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1. Metallurgy Capability Context 

In the pursuit of metallurgical excellence in the current market and technological conditions the metallurgical 

and smelting companies typically have three main areas of focus to work with:  

 Process more complex raw feeds with more impurities – Feed Development 

 Extract more impurities from raw feeds and transform them into saleable products – Product 

Development 

 Continuously reduce cost of processing – Process Optimization  

Metallurgical Operations around the world face ever-increasing number of challenges that impact their 

effectiveness, margin and return on capital employed: 

 

As a result of these feed market conditions, metallurgical and smelting companies need to develop and 

manage more complex metallurgical models, circuits and flowsheets with an increased number of 

interdependencies impacting metallurgical and business decision making.  

General Manager of the Metallurgical Operations Unit started to observe that he gets more and more 

dissatisfied with the consequences of the metallurgical decisions, that they frequently turn out to be below 

expectations and the senior management lacks confidence that we know what we are doing as a company and 

we are capable of dealing more and more complex metallurgical decisions. 

Therefore, the General Manager came up with a potential hypothesis that explains the origins of the problem 

and outlines the potential solution: 

“Do we have capable metallurgical personnel to make effective and consistent metallurgical decisions in 

the context of constantly increasing metallurgical complexity of our concentrate / feed options?” 

To validate his hypothesis and find potential options to change the situation if his hypothesis is validated, 

General Manager decided to approach Requisite Organization International Institute and En-Sync 8020 for the 

audit and development of solutions. 

 

2. Understanding the Metallurgy Capability Problem 

There are three elements to the hypothesis formulated by General Manager: 

 Metallurgical decisions and their complexity: 

o What are the key metallurgical decisions? 

o What tools can be used to measure the complexity of the metallurgical decisions?  

o How the metallurgical decisions can be classified into various levels of complexity? 

 Capability of the metallurgical personnel to make the metallurgical decisions: 

o What is the capability of metallurgical personnel? 
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o How the metallurgical capability can be differentiated into different levels? 

o How can the metallurgical capability be measured? 

 Effective metallurgical decisions and organisational conditions: 

o How can these levels of metallurgical capability be matched with the complexity levels of the 

metallurgical decisions? 

o What are the conditions for effective metallurgical decisions? 

Requisite Organization and Stratified Systems Theory defines: 

 Metallurgical work as the exercise of metallurgical judgement by metallurgists in making 

metallurgical decisions about the unit operations /unit process 

 Metallurgical judgement as the weighing up of the data about single or multiple unit operations / 

process, its elements and interdependencies between them 

 Metallurgical decision as the making of choices about the elements of the unit operation / unit 

process with the commitment of resources   

 

3. Metallurgical Decisions: Mapping Critical Decisions 

Working together with the colleagues specialising in chemical engineers the high-level element model of the 

metallurgical process (unit operation / unit process) has been developed: 

 

Using the above metallurgical process model, the key metallurgical decisions to be made in regard to a specific  

metallurgical process or unit operation / unit process: 

 Input materials (specs) 
 End products (specs) 
 Blocks / Stages / Circuits 
 Equipment Sequence 
 Designed Capacity  
 Intermediate (between blocks) products and specs 
 Recovery rate 
 Metallurgical balance  
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 Bill of Materials (reagents, utilities balance)   
 Physical / Chemical Parameters 
 Target Values of Physical / Chemical Parameters  
 Limits for Physical / Chemical Parameters 
 Methods / techniques for physical / chemical transformation 
 Metallurgical specifications for the equipment 
 Materials / reagents (specifications and consumption norms) 
 Alignment of physical / chemical parameters 
 Metallurgical specifications for Pipes & pressure vessels 
 Metallurgical specifications for instrumentation and control devices 
 Selection and compliance to the best fit control instructions in a case of deviation in the metallurgical 

processes 
 Etc. 

These are the most obvious and critical metallurgical decisions that the metallurgy specialists need to deal 

with, however, the list can go on and on.  

3.1. Metallurgical Decisions: Decision Making Process 

Metallurgical work, when understood as  making of metallurgical decisions, includes the following key stages 

and relevant elements: 

 

3.2. Metallurgical Decisions: Measuring the Complexity 

The next step is to understand the complexity of these metallurgical decisions and allocate the decisions into 

different levels of complexity.  In Requisite Organization there are several techniques that are utilised to 

measure decision-making complexity: 

 time span of discretion for metallurgical decision-making and its enaction, if the decision-making is 

perceived as an on-going task, is measured based on the following: 

o time to collect the data for the decision 

o time to analyse the data for the decision to generate potential decision-making options 

o time to make judgement to select the best decision option 
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o time to enact the decision  

o time to identify a sub-standard performance from a metallurgical decision 

 the complexity of metallurgical data that are used for the decision making: 

o linear 

o or non-linear 

 the complexity of hierarchy for making a metallurgical decision: 

o declarative decision making 

o cumulative decision making 

o serial decision making 

o parallel decision making 

 the scope of a metallurgical decision’s impact: 

o the business 

o the function 

o a system 

o a process 

o activities within the process, etc.  

As a result of the evaluation that included the joint work of Requisite Organization International Institute 

specialists and chemical engineers the critical metallurgical decisions are classified into the different levels of 

complexity for a metallurgical / smelting business unit: 

 

As a result, the hierarchy of the metallurgical decisions reflects the increasing impact of the choices 

metallurgists make on the effectiveness and sustainability of the metallurgical operations.  

 

4. Metallurgical Personnel: Understanding the Capability 

In accordance to the principles of Requisite Organization Metallurgical capability is an ability to make effective 

metallurgical decisions of a specific level of complexity.   
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A metallurgist is capable of making an effective metallurgical decision when he/she:  

 utilises the type of information processing and decision making that matches the type of decision 

making required for an effective metallurgical decision 

 has knowledge, skills, experience and qualification / certification required for making a competent 

metallurgical decision 

 manifests the values required for an effective metallurgical decision 

 complies with the required metallurgical behaviours and standards in making metallurgical decisions 

 

There are three types of metallurgical capability for the metallurgical personnel: 

 Current Applied Metallurgical Capability – the actual level at which a metallurgist can presently 

perform the metallurgical work (decision-making) given the opportunity to do so, with their current 

level of skilled knowledge, and current ability to consistently demonstrate the required behaviours of 

the role, including the commitment of their full capability to all aspects of the work in role. 

 

 Current Potential for Applied Metallurgical Capability – the potential maximum level at which a 

metallurgist could perform the metallurgical work at the present time, given the opportunity to do so 

and provided that the metallurgical work at a particular level is of value to him/her, and given the 

opportunity to acquire the necessary skilled knowledge required to make effective decisions of a 

particular level of complexity.  

 

 Future Potential for Applied Metallurgical Capability - the maximum level at which a metallurgist will 

be capable of performing the metallurgical work of making metallurgical decisions of a particular 

complexity at some time in the future, say at 5, 10, or 15 years from now. 

To evaluate the current applied and potential applied levels of the metallurgical capability for the metallurgical 

personnel and the level of the metallurgical decisions the metallurgists are capable of making effectively the 

following set of the assessment methods are used based on the principles of Requisite Organization: 
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5. Effective Metallurgical Decision Making: Matching Capability and Complexity 

Thus, by matching the complexity level of key metallurgical decisions and the level of applied metallurgical 

capability of metallurgists accountable for the metallurgical decisions it is possible to identify the conditions 

underlying ineffective metallurgical decisions: 

 

Consequently, to ensure effective metallurgical decision making the company needs to ensure an ongoing 

match between the complexity of metallurgical decision-making required and the levels of metallurgical 

applied capability of the metallurgical personnel accountable for metallurgical decisions.  
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6. Metallurgical Decision Making & Metallurgy Capability: Standard Review Sequence 

In nutshell, the approach to validate the hypothesis of General Manager in regard to a lack of metallurgical 

capability to deal with critical metallurgical decisions includes the following key steps: 

 Review the list of the critical metallurgical decisions with General Manager:  

o change the list of the metallurgical decisions based on the priorities of the companies and 

concerns of GM 

o approve the list of critical metallurgical decisions by GM 

 Review the complexity of the metallurgical decisions within the context of the company’s priorities 

and concerns: 

o Finalise the hierarchy of the critical metallurgical decision-making by the complexity level 

 Evaluate the metallurgical capability of the metallurgical personnel: 

o Select the method or methods to assess the level of metallurgical capability 

o Perform metallurgical capability assessment of metallurgical personnel 

o Identify the level of metallurgical capability for every metallurgist in the company 

 Establish the metallurgists who are accountable for the critical metallurgical decisions from the list 

approved by GM 

 Identify the risk of ineffective metallurgical decisions: 

o Match the complexity of the critical metallurgical decisions with the level of the metallurgical 

capability of the accountable metallurgical personnel  

o Evaluate potential loss from ineffective metallurgical decisions  

 

7. Metallurgical Decision Making & Metallurgy Capability: Standard Review Findings 

The review of metallurgical capability and effectiveness of metallurgical decision-making typically uncovers 

the standard set of inhibitors to effective metallurgical decisions: 

 Complexity of Metallurgical Decision Making: 

o Metallurgical decisions of higher complexity are often pushed down the hierarchy of the 

metallurgical roles and, as a result, there is a frequent mismatch between the complexity level 

of metallurgical decisions and the capability level of the metallurgical personnel accountable 

for and authorised to make the decisions 

 Required Behaviours - consistently acting in alignment with the stated values, established practices, 

policies and procedures of the company, as well as consistently taking the specific actions required by 

the role: 

o Lack of metallurgical standardization (procedures and standards) around critical metallurgical 

decisions to ensure consistency of metallurgical decision making by the metallurgical 

personnel 

 For example, sampling strategy: within the same area one metallurgist decided to 

take 3 samples per shift, however, the other metallurgist who are assigned into the 

area decided there is a need for 5 samples. What is the standard on how to identify a 

frequency of samples in the company?  

 For example, process optimization: every senior metallurgical engineer has their own 

approach to the metallurgical process optimization based on their previous work in 

other companies or past successful process optimization cases. What is the standard 

approach to process optimization in the company? 

 Skilled Knowledge: 
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o Metallurgical decisions are assigned to non-metallurgical personnel that is not capable (skilled 

knowledge, qualifications, experience, etc.) to make such decisions 

 To production personnel, to commercial personnel, to finance personnel, to 

maintenance personnel, etc. 

o Due to a lack of metallurgical standardization (required behaviours): 

 High level of dependence on individual experiences of the metallurgists can be 

observed, therefore, as a result of a wave of early retirements there is an urgent need 

for knowledge retention 

 Poor quality of metallurgical training and learning as training materials are supposed 

to be developed based on the metallurgical procedures and standards 

 Inconsistent metallurgical decision making based on individual learning, experience 

and backgrounds and individual standards of the metallurgists 

 Value & Commitment: 

o Unclear metallurgical career path because the metallurgical accountabilities are dispersed 

through various functions (production, technical support, commercial, business 

improvement, etc.), as a result, the metallurgists move into other functions to develop their 

careers (production, commercial) 

o Poor evaluation of the metallurgical work’s complexity that leads to unfair remuneration for 

the metallurgical work in comparison to other functions 

 Every metallurgical role is one band below respective production role (manager, 

superintendent, etc.) 

o “Advisory or technical support” authority for a lot of metallurgical roles in regard to 

metallurgical decisions. Production has full authority which leads to frequently disregarding 

the metallurgists’ expertise and advice. 

 

8. Metallurgy Capability System 

Metallurgy Capability System is a system of effective organisational conditions for the metallurgical personnel 

to utilise their metallurgical capability at full in the pursuit of metallurgical excellence by the company.  

Thus, the objective for Metallurgy Capability System is to develop and attract best metallurgical talents and 

constantly increasing the value of the metallurgical human capital of the company and to transform the 

metallurgical capability into the company’s competitive advantage. 

The work on the development of Metallurgy Capability System is delivered in 6 streams of work / processes: 

Metallurgy  
Work  

 The hierarchy of metallurgical work and decisions is established and transformed into the functional 

hierarchy (metallurgy function, metallurgy systems, metallurgy processes, metallurgy activities) 

 Critical metallurgical decisions for unit operation are identified 

 The complexity level of critical metallurgical decisions is measured 

Metallurgy 
Organization 

 Metallurgical work of a specific level of complexity is assigned to a role with the corresponding level of 

complexity 

 Defined clear accountabilities and authorities for all the metallurgical roles 

 Every employee in the Metallurgy function is assigned a role that matches his / her metallurgical capability 

 Non-conflict horizontal working relationships for all the metallurgical roles 

 Effective managerial leadership is provided to every employee of the Metallurgy function 

 The principle of felt fair pay for every role in the Metallurgy function 
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Metallurgy 
Training & 
Learning 

 Competency profiles are developed for every metallurgical role 

 The gaps in the competency requirements for every employee in the Metallurgy function are identified 

 Training modules are developed for every metallurgical competency with the use of accelerated learning 

methods 

 Individual Development Plans for every employee in the Metallurgy function are developed and their 

execution is monitored 

Metallurgy  
Talent 

Management 

 Metallurgy Talent Pool is developed, analysed and constantly reviewed 

 The short-term and long-term gaps in the Metallurgy Talent Pool are identified 

 Every Metallurgy Talent Pool Gap has an approved human resourcing strategy  

 An attractive Employee Value Proposition for critical metallurgical roles is developed and communicated 

 The company’s Employer Brand is built around an attractiveness and value for the metallurgical work and 

advancements 

Metallurgy 
Career 

Management 

 Career paths for every role in the Metallurgy function are designed 

 Every employee in the Metallurgy function has a Career Development Plan 

 Every employee in the Metallurgy Function with the mentor  is provided with the mentor 

 Fair and equal career progression opportunities for every employee in the Metallurgy function is guaranteed 

Metallurgy 
Graduate 

Management 

 Attract metallurgical graduates with high potential from the best universities around the world 

 Clearly defined selection criteria for the metallurgical graduates are established and observed 

 The metallurgical graduates are supervised and mentored with frequent reviews as a part of 2-year 

development programme that is structured to the needs of a graduate 

 

 

Metallurgy Capability System and its development is an ongoing process as the critical metallurgical decisions 

and work change over time on the road to the metallurgical excellence, as a result, the requirements for 

metallurgy capability changes as well. Thus, the goal of Metallurgy Capability System is to maintain an 

alignment between the increasing complexity of the metallurgical work over time and a need for matching 

metallurgical capability. 
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