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In the high-stakes environment of industrial manufacturing, aviation, and infrastructure maintenance, the acronym 

MRO (Maintenance, Repair, and Operations) often represents a significant yet overlooked portion of 

organizational expenditure. While direct materials—the components that make up the final product—receive 

intense scrutiny, MRO items frequently suffer from decentralized purchasing, fragmented data, and lack of strategic 

oversight. However, empirical data suggests that while MRO might only account for 5% to 10% of the Cost of 

Goods Sold (COGS), it can represent up to 40% of a procurement department’s total purchase orders. This 

disproportionate administrative burden, coupled with the critical nature of these items for maintaining Overall 

Equipment Effectiveness (OEE), necessitates a sophisticated, data-driven approach to optimization.

Understanding the Scope of MRO: A Technical Taxonomy

To optimize MRO, one must first define its boundaries. MRO encompasses all the materials, equipment, and

supplies required to keep a facility operational without becoming part of the finished product. This taxonomy is

typically divided into several critical sub-categories:

•  Consumables: Items that are used up or worn out during normal operations, such as lubricants, adhesives, 

cleaning agents, and welding rods.

•  Critical Spares: High-value components with long lead times whose failure would lead to catastrophic 

downtime (e.g., specialized turbine blades or custom-built gearboxes).

•  Wear Parts: Components designed to be replaced at regular intervals due to mechanical friction or thermal 

stress, such as bearings, seals, and drive belts.

•  Safety and PPE: Essential equipment for regulatory compliance and worker protection, including respirators, 

specialized gloves, and fall protection gear.

•  Tooling: Hand tools, power tools, and precision measurement instruments used by maintenance technicians.

The complexity of MRO arises from the sheer volume of Stock Keeping Units (SKUs). A medium-sized

manufacturing plant may manage upwards of 20,000 unique MRO SKUs, often sourced from hundreds of different

vendors, leading to the phenomenon known as "tail spend"—where a large number of low-value transactions

consume the majority of procurement resources.

Theoretical Framework: The Economics of MRO Optimization

MRO management is governed by the tension between Availability Risk and Carrying Costs. If a critical spare is

not available, the cost of downtime (which can exceed $20,000 per hour in automotive assembly) far outweighs the

cost of the part. Conversely, overstocking MRO inventory ties up working capital and leads to obsolescence.

Direct vs. Indirect Procurement: A Comparative Analysis

Understanding the difference between direct procurement and MRO (indirect) procurement is essential for

developing the right KPIs. The following table highlights the core mechanical differences:



Feature Direct Procurement MRO (Indirect) Procurement

Demand Predictability High (linked to Production Schedule) Low (often stochastic/unplanned)

Volume per SKU High Low to Moderate

Number of SKUs Relatively Low Extremely High

Inventory Turnover High Low

Supply Chain Risk Material shortage halts production Component failure halts production

Typical Sourcing Focus Unit Cost &amp; JIT Delivery Total Cost of Ownership (TCO) &amp; 
Availability

Technical Analysis: MRP vs. MRO Architectures

A common mistake in industrial management is treating MRO inventory exactly like production inventory within a 

standard Material Requirements Planning (MRP)system. While MRP is deterministic (based on a Master

Production Schedule), MRO is often probabilistic.

The Stochastic Nature of MRO Demand

MRO demand follows different statistical distributions compared to direct materials. While direct materials follow a 

Gaussian distribution aligned with production targets, MRO demand—particularly for repair parts—often follows a 

Poisson distribution, characterized by long periods of zero demand followed by sudden, unpredictable spikes.

Comparison: MRP System vs. MRO Management



Parameter MRP (Direct) MRO Management

Primary Input Bill of Materials (BOM) Maintenance Schedules &amp; Asset 
History

Logic Dependent Demand Independent/Stochastic Demand

Order Trigger Explosion of finished goods demand Reorder Point (ROP) or Min-Max

Software Focus Production planning &amp; capacity Enterprise Asset Management (EAM)/
CMMS

Core Mechanics of MRO Inventory Optimization

To achieve a high-performing MRO environment, organizations must move beyond reactive purchasing and adopt

advanced mathematical models for inventory control.

1. The Economic Order Quantity (EOQ) for MRO

The EOQ model helps determine the optimal order quantity that minimizes the sum of ordering costs and holding

costs. For MRO, the formula is:

EOQ = "�((2 * D * S) / H)

Where:D = Annual demand quantity (units)S = Fixed cost per order (administrative labor, freight)H= Annual holding

cost per unit (warehouse space, insurance, capital cost)

2. Determining the Reorder Point (ROP) and Safety Stock

Given the variability of MRO lead times (the time from order placement to arrival), calculating a robust ROP is vital.

The ROP is defined as:

ROP = (Lead Time x Average Demand) + Safety Stock

Safety stock for MRO is calculated using the standard deviation of lead time and demand to achieve a specific 

Service Level(e.g., 98% availability for critical spares). For MRO, a higher service level is assigned to "Criticality

A" items, while "Criticality C" items (like office supplies) may have a much lower service level to save costs.

7 MRO Optimization Best Practices for 2024

As we move into a more digitized industrial landscape, these seven best practices represent the gold standard for

MRO procurement and management:

1. Data Harmonization and Standardization

The biggest hurdle in MRO is "dirty data." Often, the same bearing is listed under three different part numbers 

because different technicians used different descriptions. Implementing a standardized Taxonomy (e.g., UNSPSC)

and ensuring a "Single Source of Truth" for the master data catalog is the first step toward visibility.

2. Implementing a Multi-Echelon Inventory Strategy

For organizations with multiple sites, a centralized hub-and-spoke model for high-value/low-frequency parts can

reduce total inventory investment while maintaining localized stocks of high-frequency consumables.



3. Vendor-Managed Inventory (VMI) and Industrial Vending

By installing industrial vending machines for consumables and PPE, companies can achieve point-of-use

availability. This automates the replenishment process: when a technician swipes their badge and takes a pair of

gloves, the system automatically decrements the inventory and triggers a purchase order when the minimum

threshold is met.

4. Predictive Maintenance (PdM) Integration

By integrating IoT sensors and Condition Monitoringdata into the procurement workflow, the system can predict

a component failure before it happens. This allows for "Just-In-Time" MRO, where the part is ordered exactly when

the sensor data indicates a 90% probability of failure within the next 14 days.

5. Strategic Supplier Consolidation

Managing 500 vendors for MRO is inefficient. By consolidating spend with a few strategic "integrators," companies

can leverage volume for better pricing and reduce the administrative cost of processing thousands of low-value

invoices.

6. Total Cost of Ownership (TCO) Evaluation

MRO procurement should not just look at the purchase price. A $50 bearing that lasts 2,000 hours is more

expensive than a $100 bearing that lasts 10,000 hours when you factor in the labor cost of replacement and the

cost of machine downtime.

7. Digital Thread and EAM Integration

Ensure that your Computerized Maintenance Management System (CMMS) communicates seamlessly with 

your ERP. When a work order is created in the CMMS, the required parts should be automatically reserved or

ordered, ensuring that technicians never arrive at a job site only to find the parts are missing.

The Practical Implementation Roadmap

Optimizing MRO is not an overnight task. It requires a systematic phase-based approach:

Phase I: The MRO Audit

Perform a physical wall-to-wall count. Identify "obsolete" and "slow-moving" stock. In many facilities, 20-30% of

MRO inventory belongs to machines that have been decommissioned years ago. This is "dead capital" that should

be liquidated or scrapped to free up space.

Phase II: Criticality Analysis (ABC/XYZ)

Categorize every SKU based on two dimensions:Value (ABC): A = 80% of spend, B = 15%, C = 5%.Criticality 

(XYZ): X = Critical for production, Y = Essential but not immediate, Z = Non-essential.

Phase III: Process Automation

Identify high-volume, low-value transactions and automate them through Electronic Data Interchange (EDI) or 

Punch-out Catalogs. This allows the procurement team to stop acting as "order takers" and start acting as

strategic analysts.

Troubleshooting Common MRO Failures

Even with advanced systems, MRO programs can fail. Here are common failure modes and their technical

solutions:



•  Problem: Maverick (Rogue) Spending. Technicians buying parts on company credit cards at local retail shops 

to avoid the "slow" internal procurement process. Solution: Improve the lead time and user interface of the internal 

procurement system so that it is easier to use than the alternative.

•  Problem: Stockouts of Critical Spares. Solution: Implement automated alerts for lead-time violations and utilize 

"expedite" protocols for A-criticality items.

•  Problem: Inaccurate Inventory Records. Solution: Implement Cycle Counting instead of annual physical 

inventories. High-value items should be counted monthly, while low-value items can be counted annually.

Strategic Implications of Optimized MRO

Effective MRO management is more than just a cost-saving exercise; it is a fundamental pillar of Operational 

Resilience. In an era of global supply chain volatility, the ability to maintain internal assets without interruption 

provides a distinct competitive advantage. Organizations that master their MRO spend see immediate 

improvements in their Return on Net Assets (RONA) and a significant reduction in unplanned downtime.

By transitioning from a reactive, decentralized model to a proactive, data-driven MRO strategy, companies

transform their maintenance departments from "cost centers" into "value drivers." This shift requires a combination

of cultural change, technological investment (IoT, EAM, AI-driven analytics), and a relentless focus on data integrity.

As we look toward Industry 4.0, the integration of MRO into the broader digital supply chain is not merely an option

—it is a requirement for survival in the modern industrial landscape.

Ultimately, the goal of MRO optimization is to ensure that the right part is in the right place at the right time, at the

lowest possible total cost. This requires a shift in perspective: seeing MRO not as a pile of spare parts in a dusty

storeroom, but as the lifeblood of the production environment, requiring the same level of analytical rigor as any

other strategic business function.
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