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Performance Forecasting Simulation

 A proven and widely applied quantitative modelling 
technique used to predict the performance of an asset:
– Quantifies the future performance of a system
– Minimizes downtime, maximizes asset utilization
– Fully integrates the concepts of production risks and 

probability into the project decision making process.
– Incorporate all factors (not only reliability) that impact on 

asset performance.
– A simulation software is required because of the number of 

parameters involved and the complexity of the 
interactions.

– Because parameters can be changed fairly easily in the 
model, the methodology is used to optimise the asset 
configuration  Asset Optimisation Tool
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The purpose of the asset performance modelling is to provide guidance and information 
required to support decisions related to the design and operation of an asset throughout its life
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Types of Decisions

Value Chain 
Decisions

Project/ Asset 
Decisions

Integration / Expansion Decisions 
e.g.:

 Upstream (feeds/ logistics)
 Downstream (products / 

logistics)
 Sharing/exchanging of feeds 

and products with other 
facilities

Project Selection, e.g.:
 Go – No Go
 Evaluation and prioritization of 

alternatives
 Expansions / revamps / flexibility 

upgrades
 Product Diversification

CAPEX Decisions, e.g.:
 Scope
 Sparing / Redundancy
 Storage Optimization
 Capacity Optimization
 Decommissioning
 Utility Systems

OPEX Decisions, e.g.:
 Maintenance Optimisation
 Spare parts Optimisation
 TA Opt.
 Inventory Management
 Lifetime extensions
 Manning
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What impacts on Asset Performance?
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Asset Performance 
Drivers

Equipment 
Reliability

Preventive and Predictive 
Maintenance Strategies 

Inspection 
Plans and TA

Operating strategies 
and Operating 
Interactions

System 
Configuration 
/ Flexibility

Production 
Plan

Storage and Storage 
Management

Design Capacities 
and Constraints

Export / Import Limits 
and Logistics
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Value through Full Life Cycle

Potential
Modifications

Change

• Production Efficiency 
• Revenue and NPV
• CAPEX / OPEX 

estimates
Key 
Outcomes

Focus

Phase FEED Detailed
Design Operation Operation

• ‘Bad Actor’ analysis
• Production Efficiency 

Improvements
• Cost / Benefit leading 

to optimisation of 
design

• PE % vs. target 
• Optimisation of 

Operations, Logistics, 
Maintenance, spares, 

• Benchmark 
Performance

• Forecasting ‘Bad Actors’
• Maintenance Strategies
• Risk Reduction
• Storage allocation

• Re-forecast
• Assess need for 

modification

High level Economic 
Analysis of feasible 

concepts

Design optimisation 
(redundancy, 

equipment selection, 
sizing, etc)

Design 
optimisation 

(maintainability, 
spare parts, etc)

Production 
optimisation (reliability 

improvement, 
debottlenecking, etc)

Production optimisation 
(new benchmark 

definition leading to 
Step-out studies)

Concept
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Recent trends in the use of the methodology

 Until recently it was common to create a 
model for a specific project and the 
lifecycle of the model was limited to the 
project stages: Single Use Model
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Input Output

 The methodology is now shifting to a more 
continuous use of the model, in 
operations: Continuous Use Model

 Large CAPEX projects

 Strategic decisions

 Design Optimisation

Input Output

 Minor Projects
 Operations Optimisation
 Reliability Improvements
 Life Extensions
 etc
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Continuous Use Model

 The Continuous use of the model requires a different approach with regards to the way data flows 
into the model and the way results are interpreted and used by the operator:
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Input Output

Seamless

Automated

Validated

Real time (?)

Easy to Access

Easy to Interrogate

Easy to Interpret

Easy to Action

Fast
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Example: feedback of information from Asset to Model
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Create Asset Performance 
Model Run Baseline Model Upload Model to Plant 

Twin

Interrogate Model: 
Decision on Asset 

Performance 
Optimisation

Run 
Model

Event

Start

Update Model input

Populate Dashboard
Project

Asset Data 
(sensor, CMMS, 
Inspection, etc)
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Example: Identification of Improvement Opportunities
Integrating data and analytics for predictive analysis to drive operational 

excellence
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 Compare Baseline performance 
(with implemented 
improvement) with Forecast 
using observed historical 
equipment failure rates

 Identify Critical Equipment

 Evaluate losses

 Identify solutions with positive 
ROI

Change in 
contribution to losses 

from compressors

Increased loss from 
observed failures 

against design

Impact / Opportunity 
of ~$3M
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Modelling Process: Digital Transformation (1)
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Failure 
Prediction

Automatic Data 
Entry

Remaining 
Useful Life

Dashboard
Cloud 

Interaction

Online 
Sensitivity 
Analysis
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Modelling Process: Digital Transformation (2)
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Asset
Performance 

Modelling

Efficiency 
Modules

Digital 
modules

Failure Prediction, RUL, 
Real Time Model 
Management, 

Automated input data 
entry (AIDE), Online 
sensitivities, Cloud 

Reporting

Automated input 
data entry (AIDE) 

Automated 
reporting

DNV GL

End User

TARO, MAROS, 
OPTAGON, etc
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Failure Prediction: Objective

 Apply machine learning algorithms
to enable reliable prediction of a
running trip or failure to start of a
GT sufficiently early to allow
corrective action.

 Identify leading indicators to allow 
predictions of fail to start and trips

 Reliable prediction allows planning 
of corrective actions.
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t

Z(t)

XY
Z: time series data
X: available reacted time window
Y: time window of historical time series data (turbine + environment)

Running trip occurs
Prediction point
Window limit of historical dataData window for analysis

RUNNING
TRIP

PROBLEM

Starting trip occurs

Prediction point

Window limit of historical data

Previous stop event

Z: time series data
X: available reacted time window
Y1: time window of historical time series data (turbine + environment)
Y2: time window of historical time series data (environment only)

t

Z(t)

XY1 Y2

Data window for analysis

STARTING 
TRIP 

PROBLEM
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Failure Prediction: Methodology

 LM2500 machine data chosen

 10 Machine trains / 14 years / Over 5 TB of 
data

 Initial selection of trips made to model

– Combustion related

– Bearing related

– Process related

– Oil system related

– 557 Running trips

– 305 Starting trips

– 3,566 total runs – 182,000 run hours

 Statistical calculations over 15, 30 and 60 
minute time frames (Y)

 Several Machine Learning Methods applied
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Failure Prediction: Initial Results

 Project is still ongoing, but analytics showed reliable running trip prediction (>95%) with a 
look ahead of 1 hour. Trip prediction with a longer look ahead is less reliable. 

– 1 hour is sufficient for operators to travel to the site and start a spare machine. 

– When machine running ok there is a 3% likelihood of a trip (unpredictable trips).

– Significant improvements possible in reliability and production when failure predictions is 
activated real time and linked with the conditioning monitoring solutions.

 Fail to Start prediction: 

– Start probability 4% below target

– 75% of failed starts accurately predicted

– If the 75% prediction is engineered out, start probability improves by over 5% 
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Remaining Useful Life (RUL) for National Grid: Objectives

 This is done by data analytics on historical data parameters, looking at 
speed, temperature, pressure, vibration, combustion, etc. 

 When the health index exceeds a threshold (material related and 
provided by historical data) a failure will occur. This is generally fatigue 
related.

 Assuming that the condition of the Health Index is known, the algorithm 
will, in real time, estimate the RUL and allow the implementation of 
mitigation actions.
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 DNV GL monitors all Compressors on UK network.

 Compressors are driven by Industrial Gas Turbines.

 The project needs to estimate the remaining useful life of 
each machine.

 The objective is to identify the algorithm for the Health 
index of the machine and all the parameters that affect it.
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Remaining Useful Life: Example - Cumulative sum of temperature spread and 
turbine speed
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Failure 
occurred

When 
did it 
start?

The data analytics have managed to create and validate the algorithm for the health index that 
(historically) accurately predicted the failures. The key drivers in this particular case were the 
temperature differences in the combustion chamber.
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Remaining Useful Life: Benefits
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Failure predicted 
with no actions

Known 
condition

1) No action: corrective 
maintenance

2) Replace blades before 
failure (predictive 
maintenance)

3) Prioritise the replacements 
in a large fleet based on 
Health Index Risk.

4) Change operations to 
increase the RUL, to 
prevent that failure from 
occurring or increasing the 
time to failure.
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Automatic Data Input (1)
 Digital Developments in this area have taken various forms, depending on the needs and the 

maturity of the asset, for example:
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Develop a bespoken interface between the 
company adopted failure tracking tool and 
the asset performance model or redesign 
the failure tracking tool. 

For example this has been done using a web 
interface where operators can record events 
(from the Control Room). 

This web interface is linked with a reliability 
analysis system that transform data into input 
for the Performance Model. The model is 
automatically updated on every recorded 
event, and updated results will be produced on 
agreed timesteps. 
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Automatic Data Input (2)
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Links have been developed with the installed 
sensors and instruments that detect the 
status of the equipment. This allows real time 
reliability calculation (MTTR and MTTF) for certain 
equipment that can be automatically transferred 
into the model.

Links have been developed with the 
Computerised Maintenance Management 
Systems (CMMS) in order to use the historical 
records to populate the reliability data of the 
model. This has many challenges:
• Machine Learning algorithm have been 

developed to clean the data, categorise the 
data and to fill gaps.

• So far, often because of the poor quality of 
data recorded in CMMS systems, it has been 
impossible to complete eliminate human 
interface in these tasks.
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Digitalisation of outputs (1)

 As this service moves towards a more operational and continuous use, it is necessary to adapt 
the way the output are delivered, viewed by the end user and how the end users can interact 
with the outputs.
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Distribution of cycle time for a given nuber of daily trucks
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Example:
Probability of exceeding 2.4 
hours of cycle time when 20 

trucks are loaded in one 
day = ~40%.
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Dashboard
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 This is an interactive dashboard that summarises and 
consolidate performance metrics in a clear and 
intuitive way. Content can include:

– Performance Forecasting Model

– Real time Reliability indicator / Probability of Failure

– Deviations from Plans

– Key Production Risks

– Bad Actors list

– Asset Criticality

– Heat Maps / Risk Maps

– Production Forecasts / Production Risks

– Remaining Life

– Energy Consumption

– Revenue Forecast
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Cloud Results

 Interactive online front end to model results –
more immersive engagement for end user, and 
provides more transparency in the results and 
conclusions, as end users is able to interrogate 
and drill-down on any results themselves.

 The result portal is created using Microsoft 
PowerBI based on a database extract of the 
model results, and can be hosted on an 
external website, or locally. 
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https://app.powerbi.com/groups/me/reports/bb6e0f72-1bcc-4823-bb08-8081458d8b30/ReportSection


DNV GL © 15 November 2018

Online Sensitivity Analysis
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 This planned development (not available yet) 
will allow the end users to select what 
parameters they would like to analyse in 
more details and run sensitivity analysis 
(without full access to the software and 
specialised training). The tool will visualise 
and compare results.

 This must be limited to selected parameters. 
Significant changes to the model must be left 
to experienced modellers.
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Key Conclusions

 Methodology is well established and continue to grow

 Use in operational phase and for “smaller” projects and decisions is main source of growth.

 Methodology is easily adapted to incorporate and exploit the data analytics that can be performed 
using data that the asset already have.

 The more frequent (continuous) use of the methodology requires significant automatisms to be 
created to increase efficiency.

 Several digital innovation developments are being implemented to:

– Add more features (data analytics)

– Ensure the model is updated as much as possible automatically

– Make the outputs more accessible

 Do no leave Data Analytics developments to Mathematician! Domain knowledge is essential and 
the Subject Matter Experts need to guide the Mathematicians in the analytical process (what to 
look for, data cleansing, data correlations, etc).
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