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ENVIRONMENTAL PHYSICS & TOOLS (Traditional solutions)
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IEM Innovation - DEFINING A NEW MODELLING FRAMEWORK

3D Urban Digital Model + Geometry Processing

SOLAR IRRADIANCE MAP
Heat radiating from heated surfaces

* Fully Coupled
Interactive Physics in
one tool

+ Calibrated & validateqd
Using Punggol field
data

* Opensource and
inhouse developed
solution

Wind and
thermal

Solar
irradiance and
hading

WIND FLOW MAP
Wind due to Hot air rises due to
\ convection

Monsoon
\ - Q

Traffic
acoustic
noise

Interface layers for master planner and urban designer to overlay with other planning layers
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IEM Functionalities
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" Traffic Noise

Integrated Environmental Modeller (IEM)

~ Identification of Key
Urban Features

7| Modelling Solar Heat

Mapp[ng Gain

Integrating Urban 3
Planning & Design with
Environmental Simulation

Determine Resulting 4 Establishing Wind
/ Air Temperature Flow




IEM - Digital Twin for Built Environment

« |EM has been integrated to Virtual Singapore (VS) platform. With this implementation, it became
the first modelling and simulation application in VS, and is available to all of Singapore’s public
agencies with access to VS through the efforts of GovTech.

i
®

« Toincorporate IEM into JTC digital platform for Punggol Digital District planning and development

Integrating IEM application to Further development tool - Incorporating IEM for PDD
Virtual Singapore platform IEMSim planning & development
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3.1) [Backend] Connect to [EM server @ IHPC

3.2} (Backeod] Run IEM simulations
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£.1) Display resolts in  static manner

4.2) Display resuits vith various time stamps

CREATING GROWTH, ENHANCING LIVES



IEMSim Software Tool
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=] Project | solar | Wind | Nose | r [ vabe |+
El D-WOXUW\'OQOX [-Project Properties Project Name TestOl

@o Project Name: [restor Profect Path D:\BudFox\Temp\Ts
|
Nolss Parent Directory: Browise I [o:\BudFoxiTemp ||| Prosect Fie
@B s ||| Project Stage 11
Create Project: rests I D:\BudFox\Temp\Test01 R

@ Solar Project Type
case.fosm OpenFOAM Dirs: 1Bl I No. Processors 4
B constant Project Type:

output_file_noise.txt
output_file_project.txt

Import STL File:

MaterialfRefine Level: | Glass_ClearFloat 6 = [0

output_file_solar.txt /
D:\BudFox\Temp\Misc\file01.stl; Asphalt_16
output file_wind.txt D:\BudFox\Temp\Misc\file02.stl; Concrete_21

@ system Add__[D:\Budrox\TempiMscifie0d. st Glass_ClearFlost_¢ . Solar

('I
le | || cty Location Singapore 2 Wlnd
L u" Solor MeshRes. 4.0 3. Wind + Solar
4
5
\__
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No. Processors: Kl v Solar Mesh Offset  0.15 .
| - . Noise
. Wind + Noise

User Mode: advanced ¥ | Complete *** fields Solar Mesh Ov.
Solar Sim, Type transient sky

Solar Multi, Sims 0
Solar Start Time

Solar End Time

Solar Reflections 1
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Filepath: D:\BudFox\Tenp\TestOl\output_rile s

Project name: Test0l Include Sun with sun

{Project path: D:\BudFox\Tenp\Test0l Sampling Rays 256

|OpenFOAM setup: Directories created total

Project type solar =1

|Last STL file: D:\BudFox\Temp\Misc\f1ile03.stl j“""‘ File _'L,
+| Mesh Refine Level: 0 | PN 7

< | o~ Led | » Property Description/Value
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Validation With Field Data

IRRADIANCE

TEMPERATURE

NOISE
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Node 101
Node 113

N101  N108 N9 N112  N113
Measurement location

N1O1  N1OB  N109 Ni12  NT13
Measurement location

Good agreement on solar irradiance field data (e.g. comparison of data on 4t July 2016, 12:30 hr)

R R R KRG
S ITITFTITSTHIIITIITSSS

Simulated wind speed is compared
with field data at various sensor

Simulated temperature is compared
with field data at various sensor

Reasonable agreement on wind speed and temperature with field data from June — Aug 2016

Noise Level L, €B(A)
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imas|  Block
¢ 106A
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™
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" 106D

Noise Lavel L_ dBI(A)

03 6 9 121518 21 24 27 30 33 3 39 42 45 46
Height above ground (m)

Good agreement on traffic noise field data (e.g. comparison of data on 4™ July 2016, 12:30 hr)




IEMSim - Functional scalability and validation

« |[EMSim verification testing for 3 new case studies in Singapore

@ % &

Results

TS Simulation details
Point-in-time *  Grid Resolution: 16 min
*  1630hrs, 21 June horizontal 1.5 m in vertical
« 256 sampling rays : «  Processors: 28 (with
«  1ambient bounce hyperthreading)

*  20threads
* 27 mins
*  4m resolution

*  Total count: 14 million cells
*  Convergence time: 5 hours
*  Wind:2 m/s from NEat10 m

Cumulative sky s oo i s
L —

« Whole year . N

« 256 sampling rays u i

« 1ambient bounce =9

+  20threads Ly

*  16mins
*  4m resolution

Keppel District — Solar
Tengah Town — CFD

Wind + Temperature
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Plantation Precinct — Traffic Noise
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CREATING GROWTH, ENHANCING LIVES
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PLANNING OF TENGAH USING IEM

Solar Heat Gain

Wind Flow

10
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CREATING GROWTH, ENHANCING LIVES

NEW FRONTIER IN MICROCLIMATE MODELLING
CITY SCALE SIMULATIONS

SOLAR IRRADIANCE

Solar Absorption (W/mA2)
90 180 270
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CREATING GROWTH, ENHANCING LIVES
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CITY SCALE SIMULATIONS

! | ///f

l
l
MODELLING

WIND-FLOW ANALYSIS
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IEMSim Model Requirement

« For IEMSim scalability testing, we estimate that township scale
simulation requires:

 Grid size: 120 million

« RAM: 512 GB

* Processors: 64

» Expected completion time - within ~8 hours.

« STL geometrical properties are needed for IEM simulation

13



IEMSim Readiness
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IEMSim has been developed, validated and user acceptance tested

« |EMSim has been verified for successful running on workstations (IHPC and HDB),
clusters (IHPC and HDB) and HPC system at NSCC.

« |EMSim operates on Linux OS, and Windows virtual machine for IHPC
« [EMSim are able to integrate with other platforms, such as Virtual Singapore.

« |EMSim has been licensed to WizVision Pte Ltd for distribution, further development,

technical support and maintenance.
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IEM2 - Further Ongoing Research Efforts

Expand of
environmental
factors ~-Humidity &
Mean Radiant
Temperature for UHI

Integration with other platforms

Advanced greenery modelling

Expand on existing
noise models to
include aircraft

Downscaling meso-
scale weather to
micro-scale urban

Climate / UHI Impact

Building energy saving

Wind driven rain

Energy modelling at
estate/town level based
on existing
microclimate model

Wind driven rain modelling
for provision of weather
protection features

%=

Aircraft noise

Land usage optimization
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