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Introduction to Data-Driven Asset Management

Asset management, at its core, is the systematic 
process of deploying, operating, maintaining, 

upgrading, and disposing of assets cost-effectively. 



Introduction to Data-Driven Asset Management

Core Concept of Data-Driven Asset Management
= The systematic use of digital information to optimize cost, risk, and performance

"Subjective”
(Experience-based)

Goal
• Maximize value delivery
• Predict potential failures, 
• Extend asset lifecycles
• not just "keeping it 

running"

"Objective“
(Evidence-based)



• ISO 55001 Clause 7.5: Information 
requirements.

• Data is a compliance requirement, 
not just an IT luxury.

• Key Requirement: The data 
collected must directly support the 
Strategic Asset Management Plan 
(SAMP).

https://www.iso.org/obp/ui/es/#iso:std:iso: 55001de:-2v:1ne:

International Standards

Introduction to Data-Driven Asset Management



The Wisdom Hierarchy – DIKW Pyramid

Introduction to Data-Driven Asset Management



105°F

https://scispace.com/pdf/the-wisdom-hierarchy-representations-of-the-dikw-hierarchy-3ivs6n0ccz.pdf

The Wisdom Hierarchy
Example

105°F is 15° higher than the baseline

Replace bearing during next planned 
outage to save $10k

The bearing is overheating due to friction

Raw 
sensor 

reading

Context

Action

Analysis

Introduction to Data-Driven Asset Management



A digital twin is a virtual replica of a 
physical asset.

The Digital Twin

https://www.ibm.com/think/topics/digital-twin

Fail in the digital world so you don't fail in the real world

Usage: Simulation

"What happens if we 
increase load by 20%?"

Introduction to Data-Driven Asset Management



Deloitte
(2017)

"Predictive 
Maintenance" study 
shows material cost 
savings of 5–10% 

and equipment 
uptime increase of 

10–20%.

Literature Review: The Value Proposition

McKinsey & Co
(2018)

"The Value of Data" 
report indicates 

data-driven 
organizations are 

23x more likely to 
acquire customers.

PwC
(2018)

"Maintenance 4.0" 
report confirms a 
12% reduction in 
scheduled repairs 

through digital 
implementation.

https://www.beekeeper.io/wp-
content/uploads/ 2024/10iderP_ettioleD/

evitc-fdp.repaPnoitisoP_ecnanetniaM

https://www.mckinsey.com/capabilities/gro
wth-marketing-and-sales/our-insights/five-

facts-how-customer-analytics-boosts-
corporate-performance

https://www.pwc.nl/en/publicaties/predicti
ve-maintenance- 40-tciderp-eht-

lmth.elbatciderpnu
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Overview of current trends and challenges in 
asset management

• Explosion of connected devices (Sensors 
for vibration, heat, acoustics)

https://www.elsist.biz/en/industry- 4-0/? srsltid=AfmBOooKikReFNN39FUBM4AcvfqcPYA1mQ0JREmOkU1DI2LiWROexDU5

Trends
IoT and Industry 4.0

• Cost of sensors has dropped 
90% in the last decade

Assets now "self-report" 
their health status



Overview of current trends and challenges in 
asset management

• Poorly maintained assets use up to 
20% more energy.

https://www.firstclimate.com/post/what-are-scope- 1-epocs-2-dna-epocs-3-ne=gnal?snoissime

Trends
Sustainability & ESG

Using data to optimize energy 
usage (Scope 1 & 2 emissions)

Asset Management is Energy Management



Overview of current trends and challenges in 
asset management

Many assets have exceeded their design life

Challenges
Aging Infrastructure

Challenge
Risk of catastrophic failure 

increases annually.

Data Role
Determining "Economic End of 

Life" (EoL)



Overview of current trends and challenges in 
asset management

• Maintenance data lives in CMMS (Maximo).

• Financial data lives in ERP (SAP).

Challenges
Data Silos

https://www.fullstory.com/blog/breaking-down-data-silos/

Challenge

These systems do not talk, leading to 
fragmented decisions.



Overview of current trends and challenges in 
asset management

• Problem: Incomplete work orders (e.g., Cause of Failure listed as "Other").

• Impact: Cannot train Machine Learning models on bad data

Challenges
Data Quality

https://reliabilityweb.com/articles/entry/is_your_asset_
management_program_built_on_a_house_of_cards

Requirement
Standardized taxonomy 
(UniClass, OmniClass).

Ensuring data quality, accuracy, and relevance is crucial, as poor-

quality data can lead to erroneous insights and suboptimal decisions 



Overview of current trends and challenges in 
asset management

Challenges
Data Integration

Data-driven 
framework

DataAssets Effective 
decision-making 

Data 
reliability 

Analytical
tools

• Asset performance

• Asset age

• Asset location

• Business clustering



Overview of current trends and challenges in 
asset management

Challenges
Cultural Transformation

Intuition-based 
decisions

Data-informed 
decisions

Change management New skill sets Continuous learning

Cultural transformation



Importance of data in decision-making

What are different types of data used for asset management?

1. Financial Data
• Acquisition costs (purchase price, installation costs)
• Depreciation schedules (method and rates)
• Maintenance costs (regular upkeep, repairs)
• Disposal and salvage values

2. Operational Data
• Usage hours (time the asset is operational)
• Production metrics (output generated by the asset)
• Downtime (periods when the asset is not operational)
• Performance metrics (e.g., efficiency ratings)

3. Maintenance Data
• Maintenance logs (dates and types of maintenance 

performed)
• Service history (records of repairs and replacements)
• Maintenance schedules (planned servicing intervals)
• Predictive maintenance data (forecasts for repair 

needs based on usage)

4. Compliance and Regulatory Data
• Compliance reports (documentation of regulatory 

adherence)
• Safety inspection records (safety audits and findings)
• Certification and licensing information (required for 

operation)
5. Location and Asset Tracking Data

• Asset location (where the asset is physically located)
• RFID or IoT data (real-time tracking information)
• Accessibility status (ease of access to the asset)

6. User and Stakeholder Data
• User feedback (satisfaction with asset performance)
• Stakeholder engagement (involvement in asset 

management decision-making)
• Training records (skills and certifications of users 

handling the asset)



Purchase price is only ~20% of total cost

Importance of data in decision-making

Lifecycle Costing (LCC)
Total Cost of Ownership (TCO)

LCC = Acquisition + Operations + Maintenance + Disposal

Spending more on 
Acquisition often lowers 

LCC

Acquisition:
Planning
Design
Procurement
Installation
Testing and commissioning
Training

O & M:
Energy consumption
Efficiency
Effectiveness
Uptime
 

Financial Data
• Acquisition costs (purchase, installation)
• Depreciation schedules (method & rates)
• Maintenance costs (regular upkeep, 

repairs)
• Disposal and salvage values

Return on Investment (ROI)
and evaluate cost-effectiveness 

of assets over their lifecycle.



Importance of data in decision-making

Optimization of asset utilization 
By identifying trends in usage patterns 

Operational Data
• Usage hours (time the asset is operational)
• Production metrics (output generated by the asset)
• Downtime (periods when the asset is not operational)
• Performance metrics (e.g., efficiency ratings)

Predictive Maintenance 
by identifying trends in asset failures

Maintenance Data
• Maintenance logs (dates and types of maintenance performed)
• Service history (records of repairs and replacements)
• Maintenance schedules (planned servicing intervals)
• Predictive maintenance data (forecasts for repair needs)

Reduces Unplanned Downtime 
By scheduling timely services and 

through informed forecasting



Importance of data in decision-making

Total Quality Management 
By enhancing stakeholder 

engagement in decision-making 
processes regarding asset 

management

User and Stakeholder Data
• User feedback (satisfaction with asset performance)
• Stakeholder engagement (involvement in asset management decision-making)
• Training records (skills and certifications of users handling the asset)

Trust Collaboration Communication Transparency



Importance of data in decision-making

Risk = Probability of Failure (PoF) x Consequence of Failure (CoF)

Risk-Based Decision Making

• PoF comes from condition data 
(Sensors).

• CoF comes from operational 
importance.



• The exact moment where the cost 
of maintaining the asset exceeds 
the annualized cost of replacing it.

• We use data to find this 
intersection point.

Importance of data in decision-making

End-of-Life Forecasting
The "Optimal Replacement" Point

Optimal 
Replacement 
Point

Old Asset 
Annual Cost

Old Asset 
Annual Cost

A
n

n
u

al
 C

o
st

 
$

Average Age in Years
1 2



Scenario: You manage a Chiller Unit.

• Data Point A: It costs $50,000 to 
buy a new one.

• Data Point B: Current unit costs 
$8,000/year to maintain, rising by 
20% each year due to age.

Importance of data in decision-making

Exercise 1

Task
Calculate at what year you should 

replace the unit.



By Year 5, maintenance costs exceed the asset value.

Decision
Plan CAPEX for Year 4.

Importance of data in decision-making

Exercise 1 – Solution

Year Annual 
Maintenance Cost

Cumulative 
Maint. Spend

vs. New Asset 
($50k) Action Strategy

Year 1 $8,000 $8,000 16% of value Maintain

Year 2 $9,600 $17,600 35% of value Maintain

Year 3 $11,520 $29,120 58% of value Maintain

Year 4 $13,824 $42,944 86% of value PREPARE CAPEX

Year 5 $16,589 $59,533 119% of value REPLACE (Stop Loss)

Year 6 $19,907 $79,440 158% of value Financial Loss



• Rolls-Royce shifted from selling engines to selling "Engine Flying 
Hours."

• They use data from 70 trillion data points per year to predict engine 
health.

https://www.forbes.com/sites/bernardmarr/2015/06/01/how-big-data-drives-success-at-rolls-royce/

Importance of data in decision-making

Case Study: Rolls-Royce "Power by the Hour"

The Data Decision:
• Because they own the risk, they use data to extend the "Time on 

Wing" (maintenance intervals).

Published Result:

Reduction in maintenance burden for airlines

Asset life extended significantly through proactive monitoring.

30%



• Remaining Useful Life (RUL) 
prediction using machine learning 
involves using sensor and historical 
operational data to estimate how 
much longer a machine or 
component will operate before it 
needs repair or replacement. 

• This data-driven approach is a 
cornerstone of predictive 
maintenance programs, aiming to 
reduce costs and avoid unplanned 
downtime.

Importance of data in decision-making

Remaining Useful Time (RUL) Prediction



Vibration 
Analysis

Rotating 
equipment.

Condition-Based 
Maintenance (CBM) Tools Thermography

Electrical 
hotspots.

Ultrasound

Early bearing 
wear / Leaks.

Oil Analysis

Internal wear 
particles.

Introduction to analytical tools and methodologies

• P (Potential Failure)
Defect is detectable.

• F (Functional Failure)
Asset stops.

Detect at "P" to 
maximize the 

interval

Reliability, Availability, 

and Maintainability 

(RAM) Analysis 

Methodologies are 

employed to guide 

decision-making and 

optimize asset 

performance 

Dynamic 
degradation 

curves 



Uses algorithms to detect patterns, not just thresholds.

Predictive Analytics (Machine Learning)
Predictive Maintenance (PdM)

Example
Temperature is normal, 

BUT pressure is low. 
Human misses it; AI 

catches it.

Introduction to analytical tools and methodologies



You are the Asset Manager. You receive 3 alerts simultaneously. 
You have budget to fix only ONE today.

Exercise 2
Triaging the Failure

Which one do you fix first and why?

Alert A
Vibration on Pump 1 is 

6mm/s (High)

Alert B
Oil Analysis on 

Generator shows high 
iron content (Critical)

Alert C
Motor 3 is running 10 

degrees hot 
(Warning)

Introduction to analytical tools and methodologies



We look at the P-F Interval.

Exercise 2 – Solution

Alert A – Vibration: Failure is weeks away

Alert B – Oil – iron: Failure is imminent (Days)

Alert C – Heat: Failure is months away

Alert B

Alert A

Alert C

Introduction to analytical tools and methodologies



Data tells us "What" 
happened

https://sixsigmastudyguide.com/root-cause-analysis/

Root Cause Analysis (RCA)

RCA tells us "Why"

Introduction to analytical tools and methodologies



• Trenitalia manages a fleet of high-speed trains (Frecciarossa).
• Partnered with SAP to install 5,000+ sensors per train.
The Methodology:

• Moved from "Mileage-Based" (Preventive) to "Condition-Based" (Predictive).
• Process up to 700 TB of data annually.

Published Result:
• Maintenance costs reduced by 8-10% (approx. €100M+ savings).
• Unplanned downtime reduced by 5%.

Case Study: Trenitalia Dynamic Maintenance

https://www.globalrailwayreview.com/article/28433/big-data-trenitalia-rolling-stock-maintenance/

Introduction to analytical tools and methodologies



https://www.globalrailwayreview.com/article/28433/big-data-trenitalia-rolling-stock-maintenance/

Machine Learning for 
Predictive Analytics

•Use machine learning algorithms to analyze historical asset performance 
data and predict future maintenance needs, potential failures, and optimal 
replacement times.

•Implement models like Random Forest or Gradient Boosting for enhancing 
accuracy in predictions.

Digital Twin 
Technology

Create digital replicas of physical assets to simulate their performance under 
various conditions. 

This allows for real-time monitoring and scenario testing to optimize asset 
operation and maintenance strategies.

Predictive Financial 
Modelling

Develop financial models that incorporate predictive analytics for forecasting 
cost and revenue impacts of asset decisions over their lifecycle, allowing for 
more informed budgeting and investment planning.

Scenario Planning 
and Simulation

Use advanced simulation tools to run "what-if" scenarios regarding asset 
performance under various conditions, helping to strategize for different 
market dynamics and operational challenges.

Introduction to analytical tools and methodologies



https://www.globalrailwayreview.com/article/28433/big-data-trenitalia-rolling-stock-maintenance/

Reliability Strategy Continuum 
Asset Health Management Strategy – to maximize asset value throughout its lifecycle 

Reactive 

Maintenance 
(run-to-failure) 

Repairing assets 

only after they 

have broken down

most costly 

strategy 

Preventive 

Maintenance 
(scheduled maintenance 

activities performed at 

fixed intervals, regardless 

of the asset's actual 

condition)

unnecessary 

maintenance 

Predictive 

Maintenance (PdM) 
(utilizes real-time data 

and analytical techniques 

to forecast potential 

equipment failures)

maintenance can be 

scheduled precisely 

managing asset degradation 

Proactive Reliability 

Management
(identifying and 

eliminating the root causes 

of failures through:

• detailed failure analysis

• design improvements

• continuous monitoring)

improve asset design 

Asset Performance 

Management (APM) 
(integrates data from various 

sources:

• operational data

• maintenance records

• financial information

with tools: 

• advanced analytics

• machine learning

• AI

holistic view of asset 

health and performance 

More data analytics…

Optimize asset reliability, availability, and efficiency while minimizing risks and costs



Demonstration of data visualization techniques for 
asset tracking

Context is King
A number (50psi) means 

nothing without a limit line.

Visualization Principles
The 5-Second Rule

https://www.displayr.com/resources/the-5-second-rule-for-data-viz/

If you can't understand the 
asset status in 5 seconds, the 

dashboard has failed.



Demonstration of data visualization techniques for 
asset tracking

Dashboard Levels
Different Views for Different 
Roles

03

01

02

Technician
Alarms, Live Status (Real-
time view)

Manager
Bad Actors, Work Order 
Backlog (Weekly view).

Executive
Financial Trends, 
Compliance (Monthly view)



Demonstration of data visualization techniques for 
asset tracking

You are an executive 
reviewing the monthly 

report for a fleet of three 
critical pumping stations.

Exercise 3



Demonstration of data visualization techniques for 
asset tracking

Exercise 3
The Executive Report:

"99% (On Target)"

85%

87%

89%

91%

93%

95%

97%

99%

Global Fleet
Availability

The Reality:
SITE C – CRITICAL FAILURE

88%

90%

92%

94%

96%

98%

100%

Site A Site B Site C

Site A Site B Site C



Demonstration of data visualization techniques for 
asset tracking

The Problem: 
Watermelon Metrics
= Too many green lights hide the red ones.

Exercise 3 – Debrief

Dashboards should manage by exception
only show me what is wrong



Demonstration of data visualization techniques for 
asset tracking

30,000 sensors connected to a central dashboard.

Case Study: "The Edge" (Facility Management)

https://www.bloomberg.com/features/2015-the-edge-the-worlds-greenest-building/

Known as the "Smartest Building in the World" (Deloitte HQ)

The Visualization:

• Heat maps show cleaning staff exactly which rooms 
were used

• If a room wasn't used, it is skipped (Data-Driven Cleaning)

70%
Significant reduction in cleaning vendor costs.

less electricity usage than 
comparable buildings



https://www.globalrailwayreview.com/article/28433/big-data-trenitalia-rolling-stock-maintenance/

Maximizing Asset Value 

Maximizing 
asset value 

Organization's 
strategic goals 

Data
Strategic Asset

Dynamic, intelligent process that continuously seeks 

to optimize asset contributions to organizational 

success, ensuring a sustained competitive advantage 



THANK YOU!
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