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The reality of maintenance in
asset-intensive industries

Across asset-intensive industries, maintenance is both a necessity and a
challenge. It is marked by geographical diversity, with assets and teams
spread across vast regions. This diversity often leads to non-standardized
processes, where each site or team develops its own unique approach to
working. Distributed operations further complicate matters, making it
difficult to enforce consistency or share best practices.

In addition to non-standardized processes, data is fragmented,
unstructured, and largely incomplete in the CMMS/EAM system:s.
Maintenance data might be kept in spreadsheets, historians, or isolated
digital systems, making it nearly impossible to gain a holistic view of asset
health or performance.

Data is managed without following best practices, inconsistent hierarchies,
master data, and transactional data within the Asset Register. Also, there

are frugal and non-standardized assets strategies, thereby creating a void
in the Work Management System. These inconsistencies are compounded
by workforce gaps, an aging workforce, skill shortages, and uneven
knowledge distribution, all of which threaten the continuity and effectiveness

of maintenance programs.

The cost of unplanned downtime continues to rise. Every unexpected
failure not only disrupts production but also exposes the organization to
safety risks and lost revenue. In this environment, the need for a more
intelligent, integrated approach to maintenance has never been clearer.




The shift towards intelligent,
integrated maintenance

Traditional maintenance tools, while useful, often operate in
isolation. A CMMS may track work orders, but it rarely integrates
seamlessly with condition-monitoring systems, sensors, or
inventory modules. On top of this, data is frequently not managed
with the required quality or governance, leading to decisions
made on incomplete, inconsistent, or outdated information. This
siloed and assumptive landscape limits true data-driven
decision-making and reduces the organization’s ability to respond
quickly to emerging issues.

This is changing!

The reduction in costs of sensors, mobile devices, and cloud
computing has enabled connecting assets, people, and process
es in real-time. Integrated platforms are emerging, bringing
together data from across the organization and enabling
smarter, more coordinated maintenance strategies.

The focus is shifting away from “digital for digital's sake.”

Instead, organizations are seeking systems that deliver real
business outcomes like reducing downtime, improving safety, and
optimizing costs. The most successful programs are those that
use technology as an enabler, not a distraction, and that prioritize
integration and intelligence at every step.

The culmination of an effective maintenance and reliability
program is realized at the frontline, where strategy, data, and tech
nology intersect with human expertise. By equipping technicians
with digital workflows, organizations bridge the gap between
planning and execution. Step-by-step guidance, real-time
support, and automated data capture ensure that every task is N—
performed safely, efficiently, and in alignment with best practices. '

But here’s the real question - How do we ascertain the effective
ness of this program?

The business objectives of a digitized and Al-driven maintenance
approach are clear:

¢ Cost Reduction: Lowering maintenance expenses through
optimized resource allocation and reduced waste.

* Revenue Gains: Increasing asset availability and productivity
to drive higher output and profitability.

 Reliability: Minimizing unplanned downtime and ensuring
consistent, safe operations.

Now, once we've set the objectives to ascertain the effectiveness
of a digital program, the next step is to list down the best practices.
It is safe to say that the first step of maintenance and reliability is
to have clean & structured data as the core enabler.




Data as the core enabler of reliability

At the heart of any effective maintenance and reliability program is data.
But not just any data; data that is cleansed, enriched, and standardized
according to industry best practices, such as ISO 14224 or ISO 55000. This
process transforms raw information into a reliable foundation for deci
sion-making.

As a practice, it takes a lot of time to do manual data analysis, master data
management, and related activities

Al-driven master data management tools are now capable of autono
mously curating equipment master data, mapping assets to their
functional locations, and classifying maintenance records into consistent
failure modes. This ensures that work history and transaction data are not
only accurate but also comparable across sites and systems.

The result is a single source of truth. With consistent, high-quaility data,
organizations can analyze trends, identify risks, and plan interventions with
confidence. This data-driven approach is the cornerstone of modern
reliability.

Beyond clean and structured data, reliability programs now need systems
designed with Al at their core. Digitization organizes information, but it still
relies heavily on manual configuration, rule-building, and ongoing
maintenance.

Al-first systems reduce that burden. They apply intelligence directly to data
preparation, analysis, and decision support, automating tasks that
previously required sustained human effort. This shifts teams from
managing systems to acting on insights, accelerating implementation and
improving reliability outcomes.

If you want it even sharper or more assertive, we can compress this into a
single paragraph without losing meaning.




Data Management: The Foundation of a
Connected Ecosystem

The journey toward a resilient connected worker system begins with data
integrity. An Al Data Agent can autonomously cleanse and enrich asset
data according to industry best practices. This involves:
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A Data Orchestration Manager (OM) fronts all data requests and coordinates two

specialized Al agents:

1. Equipment Master Data Agent (EMD): curates and standardizes asset master
data (class, type, hierarchy, BOM, locations) to 1SO 14224/ISO 55000 conventions
and SAP PM structures.

2. Work History & Transaction Agent (WHT): ingests notifications, work orders,
permits, confirmations, time bookings, parts issues/returns, and failure codes.

Both agents operate behind a versioned API, with the OM handling routing, policy,
lineage, and quality gates.

- Standardizing equipment attributes (class, type, service) as per ISO 14224,

«  Mapping assets to their functional locations and linking operational
parameters from historians.

- Classifying maintenance records into consistent failure modes (e.g. bearing
failure, seal leakage).

« Validating data completeness through exception dashboards.

This data-driven foundation is what enables advanced maintenance optimization
— the application of Reliability-Centered Maintenance (RCM) principles across
critical assets.




Asset strategy intelligence: The case of
HT-motor pump system

Consider a high-tension (HT) motor driving a centrifugal pump, a
critical asset pair in chemical or refinery operations.
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Step 1: Applying RCM Principles
Al analyses historical data to identify potential failure modes — such as seal
leaks. For each mode, it computes optimal inspection and replacement
intervals based on probability of failure (PoF) and consequence of failure (CoF).

Step 2: Interval Optimization

The Al agent auto-updates maintenance plans and task lists in the CMMS,
aligning PM frequency with actual asset condition, thereby reducing
unnecessary interventions while minimizing unplanned downtime.

Step 3: Corrective Maintenance via Computer Vision

When a seal leak occurs, an Al Vision Agent identifies it using Image
classification captured by a field device. It correlates the observation with the
failure mode repository, and retrieves:

» Relevant maintenance procedures

- Bill of materials (seal kit, gasket, lubricant)

« Estimated repair hours and required skill levels

« Associated safety permits and risk mitigation steps

The agent then automatically creates a notification in the CMMS, fully prefilled
with structured data — turning unplanned events into actionable, traceable
workflows.

The feed to asset strategies can come from the different repositories like
SCADA, Historian, and other data sources and hence work is identified.



Al-Driven Planning, Scheduling,
and Permit Automation

Once notifications are generated or work is identified, Al
Planning and Scheduling Agents optimize resource
allocation:

« Cluster jobs by work center, skill, and geographic
proximity.
« Balance preventive and corrective workload.

« Simulate alternative scheduling scenarios to
minimize equipment downtime.

Simultaneously, a Work Permit Agent assigns the
correct permit type (e.g. hot work, confined space),
pre-fills digital forms, and routes them for validation
with human-in-loop approval to ensure compliance
and safety integrity.

Execution through Augmented Reality (AR)

Field technicians perform tasks using augmented
reality (AR) work instructions:

« Visual overlays guide step-by-step execution.

+ Safety checklists and digital permits appear
contextually.

+ Real-time video assistance enables expert
collaboration.

OR

A mobile tablet with Al-preferred data and instructions,
RCA, and recommendations on the asset to take
corrective action.

As the job concludes, the system captures actual labor
hours, materials used, and closure comments, feeding
them back automatically into the CMMS.




Closed-Loop Intelligence: From Execution to
Reliability Models

The continuous feedback of work execution data enriches the organization’s
Reliability, Availability, Maintainability (RAM) models:

Actual versus planned duration trends improve cost forecasting.

Mean time between failure (MTBF) and mean time to repair (MTTR) metrics
refine risk-based maintenance strategies.

The digital twin of the asset evolves with every work cycle, providing predictive
foresight for future interventions.

This closed-loop ecosystem forms the foundation of autonomous maintenance
maturity —where human and Al agents co-orchestrate sustainable reliability.

Overall Workflow :
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Wrapping Up

Maintenance and reliability transformation is not achieved through isolated tools
or one-time digital initiatives. It is built through an integrated, closed-loop system
where clean data, intelligent automation, and frontline execution continuously
reinforce one another.

By establishing data as the foundation, applying Al to standardize, contextualize,
and learn from that data, and embedding intelligence directly into planning,
execution, and feedback cycles, organizations move beyond reactive
maintenance. They gain the ability to anticipate failure, optimize asset strategies,
and align daily work with long-term business objectives.
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To track progress toward these goals, organizations rely on a suite of key
performance indicators. This strategic, data-driven approach enables
continuous assessment and improvement, delivering tangible results such as:

* 15-25% reduction in maintenance costs

e 20-30% improvement in wrench time

e 30-40% decrease in unplanned downtime

» Full auditability of safety and compliance actions

Ultimately, the effectiveness of a maintenance and reliability program is not just
seen in the systems and strategies deployed, but in the measurable business
value and operational excellence achieved at the frontline.
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