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Ten Years of Digital Transformation at CARES

CAT answers the question of how to positively contribute to Singapore’s ratification of the Paris Agreement
on climate change while ensuring the country’s progress and prowess in economic, technological,
environmental and social dimensions.

* IRP 1: Sustainable reaction engineering for carbon neutral

S industry
,f;'é'i .f::::}’ * IRP 2: Electrosynthetic pathways for advanced low-carbon
.'_:_i_if ) 4 chemical manufacturing
C4T * IRP 3: Combustion for cleaner fuels and better catalysts
S e e, * IRP 4: Better, cleaner heat usage
RO IRP BB: Better business — pathways to industrial

decarbonisation
e |IRP JPS: The J-Park Simulator



Ten Years of Digital Transformation at CARES
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J-Park Simulator, under C4T Cambridge Centre for
Carbon Reduction in Chemical Technology

eCQEP

A Chemical Energy Storage Technology

eCO,EP, developing ways of transforming CO,
from industrial processes into useful compounds
(completed)

PIPS, From Digital Twins to Real Time Al-supported
Plant Operation

*h\‘ﬁ\;}‘ Cities
“'_-;.{!r Knowledge
'?:Q:i}{&" Graph

Cities Knowledge Graph, dynamic KG for
district heating networks (completed)

Cooling Singapore, exploring heat effects of
industry, buildings and transport in Singapore

Energy Consumption Energy Policies Smarter, Healthier Cities
Data Syntax

CEUS, Consumer Energy Usage Data in Smart City
Development (completed)



Ten Years of Digital Transformation at CARES

Consumer Energy Usage Data in Smart City Development (CEUS)

CEUS aims to lay the groundwork for Singapore
consumers to manage their energy usage beyond

that of utility bill collection. * Integrated the data * Consumers could

Technology development Anticipated impacts

Energy Consumption Energy Policies Smarter, Healthier Cities

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

into a knowledge
graph for City
Information Modelling

CEUS laid the
groundwork for a
Singapore-specific
Common

Information Model
(CIM) grammar to
standardise the
representation of
consumer energy data

enjoy lower utility
bills, select suitable
retail electricity
offerings, and harness
renewable energy

Building level
energy consumption
and costs could
reduce

Enhance grid
resilience



Ten Years of Digital Transformation at CARES
Cities Knowledge Graph (CKG)

Transforming master-planning related data, information and knowledge into a semantic and extensible platform —a
knowledge graph. This would benefit urban planning and support policy makers to map future targets.

PDF documents

Online text and iconography

Note:
This streetblock plan s updated on 3 Mar 2004

Envelope Control Guidelines for
be appiicable. Please refer
8/2015/02-DCG,
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Ten Years of Digital Transtformation at CARES

Knowledge graphs for the biowaste-to-chemicals domain

What are the most sustainable routes from biowaste to value added chemicals and how can we find them?

g Ry é Too many options at each step;

_ S— : knowledge graphs can represent this
Location  Taxonomy (species) GHemica:

composition complexity well

Biowalste Pretreatment Feedstocks Value-added chemicals


LRM
Stamp


Ten Years of Digital Transtformation at CARES

Knowledge graphs for the biowaste-to-chemicals domain

What are the most sustainable routes from biowaste to value added chemicals and how can we find them?

Workflow for knowledge graph population
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Ten Years of Digital Transtformation at CARES

Incentivizing Solar Panel Adoption
8

Owner maintains and
repairs solar PV system

Sales/direct ownership (DO):
customer owns solar PV

ag

Third party ownership (TPO):

Solar firm distributes
solar PV system

t"

solar firm owns solar PV -O-
Levers: PV maintenance =[] Leasing @ . PPA I \
. o @ [ \
level and pricing O=  (fixed periodic (pay for what B
payment) : you use) i

For heterogeneous customers,
TPOs can segment market
further

For homogeneous
customers, mode of TPO
doesn’t matter

Solar panel adoption
as a pricing problem

Building on product-as-service models for clean technologies, we can leverage data-driven
approaches to generate further market insights



The Problem
A Low

Interoperability ==

Different protocols
and data ambiguity
High friction in
exchange and
integration

Lock-in effects and
surging switching
cost

Physical Realm

Internet of Things (loT)




Ten Years of Digital Transtformation at CARES

J-Park Simulator (JPS) — an interdisciplinary research programme within CAT

Creating an architecture for a universal digital twin —
something that can describe the state and behaviour of
any interconnected system.

combining

process and semantic web
economic models technologies

[ Industry 4.0 ]

JPS sets the benchmark for The World Avatar
JPS successfully estimated the total yearly emissions
from Jurong Island (29MTCO,) in C4T Phase 1
The World Avatar raises the bar and aims to create a
digital avatar of the real world — an all-encompassing
world model.
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A change in
perspective



Human-in-the-loop — so far...




Human-in-the-loop - TWA

Derivation
of subgoals

<

Keep world
model updated
& consistent

Goal Derivation
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The Proposed Solution

* Ontologies express
conceptual models of [ ]

%\ / Edges connect
- . = 2 Yo, o / - entities to each
particular domains : i @ " other and to data
S 7 :
. . : x\aﬁo'me s.,::t'l"t?zu /\
* Using ontologies to represent | e : ]
. . | ) 2 &
data in logical knowledge |
L —>  owner1 -cz §§\
graphs (KGs) e )
Nodes define %, Y /
 Distributed over the internet entities and data ]
. ] A suppliesPoWerTo 4
using semantic web (o] £ socomtan | - /
‘@80 ubstation_1 p 7 S “‘-L«“ aterTo =
teCh n0|0gy /fo"qQ\ & \ w(%/ 4 “ Suv:;:tet:_f;
N\ f A‘*, §©

Primary @ \ 5\5\)‘5\@6‘5 Concepts and
F A m— relations are defined
indable ccessible Interoperable eusable

R — AN by an ontology

SOURCE: https://digitaltwinhub.co.uk/credo/

I

SOURCE:
https://commons.wikimedia.org/wiki/File:FAIR_data_principles.jpg
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The Proposed Solution

Ontologies express
conceptual models of
particular domains

Using ontologies to represent
data in logical knowledge
graphs (KGs)

Distributed over the internet
using semantic web
technology

Automated cascading of new
information through entire KG
based on dependencies

Agents
perform
computational

\ N
X ll
h Building 1 74 Evergreen
@ Terrace
-

Edges and Relations connect entities
to each other and to data

n

o]

o

lﬂ.

=
oono

Tarket and instances are
Value_1 defined by an ontology
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The World Avatar (TWA)
A domain-agnostic dynamic Knowledge Graph approach

‘:l

Connect

Break down silos and utilise
semantic knowledge graphs to
unlock the power of your
organisation’s data

&

THE WORLD AVATAR

An open digital ecosystem that unlocks the power of data
and knowledge

x’

Control

Utilise data-supported decision
intelligence to discover and
implement value-adding
changes in the physical world

Q

Query

Reveal insights through
analytics and visualisation to
better understand the
landscape you operate in

Q

Imagine

Explore parallel-world scenarios
to safely predict and explore
the real-world impacts of
changes and decisions

15
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The World Avatar (TWA)
Automated atomistic understanding

0! #_+ y
50+ gt
E‘ -100¢ ESCF E
5 ool hasScanPoint o onspecies >
w M it
-200-
250! \ Esg
+

'
w
=]
o

1.5 2

2.5 3

3.5
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C-C distance [A]

PES \ Scan Point

hasScanCoordinate
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/ Species

— hasScanAtom

Atom
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OntoPESScan ontology for the semantic representation of one-dimensional potential energy surface
(PES) scans, a central concept in computational chemistry. Credit: Menon, 2023



Scale - Molecular

The World Avatar (TWA)
Automated derivation of high value materials

3D  Materials are made of chemical building units
(CBUs).
2D
COFs Zeolites By changing CBUs, one can rationally design
ongoing ongoing and synthesize a plethora of new materials
with tailoring porosity/cavity sizes, electronic
structure and chemical properties.
oD
COPs

completed

Organic Hybrid Inorganic

18
Image credit: Aleksander Kondinski, 2023



Scale - Molecular

The World Avatar (TWA)
Efficient Automation Processes

Chemical molecular design

Chemical synthesis optimisation

FAIR Data

Provenance Self-Driving

ﬁq"’a Laboratories
/ \

\ \
e o

J—

Goal-Oriented
Derivation N

Real-Time Closed-Loop Avatar

E% Collaboration Optimisation

The discovery agent enables scientists to launch an
autonomous workflow by specifying a goal request, which
activates the knowledge graph's dynamic information flow

throughout the experimentation process

Bai J. et. al., Technical Report 310, c4e-Preprint Series, Cambridge, 2023. URL
Kondinski A. et. al., J. Am. Chem. Soc. 2022, 144, 26, 11713. DOI

f Distributed \ OntoMOPs

MOPs Construction Agent

Using rational design principles, and automation
framework from TWA, the discovery agent synthesised a
novel library of 1418 Metal-Organic Polyhedras (MOPs)
with structural diversity and tunability for targeted drug
delivery applications

19


https://doi.org/10.1021/jacs.2c03402
https://como.ceb.cam.ac.uk/media/preprints/c4e-preprint-310.pdf

The World Avatar (TWA >cale - Building
Augmented CARES Lab

e Ene rgy Savi NgSs
Metadata Time Series
Select a data set: SashOpenPercentage [%] v]

351

350

* The CARES Lab digital twin integrates live data from various
" AL ||t equipment with their BIM representation, in order to create an
iil | interoperable system to monitor the energy consumption of
the lab devices, along with suggesting and implementing

measures to reduce this usage

SashOpenPercentage [%]

Time SashOpenPercentage [%] 0
2023-05-24 05:19:03 34.92000198364258
2023-05-24 05:19:56 34.059999084472656 - .
( 20230524 0520150 44050909084472656 [KG EmailAgent] - Fumehoods and Walkin-Fumehoods Sash and Occupancy Alert! 2 - &
Ayl
\ ,"—D"’\ 2023-05-24 05:21:45 35
W ! @outlook. @ o o 8 &~
"\.\‘ 2023-05-24 05:22:40 34.97999954223633 ° astoria-cares@outiook.com ' :

Tor wikson1010x@gmail.comy Wilson Ang Fri 5/12/2023 4:22 PM

What follows is an automated email generated by the Emailagent agent on behalf of another KG service.
Please do not reply.

The following devices (FH-02 , FH-08 ) are unoccupied and have a sash opening above the threshold of 50.0%. Please close the sash for these fumehoods and walkin-fumehoods if they are unoccupied and naot in use.
Listed below are the fumehoods, walkin-fumehoods, their occupied state and sash opening values:

m Occupied State Sash Opening

FH-01 This device does not have an occupied state. 3040 % since the following timestamp: 2023-05-03 06:12:30 AM UTC

1 1
i Is fume hood sash open? |
' Is fume hood currently unused? !

A 4

FH-02 Mot occupied since the following timestamp: 2023-04-11 04:27:16 AMUTC | 90,60 % since the following timestamp: 2023-05-03 06:18:50 AM UTC

FH-03 This device does not have an occupied state. 3066 % since the following timestamp: 2023-05-03 06:12:30 AM UTC
FH-04 This device does not have an occupied state. 71.74 % since the following timestamp: 2023-05-03 06:18:50 AM UTC
FH-05 This device does not have an occupied state. 1850 % since the following timestamp: 2023-05-03 06:18:50 AM UTC
FH-06 This device does not have an occupied state. 1858 % since the following timestamp: 2023-05-03 06:18:50 AM UTC
FH-07 This device does not have an occupied state. 28.94 % since the following timestamp: 2023-05-03 06:18:50 AM UTC

FH-08 Not occupied sin ce the following timestamp: 2023-04-12 01:58:19 AMUTC | 103.24 % since the following timestamp: 2023-05-03 06:18:50 AM UTC

20




Scale - Building

The World Avatar (TWA)

\

\

\

\

/

Augmented CARES Lab
/ \
;‘/( fardwatt < Experiment scheduling— 28 el Experiment scheduling____ AN \
e " & Experiments
T 7/ctive Agenrf‘s‘i\,j
[ sy S T Query & Query & N\
[l T e e e * Using the knowledge graph, a distributed network of self-
o aRme \ driving laboratories for flow chemistry was set up and run
Sensing & ‘,/J [lase @ Samaien §
" | o Dl * Two robotic setups in Cambridge and Singapore were
' ity e - linked to achieve a collaborative closed-loop optimisation
(Bypapicknowiecge Graph 18 for an aldol condensation reaction in real time
‘ * The framework successfully generates the Pareto front
for the yield-cost optimisation problem
\
21

Real World

Indication of Scale — Building




The World Avatar (TWA) scale - Building
Augmented CARES Lab

[

PE— > Asset Tracking

Reset to default Explosive Precursor Bottle

L T A
Imagery

®Light
O Dark
® Outdoors

=1 , v M e The CARES Lab digital twin integrates live data from
_ 1o T various sensors with their BIM representation, in order to
e S : create an interoperable system which allows monitoring
TS of explosive precursors along with automated email
notification to the Lab Manager

Metadata Time Series

Gener | Slenbnd s istinks What follows is an automated email generated by the EmailAgent agent on behalf of another KG service.

Please do not reply.

The chemical container with the following information has been removed since 2023-03-08 07:03:19 AM UTC. The container has the following
label: chemical container 01 and tag ID: 00000000000000A000009727 and it is storing a chemical with the following label: KNO3. The chemical
has the following GHS hazard statements:

H315 : Causes skin irritation [Warning Skin corrosion/irritation]

»| H319: Causes serious eye irritation [Warning Serious eye damage/eye irritation]

H335 : May cause respiratory irritation [Warning Specific target organ toxicity, single exposure; Respiratory tract irritation]

H272 : May intensify fire; oxidizer [Danger Oxidizing liquids; Oxidizing solids]

The following meta-data was gathered from the machine triggering this notification:
Public IP Address: 131.111.184.3

Submission Time: 2023-03-27 07:22:48.0390

Hostname: cOccfcd8a329

Local IP Address: 172.23.0.2

22



The World Avatar (TWA) >cale - Building
BIM-GIS representation of Pirmasens: House 45

House 45

Layers

Metadata

A  Augmented Pirmasens

v ies: A
 City All Entries:

Current Electricity Consumption: 0.315 [kWh]
v House 45

L Current Relative Humidity: 84 [%]
House 45 h N : Current Diffuse Horizontal Irradia: 35 [w/sqm]
- Current Time: 2022-12-06 14:00:00+00
Theoretical Roof PV Area: 98.21 [sqm)]
Building Footprint: 113.48 [sqm]
Current Theoretical Solar Electricity Generation: 0.81 [KWh]
Current Cloud Cover: 100 [%]
Current Rainfall: 0 [mm)]

Clipping Planes : .‘ . ' 4 Available solar panel options

= 1) AXlIperfect FXXL WB

Type: Monocrystalline
Performance: 415 - 430 Wp
Panel efficiency: 21.25 ~ 22.02%
Cost per module: 154€
Vendor: Axitec Energy

Dimensions (L x W x H): 1722 x 1134 x 30 mm
Weight: 21.8kg

. | General | Legend Links € Return




The World Avatar (TWA) Scale - City
AERMOD agent: Time evolution of NOx at Harbourfront (red dot)

’ AUEN WA
'\(’— NOVENA ) ‘ WAY \

EYLAN cConEéHﬂu‘iﬁona ‘%glm’)

¢ s )
>k ONIE Virtual sensor
5 . \

 KALLANG

| Metadata

Select a data set: NOx [pg/m=] b s

0.0020
0.0025
0.0020
0.0015
0.0010

00005 P p-0-e 0§

NO&#x2093; [&micro;g/m&#179;]

.
‘,.D--e” -t %o
o

Gl A q$¢‘?§‘ & & v?“"\q‘}f.:g%

Time
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The World Avatar (TWA) Scale - City
Augmenting simulation data with sensor data

* Representation of ambient environmental variables (Noise, Light, Speed) timestamped with
coordinates and collected using existing mobile phone sensors, overlayed with estimated ship
emissions from an atmospheric dispersion model

Point 1

Wednesday, 23 November 2022

Jime 20:56:01

Latitude 1.281792
Longitude 103.8602
Speed (m/s) 0.999
Light (Lux) 0
Noise (dBFS) -41

Relative Humidity (%) 76

Temperature (°C) 28.4
UV Index 0
NOy (ppb) <1 (Good)
O; (ppb) <1 (Good)
SO, (ppb) <1 (Good)

PM2.5 (ug/m3) <1 (Good)

PM10 (ng/m3) <1 (Good)




The World Avatar (TWA) Scale - City
Augmenting simulation data with sensor data

Point 3

\ B

_ Wednesday, 23 November 2022
21:21:15

:

.

:




The World Avatar (TWA) Scale - City WJ BNL
Route optimisation for waste collection

( . )
‘[[“_ Truck loading weight / Predicted waste amount for each client \
'UU-D history
\_ ) '
) > ; ’@"0\ o

..:: Date: weekday, S . \/ GJ\/Q
: ::@ season, time { |
—

III .Clienttype o
O (size, frequency) ) /

/

Route [ )
optimisation for 'Q Weather data
garbage truck > — 2
drivers @'3 Live traffic data
\. J
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The World Avatar (TWA)
KG-Driven Real-Time Network Operation

Scale - City tﬁ.j

NANYANG

UNIVERSITY
SINGAPORE

A knowledge graph based digital twin of the NTU campus incorporating 3D building data, class schedules, weather, power systems,
power load and solar generation.

NTU Digital Twin
Visualisation

The World Avatar

LT

L3
e [ .
LT5
e W = ==
w7 —
Lre (=]  —
T ==
LT10
L O =
T2 ]
ms
Lma
LT1s L |
e =
7z
Lms
LT
L7194
LTS [ =
LT20
LT2A
09:00 12:00 15:00 18:00 2100

== BIOLOGICAL PSYCHOLOGY*~ = INTRODUCTION TO PSYCHOLOGY
== CALCULUS FOR THE SCIENCES == ANALYSIS OF MATERIALS

== AEROSPACE CONTROL THEORY == SOLID MECHANICS & VIBRATIO®
== PROBABILITY & STATISTICS*~

== INTRODUCTION TO ELECTRICAL CIRCUITS & ELECTRONIC DEVICES*-
== THEORY OF MECHANISM*~ == HEAT TRANSFER

== MATHEMATICAL METHODS IN ENGINEERING

NTU Digital Twin
Visualisation

The World Avatar

Class Schedule

Property Use

Power Heatmap

‘Metadata Time Series
Class Schedule
78 ciss N .
00:00 04:00 08:00 1200 18600 20000
Current Weather
‘24.9 ‘ 87 . 0 w 3.86
Temperature [*C)  Relative yl. P {mm} 30 (ms)
Weather Forcast
————— L ——
S0
0
09:00 12:00 15:00 18:00 2100
- T e (°C) == R idity (%) == Preci ion (mem)
- Windspeed (m/s)
¥ Al Entries:
Venue Location: NS1-02-01(LEVEL 2, NEAR TCT-LT)
Venue Name: LT8

Venue Caoacitv. 240 28

TECHNOLOGICAL



The World Avatar (TWA)
Isochrone map for all schools in Pirmasens

Isochrone map showing coverage of schools within 15 minutes of walking in Pirmasens

Scale - City

Camera
Reset to default

|magery
O Light
® Dark
® Qutdoors
@ Satellite

Layers

A B Pimasens
v  Buildings
A B°Isochrone
A W Pharmacy
W Wak
B Bicycle
B car
A @ School
v Walk
W Bicycle
B Car
v W Bank
v @ Hospital
v B Ciinic
v W PoliceStation
v [ EatingEstablishment
v W ReligiousFacility
v [ Population Data
v [l Digitales Landschaftsmodelt

> pmayrate

; = '-: flu%m:imﬂc -

Each shade of colour represents 5-minute intervals

CMCL | © Ma

etap Improve this map

Smart City Pirmasens
Feature undetinea

Metadata

v All Entries:
Male Population: 5570
Youth Population: 1253
Road Condition: Normal
¥ Isochrone Origins

0: Kindergarten St. Anton

1: Waldorfkindergarten

2: Nagelschmiedsbergschule (Teil RS +)

3: Villa Kunterbunt, prot. Kindertagesstatte Winzein 4

4: Pauluskinderkarten

5: Matzenbergschule

6: G Gersbac! -Winzeln

7: HusterhAfhschule

8: Lukashort

9: Berufshildende Schule Pirmasens

10: D-Bau

11: Stadtmission

12: BauC

13: Pirminiusschule

14: Immanuel-Kant-Gymnasium

15: Integrative KindertagesstAstte St. El

17: Grundschule Ruhbank-Erlenbrunn
18: Landgraf Ludwig Realschule plus
19: Neubau

20: Pavillon

21: Schulturnhalle Immanuel-Kant-Gymnasium
22: Realschule plus

23: Grundschule Wittelsbach

24: Katholische Familienbildungsstatte
25: KindertagesstAatte

26: Lukaskindergarten

27: B-Bau

28: Heinrich-Weber-Schule

29: Haus des Kindes

‘ General ‘ Legend Links € Return

St?dt
Pirmasens

Population data from
Facebook (Meta) — Data
For Good

Schools in Pirmasens
from Open Street Map



The World Avatar (TWA) AN Stacitwerke
: : : : \ww Pirmasens
Optimal control of a district heating system

Scale - City

Minimises heat generation cost and optimises the operation of a gas turbine, with continuous data
integration and forecast using the knowledge graph

Optimisation scope

Continuous data

e Co-generated

{ ]
’!x % electricity
] o - - - T T 7 7 - - - -T-T-mTmomTTmTTTTT B

CMCL CM PG https://doi.org/10.1016/j.apenergy.2021.117877 30

I I
I I
I I
) . I
integration : e | |
I I Municipal . | ' I
I N . o - - I
* Gas price : , utility Boiler 1 E]..l —‘—I Energy-from :
.« CO, price | | I podllt Waste plant |
[ . ° 1 |
* Electricity spot price : I ﬁ Boiler 2 5[.] : 1 :
* Temperature ! : . I — I

: I Boiler 3 1}!) —: —

I : I o I
. I CHP gas turbine l o :

Heat demand I : & lIﬁ | Distribution I Consumers
* Flow temperatures : IL ___________ ! network :
« Return temperatures | Py I
I . | I
I N > I
I I
I I
I I



The World Avatar (TWA) Scale - City
Representation of cross-domain data in Kings Lynn: Effect of
flooding

Affected people 3568
Affected properties: 921
Property value at risk: £345m
l l.-
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_ §
The World Avatar (TWA) >cale - Country Jj

CMCL

Climate Resilience Demonstrator (CReDo)

* Critical National Infrastructure is highly
interconnected.

* The relationships between assets and networks are
usually not known.

* Resiliency measures can sometimes be insular.

* Visualising the interdependencies between sectors
enables collaborative resilience efforts.

'Cascading risks—spreading from one Critical National
Infrastructure (CNI) sector to another, magnifying the impact of an
event—were demonstrated vividly by the effects of Storm Arwen in

late 2021, which led to extended power and communication

outages’ - Joint Committee on the National Security Strategy, UK A real-life flooding event and a simulated example
using the CReDo visualisation tool

32



Scale - Country

The World Avatar (TW
Singapore MacKay Car

Detailed calculator

on Calculator

Lever explanations — Singapore context

SINGAPORE MACKAY CARBON CALCULATOR Overview
) powered by The World Avatar o [ P—— T Singapore MacKay Carbon Calculator
L a Bu'lldings: Lighting & Appliances Level 1 A lack of ambition 1o curb usage as well as Default Timing Start year: 2025, End year: 2050
Annual Greenhouse Gas Emissions an increase in lighting in and outside of the home
This lever controls the sub-levers listed in the o ghting . X S L S NS Loty lewetd  laveld Lty
. means lighting demand increases. Appliance
table, and ambition levels are for the end year . . o gy - Reasigantsi 150 [Tt am
120 . . . demand also increase with a rise in the number of by oTs 050
—— Total Emissions shown on the right-hand side. Units of ‘Index’ are N N N N -
c . appliances owned in the home. Device efficiencies L) b =
100 == Transport-International relative to 2015. : " L L —
# improve slightlhy.
KR Pt 80 oo Domest Energy used to provide lighting can be reduced in B b=
Buildings-Non-Residential ey - red P n E I dg 4 for liehd Level 2 Lighting and appliance demand remains It
L o Level of ambit 60 Bu{;ld‘;\gs-Res-centla\ twgfways. reduce t ?P‘:\i? htemu'anhti or dlg L'lngd, the same as in 2015 Efficiencies imprave thus a=
r settings: v mbition I effi . N s o
ever setting 0 vel of ambitio - - ~ = nQusay BNG/or Us& more emoient lights. Lighting ceman, reducing the overall energy consumed for lighting oo

T R
ot

Other Energy Supply

MtCO2e/yr
&
=3

1

Primary Energy Consumption

Agriculture & Land Use
Waste Management
Other Energy Supply

could be reduced through improved behaviours
and building practices such as turning off
unnecessary lights. More efficient lighting options

intensity of lighting is the amount of energy
consumed by the lighting technology to produce
light. Reducing the energy intensity depends on
how soon, and to what extent, LEDs can replace
existing CFL and halogen bulbs_
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and appliances compared to the 2015.

Level 3 Demand for lighting and appliances

Level 4 LEDs are used for all lighting, and
technological advances realise a more efficient
farm of LED bulk for creating white light from UV
LEDs. Lights in buildings automatically turn off
when not needed and more daylight lighting
options are included in new builds. Similar
behavioural changes are applied to appliances
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The World Avatar (TWA Scale - Country
Representation of cross-domain data in Chile
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Feature 32

¥ AllEntries:
capac_m3_h: 120833.000000000000000
1954 combustibl: GAS NATURAL
comuna: PUNTA ARENAS-SAN GREGORIO
coor_norte: 429757
coord_este: 4178551
datum: WGS84
diametr_mm: 508.000000000000000
diseno_mpa: 15.300000000000001
f_operacio: 1999-08-01
fech_act: 2016-10-17
fech_crea: 2015-09-25
fuente_bas: SEC
gmi_id: gasoducto_ccba1231_3543_4755_adcd_af7560ab8373.20
huso: 195
long_km: 177.240000000000009
nombre: GASODUCTO 20 POSESION - CABO NEGRO
objectid: 20
operaci_mp: 7.000000000000000
propiedad: ENAP MAGALLANES
provincia: MAGALLANES
region: REGION DE MAGALLANES Y LA ANTARTICA CHILENA
v_gas: S/l

Rio Gallegos




The World Avatar (TWA)
Applicable and extendable to any location

Singapore
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The World Avatar (TWA)
Representation of building data: Cambridgeshire

Unified User Interfaces — 2D visualisation
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The World Avatar (TWA
BIM-GIS representation of Pirmasens: House 45

Unified User Interfaces — 3D visualisation
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The World Avatar (TWA
Unified User Interfaces

Mobile App and
Dashboard

All » Walk In Fume H All v Exhaust VAV 5 All v VE!

All v Al ~

Latest Average Latest Ambient temperature [°C] Ambient temperature of Rooms [°C]
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Combined Reactor... High Pressure Cat... Open Lab Area

BMSQueryApp
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