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Abstract. Many computer systems incorporating artificial intelligence have 
been introduced for use in industry to assist in making decisions and controlling 
processes. However, decision making in a complex industrial plant, such as an 
aluminium smelter, involves psychologically related factors such as intuitive 
reasonings, operator response characteristics, perception of risk, and implication 
of rewards. While a significant body of work does exist on decision science, 
research concerning human interaction with process control systems is still at 
the development stage. The work reported here aims to meet the needs of the 
process industry by incorporating human factors and decision making strategies 
into computer programs such as a supervisory control system for aluminium 
smelters. A case study on the control of the level of the liquid electrolyte was 
carried out to firstly facilitate an understanding of the variables, including 
human factors, on process control. It was found that the availability of crushed 
solidified electrolyte material had a significant impact on the level of the liquid 
electrolyte, while the implementation of a supervisory control system had a 
certain impact, management and leadership styles also had a significant 
influence. 

Keywords: Supervisory control system, decision making, human and system 
interaction, process control. 

1   Introduction  

1.1   Requirements in the Process Industry 

In any organization, business case, research, or engineering projects, the people 
involved have to deal with large amounts of information. This information is then 
processed into a format suitable for use in making decisions and solving problems [1]. 
Many research projects have theoretically or empirically established that human 
brains have limited capacity for information processing [2, 3]. The approximate 
maximum number of variables that humans can process at any one time is four [2]. 
Apart from the limited information processing capacity or heavy mental workload, 
insufficient knowledge is another issue in decision making and problem solving [4]. 
Therefore, scientists brought computer systems and artificial intelligence such as 
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various types of decision support systems, supervisory control systems, and expert 
systems, to aid humans in information processing, decision making and problem 
solving [1]. Through the cooperation of psychologists and computer scientists, 
principals from human factors and psychological science were introduced into some 
of the computer systems to improve their functions [1, 5]. Air traffic control systems 
represent an example of the success of this [5, 6]. 

Process control is commonly understood as a statistics and engineering discipline 
that deals with architectures, mechanisms, and algorithms for controlling the output of 
a specific process [7]. Digital computer control, which is linked to the availability of 
computers, was first used in the early 1980s. The aims were and still are to maintain a 
process operating steadily under the designed specification conditions. To goal is to 
achieve the desired quality of the product, and reduce cost by through improving the 
efficiency of the process, while minimizing the human and systems errors that may 
occur in the process. However the potential to integrate the power of human reasoning 
and decision making with the almost unlimited computational capacity now available 
has not been fully explored [8]. 

The fundamental premise of traditional process control was to remove deviations 
from the target condition of the process by measuring and acting on single variables, 
for example, liquid level to control flow, temperature to control energy input [7]. 
Over time, many compensatory rather than corrective control strategies were applied 
to any cause that arose or became embedded in the process. This tendency was 
reinforced by the drive to achieve automatic operation with a minimum of human 
intervention. However, compensatory actions do not by their nature address the root 
causes, or trigger subsequent human actions to remove them, so that similar or even 
more serious variations will occur in the future. Furthermore, many processes are 
multivariate, with the variables interacting in a very complex manner. Human 
intervention, diagnosis and decision making are required to identify the root causes, 
take corrective actions, and thereby improve the process and product quality over 
time. Decision making in a complex industrial plant involves psychologically related 
factors such as intuitive reasoning, operator response characteristics, perception of 
risk, and the implications of rewards. While a significant body of work does exist on 
decision science, research concerning human interaction with process control systems 
is still at the development stage. 

1.2   Requirements in Aluminium Smelters 

Aluminium smelting is a process which is multivariate and involves highly complex 
mechanisms such as mass and energy balances, electrochemical reactions, the supply 
of reactants and the maintenance of the composition of the reaction mixture [9]. The 
large amount of information coming in from such a process, some in real-time and 
others intermittently at varying frequency, is challenging for a human brain to 
process. To control this complex process to achieve high productivity and efficiency 
requires day to day (and sometimes minute to minute) monitoring of the variables, 
and a high level of deductive problem solving and decision making. Establishing and 
implementing a computer system for operational staff in a smelter to manage not only 
the process and maintenance functions, but also the work of people, has stimulated 
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much interest. Many technical solutions have been proposed, but usually with small 
incremental improvements. 

A few supervisory systems have been built and tested in a number of smelters [10, 
11, 12, 13, 14]. The common aim is to collect all the process information and present 
it in a visual format, hence to help the operational staff understand the process 
variations better. Some of the supervisory systems incorporated technologies such as 
fuzzy logics, neural networks, or even more advanced tools such as 3D control 
envelopes to diagnose any abnormality in the process [13, 15, 17, 18, 19]. The 
common finding from the evaluation of the efficacy of supervisory systems is that 
they help the operational staff to achieve better process control [10, 11, 12, 13, 14, 
17]. However, these claims are based on the observations of the process control 
output. The real mechanism of the effectiveness of the supervisory systems on process 
control remains unexplored. Furthermore, human operators are only considered as the 
users, while the human reasoning aspect and the interaction with the systems, as well 
as the other factors such as the impact of organization and management are absent in 
these explanations. 

1.3   Effect of Leadership and Management Style on Decision Making 

The quality of the decisions made by managers reflects their effectiveness. However, 
their leadership and management styles are one of the factors which influence the 
decision making process. One of the decision making and problem solving models 
that is widely used in many organizations involves five basic components – problem 
recognition, information search, construction of alternatives, choice, and 
implementation [1, 20, 21]. Each step in the decision making process can be affected 
by environmental and organizational factors, as well as personal values, personality, 
and the perception of risk, amongst others [20, 22]. 

In any organization or any cultural work environment, motivation always plays a 
significant role in governing behaviour and work performance [20, 22]. Job 
performance has been defined as a function of capacity to perform, opportunity to 
perform, and willingness to perform [22]. Willingness is effectively associated with 
motivation. Motivated employees are able to perform better and achieve set goals. 
The sources of motivation vary with different cultures [20, 23]. Organizations 
implement a variety of rewards to attract, retain, and motivate people to achieve both 
personal and organizational goals [22]. Many organizations use money in the form of 
salary increases or bonuses as a reward to motivate the employees [22, 24, 25]. 
Maslow’s theory of human motivation classified the need of human beings into five 
hierarchical levels: from physiological, to safety, to social, to esteem, and then to the 
highest level – self actualization [26]. In certain circumstances, money can help 
humans to meet the needs of Maslow’s first two levels, for example having enough 
money to buy food or to buy a house. 

1.4   Objectives 

The present research aims to study human reasoning, decision making, and behaviour with 
respect to their influence on process control in a complex industrial environment. This will 
be accomplished through a case study of the implementation of a new supervisory control 
system. Also included is a series of case studies on operational and process control tasks in 
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an aluminium smelter. Due to commercial and industrial sensitivity, the smelter where this 
work is conducted will be referred to as Smelter A. This research work will also 
investigate any environmental or organizational factors that had an impact on the quality 
of decisions made. The ultimate aim of this research, therefore, is to meet the requirements 
of the process industry by incorporating human factors and decision making strategies into 
computer programs, such as supervisory control systems. 

2   A Case Study – Bath Height Control 

To facilitate the discussions, some common terms used in the aluminium smelting 
industry are given here. 

Glossary  
Anode: The carbon mass connected to the positive side of the power supply and used 
for the electrochemical removal of oxide ions. The anode is gradually consumed in 
the electrochemical process and an anode spends about 28 days in the electrolytic cell 
before it is replaced. 
Anode butts: A replaced anode which has been used in an electrolytic cell and has 
reached the end of its useful life. 
Alumina: The reactant in the process which is reduced into aluminium in the 
electrolysis. 
Bath: The molten electrolyte used in the cell. 
Bath height: The bath liquid level measurement. 
Bath processing: Crust material on anode butts, and tapped bath material (solidified) 
are crushed into a suitable size for use in covering new anodes in the pots. 
Current efficiency: The ratio of the quantity of metal produced in the cell for the 
number of Coulombs passed compared to that theoretically expected from Faraday’s 
Law. Expressed as a percentage. 
Crusher: Machine for crushing solid material.  
Cryolite: Electrolyte.  
Crushed bath: Solid bath material or solid crust material after passing through the 
crusher. 
Crust: The solidified electrolyte-alumina powder matrix that forms on top of the 
anodes. 
Pot: An expression used for an electrolytic cell. 
Potroom: Production hall which contains a number of pots aligned in series.  
Potline: A number of pots linked together in series, electrically separate from any 
other potline. 
Pacman material: The material scooped from the surface or bottom of an anode 
cavity when an anode is removed by a machine commonly referred to as Pacman. 
Sludge: The alumina-electrolyte matrix beneath the metal pad. Synonymous with 
Muck. 
Tap: A term used to describe the act of removing bath or metal from a pot. 
Section: A group of pots. 
Stub: The steel rod that is casted into the anode for electrical contact and physical 
support.  

(Note: definitions are adopted from [39]) 
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2.1   Background  

The significance of bath mass balance is reflected through its impact on the mass 
balance, energy balance, and current efficiency of a pot [27, 28]. Maintaining constant 
liquid bath volume is important for bath mass balance. Liquid bath volume can be 
measured by adding and analysing trace elements such as Sr into the bath [17, 29]. 
However, this procedure is relatively difficult and tedious in practical operation. 
Instead of controlling bath volume, bath height is measured and monitored every day.  

Bath height has a direct impact on current efficiency and other process variables, 
such as alumina concentration, voltage, and metal purity. When the bath height is low, 
the retention time is short, and alumina tends to sink to the bottom of the pot before it 
can dissolve into the bath. Hence the alumina concentration in the bath is low, because 
the alumina has become part of the sludge formed at the bottom of the pot [17].  

With low bath height, there is a potential risk of open circuit. To prevent this 
situation, anodes have to be lowered, that is the anode – cathode distance is reduced. 
However, this could result in low bath temperature, sludge formation, and increased 
bubble noise, as well as back reaction, hence reducing current efficiency [30, 31]. On 
the other hand, when the bath height exceeds the upper control limit, there is an 
increased chance for the liquid bath to contact the stubs, and hence increase the iron 
content in the aluminium metal [32].  

Low bath height and large fluctuation situations have been of major concern in 
Smelter A. Therefore, this case study aims at identifying the variables which are 
associated with bath height control in Smelter A, and investigating the causes of their 
bath height control issues. This case study also attempts to connect the human 
behaviour and reasoning with process control and in this case, bath height control. 

2.2   Variables That Affect Bath Height Control 

Table 1 lists the factors which might contribute to bath height variation. In this study, 
these variables are categorized into two groups. One group is referred to as ‘common 
factors’, which have impact on the entire potline. An example is anode quality. If a 
common factor has an impact on bath height control, every section in the potline is 
affected the same way. The other group is referred to as ‘individual factors’. Which 
have a different impact on different parts of the potline. For example, if there is an 
effect on bath height control of the management or leadership style of section leaders, 
then this effect will be different in sections of the potline with different leaders. 

2.3   Method 

In this study, process data and events were collected from four sections in Smelter A 
as shown in Figure 1. Statistical analysis of the process data will provide some 
evidence to confirm the effect of the variables on bath height control. Evaluating the 
pot performance and the operating conditions in the potrooms, and working with the 
operators and section leaders, provided an opportunity to observe their modus 
operandi, and responses to operational problems, and work practices.  
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Table 1. Categorization of possible bath height control variables 

Common Factors Individual Factors 
Availability of crushed bath Metal height 
Power interruption Voltage control 
Anode quality Making different decisions 
Cast house machine working condition Section leader’s Management/Leadership style 
Implementation of Information Technology such 
as supervisory control systems 

Degree of applying Information Technology such 
as supervisory control systems 

Work practice standards Degree of implementing Reward and Punishment 
system 

Implementation of Reward and Punishment system Degree of implementing correct work practices 

 

Fig. 1. A schematic drawing illustrating the layout of the four sections in Smelter A 

A survey, with 21 questions, was designed to obtain information that will help with 
the understanding of how bath height control is being carried out in Smelter A. The 
survey also provided information to investigate the dominant factors that resulted in 
low bath height, as observed in March, June, August, and October in 2008. The 
participants were 6 section leaders, 5 vice section leaders, 10 shift section leaders, 2 
potroom managers, and 1 engineer. An interview with one of the section leaders who 
was regarded as a role model by the smelter managers, provided a detailed insight into 
the bath height control situation in Smelter A. 

3   Results and Discussions 

3.1   The Effect of the Availability of Crushed Material 

In the bath processing and recycling circuit, tapped solid bath material, crust material 
from anode butts, and pacman material are crushed into particles with a size range of 
100µm to 10mm [33]. The crushed material is used mainly to cover newly set anodes 
or to re-dress the exposed anodes. This serves to prevent oxidation of the anodes and 
regulate the heat balance of the pot. The material which falls into the pot cavity 
during anode changing, dressing, or re-dressing, becomes one of the sources to 
replenish liquid bath [28, 33, 34].  

Figure 2 shows the daily average of bath height measurements of the four sections 
in two potrooms from March to October 2008. As indicated in Figure 2, the targeted 
bath height measurement (cl) is 19 cm, the upper control limit (ucl) is 23 cm, and the 
lower control limit (lcl) is 15 cm. Also, the upper warning limit (uwl) and the lower  
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Fig. 2. Bath height measurements of the four sections from March to October 2008 (Y-axis: 
Bath height in cm) 

 

Fig. 3. Bath height measurements for each section when crushed bath was not available – 
15/05/2008 to 15/06/2008 (Y-axis: Bath height in cm) 

warning limit (lwl) are 21 and 17 cm respectively. According to the operational staff, 
the crusher was broken at a rate of once every 2 weeks from March to May and from 
July to August. From the middle of May to the middle of June (Period A in Figure 2), 
the crusher was completely out of action. It was out of action again from September 
to the end of October (Period B in Figure 2). Periods A and B in Figure 2 correspond 
to periods when the crusher was broken for more than 10 days, and consequently 
crushed bath was unavailable.  

Figure 2 also shows that the average bath height of the four sections decreased 
when the crushed bath was unavailable for a long period of time (in both Period A 
and B). Figure 3 shows the bath height measurements for each section when the 
crusher was broken in Period A. All the pots were operating in a low bath height 
condition. Sections 1, 2, and 3 were operating below the lower control limits for most 

Period A 
 (More than 10 days) 

Period B 
 (More than 10 days) 

Period C 
 (Before Supervisory 

control system 
implementation) 

Period D 
 (After Supervisory 
control system 

implementation) 
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of the time. Section 4 operated within the control band, but bath height was below the 
lower warning limit for the majority of the time. These data show clearly that bath 
height has a strong relationship with the availability of crushed bath. 

3.2   The Effect of the Supervisory Control System 

Smelter A implemented a newly designed supervisory control system in July 2008. 
This system is able to warn the user when a process parameter is out of control by use 
of a visual display, incorporating elements such as colour and statistical graphs. For 
example, when a bath height measurement of a pot is below the lower control limit or 
above the upper control limit, the pot will be highlighted in red on the user interface. 
This is one of the concepts applied to alarm alerting systems, which is adopted from 
the human factors engineering literature [35]. The outcome on bath height control by 
using the colour alarm system in the supervisory control system is presented below. 

Figure 4 shows the daily average of the four sections for bath height measurements 
in Period C (before SCS implementation) and Period D (after SCS implementation). 
They show the overall trends of bath height measurement of the four sections. The 
average bath height in Period C had a large variation, whereas that in Period D was 
more constant. This illustrates the effectiveness of the use of supervisory control 
system. The data in Figure 4 have the standard deviations of the bath height 
measurements are 2.33 and 1.79 before and after implementing the supervisory 
control system. A sign test, which is commonly used to test the assumption that there 
is ‘no difference’ between the continuous distributions of two variables, confirmed 
the statistical significance of the difference in bath height measurements in Period C 
and Period D (p = 0.0136). However, to determine that this difference was caused by 
the implementation of the colour alarm in the supervisory control system, further 
explanations were searched for through surveys and interviews. 

Findings from the survey and interviews with the section leaders in Smelter A 
revealed that the Red colour alarms used to indicate low bath height gave adequate 
warning of the process state and put pressure on them to correct the problem. If the 
bath height was out of control, the section leaders would feel responsible for poor 
operation and face punishment from managers. Therefore, when red colour alarms 
were shown on the user interface, the section leader would first confirm the situation 
by searching for more information from both the supervisory control system and the 
operators, and then instruct the operators to take appropriate action to fix the problem.  

 

 

Fig. 4. Bath height measurements for the four sections before (Period C in Figure 2) and after 
(Period D in Figure 2) implementing the supervisory control system (SCS) - (Y-axis: Bath 
height in cm) 
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Some section leaders have set an allowable number of red colour alarms in their 
control plans. From observation, the ‘red colour alarm’ has been frequently used in 
their communication language. This indicates that the colour alarms in the 
supervisory control system have a positive impact on bath height control. The impact 
of the other common factors was not investigated in this case study. Future 
investigations are required to confirm their effects on bath height control. 

3.3   The Effects of ‘Individual Factors’ 

The data in Figure 3 indicate that bath height measurements for Section 4 are closer to 
the target than those of the other three sections when the crusher was broken. To 
confirm this observation, a sign test was carried out. Very small p-values, much lower 
than 0.001, were obtained from the comparisons between Sections 4 and 1, Sections 4 
and 2, and Sections 4 and 3. They indicate that the bath height measurements for 
Section 4 are highly significantly different from the measurements for any of the other 
three sections. Observation of the process data and other events suggested that the 
difference in bath height measurements between Section 4 and the other three sections 
is due to individual factors. 

In the situation when the crusher was out of action, most of the section leaders 
would add cryolite into the pots which had low bath height, or they would not take 
any action. The Section 4 leader took a different approach from that of the others. He 
instructed the operators to tap out liquid bath from pots that had excess liquid bath 
into trays. The cool solidified tapped-out bath was broken into large pieces and stored 
away. When the crushed bath material was not available, this section leader would ask 
the operators to break the large lumps of the stocked bath using hammers, and then 
feed these into those pots with low bath height, or use it as anode cover material. This 
approach led to better bath height control results, which are clearly shown in the 
graphs in Figures 3. 

3.4   The Effects of Leadership and Management Style  

Motivation 
In Smelter A, a reward system was used to motivate and manage the operational staff. 
Staff performance was assessed by the immediate supervisor. The smelter manager, 
potline manager, and potroom managers all agreed that the Section 4 leader is a 
competent and effective leader. He understands and has the ability to control the 
process. He also has motivation to constantly seek improvement. This section leader 
has been rewarded and taken as a role model for the other co-workers. The 
recognition and rewards from the superiors have greatly motivated this section leader. 

A reward system was implemented in every section to assist the section leader to 
manage the operational teams. As an effective leader, the Section 4 leader tested and 
modified the reward system in his section. It was recognized by the managers that the 
modified system is more effective and it has been decided that it will replace the 
original system in the other sections. In the modified system, the Section 4 leader 
delegated a person to manage the reward system in his section full time. This person 
is responsible for checking and recording the work quality of the operators. He 
rewards the operators for outstanding jobs performed by giving extra points which 
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contribute to a salary increase. If any poor quality work is found, he informs the 
responsible operator to fix the problems. If the quality remains poor, he deducts points 
(ie., reducing salary) from the operator concerned. This new system increases the 
degree of supervision by having a full time person assessing the work performance of 
the operators. It also provides a second chance for the operators to improve their work 
quality if it was not up to standard in the first assessment. This modified system has 
been shown to be effective through the operational and process control outcomes.   

Money as a reward to motivate the operators in Smelter A has had a positive 
impact, and has been demonstrated by Section 4’s operational achievement. This can 
be explained suitably by Maslow’s theory. Because Smelter A is situated in a 
developing area where people have various educational backgrounds, and especially 
different financial situations, a large number of operators are working to secure the 
needs specified by Maslow’s first two levels. These needs are related to physiological 
and safety, which money is able to satisfy for most people. 

Decision making  
The Section 4 leader is a motivated leader who is also able to motivate the operators 
to achieve positive results. Motivation is often associated with creative thinking and 
proactivity [36, 37, 38]. These can often be reflected through decisions made to solve 
a problem or the quality of a task performed [1, 38]. Specific questions were designed 
to understand how the operational staff in Smelter A made decisions to solve the bath 
height control problems. Most of the section leaders recognized low bath height 
situations by reading tabulated data reports and attending to the ‘red’ warning alarms 
in the new supervisory control system. Most of them would search for more 
information to firstly confirm the situation, and then try to understand and investigate 
the cause of the low bath height. When crusher breakdown was the root cause of low 
bath height, most of the section leaders considered this to be a cause that was not 
under their control, and therefore no further action was taken. However, the approach 
of the leader of Section 4 of reusing excess bath (by tapping out and stockpiling) was 
a creative solution to fix and prevent low bath height situations.  

4   Conclusions 

This on-site study was accomplished by analysing the process data, surveys, interview 
information, and observations in Smelter A. The main findings from this case  
study are: 

1. Crusher breakdown caused crushed bath material to be unavailable, and was the 
main root cause of the low bath height situation, 

2. The ‘red’ colour alarms in the supervisory control system increased the operational 
staff’s awareness of the process situation, especially regarding the low bath height 
situation, 

3. Money as reward in Section 4 had positive impacts on bath height control, 
4. Leadership and management styles had an impact on employee’s motivation, 

creativity, and decision making. 
 



 Operational Decision Making in Aluminium Smelters 177 

Acknowledgement. We would like to acknowledge Dr. Arden Miller from the 
Department of Statistics, The University of Auckland, for his contribution and 
discussions regarding the statistical analysis. 

References 

1. Herbert, A.S., et al.: Decision Making and Problem Solving (1986) (2008), 
http://www.dieoff.org/page163.htm 

2. Halford, G.S., Wilson, W.H., Pillips, S.: Processing capacity defined by relational 
complexity: Implications for comparative, developmental, and cognitive psychology. 
Behavioral and Brain Sciences 21, 803–831 (1998) 

3. Halford, G.S., et al.: How many variables can humans process? American Psychological 
Society 16(1) (2005) 

4. Neerincx, M.A.: Cognitive Support: Extending Human Knowledge and Processing 
Capacities. In: Human-Computer Interaction, vol. 13, pp. 73–106 (1998) 

5. Swets, J.A., Dawes, R.M., Monahan, J.: Psychological Science Can Improve Diagnostic 
Decisions. American Psychological Society 1(1) (May 2000) 

6. Bisseret, A.: Application of Signal Detection Theory to Decision Making in Supervisory 
Control: The Effect of the Operator’s Experience. Ergonomics 24(2), 81–94 (1981) 

7. Taylor, M.P., Chen, J.J.J.: Advances in Process Control for Aluminium Smelters. Material 
and Manufacturing Process 22, 947–957 (2007) 

8. Taylor, M.P., Chen, J.J.J., Hautus, M.J.: Operational Control Decision Making in 
Smelters. In: Proceedings of 9th Australasian Aluminium Smelting Technology 
Conference (2007) 

9. Chen, J.J.J., Taylor, M.P.: Control of Temperature and Aluminium Fluoride in Aluminium 
Reduction, Aluminium. International Journal of Industry, Research and Applications 81, 
678–682 (2005) 

10. Scherbinin, S., et al.: Computer-aided system for pre-set voltage control, TMS –Light 
Metals (2002) 

11. Zeng, S., Zhang, Q.: A supervision system for aluminium reduction cell, TMS – Light 
Metals (2003) 

12. Yurkov, V., et al.: Development of aluminium reduction process supervisory control 
system, TMS – Light Metals (2004) 

13. Berezin, A.I., et al.: FMFA-Based expert system for electrolysis diagnosis, TMS – Light 
Metals (2005) 

14. Abaffy, C., et al.: CVG Venalum potline supervisory system, Light Metals (2006) 
15. Lu, S.P.: Control and supervision of the aluminium electrolysis process with expert 

system, PhD thesis, University of Quebec (2002) 
16. Zeng, S., Li, J., Ding, L.: Fault diagnosis system for 350KA pre-baked aluminium 

reduction cell based on BP neural network, TMS – Light Metals (2007) 
17. Stam, M.: Common Behaviour and Abnormalities in Aluminium Reduction Cells, TMS – 

Light Metals (2008) 
18. Gao, Y.S., Gustafsson, M., Taylor, M.P., Chen, J.J.J.: The control ellipse as a decision 

making support tool to control temperature and aluminium fluoride in aluminium 
reduction. In: Proceedings of 9th Australasian Aluminium Smelting Technology 
Conference (2007) 

19. Ruiz, I.Y.: A global approach for supporting operators’ decision-making dealing with 
plant abnormal events, PhD thesis, Universitat Politecnica de Catalunya (2008) 



178 Y. Gao et al. 

20. Adler, N.J.: International Dimensions of Organizational Behavior, 2nd edn., pp. 152–160, 
160–170. Wadsworth Publishing Company, Belmont (1992) 

21. Wickens, C.D., Hollands, J.G.: Engineering Psychology and Human Performance, Pearson 
Education Taiwan, pp. 293–330 (2002) 

22. Ivancevich, J.M., Matteson, M.T.: Organizational Behavior and Management, 2nd edn., 
Homewood, Boston, pp. 174–217 (1990) 

23. Hofstede, G.: Motivation, Leadership, and Organization: Do American Theories Apply 
Abroad? Organizational Dynamics (1980) (summer) 

24. Guzzo, R.A.: Types of Rewards, Cognitions, and Work Motivation. Academy of 
Management Review 4(1), 75–86 (1979) 

25. Opsahl, R.L., Dunnette, M.D.: The Role of Financial Compensation in Industrial 
Motivation. Psychological Bulletin 66(2), 94–118 (1966) 

26. Maslow, A.H.: A Theory of Human Motivation. Psychological Review 50, 370–396 
(1943) 

27. Tarcy, G.P.: Insight into parameters affecting current efficiency. In: Proceedings of 7th 
Australasian Aluminium Smelting Technology Conference (2001) 

28. Taylor, M.P., Welch, B.J.: Improved energy management for smelters. In: Proceedings of 
8th Australasian Aluminium Smelting Technology Conference (2004) 

29. Iffert, M.: Challenges in Mass Balance Control, TMS – Light Metals (2005) 
30. Welch, B.J.: The Impact of Changes in Cell Heat Balance and Operations on the 

Electrolyte Composition. In: Proceedings of 6th Australasian Aluminium Smelting 
Technology Conference (1998) 

31. Kvande, H.: Bath Properties and Cell Operational Performances. In: Proceedings of 6th 
Australasian Aluminium Smelting Technology Conference (1998) 

32. Lindsay, S.J.: Measures to control Fe contamination in Pre-bake reduction cells. In: 
Proceedings of 8th Australasian Aluminium Smelting Technology Conference (2004) 

33. Taylor, M.P.: Anode Cover Material – Science, Practice and Future Needs. In: 
Proceedings of 9th Australasian Aluminium Smelting Technology Conference (2007) 

34. Richards, N.E.: Anode Covering Practices. In: Proceedings of 6th Australasian Aluminium 
Smelting Technology Conference (1998) 

35. Wickens, C.D., Gordon, S.E., Liu, Y.: An Introduction to Human Factors Engineering, pp. 
223–251. Addison-Wesley Educational Publishers Inc., Reading (1998) 

36. Wiener, Y., Vardi, Y.: Relationships between job, organization, and Career commitments 
and work outcomes – An integrative approach, Organizational Behavior and Human 
Performance, vol. 26, pp. 81–96 (1980) 

37. Dale, K.: Leadership Style and Organizational Commitment: Mediating Effect of Role 
Stress. Journal of Managerial Issues XX (1), 109–130 (2008) 

38. Grant, A.M., Ashford, S.J.: The Dynamics of Proactivity at Work. Research in 
Organizational Behavior 28, 3–34 (2008) 

39. Grjotheim, K., Welch, B.J.: Aluminium Smelter Technology, 2nd edn., pp. 296–309 
(1988) 

 


	Operational Decision Making in Aluminium Smelters
	Introduction
	Requirements in the Process Industry
	Requirements in Aluminium Smelters
	Effect of Leadership and Management Style on Decision Making
	Objectives

	A Case Study – Bath Height Control
	Background
	Variables That Affect Bath Height Control
	Method

	Results and Discussions
	The Effect of the Availability of Crushed Material
	The Effect of the Supervisory Control System
	The Effects of ‘Individual Factors’
	The Effects of Leadership and Management Style

	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Photoshop 4 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.01667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU ()
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




