Digital Twin?



Can we make it simple

ftwin

counterpart physical object or process

Source: Wikipedia



Digital Twin: Working Definition

External Process Digital Physical object
& Environment Twin Oor process ...



Visual & Non-Visual

« 2D / 3D models  Mathematical
- HMI « In-Out as physical
- Animated models - Application Connections



Possibilities

Simulation

Error Detection

Performance Loss
Compensation



Remote Performance

Did not require Monitoring Early detection of
continuous human remained problems &
monitoring completely visible updates to Ops.



Types of Digital Twins
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Product Digital Twin




Real world
interactions of a
Product

« Behavior in different
conditions

* Tune parameters before
deployment

Image: verypossible.com



Product
Digital Twin

* Reduce multiple prototypes
* Development time reduction

* Incorporated customer
feedback faster

Image: verypossible.com




Product
Digital Twin

+ Restricted to single equipment P\
and machine

* No visibility of process /
operations

Image: verypossible.com



Process Digital Twin



The entire process
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Advantages: Process Digital Twin

© Image: themanufacturerice

» Entire process can be covered

» Decision Making information

» Empower the operations team
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Performance Digital Twin
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Performance
Digital Twin

* Faster Anomaly Detection
* Reduce downtime

* Critical operational
insights

Image: datasciencecentral.com



Data is Key



Bring all your data

Field Data & Equipment and Historical data
Manual Surveys Operation Data and events
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Why?

Digital Twins for pipelines
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Why pipelines need Digital Twins?

Rising Demands & Unaccounted for and Increasing
Increasing Network Revenue Leakage Environmental Risks
Complexity




What?

Digital Twins for pipelines
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What are their functions?

Efficient Transport Consumer Metering Leaks & Instrument
Process Faults




Where?

Digital Twins for pipelines




Where to put them?

Central Command Center Stations / Regions / Collaborative Space
Districts




When? That was
yesterday.

But operators can be at different stages of their pipeline
performance journey.
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Pipeline Performance
Stages




3 Stages of Pipeline Performance Maturity

FO)

onfind
Data Realtime Performance
Visibility Monitoring Excellence

Stage 1 Stage 2 Stage 3

Metering Integrity Metering Integrity Metering Integrity

Loss Incident Loss Incident Revenue Risk
Awareness Awareness Handling Handling Assurance Mgmt.

Improve legacy processes & learn from  Faster decision and action by comparing Proactive actions to prevent incidents
incidents. past data. and maintain peak performance.



How Digital Twin
Delivers Performance?




Across Time & Processes

Past Present Future
Ti Root cause of past Current Forecast upcoming
ime error / fault Inefficiencies problems
Process Energy Balancing Leak False Alarms U.nEccounted for
(examples) Ris
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Case Stu.dy?

Pipeline Metering & Reconciliation Efficiency
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Image: pipelineocilandgasnews.com



Digital Twin (Flow Meters)

e Turbine, Orifice, USM

. Operatingcrarqmeters
e.g., Speed of Sound

« Operating ranges

 Calibration data

Graphics: Alethe Labs



Digital Twin (Pipeline)

- MAOP
e Size

* Length (between
stations)

* Gas Composition
» Elevation Profile

« Consumer Meter
LOCCIHO nS Graphics: Alethe Labs




Combining Digital Twins

Case Study: Pipeline Metering & Reconciliation Efficiency
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Digital Twins
(Pipeline + USM)
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Digital Twin
Parameters

MZAsSs

MACHINE ADVANCED

SCANNING SYSTEM

PHYSICS MODELS

Image Alethe Labs

GasCalcLib \

AGA

API

GPA

ASME
ASTM

‘ Mass PipeML

| ML Models |

| Error Modelling
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Benefits / Advantages

Unaccounted for Gas Meter Diagnostics
Reduction Automated

India’s 15t A.l. powered
Digital Twin for Metering
& Reconciliation

Early Meter Fault Detection

Section & Sub-section Forecasting of
Reconciliation maintenance parameters

(+) Most advanced metering asset data store in India



Story of 2 Digital Twins



Physical Asset: Pipeline

Digital Twins I |
Pressure Profile Metal Loss Profile
Metering Data Inspection Data

Focus CH,4 Focus H,S, H,O, CO,







Digital Twins Evolve




Problem vs Solution & Digital Twin

Examples

Purchase Decisions

. Evolves
Leak Detection

Metering &
Reconciliation

Solution without adaptive

Problem technology

Digital Twin




Evolution via Data not Time

Time Data
Fixed Pace Accelerates with Data
Difficult to gain Returns Returns also accelerate
Critical Objectives Suffer Made for Critical Solutions

We Don’t Have Is in Abundance




Artificial Intelligence &
Digital Twins




Introducing
Human Like
Thinking to the
Instrument

A.l. special working Definition




A.l. & Digital Twins

Unleashing the true power of Digital Twins

Gain insights from |Adapt to sudden See what’s coming
past events changes next

If we had to pick only 3



Digital Twin
W & W/O ALl




Digital Twin With & Without ALl

Condition

With ALl

Without A.l.

Leak

Detects False Alarms

X

Meter Data Loss

Close Estimation with
correlation

Uncertainty in estimation

Early Fault Detection

Early enough to minimize
losses

Fast action required to
minimize losses

Field Instrument
Behavior

Adapts to conditions and
location

Limited ability to adapt

*Not an exhaustive representation of the differences




Setting Up
(Digital Twin Project for
City Gas Pipelines)




Clear Draft of Problems

Theft & Unauthorized
Connections

Metering Uncertainty Billing Uncertainty Corrosion Uncertainty

Unaccounted for Gas Gas Leakage



Focus on Scalability

- Hardware Scalability

« Cross Discipline
Collaboration

« Access to different
teams

Scaling Problems Digital Twin Evolution



Invest in lterations

Invest on a Attack initial set Add other problems
scalable platform to key problems to be solved

|

Improve Digital
Twin performance

*Don’t push yourselves to cover all future problems today



Pick the Right Partner

Skill are Ability to join the Right team
essential but not long-term composition for |
everything journey the job

Cross discipline  Can provide
experience clear roadmap

Knows the risk
as well as the
benefits



Digital Twin ROI



Maximize Benefits

Build for different
processes

Add real-time

Continue adding performance parameters

products / equipment

Product Process Performance

Pipeline Performance Excellence

Return on every step & lteration
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Pipeline Corrosion Assessment
Reduce Un-Accounted For Gas (UAFG)
Meter Diagnostics

OT-IT Integration

Digital Transformation
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