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Abstract 

Mining Law No. 4/2009 had regulated the policy of increased mineral added value, thus mining 
companies are obligated to build a refining facility or smelter in Indonesia prior to exporting 
their products. Smelter activities have higher complexity than mining in many aspects and 
causes new operational risks to be managed; which are classified into operation, safety, and 
environment category. The objectives of this study are to conduct operational risk assessment 
and develop risk treatment plan, with the case study in iron smelter company. Risk management 
process is following ISO 31000 standard and constructed using semi-qualitative method. There 
are a total of 121 risks in iron smelter operational that had been identified, analyzed, and 
evaluated. Those risks consist of 65 risks in operation, 45 risks in safety, and 11 risks in 
environment category; with risk rating score being estimated using consequence, likelihood, and 
detection matrix. Risk treatment in terms of mitigation plans are developed only for extreme 
and high risks rating score. There are 11 action plans created in operation category, 9 action 
plans in safety category, and 4 action plans in environment category. Risk assessment and 
treatment plan results can support the company to overcome smelter operation complexity and 
generate quality products in safe manner and environment friendly condition. 

Keywords: Iron Smelter, ISO 31000, Operational Risk, Risk Management. 
 

1. Introduction 

Indonesia mineral and coal mining businesses are regulated by Mineral and Coal Mining Law 
No. 4/2009, with one important point being the policy of increasing mineral added value 
through domestic processing and refining activities. As consequences of the new regulation, 
companies that hold mining business license have the compulsory task of upgrading their 
mining product content by building processing or refining facilities in Indonesia, prior to export 
of  its products.  

Mineral processing and refining plant utilize extractive metallurgy principle. The targeted 
metals are extracted from raw material using either high temperature method with 
pyrometallurgy technology or aqueous solutions reactions with hydrometallurgy technology. 
The most common and proven technology used in this industry is pyrometallurgy which 
generally consist of roasting, smelting, converting, and refining units. 

This study will take one company as case study, a national iron ore mining and processing 
company which holds the mining business license and has plan to build processing and refining 
facilities in South Kalimantan province. The company business field can be divided into a 
mining and smelter area, with general business process illustrated in Figure 1. 
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There are significant differences between mining and smelter plant, which are explored by 
comparing several items in the iron smelter company as presented in Table 1. 

 

 

Figure 1. Iron Smelter General Business Process 

Iron smelter operational activities can be considered more complex than iron mining; with the 
fact that iron smelter involves more main equipment type, more main process type, involving 
high temperature, more type of material to be handle, and deals with off-gas emission. The 
expanded business scope from mining to smelter area can raise new operational risks that most 
likely did not exist before the mining activities. 

The iron smelter company is classifying operational risks into three categories which are 
operation, safety, and environment risk. Those risks are necessary to be assessed and proper 
mitigation plans needs to be developed to ensure the future business sustainability.  

The objectives of this study are to conduct operational risk assessment and develop risk 
treatment plan for the iron smelter company. This study assumes that iron smelter operational 
risks can be identified, analyzed, and evaluated from internal company personnel; and the risk 
treatment implementation plan can become a tool to manage those operational risks.  

Qualitative research method is applied during the study by interview sessions with relevant 
personnel from internal company. This study’s outcome can be used to support the future iron 
smelter operation sustainability, to help the company to overcome the complexity of iron 
smelter operation and to generate product as targeted specification in safe manner and 
environment friendly condition.  
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Table 1. Comparison between Iron Mining and Smelter Operational 

 

2. Literature Review 

The mineral industry is widely applying risk assessment and risk management, particularly in 
the perspective of health and safety because potential hazards are considered as the natural 
parts of the operation. (McLellan & Corder, 2013). Metal smelting and refining would need to 
deal with waste treatment because it produces gaseous and particulate matter emissions, 
wastewater, and solid wastes. (Dudka & Adriano, 1997). A Smelter plant also concerns itself with 
quality management system as part of continuous improvement system, with example ISO 9001 
quality management system and ISO 14001 environment management system implementation 
in Arcelor Mittal stainless steel plant in Poland. (Gajdzik, 2008). 

Risk is defined as the effect of uncertainty for organization to achieve its objectives, due to 
internal and external factors. Risk management is the coordinated activities to direct and 
control an organization with regard of risk. Organization manages risk by identifying, analyzing 
and evaluating it, whether the risk should be modified by treatment plan in order to satisfy the 
risk criteria. (ISO 31000, 2009).  

International Organization for Standardization established ISO 31000 to provide principles and 
general guidelines to design, implementing, monitoring and review, and continual improvement 
of risk management in the organization. ISO 31000 describes the risk management principles, 
framework, and process to help organization managing all kind of risks in systematic way within 
any scope and context. Risk management process is part of implementing risk management 
which consist of communication & consultation; establishing the context; risk assessment which 
includes risk identification, risk analysis, and risk evaluation; risk treatment, and monitoring & 
review.  
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Risk treatment in terms of control hierarchy can be adopted from safety terms, which described 
in order of effectiveness as eliminating hazard and risks through system design; substitute with 
less hazardous method, process, materials or equipment; engineering controls and work re-
organization; apply administrative controls and provide personal protective equipment. (ISO 
45001, 2017).  

Risk assessment process in this study is focusing only on operational risks in the iron smelter 
plant, which are divided into three categories of:  

• Operation risks, which emphasize the failure mode that impacting product quality and 
production rate in process and maintenance area. Quality is defined as the degree to which 
the set of inherent characteristics of an object can satisfy the requirements. (ISO 9001, 2015). 

• Safety risks, which emphasize the hazards in process and maintenance area. Hazard is 
defined as the source or the agent with has potential to cause personnel injury and ill health. 
(ISO 45001, 2017). 

• Environment risks, which emphasize the environment aspects in process and maintenance 
area. Environment aspect is the element of organization’s activities, products or services that 
interacts with the surrounding environments. (ISO 14001, 2015). 

Those risks are further classified into sub-category of process and maintenance, since the iron 
smelter operational activities mainly deal with those two sub-categories. 

3. Methodology 

This study uses qualitative research methodology to identify, analyze, evaluate, and treat the 
operational risks of iron smelter plant. The analysis framework is based on ISO 31000 risk 
management process; and presented in Figure 2.  

The process is initiated by identifying business issue faced by the company and conducting the 
relevant literature review. Primary data collection is obtained through discussion and interview 
method. Discussion is conducted with General Manager of Ore Processing, which has purposes 
to gain insight about the internal context, external context, and risk management context of the 
company. Interview sessions are held with total eight persons from Operation and Maintenance 
department, with objectives to identify, analyze, and evaluate operational risks and develop the 
risk treatment. Data collection is also gained using secondary data by exploring the company 
documents that relevant with this study. Those documents include the company profile, 
feasibility study of smelter development, Standard Operating Procedures from Operation and 
Maintenance departments. 

Two frameworks are applied to establish the external context of the iron smelter company, 
which are the PESTEL and Porter’s Five Forces frameworks. Meanwhile, the Resource Based 
framework and Value Chain analysis are generated for internal context development. Both 
external and internal contexts are merged into SWOT matrix to evaluate the organization 
existing condition and future prospect. The step then continues with developing strategic 
analysis based on the SWOT matrix.  

Some highlighted results from the strategic analysis are to initiate quality management system 
to ensure iron smelter product quality and customer satisfaction, along with developing and 
improving safety and environment management system. International Standard Organization 
had published standard for Quality Management System ISO 9001:2015; Occupational Health 
and Safety Management Systems ISO 45001:2017; and Environment Management System ISO 
14001:2015 that can be taken as references. One similar component in all those three 
management systems is to determine risks and opportunities, and to develop action plan to 
address them; with purpose to obtain the organization target, to improve the positive or 
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compulsory effects, to minimize or prevent unwanted effects, and to achieve continuous 
improvement. 

 

Figure 2. Analysis Framework for Operational Risk Assessment in Iron Smelter 

The iron smelter company is measuring operational risk with rating score by combining three 
factors; which are consequence, likelihood, and detection. Consequence is defined as the 
outcome of an event that can give positive or negative effects to organization objectives. 
Likelihood is the chance of a certain consequence which will be occurred from a risk. Detection 
is the ranking number related with the best control based on the criteria from the detection 
scale. The consequences, likelihood, and detection matrix with semi qualitative rating of 1-5 are 
presented in Table 2, Table 3, and Table 4.  

Risk rating score can be calculated by analyzing the consequences, likelihood and detection, and 
then applying the following formula: 

Risk rating score (1-125) = Consequence (1-5) x Likelihood (1-5) x Detection (1-5) 

From the risk rating score, the company can determine which risk rating ranges are acceptable 
or need further risk treatments. The company is considering low and moderate risks is tolerable 
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with the existing control, meanwhile high and extreme risks is not tolerable and would need 
further risk treatment plan. Detail risk rating score range is presented in Table 5. 

Table 2. Consequence Matrix in the Iron Smelter Company 

 

Table 3. Likelihood Matrix in the Iron Smelter Company 

 

Table 4. Detection Matrix in the Iron Smelter Company 
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Table 5. Risk Rating Score Criteria 

 

Data collection in this study is obtained through interview with total eight respondents. 
Respondents are chosen based on their main roles, responsibility, and experiences in Operation 
and Maintenance department in the iron smelter company. Interview sessions are conducted 
separately for each respondent. Since eight respondents are given the same questions, then 
there are possibilities that more than one respondent can identify similar risks but with different 
risk rating score. Weight ratio is applied to overcome that differences, with ratio value based on 
respondent’s position level and experiences as showed in Table 6. 

Table 6. Respondent Profile and Risk Analysis Weigh Ratio 

 

Interview sessions are held with structured questions to the respondents based on the study 
objectives. Those questions are designed to gather respondent opinion and thought about 
smelter operational risks; which includes risks identification, analysis, evaluation, and 
treatment plan. Questions list detail is presented in Table 7. 

Table 7. Interview Questions List  
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Respondent answers are compounded into one risk assessment table as presented in Appendix 
Table A.1, Table A.2, and Table A.3. Each respondents answer is marked with specific code, with 
purpose to distinct individual responses with another and to trace back any specific opinion to 
certain respondent. Code for interview answer is defined in the following format: [X1.X2.X3], 
with detail explanation: 

• X1 contains the respondent sort number as mentioned in Table 6 which includes 1 for AS, 
2 for TD, 3 for AT, 4 for KA, 5 for RW, 6 for SI, 7 for JJ, and 8 for YK. 

• X2 contains the type of operational risks that being discussed, which includes: OP 
(Operation-Process), OM (Operation-Maintenance), SP (Safety Process), SM (Safety 
Maintenance), EP (Environment-Maintenance), or EM (Environment-Maintenance). 

• X3 contains the question number in Table 7 that being answered by respondents. 

4. Result 

There are a total of 121 operational risks in the iron smelter plant that had been identified, 
analyzed, and evaluated from the interview sessions. Risk assessment distribution result among 
the category and sub-category is illustrated in Figure 3. 

Risk treatment priority is given to risks with extreme and high classification, based on the 
company risk appetite. Risk treatment priority plan for operation category are presented in 
Appendix A, Table A.1. There are 1 extreme risk and 7 high risks in operation category. The risk 
rating scores spread from 45.0 to 71.6 and identified in rotary dryer, reduction kiln, finish 
product handling, and laboratory area. The proposed additional control is expected to reduce 
risks into low and medium classification with risk rating score range between 18.0 and 36.0. 

Risks treatment priority plan for safety category are presented in Appendix A, Table A.2. There 
are 1 extreme risk and 6 high risks in safety category. The risk rating scores spread from 48.0 to 
66.6 and identified in rotary dryer, material preparation, reduction kiln, and coal mill area. The 
proposed additional control is expected to reduce risks into low and medium classification with 
risk rating score range between 8.0 – 36.6. 

Risks treatment priority plan for environment category are presented in Appendix A, Table A.3. 
There are 4 high risks in environment category. The risk rating scores spread from 48.0 to 60.0 
and identified in rotary dryer, reduction kiln, and coal mill area. The proposed additional 
control is expected to reduce risks into low and medium classification with risk rating score 
range between 18.0 and 27.0. 

Control hierarchy for extreme and high risks has been developed within the elimination, 
substitution, engineering control, administrative control, and personal protective equipment 
group. Both existing control and proposed additional control are counted for this risk control 
hierarchy. Majority of risk control hierarchy is included in the engineering and administrative 
control, which is presented in Table 8. 

The implementation of mitigation plan is constructed based on the proposed additional control 
for extreme and high risks rating score. The detail implementation plan consists of time 
schedule, department area responsibility, and possible resources requirement to perform the 
action plan. There are 11 action plans for operation category, 9 action plans for safety category, 
and 4 action plans for environment category. The timeline for the implementation plan is made 
within 5 months for all category. Implementation plan summary is illustrated in Table 9. 
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Figure 3. Risk Assessment Distribution Result 
 

Table 8. Summary of Control Hierarchy for High & Extreme Risks 

 

Table 9. Summary of Implementation Plan 

 

Conclusion  

The risk assessment methodology conducted in this study had able to identify, analyze, and 
evaluate iron smelter operational risks in systematic way. Operational risks are classified into 
operation, safety, and environment category; and managed by developing risk treatment for 
extreme and high rating score risks. Risk treatment in terms of mitigation plan is constructed 
for each category; and grouped within the risk control hierarchy of elimination, substitution, 
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engineering control, administrative control, and personal protective equipment. The reduction 
of risk rating score can be achieved by implementation of the treatment plan, which estimated 
requires 5 months to be realized.  

Risk assessment activities in this study are specifically designed for one iron smelter company as 
the study object. Different smelter companies can apply the similar risk assessment 
methodologies; however the result might be different depend on the business unit scope, risk 
management context, and respondent profiles. A possible future research idea to enrich this 
study topic can include combining operational risks with financial risks due to involvement of 
high capital expenditures in iron smelter development; thus the study can deliver better 
perspective to smelter management to manage the existing and future risks. 
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