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Al for Tomorrow’s On-Demand
Digital Twins

This is not an ADB material. The views expressed in this document are the views of the author/s and/or their organizations and do not necessarily reflect the views or
policies of the Asian Development Bank, or its Board of Governors, or the governments they represent. ADB does not guarantee the accuracy and/or completeness of
the material’s contents, and accepts no responsibility for any direct or indirect consequence of their use or reliance, whether wholly or partially. Please feel free to
contact the authors directly should you have queries.
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How can we help planners to better

understand the impact of new policies
and plans on the urban climate?

By using a digital twin of the city that allows
them to simulate what-if scenarios...
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Digital Urban Climate Twin Explorer has been built with the goal is to enable planners to benefit from what-if
scenario capabilities to help them with planning.
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Infrastructure Resilience Explorer* is based on the same Explorer app but geared towards infrastructure
network resilience.

What is the impact of earthquakes
on infrastructure networks? How
does placement of repair teams
impact infrastructure recovery?
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From Science to Policy — DTL Approach

We build digital twin applications (Explorer,

Stories) that can leverage computational models.

We operationalise computational models using
our Simulation-as-a-Service Middleware.

POLICY

Master Plans

EXPERIMENTS

What-if Analysis

APPLICATION

Explorer, Stories

INFRASTRUCTURE

Simulation-as-a-Service

Middleware

SCIENCE

(Federation of) Models
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From Science to Policy
Today
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From Science to Policy Today — Example of Cooling Singapore

The digital twin integrates computational Wastorptan T #/ (o

models of all relevant urban elements paa > | Mol Properties

(e.g., land-use and vegetation, buildings, Souetaton

industry, transport) as well as urban Properties

climate models. I N etsoiogcal ||| | Mescscae ﬁ/ /
Properties P Model(s) Model

Industry

Energy —
Road Model(s)

A

Anthropogenic Climatic
Heat (AH) Boundary

Infrastructure
Data

Climatic Data

Profile Conditions

Traffic / Traffic
Demand Energy —
Data Model(s)
. v Y
PVehch_e Electricity Urban Microscale
roperties Demand Geometry / ‘9| |Urban Climate Climatic Data
(E-Vehicles) Properties Model
Electricity ¢
Demand Power Plant
Energy —
Fuel Model(s)

Price
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From Science to Policy Today — Example of Cooling Singapore
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Today we have a pre-defined federation of
models.

What-if scenarios are simulated using a
pre-defined subset of models.

Example: “What is the impact of energy-
intensive industries on the urban climate?”

Credits: Cooling Singapore (power plant and industry modelling by CARES, mesoscale urban climate modelling with WRF by SMART,
SaaS model adapters and SaaS Middleware by SEC Digital Twin Lab).
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From Science to Policy Today — Example of Cooling Singapore

Credits: WONG Minn Lin, Cooling Singapore.

Singapore

I/E“ EXPLORER

_—

I O
Baseline

48623
Projected change in electricity demand

2300

Change in general electicity demand (%)
0

50

Electric vehicles share

0
Other heat emission profiles

Projected Supply

0

Display Time of Day (in hours)

oh

User provides input to
parameterise the
analysis.

Scenario 1:
Power plants only.
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From Science to Policy Today — Example of Cooling Singapore

Other AH Emissions

Power Plant AH Emissions

Credits: WONG Minn Lin, Cooling Singapore.

Smg.apore

I/E“ EXPLORER

Baseline

48623

Projected change in electricity demand

2300
Change in general electicity demand (%)
0

50

Electric vehicles share

0

sg_industry_constant_height

Projected Supply

0

Display Time of Day (in hours)

oh

User provides input to
parameterise the
analysis.

Scenario 2:
Power plants and
industry.
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From Science to Policy Today — Example of Cooling Singapore

I S I D I Results of different

: o[¥- scenarios are visualised
. - Gimoe s cones and can be compared

B £ - : with each other.

o g

Mesoscale Urban Climate

e e Areas with high AH

- emissions (i.e., Jurong
Island) show an increase
in air temperature.

Hour of day

Credits: WONG Minn Lin, Cooling Singapore.
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From Science to Policy
Tomorrow
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From Science to Policy Tomorrow — A Vision of Things to Come

Interact with the user and

En g ag e | Nn ? ? perform a requirements

. @ analysis to collect detailed
dlalog ue to information.
understand

. What is the impact of energy-intensive

q u eSU 0] n/ industries on the urban climate in Singapore?
problem
statement. ) |5 there any industry you are interested in?

| want to know about the petrochemical
industries on Jurong Island in particular.

—— Which aspects of the urban climate are you interested in?

Near-surface air temperature and relative humidity.
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From Science to Policy Tomorrow — A Vision of Things to Come

MODEL REPOSITORY:

Discover available models
Assem b l € arl1d s:allect \t/he most
fed erati on appropriate ones to
assemble the on-demand
of models federation of models.
dynamically

by selecting
the required
models.

ON-DEMAND MODEL FEDERATION:

! ! Anthropogenic
Indust Industry Ene
> ,I Distn'but?;n ,l_> M“(/)del e —7/ Heat (AH)
o o e e e = 1 Profile
-------- Mesoscale Climatic
! ici ! Urban Climate prity
1 Electricity Model
1 Demand 1\ o :
L e U Power Plant nthropogenic
F——————— Energy Model Heat (AH)
! / Profile
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From Science to Policy Tomorrow — A Vision of Things to Come

Design
experiments,
generate input
and execute
simulations
using model
federation.

o.o

Discover available data
objects, select the most
appropriate ones (if any)

and/or generate new data
objects to reflect the scenario.

I Industry
] Distribution

] Demand

- —— -

Amhro pogenic

Industry Energy Heat (AH)
Model Profile
Power Plant An;hrop(;(:;: nic
Energy Model 'eDatf(i )
rofile

Mesoscale
Urban Climate
Model

Climatic
data
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From Science to Policy Tomorrow — A Vision of Things to Come

Translate
results from
simulations
into actionable

insights and
feedback.

Scenario A

Scenario B

Analyse the results and generate an appropriate
response to the user’s original question / problem
statement. Depending on context, provide a
summary of actionable insights.

Air Temperature (in "C)

5 8 10 12 14 16 18 20 22 24

Time (hours)

Min_A s ax A s Mean A

Min B weessessssn Max B sessessssnn Mean B

:D% {X%
pE LPE
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From Science to Policy Tomorrow — A Vision of Things to Come

Al-enabled
On-demand
Digital Twins

S Pre-defined
Digital Twins

With the help of Al, digital twins will be generated on-demand as
and when required.

This should lead to significantly reduced turn-around time and
increased flexibility.
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Thank you!
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DIGITAL TWIN LAB

Website:

Contact:
heiko.aydt@sec.ethz.ch
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