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SETTING UP THE INQUIRY

Research Question & Practitioner Perspective

Research question

How did the introduction of data-driven methods 
change risk assessment and governance in mining 
operations I worked in directly?

Direct access, as evidentiary base

Operational risk logs across sites

Emissions and environmental monitoring data

Incident and near-miss records

Board-level risk and governance discussions

This access is the paper's primary evidentiary base. Its limits are addressed 
directly in the closing reflections.
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THE BASELINE

Why Traditional Risk Assessment Falls Short

Inconsistent scoring

Different assessors rated the same 
risk differently, with no consistent 
basis for comparison.

Siloed information

Environmental, safety and 
operations teams held data 
separately rather than integrating it.

Reactive, not 
anticipatory

Responses tended to follow 
incidents rather than anticipate 
where failure was likely.

Weak investment 
evidence

Sustainability investments were 
proposed with little evidence the 
board could rely on.

This is not just inefficient. Risk assessment built this way cannot reliably tell you where the next failure is most likely to occur.
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THE CONCEPTUAL HINGE

Why Data Matters

Subjective judgement

“What do we think the risk is?” — point-in-time, 
person-dependent, hard to compare across sites.

→
Pattern-based evidence

“What does the data show about how this risk 
behaves, and what tends to trigger it?” — built from 
data the operation already generates.

This distinction — judgement versus evidence — is the hinge the rest of the paper turns on. The next slides walk through the specific 
methods that enabled it, and what governance problem each one solved.
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METHOD, PROBLEM, EVIDENCE

Predictive Modelling & Scenario Analysis

Predictive modelling

What it does: Applies pattern detection to emissions and operational 
data, flagging when readings trend toward a problem.

Governance problem solved: Moved environmental management from 
reactive (respond after a breach) to preventive (act before one).

Like forecasting weather from historical patterns — but for pollution spikes.

Scenario / “what-if” analysis

What it does: Tests conditions — such as extreme rainfall — against 
infrastructure like tailings dam stability before they occur.

Governance problem solved: Let teams plan for a 1-in-100-year event in 
advance, instead of learning from an actual failure.

Asking “what happens if…” and planning the answer before it's needed.
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METHOD, PROBLEM, EVIDENCE

Monte Carlo Simulations & Cascading Risk

Monte Carlo simulation

Runs an operation's risk profile thousands of times under varying 
conditions to see which failure pathways are most likely — and 
how risks compound.

Like running the operation 10,000 times virtually to see which 
combinations of failures tend to happen together.

Cascading risk, made visible

Production delay

↓

Maintenance window missed

↓

Safety incident risk rises

Traditional assessment treated risks as separate line items. This method showed how they interact — prioritisation shifted to which combinations of risk deserved attention.
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METHOD, PROBLEM, EVIDENCE

Digital Twins, KRIs & Real-Time Monitoring

Digital twins

What it does: Virtual models of physical operations used to test 
maintenance scenarios and equipment behaviour without real-world risk.

Governance problem solved: Supported a shift from scheduled to 
preventive maintenance — catching equipment issues before failure.

A computer model of the operation used to test scenarios safely before 
trying them for real.

Key Risk Indicators (KRIs)

What it does: Early-warning thresholds built into live dashboards, giving 
frontline teams a real-time signal as a risk builds.

Governance problem solved: Moved risk knowledge out of specialist 
hands and into everyday operational visibility — faster detection, faster 
intervention.

Like a dashboard warning light, instead of waiting for a periodic report.
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THE EVIDENTIARY CORE

What Changed in Practice

Environmental

– Earlier identification of emission spikes
– Fewer pollution events reaching reportable thresholds
– More consistent compliance management

Worker safety

– Better anticipation of equipment and process failures
– More interventions before an incident, not after

Community impacts

– Clearer patterns in grievances over time
– More targeted, less generic responses

Governance

– “We believe” shifted to “the evidence shows”
– Stronger evidentiary basis for sustainability investment
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PULLING IT TOGETHER

Governance & Sustainability Implications

Embedded, not episodic

Sustainability considerations moved into routine operational decisions, not just annual reviews.

Evidence outweighs opinion

Evidence-based arguments were harder to dismiss than opinion-based ones in management discussions.

Budget competition shifted

Environmental and safety priorities competed more effectively against purely commercial priorities.

This stays tied to findings from the case — not a broader claim about external data access, which is addressed briefly in the closing reflections.
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SPEAKING TO THIS ROOM

Why This Matters for Development Research

Mining is a major development challenge

Energy, infrastructure and materials demand sits directly alongside serious 
environmental and social risk.

Corporate actors generate the data at scale

Sustainability-relevant data is a routine by-product of operations — not a 
special collection effort.

That data shapes real outcomes

How it is or isn't integrated into risk governance materially affects 
environmental and social outcomes on the ground.

A methods contribution

Practitioner-generated insight into a process development research rarely 
gets to observe directly, beyond aggregated annual disclosures.
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HOLDING THE ACCOUNT HONESTLY

Limitations & Reflections

A single practitioner account

One industry, one country. The claim is methodological — that this type of evidence exists and is underused — not that specific findings generalise.

Community perspective is absent

This account describes what changed from inside the organisation. It does not include community views on whether these changes were experienced 
as improvements — a necessary direction for further research.

Access remains an open question

Who ultimately has access to this kind of data is real, but outside this paper's scope.
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CLOSING

Conclusion

Integrating data into risk assessment changed mining risk governance from subjective 
and reactive to evidence-based and anticipatory — with measurable effects on 
environmental management, worker safety, community response, and board-level 
decision-making.

For development research, this case is a concrete, practitioner-grounded example of how technology-driven 
methods reshape sustainability governance inside a major extractive industry.

Thank you — questions welcome.
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