
Simulation Modeling: Key to Effective MRO, 

Profit Growth, and Manageable Risks

Practice-Based Recommendation: 

Optimizing MRO Budget for Tangible 

Profit Growth in the Mining and 

Metallurgy Industry
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The Essence of the Solution and Its Value to You

Our approach is a combination of two powerful tools: SM 

(Simulation Model) for in-depth analysis of risk consequences 

and OM (Optimization Model) for selecting the most effective 

portfolio of repairs.

Practice at the MMC shows: the approach allows for reducing 

EBITDA losses by ~3-5% and reallocating ~15-20% of the 

MRO budget to truly critical activities, eliminating inefficient 

spending.

As a result, you get an economically justified, optimal MRO 

plan that directly contributes to your holding's profit growth.

MRO
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Known MRO Loss Points
What You've Likely Encountered

each hour can cost up to $300K and lead to 

plan disruptions.

High Cost of Critical Equipment Downtime

decisions are often based on 

experience or intuition, not on 

objective data about risks and their 

impact on final profit.

Prioritization Difficulties

failure of one element cascades 

throughout the entire chain.

Complex Production Interdependencies

difficulty in selecting the most 

effective repairs from thousands of 

potential ones, to avoid 'burning 

through' money.

Limited MRO Budget

non-obvious problems that seem minor 

today but turn into millions in losses 

tomorrow.

Hidden Risks and 'Bottlenecks'



Degradation of Planning Methods
Why Traditional MRO Approaches Often No Longer Yield the Desired Results?

Often fails to account for actual condition, equipment criticality, and 

interdependencies. This leads to either unnecessary repairs or missed critical 

failures.

PPM Planned Preventive Maintenance

Most expensive approach: unplanned downtimes, urgent procurements, logistics issues, 

contract disruptions. Managing consequences, not risks.

Reactive Maintenance ('Firefighting')

Subjective, difficult to scale to thousands of equipment units. Heavily dependent on the experience 

of specific individuals; knowledge is hard to formalize and transfer.

Expert Assessments

How to prove the economic effect of preventive measures to management? It's difficult to objectively link the 

cost of a specific repair to the overall profitability (EBITDA) of the entire production chain.

Complexity of ROI Justification

Traditional approaches cannot cope with the growing complexity of production and do not allow for optimal 

budget allocation to maximize profit.
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Our Solution
Synergy of Simulation and Optimization Modeling for MRO

Simulation Model

Deeply analyzes your system's operation and 

identifies the REAL CONSEQUENCES of any 

set of risks.

Optimization Model

Determines the OPTIMAL PORTFOLIO of 

MRO activities that yields the best economic 

effect within the budget.

Result:

a justified, optimal MRO plan that directly contributes to PROFIT MAXIMIZATION 

and a clear understanding of residual risks

MRO Risks



Key SM Capabilities
In-depth analysis of risk consequences using SM (Simulation Model)

Models the operation of complex production chains 

(inventories, flows, bottlenecks) over time

Calculates how specific failures, breakdowns, or capacity 

reductions affect the holding's final profit (EBITDA).

Verifies the logic of emergency response and the 

effectiveness of reconfiguring production chains

Calculates final product output and financial results when risks 

actually materialize.

Main task of the Simulation Model: 

Detailed assessment of potential EBITDA losses from risk 

realization allows for RATIONALLY RANKING MRO 

activities by their economic effectiveness.

Important: 

SM is not intended for iterating through all possible 

combinations of risks and activities to find a global 

optimum within the budget (this is OM's task).



Key OM Capabilities
Selecting the most profitable repairs using OM (Optimization Model)

Selects MRO activities within specified limits where the 

preventable damage (per period) EXCEEDS MRO costs (others 

are not recommended for execution). Models how production can be optimally adapted when selected 

risks (repairs/failures) materialize, to maximize the use of 

remaining capacities and inventories.

When ranking activities, it considers residual risk, factoring in compensatory adaptation of production 

plans and the supply chain.

Considering all possible combinations of activities, it selects the BEST 

PORTFOLIO that maximizes profit (or minimizes losses).

Main task of the Optimization Model: 

To form an MRO activity portfolio that ensures the BEST 

FINANCIAL OUTCOME for the company under given 

budget constraints.

Important: 

OM calculates discretely at an aggregated level 

(year/month), without a continuous process, focusing on 

STRATEGIC selection.



Two Approaches – One Result
Depth of analysis (SM) and optimality of solutions (OM)
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Level of Risk and Loss Reduction

Effectiveness of Risk and Activity Selection

Criterion SM

Deep-Dive Analyst

OM

Portfolio Manager

Primary 

Function
Analyzes specific 

scenarios ("What if?"). 

Accurately assesses 

impact on EBITDA

Compares ALL loaded MRO 

activities simultaneously. Selects 

the optimal set of measures 

based on "cost vs. EBITDA effect" 

within the budget.

Detail 

Considera

tion

Considers production 

dynamics (bottlenecks, 

inventories).

Works with aggregated data, 

focusing on economic efficiency.

Result for 

MRO
Deep insights into risks 

and their real 

consequences.

Optimal MRO activity portfolio.

Synergy of Approaches: The combination of SM and OM ensures balanced 

decisions (without overestimating/underestimating risks) and maximum profit 

through precise MRO resource allocation.

Comparison of Approaches



Justification of MRO Costs
Model Analysis Example

Example 1

Railway Track #121

• MRO Costs: 30,000 monetary units

• Preventable Damage (Risk-Profit): 200,000 monetary units

• Model Decision: APPROVE (Economically viable)

Example 2

Ball Mill #97

• MRO Costs: 100,000 monetary units

• Preventable Damage (Risk-Profit): 0 monetary units

• Model Decision: REJECT (Economically unviable)

Conclusion:

The model allows for objective assessment of the viability of each MRO activity, directing investments towards truly 

profitable ones and preventing inefficient spending.



Factors 

additionally

considered by 

the model

Traditionally

Considered 

Factors

1. Direct repair costs (spare parts, labor costs):

2. Lost unit output (at nominal capacity).

3. Simplified calculation of lost revenue (at average/planned price).

4. Direct penalties for supply disruptions.

5. Personnel salaries during downtime.

6. Reduction in total system output (considering buffers and flows):

7. Dynamic calculation of lost margin (current price, variable cost).

8. “Domino effect” (downtime of adjacent sections, transport).

9. Effectiveness of buffers and reserves (actual mitigation of consequences).

10. Urgency surcharges (emergency repairs, logistics).

11. Impact of downtime timing (market conditions, inventory status).

12. Cost of alternatives (e.g., external procurement).

What Does Downtime Cost?
Comprehensive Factor Accounting by the Model

The model provides a comprehensive and accurate calculation of downtime cost, considering all direct and indirect factors.



PRACTICAL CASE STUDY

Next, let's examine the implementation of the 

approach and the results achieved with a specific 

example.

MRO Optimization in a Large Mining and 

Metallurgy Company



MMC Case Study
Transforming MRO into a Profit Center through Proactive Risk Management

Client *

o Global leader in precious metals 

production.

o Complex vertically integrated 

structure (ten assets).

o Assets located in harsh natural 

conditions (high logistics costs, 

increased reliability 

requirements).

Initial Situation:

o High cost of critical equipment 

downtime.

o Significant MRO budget 

(hundreds of millions of $), 

complexity of its optimal 

allocation.

o Some assets have high wear and 

tear, leading to unpredictable 

failures.

o Difficulties in objectively 

assessing the impact of specific 

repairs on overall holding 

profitability.

Project Goals:

o Maximize EBITDA by reducing 

downtime losses.

o Optimize the MRO budget, 

focusing on critical risks.

o Increase transparency and 

justification of MRO decisions.

o Transition to proactive MRO risk 

management.
* Client information 

disclosure prohibited 

by NDA



Project Implementation
Creation of a Unified MRO Analysis and Optimization System

2021 2022 2024 2025

Creation of a digital twin for 

key production chains; 

configuration of failure logic, 

repairs, buffers; loading of 

the MRO activity list.

Building the Simulation 

Model

Equipment registry, technical 

schemes, standards; failure 

history; repair costs; inventory 

data; production plans and 

parameters.

Data Collection and 

Consolidation

Launch in a pilot area; 

model calibration, user 

training; scaling to key 

holding assets.

Integration and Piloting

Industrial operation of 

the SM. Mathematical 

model setup. Result 

analysis.

Setup and Implementation 

of the Optimization Model



ANALYSIS EXAMPLES How Models Helped Make Decisions

Analysis of Substation Failure Risk:

The Simulation Model revealed not only direct losses, but 

also a cascading effect (warehouse overflow, semi-

product shortage), showing actual damage 13% higher 

than previously estimated.

Insight:

Target inventory levels were adjusted to 

reduce chain disruptions.

Formation of the Annual MRO Plan, 

Budget $800M

1) During the analysis, approximately 15,000 

proposed maintenance and repair (MRO) 

activities with a total cost of $3 billion were 

considered.

2) For each activity, the cost-to-expected-effect 

ratio was calculated.

3) As a result, an optimal portfolio of 

approximately 3,800 activities was formed, 

which fits within the budget and ensures 

maximum reduction of EBITDA loss risks.

Key Insight:

about 35% of activities from the initial PPM (Planned Preventive Maintenance) 

plan had low or negative Return on Investment (ROI). Requests for these 

activities were moved to the contingency response plan.



Measurable Results
MRO Optimization as a Profit Center

• Reallocation of ~15-20% of the MRO 

budget from low-efficiency to critically 

important activities.

• Increased Return on Investment (ROI) in 

the MRO budget.

• In some cases – reduction of the overall 

budget while maintaining or even 

increasing the reliability level of key assets.

Budget Efficiency

20%

3-5% $105..6

• Projected reduction in profit losses 

due to equipment downtime by ~3-

5% (equivalent to tens of millions 

of $ per year for the holding).

Reduction in Profit Losses

• Strong economic justification for 

each MRO expenditure item.

• Unified approach to repair 

prioritization across all holding 

assets.

Transparency and Objectivity

Reduction 

in Loss 

of Profit

Budget 

Reallocation



Global Experience
MRO Optimization in Large Companies Confirms the Approach's Effectiveness

Target savings of $1.2 billion (Optimized 

strategies).

BHP ($60 billion)

Downtime reduction by 10-20%, costs by 

15% (AI/ML, simulation models)

Shell ($380 billion)

Equipment utilization +5–15% (Predictive 

and optimization models)

Rio Tinto ($55 billion)

Savings of $7.8 million in 18 months 

(Predictive models, EAM/APM)

Vale ($40 billion)

References to models are components or analogs of the comprehensive SM+OM approach presented earlier.



Limassol MinskDubai

Our team of engineers 

for the most advanced MRO 

solution is ready to answer 

your questions 

and discuss details

Website MRO.Best

Contact Inquiries:

Email mail@mro.best

Telegram @mrobestbot


