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Mechanised mining has been practised in narrow reef hard rock mines since the beginning of 2000. 
As equipment and technology evolved, and the learnings of implementation and application improved, 
productivity increased and costs associated with mechanised mining has decreased.  A new key driver for 
mechanisation has emerged in 2020, which shifted the urgency into high gear. The coronavirus disease 
2019 (COVID-19) pandemic has taken the world by storm and has had a significant social and economic 
impact across the globe. Mechanisation could serve to protect mines and make them less susceptible to 
pandemics, and in the long run, make these mines more profitable in preparation for future commodity 
price downturns. 

The recent improvements in commodity prices present a rare opportunity where mining organisations 
are in stronger financial positions and can spend more on research, development, and innovation than 
in previous years. Thus, although the COVID-19 pandemic has again upped the urgency to mechanise, 
companies are in a better position to address this renewed urgency.

The South African Mining Extraction Research, Development & Innovation (SAMERDI) Mechanised Mining 
Programme aims to develop solutions that will lead to the increase of economically feasible Gold and 
PGM orebodies in South Africa, through new mining approaches.  Through adopting a holistic national 
approach in terms of the remaining gold and PGM mineral wealth in South Africa, it is envisioned that the 
programme will be able to deliver on its main aim and provide much needed sustainability to the respective 
sectors. 

Executive  Summary
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SCOPE
Autonomous mining capacitates improved safety, 
increased production efficiency and lower maintenance 
costs if successfully implemented.  At the same time, it 
presents new challenges including security and safety 
risks as well as workforce and workflow changes (GMG, 
2019).  Forming part of the Industry 4.0 movement, 
autonomous mining encompasses robotics, artificial 
intelligence (AI) and the internet of things (IoT) to improve 
mining efficiency and productivity.  
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Autonomous mining, however, requires a holistic approach to effect these benefits (Global Mining 
Guidelines Group, 2019).  Other research has shown that the expected superiority of autonomous machines 
in these areas is not necessarily guaranteed and the performance thereof may be influenced by the way it 
is managed (Gustafson et al., 2017).  

In the global effort of making the mining industry safer and more profitable, it is thus critical to develop a 
guideline for best practice in the implementation of mechanised and autonomous mining.  This guideline 
must speak specifically to the South African Mining Industry (SAMI) context and must be relevant to large 
and small mining operations as well as greenfield and brownfield mines.  It is consequently crucial to 
incorporate considerations such as community engagement, mine longevity and skills development in the 
guideline.  

This guideline focusses on the application of equipment and communication systems in an underground 
environment in the form of Best Practice around utilisation, maintenance strategy, replacement strategy 
and decision making.  The guideline is based on the pre-work done by the research team with industry 
representation which followed a literature review followed by two industry workshops held where industry 
criteria and requirements were determined and incorporated into the guideline.
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APPLICATION
This  guideline is intended for the implementation of 
mechanised and autonomous mining, specifically for the 
narrow reef hard rock mining operations in the SAMI. 
Since each mining operation is unique, the guideline is 
intended to not be overly prescriptive, but at the same 
time, it should serve as a pragmatic and useful tool to 
narrow reef hard rock operations in the SAMI. 
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The guideline presented in this document was developed by combining best practices found through 
literature review with feedback and inputs obtained from industry workshops. In developing the guideline, 
careful consideration was given to ensure relevance to operations of different sizes and at different stages 
in the mining lifecycle. Through the inclusion of multiple multi-faceted sections, the guideline gives due 
consideration to factors such as community and stakeholder engagement, mine longevity and skills 
development. 

Figure 1: provides an overview of the layout of the draft guideline document.

Figure 1: Guideline Layout
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MATURITY MODEL
The maturity model for autonomous mining defined in GMG 
(2019) is presented in Figure 2.  The levels of autonomy 
assigned in Figure 2 are based on the SAE International 
(2018) taxonomy of driving automation, adapted with 
the terminology from ISO 17757:20171 (International 
Organization for Standardization, 2019).  
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Due to the urgency for South African mines to reduce mining costs through mechanisation, along with the 
necessity to remain productive during possible future lockdowns such as those experienced in 2020-2021 
due to COVID-19, this guideline mainly focusses on autonomy levels 3 to 5 for highly autonomous mining 
operations.

Figure 2:  Maturity model for autonomous mining (GMG, 2019)

 

1    2019 is latest version of the ISO 17757 standard, as given in the citation.
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Figure 3 provides an overview of the subsections within the Business Case section of this guideline.
 

Figure 3: Business Case Overview
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1.1 OCCUPATIONAL HEALTH AND SAFETY CONSIDERATIONS

Although the introduction of mechanised or autonomous mining systems can result in improved 
occupational health and safety (OHS), these systems do introduce new OHS risks such as human-machine 
interaction.  Thus, it is critical for the business case to identify all risks associated with the introduction of 
new mining systems, including envisaged OHS benefits and risks.  The following are some of the key OHS 
considerations that should be addressed by the business case: 

• Determine the realistic project implementation timeframes, taking cognisance of the time required for 
technology piloting (validation and verification), as part of the risk management process.

• Potential OHS hazards related to the introduction of mechanised or autonomous mining systems.

• For brownfield projects, it is critical to identify, assess and control emerging OHS hazards during the 
integration process.

• It is important to avail enough resources (human resources/skills, time, budget, etc.) to ensure that 
mechanised or autonomous mining systems meet all OHS and productivity targets.  This exercise 
should take into consideration different factors such as site-specific OHS risks, project management, 

operational readiness, and organisational readiness. 

Detailed and more specific information about OHS and risk management is provided in Section 3: 
Occupational Health and Safety, page 30.

1.2 CHANGE CONSIDERATIONS
The introduction of mechanised and autonomous mining systems is a fundamental organisational change 
that must be appropriately planned and managed in terms of people, processes, and technologies.

1.2.1 People

Introducing mechanised and autonomous mining systems affect several stakeholders, including the 
workforce. Efforts should be made to identify, define, and manage several people-related aspects such as 
the size of the required workforce, required expertise (skills), different roles and responsibilities, associated 
costs and associated benefits.  It is noteworthy that there will be some fundamental differences between 
the people aspects of the business case for greenfield and brownfield projects.  

Greenfields projects have the flexibility to appropriately align the human resources requirements with the 
requirements for mechanised and autonomous mining systems from the beginning.  

For brownfield operations, the situation is more complex. Although fewer underground workers are 
required, increased mechanisation typically leads to increased unit labour costs due to the requirement 
for increased skills. Fewer underground workers, in turn, lead to benefits around transport logistics, lower 
fixed labour overhead costs and reduced exposure to OHS risks.  
One of the main criticisms around mechanisation is the resulting reduced workforce in a mine, leading 
in one instance to the abandonment of a tele-remote operation initiative due to pressure from organised 
labour. The counter-argument is that the number of workers employed in secondary industries (i.e. 
manufacturing and services)  will increase to meet the increased high technology demands of mining 
companies (Willis et al., 2004). It is thus important to have the relevant agreements and strategies (including 

CHAPTER 1   Business Case
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retraining and reskilling) in place to facilitate the redeployment of affected employees in manufacturing 
and service industries.

With the further requirement for workforce upskilling at all levels (with associated socio-economic 
benefits), brownfield mining companies will have to bear the burden of the relevant costs for upskilling, 
reskilling and retraining required to align the organisational structure (including skills) to the new mining 
system.

The outputs from SAMERDI’s SATCAP programme should be consulted for further information.

1.2.2 Processes

Mine processes need to be adapted to the level of autonomy.  Although there are benefits to planning 
new processes from scratch, it may make more sense in some scenarios to modify existing ones.  It is 
important to consider the sequence of activities that may change for a specific mining process.

1.2.3 Technology

The implementation of autonomous equipment requires sophisticated and robust wireless communications 
networks and control rooms (Section 2.5: Communication Systems, page 23).  

1.3 VALUE DRIVERS

The correct drivers for embarking on mechanisation in a mine (Willis et al., 2004; GMG, 2019) should be:

• Increased overall productivity because of reduced variability, increased process efficiency and reduced 
travel time to workplaces;

• Improved safety because of removing workers from hazardous situations;

• Reduced low-skilled work and personnel support costs; and 

• Improved mining strategies such as smaller machine sizes that can reduce maintenance and ventilation 
costs.

CHAPTER 1   Business Case
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1.4 COSTS

All costs associated with autonomous system implementation needs to be considered.  Table 1 shows a 
non-exhaustive list of such costs.

Table 1: Costs associated with autonomous system implementation (GMG, 2019)

Category Cost

Workforce • Incentives for recruiting and retaining skilled labour.

• Labour displacement & Change management.

• Community commitments (whether government, regulator or 
self-imposed).

Health and Safety • Implementation of new OHS management procedures.

• Infrastructure to facilitate physical separation (e.g., autonomous 
area demarcation, access points, control rooms).

• Communications and digital infrastructure.

• Implementation of layers of protection.

Processes and Technology • Time and resources for design implementation, scheduling, 
and safety management changes.

• Improvements required for communications and tracking 
technologies.

• Construction of physical environment required for autonomy 
(e.g., roads, stockpile spaces and control rooms).

• Digital infrastructure and facilities (e.g., hardware, cloud 
storage, etc.).

• Upstream and downstream equipment and process 
improvements.

• Hardware or retrofit costs per machine.

• Handover costs.

• Equipment insurance.

• Licensing costs.

• Sensor change-outs.

• Obsolescence.

CHAPTER 1   Business Case
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1.5  STRATEGIC FIT

It is important for management to understand the current “as-is” state of the mine, to assess whether 
the organisational changes and costs associated with the adoption of autonomous systems align with 
the organisation’s goals and are strategically viable.  Table 2 presents guidance on the assessment of 
the strategic fit for automation.    Specific to the SAMI, the first two items requiring more consideration 
around people-related aspects, highlighting the importance of suitable change management (Section 
1.2.1: People, page 5; & Section 5: Change Management, page 40) and stakeholder engagement (Section 
1.6: Communication with Stakeholders, page 7).

Table 2: Guidance for assessing strategic fit for automation (adapted from GMG, 2019)

Strong strategic fit More consideration required

• Greenfield projects

• Long life and large scale

• Labour constraints and high turnover

• Highly efficient operation

• New automation-ready equipment

• Challenging logistics

• Difficult environment

• Highly variable commodities

• Mature health and safety

• High change acceptance

• Social license requires employment

• Local community with high capability in 
existing technologies 

• Short remaining mine life with old equipment

• Short life, small, intermittent operation

• Inefficient operation

• Low-quality planning

• Upstream and/or downstream process 
constraints

• Immature project delivery capability

1.6 COMMUNICATION WITH STAKEHOLDERS

During the process of development of the business case, it is important to engage and consult all key 
stakeholders to facilitate the co-creation of the business plan with all key stakeholders timeously and 
sufficiently.  The stakeholders should include people at all levels at the operation (site) and corporate office, 
and external stakeholders such as unions, regulator, local authorities, and the community. Stakeholders 
include, but are not limited to:

• Management

• Information technology (IT)

• Operational technology (OT)

• Operations

• Maintenance

• Engineering

• Original equipment manufacturers (OEMs)

CHAPTER 1   Business Case
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• Original technology manufacturers (OTMs)

• Support services
 - Safety
 - Emergency response
 - Human resources
 - Risk management

• Subject matter experts
 - Internal
 - External

• Legal representatives

• Regulators

• Financial representatives

• Corporate affairs

• Unions

• Communities

• Educational facilities
 - Training academies

• Environmental approvals/compliance departments/agencies

This is necessary to create a sense of ownership and buy-in necessary for successful implementation of 
the business case for mechanised or autonomous mining systems.  Once the business case is developed 
and approved, it is critical to disseminate the business case to all stakeholders. To accelerate acceptance 
of the business plan by the different stakeholder groups (target audiences), the communication material 
and platforms should be appropriately tailored to suit the different target audiences.

Given the unique SAMI environment, where unskilled/semi-skilled labour forms an integral part in brownfield 
operations, careful consideration should be given to communicating the business case effectively to labour.  
The communication strategy should also take cognisance of some of the legacy issues of the SAMI such as 
low literacy levels and language barriers. A platform such as industrial theatre can clearly communicate 
complex concepts to any audience regardless of demographics (Keyser, 2020).  By first addressing the 
emotions and fears of the target audience, the uptake of training and information is then facilitated. A 
suitable production company needs to tailor this approach by analysing the organisational culture with 
role-players such as the human resources department, management, and industrial psychologists. 

CHAPTER 1   Business Case
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1.7 BUSINESS RISKS AND POTENTIAL PROBLEMS

GMG (2019) lists the following as potential problems that can obstruct the organisation from achieving the 
required change: 

• Long term OEM commitment.

• Mine plan changes.

• Legacy issues.

• Obsolescence.

• Change-out related difficulties 

1.8 OTHER CONSIDERATIONS

Other issues to be considered include (GMG, 2019):

• Transparency with regulators.

• Financial and economic analysis:
 - Internal rate of return.
 - Net present value.
 - Discounted cash flow.

• Environmental and social analysis,

• Alternative approaches to implementing autonomous systems,

• Organisational readiness with regards to changes in roles and responsibilities.

CHAPTER 1   Business Case



CHAPTER 1   Introduction and Methodology 24

CHAPTER 2

Design 
Requirements



25CHAPTER 2   Design Requirements

Figure 4 provides an overview of the subsections within the Design Requirements section of this guideline.
 

Figure 4: Design Requirements Overview
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2.1 MINE PLANNING AND DESIGN TO ACCOMMODATE    
 AUTONOMOUS SYSTEMS
Mine management, designers and planners should understand the limitations of the autonomous 
mining technology they will use and the differences between manual and autonomous operations. These 
differences influence mine designs and plans on many levels. 

The physical mine, system infrastructure and operational processes need to accommodate new 
characteristics of autonomous systems that require new approaches to excavation and material movement 
design.  Ultimately the mine design needs to be suitable for autonomous equipment and potential 
combinations of autonomous, semi-autonomous, and manual equipment, as conventional designs for 
one or the other might not be sufficient.  In greenfield projects or complete redesigns, the whole design 
can facilitate automation.  In brownfield projects, current designs and operational processes need to be 
adjusted or redesigned. 

All mine design and planning must incorporate safety by design. From the earliest stages, controls should 
aim to minimise the start-up risks with the systems (e.g., start simple and small and gradually build up 
capacity) and create an area where the autonomous system is isolated or interactions with manned mining 
systems are managed (e.g., consider the implications in mine design, plans, and schedules). Emergency 
management planning is also part of this process. 

2.1.1 Physical Mine Planning and Design

Mine designers and planners should ensure the physical mine design is suitable for autonomy, including:  

• Work area, road design, and construction that are in line with the system builder requirements (e.g., 
road surface, gradients, potentially harsh conditions).

• Traffic management (e.g., intersections, park-ups, load and dump locations, access controls for 
exclusion and interface areas).

• Mine geometry (e.g., pit shape, haul road width, tunnel profile, decline angle, bend, and turn radius).

• Ventilation requirements (especially for underground mining). 

• Infrastructure placement within the autonomous area (e.g., fuel facilities, crushers or ore passes, 
stockpiles, workshops and service areas, crib rooms, calibration and commissioning areas, services). 

• Separate roads for manned light vehicles if possible, which can help reduce interaction. 

2.1.2 System Infrastructure Planning and Design

Supporting infrastructure and area requirements need to be identified early in the project. Considerations 
include:  

• The autonomous system and associated infrastructure scalability and capability.

• Equipment specifications, fleet size, and operating capabilities (e.g., turning circle, road network 
layout, gradient).

• Network communication infrastructure, especially critical in underground situations (e.g., wireless, 
fixed).

• Area access (e.g., location and control of area entry and exit points, provision of perimeter protection 
and signage). 
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• Monitoring system health (e.g., wireless, positioning systems). 

• Location of remote operation and control rooms.

• Automated system boundaries: whether the mine site can operate autonomously or whether there are 
additional communications infrastructure requirements, such as a backhaul internet connection for 
executing some automation services.

• Managing electrical load and balancing demand.

• Water management and dust control (especially in underground operations).

• Layers of control, including location and tracking of humans and non-autonomous equipment and 

• bject detection and avoidance systems (reactive and predictive). 

• OEM and OTM testing programs for autonomous system software/firmware updates and a mine-
specific test system to ensure the viability of system software/firmware updates. 

• How changes integrate with non-mining external (e.g., urban environments) and internal (e.g., mill/
processing plants) infrastructure.

2.1.3 Process Planning

Mine processes change with autonomy: there are benefits to planning new processes from scratch, though 
there can also be modifications to existing ones. Considerations include the sequence of activities that 
may change for a specific mining process.

2.2 ENGINEERING DESIGN MANAGEMENT FRAMEWORK

A robust and structured design management framework must be followed to ensure the successful 
delivery of autonomous systems, improving original equipment effectiveness (OEE) and enabling safe and 
predictable production results (GMG, 2019).  Design considerations include: 

• Communications infrastructure

• Local versus centralised decision making

• Human/system interface

• Environmental and social requirements

• Safety by design
 - Technology assessments
 - Design and engineering standards (Table 4)
 - Functional safety
 - Functional requirements

 - Design for maintainability
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Table 3: Recommended industry design and engineering standards (GMG, 2019)

Standard number Title

ANSI/ISA-95.00:2010 Enterprise-Control System Integration

IEC 61508-1:2010 Functional safety of electrical/electronic/programmable electronic 
safety-related systems—Part 1: General requirements

ISO 13849:2015 Safety-related parts of control systems

ISO 20474-1:2017 Earth-moving machinery –Safety—Part 1: General requirements 
(See also parts 2–10 for specific types of machinery)

ISO 19296:2018 Mining—Mobile machines working underground—Machine safety

ISO 17757:2017 Earth-moving machinery and mining —Autonomous and semi-
autonomous machine system safety

ISO 10007:2017 Quality management–Guidelines for configuration management

ISO/IEC/IEEE 42010:2011 Systems and Software Engineering—Architecture description

ISO/IEC/IEEE 15288:2015 Systems and Software Engineering – System life cycle processes

SAE J3016 Taxonomy of Terms Related to Driving Automation Systems

2.2.1 Key Challenges

Key challenges to engineering design for autonomous systems include (GMG, 2019):

• Fit-for-purpose safety systems.  This requires such safety systems to be engineered, tested and 
commissioned in representative operational environments.  This will ensure that productivity is not 
compromised during deployment.  An example of such systems includes collision avoidance systems.

• Balance in new and existing systems in brownfield operations.  This is necessary due to upgrade 

requirements in downstream and upstream systems to interface into the design. 

2.2.2 Design Management Plan

The design management plan should be developed and agreed upon by all stakeholders including the 
autonomous system supplier (GMG, 2019).  The design management plan should include:

• Acceptance and performance criteria.

• Design verification, quality management and approval approach.

• List of deliverables for both internal and external stakeholders.
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2.2.3 Configuration Management

A comprehensive configuration management system should be employed for changes introduced through 
the implementation of autonomous systems (GMG, 2019): 

• Operational and maintenance practices.

• Design specifications.

• System changes affecting mine design.

• Software updates, upgrades, and parameters.

• Data collection and integration.

• End of life/obsolescence considerations for long-term installations.

• Risk transformation.

 

2.3 ADDITIONAL ENGINEERING DESIGN

2.3.1 Selection & Evaluation Criteria

It is important to involve a multi-disciplinary team in determining user requirements for underground 
mining equipment at each specific mine.  As far as possible, measurable parameters and criteria should 
be specified.  For example, at a specific mine, there may be a requirement for machines to navigate travel 
way inclines of up to 35° with winch assistance.

Compiling these user requirements in a request for information (RFI) document, manufacturers then 
indicate to what extent the requirements and criteria are met by their machines by selecting the relevant 
machine functionality for each requirement (Table 5, Column 1).  These are then assigned appropriate 
weights (e.g., Table 4, Column 2) to facilitate the evaluation of which manufacturer performs the best in 
meeting the user requirements as standard functionality.

Table 4: Machine functionality and weight assignment

Functionality Assigned weight

Standard functionality out of the box 4

Customisation is required 3

Third-party modules are required 2

Functionality is not available 1

Typically, diesel-powered vehicles are used in underground mining.  The resulting emissions in the form 
of diesel particulate matter (DPM) as well as the heat generated by the combustion process pose a health 
risk and requires significant investment in suitable ventilation systems.  As such, there is a strong push 
toward utilising alternative power supplies such as battery electric vehicles as well as electric vehicles.  
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2.3.2 Maintenance

For each machine, there should be a total maintenance plan with a data book detailing OEM maintenance 
requirement.  All machines should further be subject to a full failure mode, effects and criticality analysis 
(FMECA).  This will facilitate the development/selection of an optimal maintenance strategy as well as the 
determination of spare holding requirements.  Where possible, standardised spares should be used.
Optimal maintenance not only affects machine availability and utilisation but also can postpone the optimal 
replacement age of a machine.

2.3.2.1 Strategy

Condition-based maintenance (CBM) should be prioritised as the maintenance strategy for machines.  This 
strategy capacitates maintenance planning and optimal availability of machines and prevents the logistical 
problems associated with emergency or corrective maintenance, such as transporting a broken-down 
machine to a workshop for repairs.  CBM requires the recording and processing of machine health data 
(e.g. vibration monitoring, lubricant analysis, engine temperatures, etc.) to determine when preventative 
maintenance action is required.  It is further important to know where each machine is to schedule machine 
travel to the workshop, requiring live machine location tracking. 

Incorporating CBM, total productive maintenance (TPM) aims to maximise equipment effectiveness by 
changing corporate culture (Gustafson et al., 2011).  It requires personnel to work in small groups and 
machine operators to have a role in the maintenance program with the maintenance department providing 
the required support.  Addressing the human factor, TPM is well suited to the mining industry.

2.3.2.2 Maintainability

In South African underground mines, careful consideration should be given with regards to designing 
machines to be easily maintained.
  
The long distances between workplaces and workshops necessitate machines to be designed as far as 
possible to facilitate maintenance at the work front. This requires the following:

• All major components should be easily accessible.  In the absence of overhead cranage at the work 
front, this places a requirement for access from the machine side as opposed to the machine top.

• The machine should have a modular design to allow the replacement of all major components without 
having to dismantle the machine.

• Control and Instrumentation (C&I) modules should be hot-swappable.

• Machines should have an extended underground campaign life (e.g. 10,000 hours) to minimise the 
need to travel to the surface for maintenance.

• Machines should be designed to be recoverable for transport to a workshop should work front 
maintenance not be suitable. 

2.3.2.2.1   Haul roads

Often neglected, underground roadways should be considered as assets and should be optimally designed 
with their routine maintenance predicted, planned, and managed.  The under-design of roadways typically 
leads to excessive operating and road maintenance costs, premature failure and significant adverse safety 
and productivity impacts.  Interaction of vehicles (whether manual or autonomous) with the roadway 
surface directly influences productivity, cost efficiency and overall system safety.  For autonomous 
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systems, the roadway becomes even more critical as these vehicles generally require a more predictable 
and controlled operating environment.  Care should be taken to guard against travelling on the exact same 
path by autonomous vehicles on haul roads to optimise the use of the road surface and ensure its longevity.  
This can be achieved by applying sufficient variation in the path mappings. Haul roads along with adequate 
rock support yield the following benefits (Gustafson et al., 2017):

• Reduced shock and vibration inputs to electronics.

• Reduced requirement for speed reduction because of obstacles or poor road condition.

• Reduced interference of dust with navigation system.

• Reduced cases of system tripping.

It is thus necessary to measure the vehicle vibration responses to capacitate road surface condition 
assessment and monitoring (Hugo et al., 2007, 2008; Ngwangwa et al., 2008, 2010; Ngwangwa and Heyns, 
2011, 2014).

2.3.3 Utilisation

Optimising the utilisation and productivity of equipment is critical and will result in significant productivity 
improvements (Carter, 2014).  To attain optimum equipment utilisation,  the appropriate selection of mining 
method and equipment is required along with maintaining and ensuring the smooth flow of mining cycle 
activities (Pickering, 2007; Nong, 2010).  

The following should be considered to ensure optimal utilisation of equipment:

• It is critical for the planning and designing team to have a sound understanding of mechanised mining 
systems and associated layout (Valicek et al., 2012).

• A total time model (in terms of percentages of travel, operation, and downtime) should be developed 
for each machine to determine and optimise utilisation. 

• The detailed design of shift cycles is required with consideration of production and maintenance 
requirements to optimise availability and utilisation (Willis et al., 2004).

• It is essential to obtain good quality data in evaluating OEE with availability being the main contributor 
(Brodny and Tutak, 2019).  

• Tramming distances for equipment such as load, haul dump trucks (LHD) should be optimised (Fourie 
et al., 2017). In some instances, mobile crushers can be utilised towards this goal.  Consideration can 
be given to fitting LHDs with push plates to reduce tipping times.

• Ore deposited onto conveyor belts should be controlled to prevent ore lumping, leading to improved belt 
lifespan.

• The majority of production disturbances are unrelated to automation systems and their maintenance 
and are caused by other mining-related problems (Gustafson et al., 2017).  As such, it is important to 
include the full up-stream and down-stream process in pursuing optimal utilisation.

• The utilisation optimisation process should consider face length, the number of faces and fleet mix.  
The optimal solution can then be based on the analysis of variables such as net present value (NPV), 
cost per ounce, and square metres for the modelled fleet, face length, and panel configurations for 
each mining method.
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• It is critical to allocate and relocate mobile equipment in a flexible manner to attain optimal equipment 
utilisation (Skawina, 2019). This requires real-time information management systems to expedite 
decision-making and minimise production disruptions.

• Adoption of sound maintenance strategies (Nong, 2010).

• Proper planning, skilled and competent workforce, competent supervision, and high-performance 
work ethic.

2.3.4 Replacement

Suitable methods to determine optimal replacement ages (ORAs) of trackless machinery are (Nurock and 
Porteous, 2008):

• Cost per ton trends, obtained from dividing the total machine costs by the number of tons produced.  
The ORA is when the minimum cost per ton is reached.  This approach requires information on tons 
produced.

• Equivalent annuity, which uses time value to compare different timing alternatives in terms of machine 
replacement.

• Theory of vehicle replacement, which considers the trade-off between decreasing capital cost and 
increasing running costs with the equipment age.  The ORA is when the total cost is at a minimum.

The total cost of equipment ownership in the mining industry is the sum of the categories listed below (Al-
Chalabi et al., 2015): 

• Initial purchase

• Installation

• Direct downtime

• Maintenance

• Operation

• Financing

• Cost recovery

• Disposal 

ORAs can be extended by decreasing maintenance costs, increasing purchase price, and reducing operating 
costs.  Thus, the reliability and maintainability of a machine not only affect utilisation and production, but 
also ORA.  This further accentuates the need for an optimal choice of maintenance strategy.

2.3.5 Condition and performance monitoring

To facilitate optimal CBM, utilisation and replacement of equipment, it is critical to have robust, reliable 
and accurate onboard condition monitoring systems on machines.  Further considerations include:

• Machines should have self-diagnostic capabilities with pre-set alarm and trip limits to ensure safe 
shutdown to prevent damage and/or injuries.  

• Machines should have onboard processing and predictive algorithms to facilitate maintenance planning.  

• To facilitate maintenance planning and scheduling, it is critical to know the location of mobile equipment 
in mines (Section 2.5.4: Mining tracking technologies, page 28).
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• Tyre failure and replacement is a major expense in equipment such as LHDs and requires a suitable 
monitoring approach.

Specific parameters that should be measured and monitored include: 

• Bearing vibrations

• Bearing temperatures

• Electrical currents and voltages

• Filter differential pressure 

 
Utilising data gathered from such condition monitoring systems, suitable KPIs should be defined and 
monitored to facilitate optimal maintenance planning, utilisation, and replacement of equipment.  Examples 
of such KPIs include:

• Machine cycle times

• Energy consumption

• Machine performance, for example:
 - Drilling machines: Penetration rates and number of holes drilled in 24 hours

 - LHDs:  Bucket loads and total weight moved in 24 hours

2.4 OPERATIONAL PERFORMANCE & OPTIMISATION

2.4.1 Key Performance Drivers

Key Performance Drivers for underground mechanised platinum mining include (Valicek et al., 2012):

• Mechanised Mining key drivers
 - m2 per employee (labour efficiency)

 - production m2 per month (ounces, tons) 

 - extraction ratios (grade, g/t 4E)

• Financial key indicators:
 - Cost per ounce (rand per ounce cost)

 - NPV and IRR 

 
Logically these imply that revenue from production performance (mostly determined by machine availability 
and utilisation of availability), at optimal extraction ratios (mostly determined by machine versus ore-body 
matching and dilution control/drill-blast accuracy), minus cost (mostly determined by labour efficiency 
and the capital and operational cost of the equipment), will determine the profitability and Return-on-
Investment for mechanisation.
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2.4.2 Critical Success Factors

Factors critical to the successful application of mechanised technology to the Bushveld platinum UG2 
tabular orebody, are summarised in Figure 5 below (Tendaupenyu, 2018).  Most of these factors are 
addressed in previous sections of this Guideline. The following sections will deal mostly with operational 
aspects, especially machine utilisation.  

2.4.3 Performance Optimisation

2.4.3.1 Optimisation Techniques

Approaches such as the Ishikawa analysis technique can be used to investigate the root causes of poor 
production rates. Figure 6 shows an example of this approach in a mechanised underground platinum 
mining section, depicting the identified root causes of poor production rates in different categories for Man, 
Machine, Material, Method, Mother Nature and External (Franklin, 2008). These root causes are typical and 
would need to be addressed to improve and optimise performance to ensure successful mechanisation.  

 

Figure 5: Mechanisation Critical Success Factors (Tendaupenyu, 2018)
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Further Industrial Engineering performance optimisation techniques relevant to mechanisation include 
(Franklin, 2008):

• Gap analysis 
• SWOT Analysis 
• Business Modelling 
• Monte Carlo Method 
• Theory of Constraints 
• Ergonomics 

2.4.3.2 Short Interval Control

A critical process for improving mechanised production performance is Short Interval Control (SIC).  This 
is related to the poor production performance causes listed under “Method” in Figure 6.  SIC is defined 
as “a form of control and response. It is a structured process for identifying and acting on opportunities 
to improve the effectiveness and efficiency of mining processes (production, development, and services)” 
(Global Mining Guidelines Group, 2018).  Figure 7 depicts the levels of maturity for SIC implementation, 
related to levels of mechanisation and automation.

 
 

Figure 6:  Ishikawa diagram for a mechanised underground platinum mining section  (Franklin, 2008)
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Figure 7: Short Interval Control System Maturity Levels (Global Mining Guidelines Group, 2018)
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2.4.3.4 Simulation case study

Figure 8 depicts the base case results from simulations for a mechanised underground platinum mine.  
The graph-lines indicate the theoretical capacity of each machine (panel tasks completed per day as a 
function of utilisation or waiting time) and the icons indicate the simulated results.  

2.4.3.4.1  Base Case

In the base case, the constraint in the system is the LHD performance.  The LHD is not fully utilised (95% 
utilisation of availability) and the other two machines are significantly under-utilised due to the inherent 
ToC effect of the variabilities of the machine performance, together with the limited access to the number 
of panels available to the crew, resulting in a production rate of 2.3 blasts per day crew.
 

LHD Bolter Drill rig

Total board time/ day 15.5 h 15.5 h 15.5 h

(both shifts, excl, travelling ect.) 

Production h/bord 5.19 h 4.50 h 4 h

4.697436 (including prep,decom,tramming between)

Engineering Availability 80% 85% 85%

Number of bords and starting status 3 2 2

Number of machines 1 1 1

Percentage S- panels 20%

S-panel xtra bolting hours 2.6

Tip priority 0 0-low,1-high Blasts per day (P80) 3.24

Bucket load 6.5 t Blasts per day (P50) 2.31

LHD Speed 4.8 Km/h Centares per month (P50) 2210

Figure 8: Example simulation results base-case (Wannenburg, 2016)
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2.4.3.4.2  LHD Performance

Figure 9 depicts an improvement to 2.5 blasts per day per crew by only prioritising the timeous movement 
of the tip and the associated mining operations required from the crew, to shorten the tramming distances.  
This causes the bolter to be the constraint in the system. Similar improvements can also be achieved by 
improving the fill-factors of the buckets by e.g. improving fragmentation, and/or the availability of the 
LHDs by e.g. improving the road conditions. 

 

LHD Bolter Drill rig

Total board time/ day 15.5 h 15.5 h 15.5 h

(both shifts, excl, travelling ect.) 

Production h/bord 4.09 h 4.50 h 4 h

4.087436 (including prep,decom,tramming between)

Engineering Availability 80% 85% 85%

Number of bords and starting status 3 2 2

Number of machines 1 1 1

Percentage S- panels 20%

S-panel xtra bolting hours 2.6

Tip priority 0 0-low,1-high Blasts per day (P80) 3.42

Bucket load 6.5 t Blasts per day (P50) 2.51

LHD Speed 4.8 Km/h Centares per month (P50) 2404

Figure 9: Improved LHD performance (Wannenburg, 2016)
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2.4.3.4.3  Adding Swing Units

Figure 10 depicts an improvement to 2.7 blasts per day per crew by adding a swing bolter shared by 
four crews.  This causes the LHD to again be the constraint in the system, but the LHD is also not fully 
utilised (88% utilisation of availability) and the other two machines are significantly under-utilised due to 
the inherent ToC effect of the variabilities of the machine performance, together with the limited access to 
the number of panels available to the crew.  

 

LHD Bolter Drill rig

Total board time/ day 15.5 h 15.5 h 15.5 h

(both shifts, excl, travelling ect.) 

Production h/bord 4.09 h 4.50 h 4 h

4.087436 (including prep,decom,tramming between)

Engineering Availability 80% 85% 85%

Number of bords and starting status 3 2 2

Number of machines 1 1.25 1

Percentage S- panels 20%

S-panel xtra bolting hours 2.6

Tip priority 1 0-low,1-high Blasts per day (P80) 3.65

Bucket load 6.5 t Blasts per day (P50) 2.71

LHD Speed 4.8 Km/h Centares per month (P50) 2592

 

Figure 10: Swing bolter added per 4 crews (Wannenburg, 2016)
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2.4.3.4.4   Improving Short Interval Control Maturity

Figure 11 depicts an improvement to 2.96 blasts per day per crew by improving Short Interval Control 
Maturity, thereby reducing the variability of performance of the machines. 

 

LHD Bolter Drill rig

Total board time/ day 15.5 h 15.5 h 15.5 h

(both shifts, excl, travelling ect.) 

Production h/bord 4.09 h 4.50 h 4 h

4.087436 (including prep,decom,tramming between)

Engineering Availability 80% 85% 85%

Number of bords and starting status 3 2 2

Number of machines 1 1.25 1

Percentage S- panels 20%

S-panel xtra bolting hours 2.6

Tip priority 1 0-low,1-high Blasts per day (P80) 3.62

Bucket load 6.5 t Blasts per day (P50) 2.96

LHD Speed 4.8 Km/h Centares per month (P50) 2828

 

 

Figure 11: Improved SIC (Wannenburg, 2016)
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2.4.3.4.5   Increased Number of Panels per Crew

Figure 12 depicts an improvement to 3.15 blasts per day per crew by increasing the numbers of panels per 
crew, thereby reducing waiting time for machines. 

 

LHD Bolter Drill rig

Total board time/ day 15.5 h 15.5 h 15.5 h

(both shifts, excl, travelling ect.) 

Production h/bord 3.85 h 4.50 h 4 h

4.087436 (including prep,decom,tramming between)

Engineering Availability 80% 85% 85%

Number of bords and starting status 4 3 3

Number of machines 1 1.25 1

Percentage S- panels 20%

S-panel xtra bolting hours 2.6

Tip priority 1 0-low,1-high Blasts per day (P80) 3.82

Bucket load 6.5 t Blasts per day (P50) 3.15

LHD Speed 4.8 Km/h Centares per month (P50) 3012

 

Figure 12: Increased number of panels per crew (Wannenburg, 2016)
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2.5 COMMUNICATION SYSTEMS

When considering communications in support of mechanised mining, an important consideration should 
be given to the appropriate infrastructure required to support associated data communications as many of 
the new technologies developed and sold by vendors require high-speed digital networks to deal with the 
increasing volumes of data generated by these machines.  It is important to note that automated equipment 
usually has stringent bandwidth, latency, interference, and coverage requirements which should be taken 
into consideration when planning the supporting communication infrastructure.

Historically, vendors offered proprietary communication solutions as part of their offering. Recently, 
there has been a tendency by mining solution vendors to move towards interfacing with a standardised, 
consolidated digital Ethernet-based communications infrastructure thus allowing mines to operate 
multiple services over a single backbone.  This backbone usually makes use of a leaky feeder / fibre-based 
connection to each of the mining levels where it is broken out and is the primary data connection from the 
surface to underground mine areas.  The configuration of the backbone network to support mechanised 
mining equipment should be chosen carefully as it affects the speed of network recovery and network 
latency. 

Another important consideration when designing a communication system is to be cognizant of the 
automation level at which the mechanised mining equipment will be operated.  As an example, mining 
equipment automation levels are outlined in the SAE International (2018) taxonomy of driving automation 
terms and adapted to apply to mining automation where Levels 0–1 are manual because there is still 
a requirement for continuous human guidance.  Level 2 is semi-autonomous, and the level of human 
guidance varies.  Levels 3–5 are autonomous because the system completes continuous operations. When 
applying this to a mining environment this can be classified as:

• Manual operation: The mine uses manual equipment for their operations (Levels 0–1). 
• Hybrid operation: The mine has a mixed fleet of manual, semi-autonomous, and autonomous 

equipment. (Level 2). 
• Highly autonomous operation: The mine has a fleet of all or mostly autonomous equipment 

(Levels 3–5).

Communication infrastructure requirements in support of these automation levels can vary significantly.  
In general, manual operation would require little external communication if data is mostly used at the 
equipment itself and not sent to a remote operator.  The location of the remote operator is also crucial 
when deciding on the architecture of the supporting communication infrastructure.  If the operator is in the 
vicinity of the equipment, the datalink would typically be line-of-sight and not require a strong dependence 
on the communication backbone.  

If the operator is above ground, information would need to be relayed from the machine to the surface 
and back potentially passing through several switches making use of both a last mile and the network 
backbone.  In such a case there is a strong reliance on the networking backbone being resilient to possible 
network failures, have a low latency and high bandwidth capability.  The wireless last mile solution should 
also be designed to deal with the required bandwidth and rapidly switch between wireless access points/
base stations (as mobile equipment typically traverse multiple wireless cells/zones) to reduce latency.  As 
the level of automation increases, so also does the amount of data being generated by the equipment in 
support of automation. The communication architecture needs to be designed with the typical bandwidth 
and latency requirements expected at the envisaged automation level at which the mechanised mining 
equipment is to operate.
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The communication architecture can thus be challenging to design, taking into consideration multiple 
factors which can be unique for each mine, these include the bandwidth, latency, and communication 
coverage area requirement of the equipment as well as the current communication infrastructure used in 
the mine.  It is thus often a best practice to be flexible and leverage more than one topology within a mine 
to overcome constraints.  A typical example of underground mine design incorporating remote-controlled, 
semi-autonomous, and autonomous equipment is shown in Figure 13.  
 

Figure 13: An example of underground mine design incorporating remote-controlled, semi-autonomous, 

and autonomous equipment (adapted from Global Mining Guidelines Group, 2019a)

The two main components of the design are the network backbone (used to deliver the data from each of 
the mining levels to the surface and subsequent networks) and the last mile (mostly wireless in nature 
and is used to carry data from the equipment to a backbone connection point). The guiding principle in this 
example is that portable wireless access points are in active production areas to create wireless “mesh” 
communications coverage with wireless bridges relaying digital traffic from the wireless access points 
to the wired communications backbone, which in this case utilises a bus topology within mine tunnels.  
This architecture can be modified to use a fibre ring topology for a communications backbone network 
with fixed wireless base stations providing coverage in areas where mining equipment are operational  
(Figure 14).
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Figure 14: Another example of an architecture of an underground wireless communication system  

(Li, and Zhan, 2018)

The SAMERDI RTIMS Programme should be consulted for further information (RTIMS, 2020).

Key recommendations related to the implementation of communication systems in support of mechanised 
mining can be summarised as follows:

• No two mines are identical and when dealing with the communication system supporting mechanised 
mining equipment, a balanced approach should be taken in maximising usage of the existing 
communication infrastructure but at the same time being cognizant of the stringent communication 
requirements of the equipment (for example latency, interference, coverage and data-rate) which might 
require significant customization. 

• Backbone redundancy, as well as recovery time after a possible link failure, are important factors.  A 
ring-type architecture where fibre is run back to the surface via, for example, a separate ventilation 
shaft from each level, allows continued communication by looping the signals at the location of the 
fault. 

• Stationary equipment can use cable-based communication, but mobile equipment will require 
a wireless last-mile solution.  Permanent, wired infrastructure in stopes where active drilling and 
blasting is taking place is also not recommended due to the impact from blasting and in these areas 
wireless solutions are also recommended.

• Wireless last-mile solutions are mostly done using a WiFi-based approach, but LTE can also be 
considered but equipment cost and spectrum licensing is often a significant entry barrier in the use of 
LTE.

• In areas where critical data is transferred from mining equipment via wireless transmission, it is 
recommended that no other wireless communication should operate at the same frequency as it could 
degrade performance significantly. 

• In areas where mechanised mining equipment is active, wireless coverage should extend to the full 
area of operation as not to have coverage gaps, this can be done by using self-powered (or powered if 
power is available) portable access points or series of self-powered (or powered if power is available) 
mesh nodes. 

• Attention should be given to any proprietary elements required in the installation of vendor-specific 
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equipment, especially when considering the installation of wireless access points and ethernet routers.
• Special care should be taken in making sure that the communication equipment adheres to the 

legislation required in terms of intrinsic safety before selecting a communications solution.

2.5.1 Backbone Considerations

The main network backbone topologies that are commonly used in underground mines are: 

• Bus topology: For example, a leaky feeder where all nodes are directly connected to a single linear 
cable making it easy to deploy and expand but may not be suitable in a large network due to congestion, 
also offers no redundancy.

• Ring topology: For example, resilient Ethernet where all nodes are connected via a ring of cable/fibre, 

offers extremely fast recovery times and redundancy when a link is broken.

Wired mesh topologies are rarely deployed in underground networks because they require multiple 
redundant network paths which are typically not available in most mining environments. Star topology 
where all nodes are connected to a central hub via a dedicated path is also not recommended for the case 
of mechanised mining due to slow recovery times.  As the utilisation of mechanised mining equipment 
typically occurs in production areas that are outside of high-traffic areas, the supporting last-mile 
communication infrastructure (i.e., the connection from the equipment to the backbone) should be flexible 
and mobile as areas of production moves to new locations.  

Also, given the hazardous and potentially destructive nature of hard-rock mining, it is difficult to install and 
protect sensitive networking equipment and cables.  The solution is typically achieved by using a modular 
wireless system.  Most mechanised mining equipment work on the premise that communication to and 
from the equipment will be wireless in nature.

2.5.2 Wireless Last Mile Considerations

The last mile communication to the equipment is typically achieved using a Wi-Fi (802.11 b/g/n) wireless 
system.  A key consideration in the setup of Wi-Fi systems is making sure that the coverage is enough as 
not to have blind spots of no or little coverage.  Extending wireless coverage in active drilling areas can 
typically be done by rolling out temporary cabling to power and connect temporary access points to fixed 
infrastructure, use self-powered portable access points or using a mesh topology where communication 
is relayed through a series of connected access points.

Recently there has been an uptake in the use of Long-Term Evolution (LTE) as an alternative to Wi-Fi.  LTE 
is an Internet Protocol (IP)-based wireless communications technology that can be used for mechanised 
mining applications where it is supported by vendors.  It is considered as an alternative to Wi-Fi due to 
the reduced number of access points required thus reducing the complexity of the setup and maintenance 
compared to Wi-Fi access points.  LTE is however operated in a licensed band which could prove to be an 
entry barrier due to the potential of additional spectrum licensing costs or data costs when making use of 
an incumbent cellular operator. 

Regardless of the technology used, special consideration should be given to the speed at which mobile 
terminals switches between access points, as this could introduce latency.  A possible solution can be 
achieved in the case by using a multi-frequency approach (for example in the case of WiFi alternating by 
sectors operating in 2.4 GHz and 5 GHz respectively).
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2.5.3 Consideration in communication configurations for specific mining equipment

It is important that when installing infrastructure to support mechanised mining equipment the focus 
should be on implementing open standards such as Ethernet and Wi-Fi, but at the same time the 
requirements of the equipment manufacturers should be taken into consideration as failure to do so might 
result in degraded performance or, in some cases a complete incompatibility.

In some cases, mining manufacturers have the option of integrating into existing mining communication 
infrastructure by being based on open standards and stipulating minimum requirements, other 
manufacturers require a component of proprietary communication equipment to be installed to make sure 
that the minimum communication link requirements are adhered to.  

Since each equipment manufacturer might have a slight deviation from complete open standards in 
support of, for example, latency requirements, there exists concern that seamless interoperability between 
manufactures will not be possible without the implementation of a unifying standard. One such effort is 
the International Rock Excavation Data Exchange Standard (IREDES), a standardised approach to having 
mining equipment and underground systems communicate by standardising communications between 
machinery and IT systems.

It should also be noted that regardless of the communication configuration selected, special care should 
be taken in making sure that the communication equipment adheres to the legislation required in terms 
of intrinsic safety before selecting a communications solution.

2.5.4 Mining tracking technologies

Asset location tracking systems report on and track the location and movement of equipment throughout 
areas of the mine in which coverage infrastructure is installed.  The requirements of the tracking 
technology system should also be considered when selecting a communication solution as in some cases 
there is a tight integration between the tracking and communication system.  An example of this is where 
a proprietary Wi-Fi access point is used to both track the equipment and relay the data from the equipment 
to the backbone.  Other systems use an independent tracking system where the tracking system uses a 
laser to measure the distance to pre-defined location beacons and relays this location as a data element 
through an open communication standard.

The two predominant approaches for tracking equipment are (1) Real-time location system (RTLS) where 
the location of the asset is determined throughout the coverage area by approaches such as “time of 
flight” or “received signal strength indication”.   This approach is dependent on the coverage area of the 
system and (2) Proximity-based locations where several specific detection areas are installed, and a record 
is created as soon as the assets move into the detection area.  These detection systems can either employ 
passive (only transmits when excited by a reader and has limited range but no power supply requirement) 
or active tags (transmits intermittently and has a larger range but requires a power supply).  The transition 
of data between the tag and reader can, for example, utilise a Wi-Fi access point used to relay Wi-Fi data 
to the fibre optic network or via the Bluetooth protocol with the reader then forwarding information over 
for example Wi-Fi, or Ethernet. 
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2.5.5 Recommended communications standards

Table 5 provides a list of the recommended communication standards. 

Table 5:  Recommended communications standards

Standard number Title

IEEE 802.11:2018 Telecommunications and information exchange between systems Local and 
metropolitan area network--Specific requirements Part 11: Wireless Local 
Access Network (LAN) Medium Access Control (MAC) and Physical Layer (PHY) 
Specifications

IEC 61158:2019 Industrial communication networks - Fieldbus specifications

IEC 61784:2019 Industrial communication networks – Profiles 

2.5.6 Control rooms

The following is a non-exhaustive list of considerations for remote control rooms:

• An operator identification and licensing check system is required to prevent unlicensed operators from 
using machines.

• Control interfaces should be largely identical for different machine types, models, and manufacturer to 
reduce training requirements.

• Reliable two-way communication between operators and maintenance teams is required.

• Machines should be inoperable during maintenance and troubleshooting activities.

2.6 DEPLOYMENT & COMMISSIONING

The deployment and commissioning of new autonomous systems require careful consideration of  
(GMG, 2019)

• Proofs of concept.
• Definitions of KPIs and performance metrics.
• Operating parameters.
• Timelines.
• Commissioning criteria.
• Validation and testing according to formulated acceptance and commissioning strategies.
• A clear project execution plan.
• A systematic commissioning strategy covering the commissioning process, timeline, risks, roles, 

responsibilities, test plan and meets formal approval and user acceptance.
• The implementation process should include continuous improvement feedback into the planning 

process.
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Figure 15 provides an overview of the subsections within the Occupational Health and Safety section of this 
guideline.
 

Figure 15: Occupational Health and Safety Overview

Sound management of OHS at any workplace is critical to prevent ill-health, injury and death of personnel 
and damage to infrastructure, equipment and machinery.  Associated benefits of good OHS management 
include low accident rates, low operational costs (due to lower insurance, worker’s compensation and 
emergency response costs), low labour turnover, low absenteeism, high productivity (reduced production 
disruptions) and more profitability.  Due to the importance of OHS on the sustainability of any mining 
operation, OHS should be made a standalone part of any implementation plan and must be incorporated 
in all other operational aspects of the business.  Prior to the implementation of mechanised mining, it 
is critical to identify and understand all OHS requirements and to cultivate an OHS culture that supports 
mechanised mining.  This section provides high-level guidelines for developing OHS management plans in 
a mechanised mining environment. 
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Generally, OHS requirements for mechanised mining systems can be classified as follows:

• Management of ambient environmental conditions such as air quality, ventilation, temperature and 
humidity.

• Infrastructure, equipment and machinery.
• People including employees, contractors, visitors and communities surrounding mining operations.
• Processes, systems and procedures.
• Cybersecurity (this is increasingly becoming important as the level of connectivity between different 

equipment and processes increases).

The following practices will assist mining companies to effectively manage OHS risks associated with 
mechanised mining systems:

• The OHS management plan should be co-created by a multi-stakeholder team comprising 
representation from groups such as researchers, academia, engineers, project managers, shop floor 
workers, frontline supervisors, management, OHS representatives, organised labour (unions), control 
room operators, emergency response personnel, regulator (inspectorate) and representation from 
local authorities and communities surrounding mining operations.

• Establish an OHS steering committee to champion the development and implementation of the OHS 
management plan, including OHS risk identification, assessment and management, defining OHS roles 
and responsibilities and identification of training requirements.  It is advisable for organisations to 
create a responsibility assignment matrix, detailing the different roles and responsibilities amongst all 
stakeholders (such as “responsible, accountable, consulted, informed” or “responsible, accountable, 
supportive, consulted, informed”).

• The OHS management plan should be understood, supported and approved by all levels of leadership. 
The leadership should ensure the OHS aspects are incorporated into all operational aspects of the 
business and leaders should always demonstrate their high regard and prioritisation for OHS (walk the 
OHS talk).  The leadership should also provide adequate resources (human resources, time, budget, 
leadership, etc.) to support the implementation (operationalisation) of the OHS management plan. 

• It is critical to sufficiently engage all stakeholders (including workforce and contractors), during the 
development of the OHS management plan.  An effective two-way communication system should 
be created to ensure that all stakeholders are kept informed about OHS matters, and to allow all 
stakeholders to meaningfully contribute to OHS matters.  It is important to provide timeous feedback 
on all OHS matters or recommendations raised by the stakeholders, including reasons why certain 
actions or recommendations could not be implemented.

• All stakeholders should be empowered through interventions such as training and coaching to improve 
the competency and skills in the identification (recognition), assessment and management of OHS 
risks.  Moreover, the risk management exercise should be conducted by a multi-stakeholder team 
comprising representation from all levels across the organisation, to ensure that an adequate level of 
risk is covered.

• Existing OHS legislation could have unintended consequences and could obstruct successful 
technological innovation.  Efforts should be made to ensure alignment and compliance of the system 
with all OHS regulations and standards.  Refer to Section 4: Regulations, page 37 for a list of relevant 
South African regulations related to machinery and equipment and a list of international OHS standards 

that are relevant to autonomous mining. 
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3.1 RISK MANAGEMENT

OHS risk management can be defined as the systematic process of managing OHS risks to prevent OHS 
incidents from occurring and allow progressive improvements in OHS performance.  Effective OHS risk 
management should focus on eliminating OHS risks at source, avoiding OHS risks, use of alternative and 
safer approaches such as technological innovation and adaptation of work to the individual.  The OHS risk 
management process should include the following:

• Identification of potential OHS hazards. The process should be based on the system’s functional OHS 
requirements.

• Risk assessment to determine the level of the risk.  It is best practise to create a risk evaluation matrix, 
covering aspects such as incident management, human errors, and change management.

• Risk mitigation (development, implementation and review of controls necessary to eliminate or reduce 
the risk to an acceptable level).

• Monitoring of the effectiveness of controls.
• Assessment and monitoring of the level of residual risk.
• Identification and implementation of continuous improvement initiatives.

Separate risk management plans should be developed for different activities such as deployment 
scheduling, site preparation, communications, contingency, vendor partner selection, execution, support 
and handover, and business continuity. It is noteworthy that plans will differ depending on site-specific 
conditions due to factors such as different mine types, operational conditions, equipment type, the 
complexity of the operation and equipment maturity. Moreover, effective communication and adequate 
consultation and engagement with all stakeholders is important for effective risk management. The risk 
management exercise is not a once-off event, rather it is a continuous process that must be regularly 
conducted to identify, assess, and minimise OHS risks during the operational life cycle. The use of 
continuous improvement tools such as the Plan-Do-Check-Act (PDCA) tool could be useful for continuous 
improvement of the risk management process.

New risks introduced by autonomous mining, include human-machine interaction. It is important to 
consider the following:

• A real-time tracking system to flag personnel entering “no go” zones.
• A system to indicate personnel as either “at shaft” or “safe from shaft” when tagging in or out at the 

lamp room.
• Machines should have pedestrian detection systems to avoid injuries.
• With the potential reduction in ventilation requirements in autonomous operations, the real-time 

tracking system should be utilised as input to “ventilation-on-demand” systems.

3.1.1 Risk Identification

The introduction of new technology will likely result in changes in established OHS management systems 
and associated OHS risks and hazards. The risk identification process should focus on identifying all 
OHS and functional process limitations of the mining system. Furthermore, the OHS risk identification 
process should anticipate all potential scenarios for the new mining system OHS incidents and associated 
potential OHS consequences.  The register of OHS hazards should be created based on brainstorming and 
analysis of OHS incidents statistics, and the register should always be updated as and when new hazards 
are identified.
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3.1.2 Risk Analysis

The OHS risk analysis process offers mines an opportunity to determine different aspects related to OHS 
risks such as nature of OHS hazards, OHS risk level, the likelihood of OHS incidents, ability to identify OHS 
incidents and potential severity of injury or damage.  A risk potential matrix (Figure 16) is a useful tool for 
assessing the identified hazards, to determine the importance of the risk-based on risk consequence and 
probability of occurrence.  It is critical to ensure that the team conducting the risk identification process 
have the required training, knowledge, information and experience of the:

• Organisational and best practice OHS risk management guidelines.
• Site-specific business continuity plan.
• Different aspects of the new mining system such as OHS features, functionality and functional OHS 

requirements.
• Operational processes including interaction, separation, maintenance systems and work practices.
• Operational environment, covering different aspects such as physical environment of mining activities, 

scale and complexity.
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Figure 16: Typical risk probability matrix (Hudson, 2001)

CHAPTER 3   Occupational Health and Safety



53

3.1.3 Controls for Risk and Hazard Management

When the OHS risk hazard identification and analysis processes are finalised, it crucial to develop and 
implement appropriate defences (barriers and controls), to eliminate or reduce the risks to acceptable 
levels.  The processes of controlling OHS risks should focus on identifying available control options and 
assessing the effectiveness of the options.  The hierarchy of OHS hazards controls for autonomous mining 
systems (Figure 17) is a useful tool for categorising the effectiveness of controls, from 1 (most effective) 
to 5 (least effective), as depicted in Table 6.  Mining companies need to provide sufficient information to 
enable informed decision-making during the OHS hazard control process.

Table 6: Effectiveness of OHS hazards controls

Item OHS hazard control classification Details of OHS hazard control classification

1 Elimination controls Eliminate or remove the OHS hazard (e.g., 
incorporating OHS aspects at technology design 
phase)

2 Substitution controls Provide alternatives/options to the hazard such as 
the use of alternative routes

3 Engineering controls These controls isolate people from OHS hazards

4 Administrative controls These are work practices (such as providing training 
to the workforce), which assist to prevent OHS 
hazards

5 Personal protective equipment (PPE) The use of PPE reduces the consequences of an 
OHS incident
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Controls that eliminate or remove hazard:

• Safe design, construction and installation 
(according to specifications and design 
parameters, in compliance with safety 
regulations)

• Procedures for ceasing operations to 
avoid risk (e.g. adverse weather)

• Definition of safe states and failure 
modes incorporated into the design 

• Digital infrastructure design incorporates 
cyber security measures, layers of 
protection

• Use systems and equipment that fail to 
safe state and that have been sufficiently 
tested and validated

SUBSTITUTION

Controls that replace or provide alternatives to the hazard:

• Plans for changing processes/equipment 
use to accommodate environment 
factors: modified speeds, alternate 
activities, alternate equipment, ect.

• Digital, network and communications 
redundancy, layers of protection

ENGINEERING CONTROLS

Controls that isolate people from hazards:

• Separating autonomous fleet/systems 
from manned operations wherever 
possible or providing sufficient barriers.

• Clearly marked autonomous area (e.g. 
with windrow/berm or fencing)

• Provide alternative access for personnel 
not directly involved in autonomous 
activity 

• Management for human and machine 
interaction when necessary (recovery 
options, refueling)

ADMINISTRATIVE CONTROLS

Controls for work practices preventing hazards:

• Certain functions restricted to authorized 
personnel (includes password protection 
for electronic security)

• Competency-based training and 
assessment of workers 

• Supervision and management oversight 
• Operational and maintenance safe work 

practices and safety training for all 
personnel

• Plans for training, access control, and 
inductions for occasional mine visitors

• Reporting and communication tools 
and policies for potential hazardous 
conditions/situations 
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e PERSONAL PROTECTIVE EQUIPMENT (PPE)

Controls that protect people in contact with a hazard 

•    Protective clothing, helmets, eye protection, hearing protection, ect

 
Figure 17: Hierarchy of OHS hazards controls for autonomous mining systems (GMG, 2019)
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3.1.4 Monitoring & Review

The PDCA systematic management and continuous improvement model (Figure 18) can be used to 
facilitate successful planning, implementation, monitoring, review and continuous improvement of the 
OHS risk management process:

• Plan – involves activities such as allocation of resources (time, budget, human resources, etc.) and 
development of the OHS risk management plan including activities such as risk identification, risk 
assessment and risk control.

• Do – implementation of the OHS risk management plan.
• Check – assess and measure the effectiveness of the OHS risk management plan.

• Act – review the OHS risk management plan and identify opportunities for continuous improvement.
 

Figure 18: PDCA management model (adapted from IOSH, 2014)

The OHS risk management monitoring and review program should focus on different aspects of the 
OHS management system including control audits, verification, and validation to ensure appropriate 
maintenance of OHS hazard controls at the operation.  As part of the validation process, it is key to clearly 
define and assign accountabilities and responsibilities.  The findings from the validation and audit exercises 
will provide insights on the status of implementation of recommendations from previous reviews, confirm 
the adequacy of responses to OHS incidents/issues, validate compliance to specification and opportunities 
for continuous improvement.

3.1.5 Documentation and records management

Sound data management remains a key pillar of an effective OHS management system.  A comprehensive 
database of OHS information allows mining companies to learn from OHS incidents and enables the 
development of feasible mitigation measures to prevent recurrences.  It is critical to create an environment 
conducive to encourage the workforce to report all OHS incidents.  Moreover, it is important to properly 
document risk assessment results in the mine’s risk register, and this should capture details such as 
the location of different workplaces, mining methods, size and complexity of mining operations, potential 
OHS incidents, consequences, and the likelihood of OHS incidents, controls and continuous improvement 
(monitoring and review) activities. 
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3.2 EMERGENCY MANAGEMENT PLANNING

In the context of OHS, an emergency management plan is a critical organisation strategy that aims to 
identify all probable OHS emergency events and develop emergency response plans, to mitigate the 
negative impacts of the potential events.  Emergency management planning aims to minimise the impacts 
of emergency events on the OHS of the workforce, property, facilities, and infrastructure, thus enabling 
business continuity.  A holistic emergency management plan should be backed by a sound understanding 
of the likelihood, potential consequences and severity of an emergency event, and formulation of 
appropriate mitigation, response and recovery strategies.  It is also important to have effective OHS incident 
investigation and root cause analysis systems in place to facilitate accurate identification of root causes 
and subsequent development of appropriate preventative measures. In developing emergency response 
plans, organisations should recognise that critical enablers of timeous response such as easy access and 
effective communication will be compromised during an emergency.  The following guidance is provided to 
improve the effectiveness of emergency response strategies:

• The emergency response strategy and associated roles and responsibilities of different personnel 
should be disseminated to all people within the organisation.  In the case of autonomous mining 
systems, the emergency response team should understand the system functionalities and controls.  
The member of the mining team should brief the emergency personnel and where possible escort the 
team to the affected location(s).

• It is important to regularly evaluate the effectiveness of emergency response plans through strategies 
such as emergency response drills and simulations.  The key outcome of the evaluation process will be 
the identification of gaps and the development of recommendations to close the identified gaps.

• The OHS management system should incorporate emergency response procedures, which can include 
safe isolation and shutdown of affected areas and equipment.  For example, the use of two-tier isolation 
circuits is effective in an autonomous mining environment.  The first tier will isolate the primary power 
(actuation systems), whilst the second-tier isolates the controller (telemetry) system.
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Figure 19 provides an overview of the subsections within the Regulations section of this guideline.
 

Figure 19: Regulations Overview

Significant changes in mining methods such as the introduction of mechanised or autonomous mining 
methods will usually require some regulatory changes.  Existing legislation could obstruct the successful 
implementation of new technology and it is critical to identify potential regulatory change requirements 
during the technology introduction planning phase, noting that the process of changing regulations takes 
a lot of time.  The introduction of new technology might require the following changes to the regulations:

• Revision of existing regulations.
• Requesting for exemption from existing regulations.
• Development of new regulations.

• A combination of the above options.

Table 7 provides some of the relevant South Africa regulations related to machinery and equipment. Table 
8 provides some of the international OHS standards that are relevant to autonomous mining. 
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Table 7: Relevant South Africa Regulations (Mine Health and Safety Council, 2018)

Item South African Regulations Citation

1 Chapter 3: Electricity regulations MHSA No. 29 of 1996 and Regulations (2018)

2 Chapter 4: Explosives MHSA No. 29 of 1996 and Regulations (2018)

3 Chapter 5: Fires and explosions MHSA No. 29 of 1996 and Regulations (2018)

4 Chapter 8: Machinery and equipment MHSA No. 29 of 1996 and Regulations (2018)

5 Chapter 9: Mine environmental engineering 
and occupational hygiene

MHSA No. 29 of 1996 and Regulations (2018)

6 Chapter 10: Miscellaneous and general 
provisions

MHSA No. 29 of 1996 and Regulations (2018)

7 Chapter 10: Ventilation, gases, and dust MHSA No. 29 of 1996 and Regulations (2018)

8 Chapter 15: Lighting, safety lamps and 
contraband

MHSA No. 29 of 1996 and Regulations (2018)

9 Chapter 18: Traction MHSA No. 29 of 1996 and Regulations (2018)

10 Chapter 20: Machinery: special safety 
measures

Minerals and Petroleum Resources 
Development Act, 2002 (Act No.28 of 
2002): Mineral and Petroleum Resources 
Development Regulations (2004)
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Table 8:  Recommended international standards relevant to health and safety and risk management

Standard number Title

IEC 60204-1:2016 Safety of machinery – Electrical equipment of machines—Part 1: General 
guidelines

IEC 61508-1:2010 Functional safety of electrical/electronic/programmable electronic safety-
related systems—Part 1: General requirements

IEC TS 62443-1-1:2009 Industrial communication networks–Network and system security–Part 
1-1: Terminology, concepts, and models

ISO 13849-1:2015 Safety-related parts of control systems—Part 1: General principles for 
design

ISO 13849-2:2012 Safety-related parts of control systems—Part 2: Validation

ISO 31000:2018 Risk management—Guidelines

ISO 20474-1:2017 Earth-moving machinery – Safety—Part 1: General requirements

ISO 19296:2018 Mining – Mobile machines working underground—Machine safety

ISO 17757:2017 Earth-moving machinery and mining—Autonomous and semi-autonomous 
machine system safety

ISO 73:2009 Risk management—Vocabulary

ISO 12100:2010 Safety of machinery – General principles for design—Risk assessment and 
risk reduction

ISO 45001:2018 Occupational health and safety management systems—Requirements with 
guidance for use

ISO 7731:2003 Ergonomics — Danger signals for public and work areas — Auditory danger 
signals

SANS 10104:1991 Code of practice:  Handrailing and balustrading (safety aspects)

EN 954-1:1998 Safety of machinery - Safety related parts of control systems - General 
principles for design

Fatal Risk Standards (FRS) guidelines

Safety Risk Mitigation Plan (SRMP) guidelines
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4.1 ADAPTING REGULATIONS TO AUTONOMOUS MINING

As highlighted already, the introduction of new technology in the mining sector will likely result in some 
changes to existing regulations, to align the legislation with associated procedural and technological 
changes.  It is key to appoint a team with knowledge in mining legislation and the new technology to 
champion the regulations review process.  The team should have the ability to comprehend the logic of 
current legislation, taking cognisance of the intent and make the necessary regulatory adjustments to at 
least meet the minimum expectations.  

4.2 ENGAGING REGULATORS
Before commencement of the regulator engagement process, it is important to develop a specific, 
measurable, attainable, relevant, and time-bound (SMART) regulator engagement plan. The engagement 
plan should also include details of all the information to be shared with the regulator.
The following guidance could be useful to facilitate successful engagements with the regulator:

• The legal liability associated with the operation of mechanised equipment or autonomous equipment 
should be well understood and all applicable regulators and regulations should be timeously identified.

• It is key to conduct a gap analysis of all existing OHS legislation, to identify all potential compliance 
gaps and changes (review, develop new OHS legislation or exemptions).

• A strategy for engaging the regulator and other stakeholders should be developed based on the 
outcome of the gap analysis process.

• Identify all key stakeholders who must form part of the regulatory engagement.
• Due consideration should be given to the time required to finalise all the processes, including securing 

all the required regulatory approvals.
• It is critical to determine the knowledge gap amongst all the stakeholders (including the regulator) and 

develop an action plan to bridge the knowledge gap.  This can be accomplished through interventions 
such as effective communication and workshops facilitated by credible technical experts. 

• The regulatory engagements should be facilitated by credible technical experts.
• Effective and timeous two-way communication (including providing timeous feedback on all matters 

raised) is important to expedite the finalisation of the engagements.  This could include disseminating 
project management plans detailing how the new mining systems will be deployed and controlled to 
ensure the protection of the workforce, environment, and property; risk assessments and proposed 
corrective actions for any identified regulatory constraints.

• Consideration should also be given to reporting requirements during the regulatory engagement 
process and operations.
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Figure 20 provides an overview of the subsections within the Change Management section of this guideline.
 

Figure 20: Change Management Overview

Change management can be defined as the structured process of managing all potential threats that could 
obstruct successful implementation and realisation of intended outcomes of any organisational changes, 
such as the implementation of new technology at a mining operation.  The introduction of new technology 
(such as mechanised or autonomous mining systems) is a significant organisational and cultural change 
that must be underpinned by a structured change management process, throughout all stages of the 
process.   The change management process aims to foster trust levels amongst all stakeholders, create 
a shared understanding of associated benefits and risks of new technology and secure stakeholder buy-
in and commitment. The change management process seeks to mitigate potential constraints that could 
hinder the successful implementation of new technology.  Typical threats could include lack of buy-in and 
resistance to change by the stakeholders, poor OHS performance and poor productivity.  Adoption and 
implementation of a structured change management process could assist mining companies with benefits 
such as:

• Increased organisation readiness, flexibility, and adaptability.
• Increased stakeholder engagement, buy-in, morale, preparedness and competency.
• Expedite, optimise and sustain the technology implementation process.

The nature and complexity of the change management process will vary depending on several factors such 
as the nature of the operation (greenfield or brownfield site), nature of the technology being introduced, 
the preferred implementation approach and the number of affected processes.  Thus, to facilitate the 
successful introduction of mechanised or autonomous mining systems, it is critical to develop, implement 
and continually improve a SMART change management process.  The change management plan should 
focus on engaging both internal and external stakeholders.  The following sections detail some of the 
change management considerations when engaging both internal and external stakeholders.
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5.1 INTERNAL
At a typical mining operation, internal stakeholders can include management, supervisors and the 
workforce.  This section provides some guidance on critical change management considerations when 
engaging internal stakeholders.

5.1.1 Change Management Plan

A holistic understanding of change impacts and organisational culture and dynamics is critical to enable 
the development of a SMART change management strategy, and subsequent realisation of the business 
benefits associated with the introduction of mechanised or autonomous mining systems.  The PDCA 
systematic management and continuous improvement model can be used to continuously review and 
improve the change management plan.  The following guidance is provided to facilitate the development 
of a SMART change management plan for the implementation of mechanised or autonomous mining 
systems:

• Appoint a change management steering committee to champion the process of introduction of new 
technology and other support functions such as influencing the desired behaviour, communication and 

training.  The following best practices could enhance the effectiveness of the committee:
- The committee should comprise a senior manager (chairperson), technology experts, engineers, 

production personnel, OHS personnel, supervisors, and representation across all organisational 
levels. 

- The inclusion of credible leaders, early technology adopters and influencers (influential members 
selected across all organisational levels including the workforce) could enhance the effectiveness 
of the committee. 

- It is also crucial to appoint one person or a team (within the steering committee) responsible for 
analysing data, ideas, and interpretations, and recommend actions, based on the inputs brought 
forward from multiple champions at different organizational levels.

- It is important to appoint one person or a team (within the steering committee) responsible for 
dealing with questions, issues, concerns, doubts and rumours about the incoming technology.

- All the members should be officially appointed to their roles and sufficient time should be provided 
to allow them to meaningfully participate in the different change management processes. 

- All members should be adequately trained before the implementation of change management 
initiatives.

• To enhance credibility to the entire process, it is important to secure visible support, commitment and 
buy-in from all levels of leadership (board members, executive, management, supervisors, etc.).  A 
carefully crafted cost-benefit analysis can be used to demonstrate the benefits associated with the 
introduction of new technology (mechanised or autonomous mining systems).

• It is key to create a conducive environment to foster effective engagement, collaboration, and co-creation 
amongst all key stakeholders.  This should start at the project inception phase and should continue 
throughout the life of the project and will boost the sense of ownership and minimise resistance to 

change. 

A carefully crafted communication plan is critical for the successful implementation of technology. The 
following is recommended to develop a comprehensive communication plan:

• Providing timeous, clear, customised, and consistent messages related to different aspects of the 
technology such as the nature of the technology, envisaged benefits of the technology, implementation 
timelines, implementation methodology/approach, risks, negative impacts, and managing expectations.

• Two-way communication should be embraced, to allow all stakeholders to raise their concerns and 
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suggest recommendations for continuous improvement.  Moreover, timeous feedback should be provided 
on all the issues and recommendations raised, including reasons why certain recommendations could 
not be implemented. 

• The importance and role of creative communication such as industrial theatre should not be 
underestimated.  The underlying hindrance to change in an organisation is typically characterised 
by overwhelming negative emotions and fears.  To this extent, industrial theatre can be an effective 

platform to first address these emotions and fears before communicating information (Keyser, 2020).

Table 9 provides some of the critical success factors that should be incorporated into the continuous 
monitoring and evaluation of the progress made during implementation. 

Table 9: Critical Success Factors for Change Management (adapted from GMG, 2019)

Critical success factor Measure

Level of authority • Level of support/sponsorship from senior management.
• Approvals secured.

Inclusiveness • Stakeholder identification and analysis.
• Stakeholder engagement plan developed, approved, and implemented.
• Communication plan developed, approved, and implemented.

Quantified risk • Risk analysis.

Realisation of value • Business case value drivers, KPIs and cost-benefit analysis.

Change management 
competency

• Measure process improvement.
• Steering committee established.
• Early technology adopters and influencers identified and engaged. 
• Buy-in, commitment and support of all stakeholders (including all 

levels of leadership and workforce) secured

OHS hazards • OHS risk identification.
• OHS risk assessment.
• OHS hazard controls.

5.1.2 Change Management Progression

Figure 21 illustrates how change management considerations should progress throughout the 
project lifecycle (planning, implementation, and early operation), with a major emphasis on workforce 
management, stakeholder management and process management. Successful implementation of 
mechanised or autonomous mining systems should be supported by activities such as operational readiness 
assessments, planning, project controls, continuous risk management and reporting. Moreover, critical 
success factors such as level of authority, the delegation of authority, extent of collaboration, effectiveness 
of risk management, value realisation, OHS performance and change management competency should be 
identified, monitored and evaluated. 
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Figure 21: Change management progression through the project life cycle (GMG, 2019)
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5.1.3 Implementation Approaches

Table 10 provide details of three implementation approaches (slow, phased and rapid approaches) that 
can be followed by operational mines wishing to replace old systems.  The choice of the approach is 
influenced by several factors such as regulatory regime, risk tolerance, technology operational maturity, 
cost pressure, schedule pressure, and business stakeholder support (Figure 22).

Table 10: Technology implementation approaches 

Approach Description

Slow implementation approach Characterised by relatively lower risk and higher cost. 
Implementation is executed over a long period through a 
series of R&D stage gates such as concept development and 
trials    

Phased implementation approach Characterised by medium risk and cost and implementation 
is executed over fewer stage gates, making use of a 
combination of mature technologies and those which are 
still at the R&D stage

Rapid implementation approach Characterised by relatively higher risk and lower cost 
and involves directly replacing the old system with new 
commercially available systems

 

Figure 22: Factors influencing implementation approach (adapted from GMG, 2019)
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5.2 EXTERNAL
At a typical mining operation, external stakeholders can include regulators, communities surrounding 
the mining operation and local authorities.  This section provides some guidance on critical change 
management considerations when engaging external stakeholders, specifically communities surrounding 
mining operations.  Engagements with regulators are discussed in Section 4.2: Engaging Regulators, page 
38, and will not be discussed in this section.

5.2.1 Community & Social Impact

The introduction of mechanised or autonomous mining systems at an existing operation will to a certain 
extent have some socio-economic impacts on the workforce, community and businesses that were 
dependant on the mine.  In other words, the introduction of mechanised or autonomous mining systems 
will to a certain extent affect the mine’s social licence to operate.  Thus, it is critical for the mine to 
renew its social licence to operate, through engagements with employees and the community, before the 
introduction of mechanised or autonomous mining systems.  This section seeks to provide guidance on 
some key considerations when engaging the communities and the workforce.

The departure point is to develop a SMART engagement plan, to facilitate the soliciting of inputs (concerns, 
suggestions, recommendations, etc.,) from the workforce and community, as well providing feedback 
on how the inputs will be addressed or implemented, including reasons why certain inputs cannot be 
implemented.  For greenfields projects, the engagement plan will mainly focus on discussing the socio-
economic benefits of mechanised or autonomous mining systems.  

For brownfield projects, the engagement will mainly be centred on the impacts of the introduction of 
mechanised or autonomous mining systems on jobs and working arrangements.  The workforce and 
community engagement plan should articulate a customised, consistent and clear message, including 
the envisaged future state and a SMART personnel development plan.  The personnel development plan 
should detail how affected employees will be upskilled, retrained, and redeployed to new occupations, 
including how community members will also be capacitated to be employed by the mine, start their own 
businesses / economic activities and meaningfully participate in the mine’s supply chain activities.  Table 
11 gives guidance on some key elements that should be addressed by the communities and workforce 
engagement plan.

Table 11: Key elements to be addressed by the communities and workforce engagement plan

Focus area Details of the focus area

Evolving Workforce 
Requirements

• Transparent and honest engagement with unions, workforce, and 
community on the impact of the introduction of mechanised or 
autonomous mining systems on jobs is important.  

• An action plan detailing the required new skills (reskilling, upskilling, new 
talent, etc.), nature of support offered to facilitate employee relocation/
redeployment and support offered to the retrenched workforce should be 
developed and implemented. 

• It is also critical to quantify and disseminate associated benefits of 
mechanised or autonomous mining systems such as the creation of new 
jobs, improved job flexibility, increased job satisfaction, prevention of 
premature mine closures (hence job losses) and improved OHS.
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Communications 
Strategy

• A SMART communication strategy tailored for each stakeholder group 
and detailing the overall benefits of new mining systems should be 
developed and implemented to facilitate easy engagement with the 
community and workforce.

Social and Economic 
Impact Assessment

• The mine should commission some studies to understand the social, 
economic, and environmental impacts of the introduction of mechanised 
or autonomous mining systems. 

• For brownfield projects, the studies should also investigate the impact 
on the existing social license to operate, taking cognisance of different 
aspects such as employment, training, and educational opportunities, 
including any other community development opportunities.

The successful introduction of mechanised or autonomous mining systems is largely dependent on the 
availability of a workforce with the right skills to operate and maintain the different pieces of equipment 
and technology.  It is thus critical for mining companies to collaborate with key stakeholders (government, 
communities, unions, local authorities, educational and training institutions, etc.) to identify skills gaps 
and develop an action plan to close the skills gap. 

Key considerations that should be taken by the mines in developing the capability enhancement and 
development strategy include:

• For brownfield projects, it is critical to develop an action plan to retrain, upskill and reskill existing 
employees.

• Developing and implementing innovative strategies to attract, train and retain the workforce.  Strategies 
could include the creation of meaningful, satisfactory, sustainable, and rewarding job opportunities.

• Identify cross-training opportunities.
• Develop a SMART training and upskilling strategy comprising training timelines, and training resources 

requirements (staff, facilities, infrastructure, budget, curriculum, etc.).
• Develop and nuture the right work ethic (culture) to support mechanised and autonomous mining 

systems.
• Identification and definition of the roles and responsibilities for different partners and collaborators.  

The partners/collaborators could include services providers, contractors, suppliers, other mining 
companies, government and education, and training institutions. 

• It is critical to review and align the education and training curriculum to ensure that it remains aligned 

to the mining industry’s current and future skills requirements.
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