outside the control limits. The Centreline value 

and the upper and lower control limit values are 1.735, 3.33814, and 0.13186 respectively. 

It was determined that the reason for the out of control point was that an operator in the 

cutting department was absent and the homogenizing oven operator went and without 

permission tried to cover for the other operator in order for him not to get in trouble. Both 

these operators appeared in front of the Disciplinary comity and the incident was resolved. 

In figure 26 it is seen that day six’s data was removed and the new Range chart shows that the 

process is now in statistical control.  

 

Figure 26: Revised Sample Range Control chart 

After the Range chart is in statistical control the Mean chart is shown in figure 27with the out of 

control point still removed. In this chart it can be seen that the mean is also under statistical 

control. This is an indication that for this set of data the process was relatively under control 

and that there was no major causes for concern. 
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Figure 27: Sample mean Control chart 

Although being in statistical control is very positive, constant efforts should be made to narrow 

the control limits of the charts to highlight other out of control points, this can be achieved by 

enlarging the subgroup size.  

By using the control chart system along with the light indicator, scheduling charts and 

remuneration system definite savings can be achieved with the scheduling of the homogenizing 

ovens. The implementation of these simple systems is not at all costly when compared to the 

savings (R 43 875 per month with 3 cycles per day) that can be achieved when these systems 

work properly.  
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12 Appendix A 
Gas Accounts 
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Figure 28: Gas Accounts 
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Electricity Accounts 

 

Figure 29: Electricity distribution 
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Figure 30: Remelt electricity meter 
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Oven Dimensions 

The dimensions of the ovens are crucial in the design of the final solution. Two types of remelt 

ovens are currently in use at the Wispeco remelt department. One is an 18 ton melter and the 

other is a 12 ton melter, there is currently two of each size. Two homogenizing ovens is present 

next to the remelt department, this is where the exhaust gases will be relayed to.  

Both ovens have a specified length and a specified width, additionally they have a extra 

distance that is needed for the gas piping and the combustion fans this is called the Heating 

Equipment length as shown in figure 31 and 32. A summary of the dimensions is given in 

figure33. 

 

Figure 31: Dimensions of melting ovens 

 

Figure 32: Dimensions of homogenizing ovens 

A summary of the oven dimensions is given in table 2. 

 Homogenizing oven Larger Melting oven Smaller Melting oven 

Capacity(tons) 15 18 12 

Length(meter) 5,5 6,5 5,5 

Width(meter) 4.5 4,5 4,5 

Heating equipment 
length 

1 1,5 1 

Figure 33: Oven dimensions 
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Shown in Figure 31 is a top view of the melting ovens, these shows the length of the oven along 

with the heating equipment length. The heating equipment consists of gas piping and a 

combustion fan. At the top of the oven the exhaust opening is seen. 

The front view of Figure 31 shows the width of the oven from the left hand side to the hydraulic 

jack used for tipping the oven when the molten aluminium is poured into the runners. The 

exhaust is also visible. In Figure 32 are the dimensions of the homogenizing ovens. Shown inside 

the oven is the orientation of the billets that will be homogenized. 

Physical dimensions of ducting system 

The following set of figures will indicate how the sections of the ducting system will look and in 

which order they will be installed. Then a figure will follow that shows how the entire ducting 

system will look. 

 

Figure 34: Ducting over melting oven one 

Figure 34 shows how the ducting system will collect the heated air from the oven one’s 

exhausts and how the cone shaped entrance will look over the ovens.  The dimensions of the 

ducting system is also shown on the figure. 
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Figure 35: ducting over melting oven two 

Figure 35 shows the second section of ducting that will go over oven number two. Section one 

and section two of the ducting will be connected. 

 

Figure 36: Ducting over melting oven three 

Figure 36 shows section three of the ducting system that will go over oven number three. This 

section will lead to the chimney and to the part of the ducting that will lead to the 

homogenizing ovens. This section will also contain an extractor fan that will create a sucking 

effect above each melting oven. Shutter valves will also be located in this section to be able to 

control airflow to the chimney. 
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Figure 37: Ducting from melters to homogenizing ovens 

Figure 37 shows the fourth section of the ducting, this is only a conecting section between the 

melting ovens and the homogenizing entrances. 

 

 

 

Figure 38: Ducting entrance to homogenizing oven 
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Figure 38 shows the  part of the ducting system where the ducts enter the homogenizing ovens 

and this is a crucial part of the system. The four holes that will enter the oven will have shutter 

valves that need to be calibrated to ensure that heat is released into the full length of the oven 

to ensure that heat is distributed accross the length of the oven. 

 

Figure 39: Layout of entire ducting system 

Figure 39 shows how the different sections will fit next to each other. Once all these sections is 

connected the system will be operational after the final calibration of shutters and fans is 

completed. Then testing can comence and adjustments can be made. 
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Control charts data 

 

Figure 40: Control chart one data 

 

Figure 41: ontrol chart two data 

 

Figure 42: Control chart three data 


