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What is a Digital Twin? digital twin’

CONSORTIUM

A data-driven virtual representation of real-world entities and

processes, synchronized at a specified frequency and fidelity.

Understanding, Outcomes,
I ; Past, Current
Decision Making Use cases,
. . & Future
& Action Integrations
Transform business by Are motivated by outcomes, Use real-time and historical
accelerating and automating tailored to use cases, data to represent the past,
holistic understanding, powered by integration, built present and simulate
optimal decision-making, on data, guided by domain predicted futures.
and effective action. knowledge, and implemented

in IT/OT/ET systems.



o - - Living Digital Twin
Dlgltal Twin Matu rlty O AUTONOMOUS 9 Ulg
= Self learning and : : .
decision making with AUtonor_nous i Adaptive i a\ AS_S'_St &
Helplng Organizations no human interaction OperathnS i i Decision
Scale to Achieve
Business Outcomes
O COMPREHENSIVE _ |
* Scenarios of outcomes to Scenario Based ! Remote Controlled
make recommendations Modeling | Inspections
P il . .
» " O I:REDICTIVE | Forecasting & | Advanced
= Capable of predicting Al / ML | Simulati i Analvii
outcomes | Imuiations i nalytics
02 INFORMATIVE ; ; ;
* Real-time connection L Sl i Analytics . Connected Data i Virtual Model
to sensors from i i Environments i (Dynamic)
multiple sources ‘ ‘
O DESCRIPTIVE | |
= Virtual representations . . i Virtual Model i
of the physical assets or Reality Mapping (Static) 2D/3D Data

networks
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My Digital Twins

>{ NOT Fully Autonomous
(require multiple prompts!)

# Digital by default
# Permanently connected
¥ Al-enabled

® Location-aware

Qi @ »
Your DJ X here, What can
I play foryou?
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Connected Digital Twins — Location is Foundational

Virtual World

ﬁfﬁt Inspect / Observe Location

Measure @

Z3% Collect : -
Design / Plan ng

721

% Assess / Diagnose ;
Visualize sﬁi
N Monitor / Maintain

Analyze / Model >

o
@ Build / Implement

Evaluate L2U

Social, Natural, and Built Environments

© Copyright Esri 2026. All rights reserved. Not to be used, distributed or circulated without authorization.



Connected Digital Twins for Infrastructure Lifecycle Management

Environmental

: Compliance
| el & Permitting
mprovement — Desian &
Plannin B, esign
. ‘ ' Engineering

Response &
Restoration Operate
Maintain
Optimize FE
Build &
Monitoring & Construction
Operations

Digital Project

Asset As-Built & Delivery
Management Digital Submission

© Copyright Esri 2026. All rights reserved. Not to be used, distributed or circulated without authorization.



The Avocado of Truth
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Connected Digital Twins for Infrastructure Lifecycle Management

Environmental

: Compliance
| el & Permitting
mprovement — Desian &
Plannin B, esign
. ‘ ' Engineering

Response &
Restoration Operate
Maintain
Optimize FE
Build &
Monitoring & Construction
Operations

Digital Project

Asset As-Built & Delivery
Management Digital Submission
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GIS Integrates and Connects Enterprise Systems

Providing a Common Framework for Automation, Analysis, Modelling & Reporting

SCADA
CONTROL
ADMS
OMS
DERMS

Planning

Design E T
Standards ;
BIM & CAD Engineering//
Calculations Technolog/y/

© Copyright Esri 2026. All rights reserved. Not to be used, distributed or circulated without authorization.

Land Management
Network Information Management
Mapping and Analytics

Integration through LOCATION

 ERP
T
*  Human Resources
\‘\ Information/, « AMI
B\ Technolog/ « Cyber Security

Creating Living Digital Twins

Data Management
Billing & Payment
Service & Support
Communications
Community Engagement



= Scene Viewer

Gert Van Maren
= 3D GIS Den

gvanmaren_3dgis

@ =) GVM
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Outcome-driven Digital Twins

EMERGENCY
1@ MANAGEMENT TWIN
==

@\ ENVIRONMENT

DESIGN &
B CONSTRUCTION TWIN

NETWORK
TWIN

OPERATIONS
TWIN & TWIN

© Copyright Esri 2026. All rights reserved. Not to be used, distributed or circulated without authorization.
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Environmental | @ U e
Twin ST

£ 102,424m? -

Provides a unified spatial environment

o ' SO
\‘ ( . >
to monitor environmental. +42,900m' _ C /- '
: ! s \
. ‘ - \ —

[
[
Scenario modeling to understand i.

: ] 36,024 m' ) ] .
|mpaCtS Of environ mental e City of Eindhoven, Netherlands Plan Evaluation Dashboards , Green Infrastructure Asset Finder

vulnerabilities (e.g., heat, flooding,
drought, air quality)

b

Supports proactive mitigation
planning.

Integrates sensor, imagery, and
simulation data to improve forecasting
and early-warning capabilities.

Communicates complex
environmental insights clearly to

5w ‘i' ' e A L f _;: / o — - ' -
stakeholders. 5 e SRR : } g ' . g,

Forecasting & Simulation: Surveying and Mapping Authority of the Republic of Slovenia
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Planning
Twin

Evaluate land-use, zoning, and
development impacts.

Data-driven scenario planning
based on defined strategies.

KPI dashboards for evaluation
(accessibility, financial
performance, housing, etc.)

Social equity analysis by evaluating
community-level impacts.

Enhances public engagement
through interactive, visual
storytelling of future plans and
developments.




Major Developments | Nottingham City Council

@

J| Sortby Name T/
1 Brook Street

" Residential
On site/Under Construction

21/00968/PFUL3
117 Canal Street

Residential
Pre-app/Planning guidance

123 Huntingdon Street

Residential
Complete

18/00449/PFUL3
1-4 Queens Road Phase 1

Residential
Complete

22/00593/PFUL3

1-4 Queens Road Phase 2 Opt
2A

Residential

Pre-app/Planning guidance

149-169 Lower Parliment
~ Street
Residential
. Complete
§ 18/02624/PFUL3 ‘
o
evelopmen
15 Traffic Street -
: . Pre-app/Planning guidance
Residential ; N ™ S ) Ay i £ oL N B Granted Permission
Complete 7% % e ) L ’ 7 ; ¢ ¢ /
21/01004/PFUL3 (e y . ' X g X, s, A‘ . . On site/Under Construction
Complete

. Other

2 Triumph Road

Residential off X X r g

Plé_ﬁnlng Twin. — Gourtesy of Clty of, Nottingham : ing (2023),uesky Inrnaonal (03) |



&

Design &
Construction

Integrates BIM, GIS, schedules,
and field data into a unified,
accurate project view.

Improves coordination and
reduces risk through spatial clash
detection and sequencing.

Boosts field productivity with
real-time updates, inspections,
and asset information.

Enables digital delivery by
capturing as-built data in a
geospatial twin that transitions to
operations.
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Network
Twin

* Model connectivity of linear
assets through accurate spatial
representation.

* Predictive maintenance with
integration of loT, condition data,
and risk models.

« Operational efficiency by route
optimization, outage response,
load management, and service
restoration.

 Reduces downtime with real-time
event detection, network tracing,
and automated workflows.

* Improves capital planning with
asset performance, replacement
cycles, and resiliency.
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Designing the Grid of the Future

IMGIS Assat Viewer x MGIS Route Planner X IMGIS Routa Plannar X @ S lose Digitat Twin % | @@ Westbank | San Jose Digital Twmn X | +

San Jose Digital Twin

mwshi

M—wnﬁhmlhwlmnamtwmhn
Wreerrtreabeg perveaty betaven vl oo Uy ol Sas daee

PG&E is working to serve 10 gigawatts of new electricity demand from data },‘ A 9 owis
o \_;‘..-J _,i‘\‘.'..f}-‘ equivaien
center projects over the next ten years #, S k,’d. L

Santa Clara

Campbell

Network Twin — Reality Mapping & Scenario Based Modeling | Data courtesy of: PG&E and City of San Jose
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Infrastructure & Operations Twin
Data courtesy: PG&E
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0
Operations
Twin

Real-time visibility into assets and
infrastructure for improved
situational awareness.

Rapid response and incident
management through integrated
sensors, cameras, and operational
systems.

Space utilization, traffic flow,
energy usage, and service delivery.

Breaks down silos by connecting
operational systems to a common
geospatial framework.

Drive operational efficiency through
predictive insights, simulations,
and automated workflows.
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v eui Raleigh in Motion x + — (] X

€€ 2> C Mm 23 labs.esri.com/raleigh-motion/

RAIFIGH IN MOTION

MON, NOV 10, 2025
03:48:15 AM

Lenoir and Salisbury

Stalled vehicle

03:34:00 AM

1347 53 0
& A S

Total counts for the last 5 minutes:

Last updated: 03:48:15 AM.

MICROMOBILITY

W

CAMERAS @

The camera symbols show the load of the busiest lane in the
corresponding intersection. The percentage represents the
average number of vehicles detected per hour divided by lane

capacity.

South Bound Waming: WestBound  High traffic: North
Through lane is Right lane is at 80% of Bound Through lane is
at47%of its  its total capacity (more  over capacity by 5%

total capacity. than 60%). (more than 90%).
@ Camera with no data.
1 0 CAMERAS Sort alphabetically 11

rtesy of: City of Raleigh, Nvidia, Microsoft
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Emergency
Management
Twin

Coordinate emergency actions from
Planning, Responding, through
Recovery.

Deliver a single, real-time Common
Operating Picture

Enable Rapid Damage Assessment

Apply GeoAl and machine learning to
predict risks and optimize resource
allocation.

Integrate environmental, planning, and
operations digital twins to simulate
scenarios, assess impacts, and improve
resilience strategies.

Facilitate transparent communication
and collaboration with customers and
communities




Establishing the Common Operating Picture

2025 Los Angeles Fires
(Jan 7-12, 2025)

. ’ '
- g - > p
> -
/ =
—

gan Foernang, v.“.y

Malibu

ICEYE Wildfire Insights

Data Crodits: FlightAware, Esrl, Earthstar Goographics, Open Street Map Contributors

Flight Tracking

i o i, Wi At L5, AU, WA, NN, R, TR0, Y e, WA W%

Damaged or Destroyed Undamaged Total Structures

3,843 8,353

Emergency Management Twin: Reality Mapping & Remote-Controlled Inspections



o - - Living Digital Twin
Dlgltal Twin Matu rlty O AUTONOMOUS 9 Ulg
= Self learning and : : .
decision making with AUtonor_nous i Adaptive i a\ AS_S'_St &
Helplng Organizations no human interaction OperathnS i i Decision
Scale to Achieve
Business Outcomes
O COMPREHENSIVE _ |
* Scenarios of outcomes to Scenario Based ! Remote Controlled
make recommendations Modeling | Inspections
P il . .
» " O I:REDICTIVE | Forecasting & | Advanced
= Capable of predicting Al / ML | Simulati i Analvii
outcomes | Imuiations i nalytics
02 INFORMATIVE ; ; ;
* Real-time connection L Sl i Analytics . Connected Data i Virtual Model
to sensors from i i Environments i (Dynamic)
multiple sources ‘ ‘
O DESCRIPTIVE | |
= Virtual representations . . i Virtual Model i
of the physical assets or Reality Mapping (Static) 2D/3D Data

networks
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SAN FRANCISCO

INTERMNATIOMNAL AIRPORT

From Descriptive

Laying the Foundation: Reality Mapping and Digital Models for Operational Clarity

BIM & GIS
Integration

Reality Mapping

“A Complete digital transformation of Operations 2D/3D

and Asset management with a GIS team of 3".
Michael Guy Hansen



...to Informative and Predictive j;,go

. et . INTERNATIOMNAL AIRPORT
Empowering Decision Making: Dynamic Models, Real-Time Data, and Predictive Insights
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: Integrated Operations
s . Center

Lavet View
Level 2

Virtual Model
(Dynamic)

“Every data points has the potential to
transform operations, to influence decisions,

and to drive innovation”
Josephine Young
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THE
SCIENCE
OF
WHERE*

édesri

From Concept to Reality

“

Location is foundational to every Digital Twin

)

GIS connects and integrates Digital Twins

(«

Digital Twins must be outcome-driven

(

Digital Twin implementation is a journey

... Creating Living Digital Twins
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