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&“? DT Structure for Buildings and Cities

A city is a comprehensive system connecting the physical,

. . [ National DT}
social, and business aspects .

A city can be thus considered as an asset that integrates Lo
different subassets such as buildings, utilities, g ———
. . ( Building/
transportation infrastructure, and people. Building DT ]‘{ Bridge DT }*[ Road DT ] ------ Infrastructure
" Level
A DT at the city level is a dynamic digital replica of a city System
that integrates each sub-DT. Pump DT _J--o HVACDT | -~ Leve

DTs in the upper level (e.g., city DT) interact with the sub-DTs (e.g., building DT) in a bidirectional way
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& Architecture Layers

This architecture for both Building and City level is composed of five layers:

* data acquisition layer People
* transmission Iayer
Service Layer Security & health || Transportation Energy Space Event Asset Environment | :
L. . management management management (| utilisation || Prediction || Management management | :
e digital modeling layer : : :
P e T T E
: ; Data/Model | Data Analysi Data/Model D ) Data/Model T I — :
= ; . ysis il ata - , Machine Learning, -
* data/model integration layer S| [ 1ntceration Layerf:|  Dat Fusion ][ and Query || mntegration || processing | Serine & Simulation Engine. | *
= P ) \_ Visualisation -
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° - : ity/Building Information Model Energy Simulation Asset Information Weather o H
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E
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S

Tm;'i':i'?i“" Transmission and Access Network (e.g., Internet, 4G, GIS, HTTP)
Security and Culture A H
- - e v H
Sensor Data Weather Data Energy Data J Healthy Data Background ) Policy :
Data Acquisition
Layer Data support from Sub-D7Ts <> <> Daa support from Sub-DTs
Sub-DTs:
N - Recreational Water :
e o . Energy Utility - :
Buildings Transportation . . Facility Management :
Infrastructure Infrastructure . -
) Infrastructure Infrastructure
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System architecture of DT development at a building level

Dynamic Digital Twin of a Building

Data Acquisition

Layer
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West Cambridge Digital Twin Demonstrator

West Cambridge site of the University of Cambridge in the UK

» The West Cambridge site includes more than 20 university buildings, sports centers, residence areas, main roads, parking places, and
restaurants.

» This can be therefore be considered as a small example of a city and a promising testbed.

« For the building level, this study used the Institute for Manufacturing (IfM) building, which is a 3-story building at the West
Cambridge site.

« This building includes teaching, study, office, research, and laboratory
spaces and stands over a 40,000 sq ft comprehensive area. Modelling and Data University Facility

Collection Company

Management Team

Unmanned Agrial Vehicle Laser Scanner Photog?ammelry CAD D:z:w'mc', Facility Manager
(UAV) (Point Cloud Data) (Point C]pud Data) (Images) L (West Cambridge Site)
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& Data Acquisition and Transmission Layer

Data acquisition from :
TrnTwhshn Transmission and Access Network (e.g., Internet, 4G, GIS, HTTP) Bui|ding management system (BMS)
City Level
ceeaee t Asset management system (AMS)
Space management system (SMS)
HTTP
L RESTful
Windows server uruhr'ul?']
I
| Sensor manager software ] [ Asset manager platform ]
HTTP
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= Digital Modeling Layer

Level of Details
N - S g (LoD)

.

BIM model of specific
Plant Room areas in IfM with highly |LeoD /8
detatled information

Institute for Manufocturing

LoD 2/3

S|P JO |24

Bwlding
Level
IO ppows NIT"

LoD 1

City Level
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s a¥pugqum ) 159

Digital modeling layer development of the city DT at the West Cambridge site
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= Digital Modeling Layer

Data Capture (including
images, point clouds)

—
Route of vehicle- i ,
based scanning : l
/[ Point Cloud Model
; Genei'ation
Route of fixed ! | Mesh Modell Generation

wing drone
scanning Object-oriented Model
Generation

Model generation process and plan for West Cambridge site using fixed-wing drone and vehicle-based scanning
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% Data/Model Integration Level

IFC schema mapping with other data resources using AMS as an example

—-‘ IfeSite # §
i i IfcReiConnectsPort % IfeDistribution
i . w
‘ s + 3 | ToElement 3 Port
' RelatingPort
[l !
: IfeRelConneact
IfcBuilding ] i sPorts
1 & RelatedPan
y 1[ WoRelContainedin | [1:nl; E E
IfcRelAggregates SpatiaiStructure | ] | mp = IfcRelConnectsPort g IfeDistribution
I [ » i E ToElement 5 Part
: ! | =
: i
1 . IfcRelConnects
' Elements
IfcRelAggregates : R
! ! RelatingElsments g
[1:n) { " g
1 IfcRetConnectsPort IfcDistribution
[} I g =l o o W
i\ BIM object information = {GUID, ... | i =
' RelatingPort
H IfcRelConnect
- | Assetin : sPorts
! Asset Code | 1 ; . Aetanndp
i Status/Value E slatedpen
E Work Manager Matching { + ; lfeRelConnectsPort % Hcmm
' H R ToElement
i PP 4
! AMS Data Structure IFC Schema BIM object "“““’“4‘.‘!’.'?._.Jfl:gu-l:-_-.-_l .................................................................
' rllttkjeull{ulw e : ‘r/’/':_\«‘l;l[ching
! [fcObject Matching table Sensor Data Structure
| ————— ¢
: (i-l.'ll.‘.l/ — Sensor data
b asset 1D GUID s
Description SensorlD - w
' Description -1 LocationlD I Gateway I
- L. 1| ObjectlD
: 21| GatewaylD
IfeSpace Matching table H Timestamp LocationlD
v | Value Timestamp
GUID .4 | Deseription Type
LocationlD Signal Strength ...
Desgription ) N S
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Service Layer (2/2)

Bty & Onets O
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Service Layer (1/2)

CUSUM-based Pump Fault Detection
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% Roadmap for DT development at Building and City Levels

Purpose

Function

Confirm the city location and basic information

Confirm the objective of DT construction in this

city and building level

Confirm the types and
classification of each
assets in this city

1. The summary of assets
and their functions;

2. The relationships among
assets.

Building Level

1 Ciry Level

E

Confirm the data
resources and users of
each assets in this city

1. The summary of data
needs for each assei;
2. The determination of

users for each assei.

Select a specific asset type (e.g., building) and
confirm the targets and core functions of this DT

creation

Establish the
modelling approach
for this city

I. The selection of modelling
approaches (e.g., UAV, CAD
drawings or CIM);

2. The confirmation of
information level.

Establish the digital
maodelling approach
for this building

1. The selection of modelling
approaches {e.g., BIM);

2. The confirmation of
imformation level.

Trust

Establish the

. The confirmation of data
exchange, sharing,

internp-erah-ﬂlty wvisualisation and
pmeedurt and data integration methods and
compatibility platforms

Confirm data
resources amd

users/management
team in this building

Establish interoperability
procedure and data
compatibility &
visualisation

Establish a gquality and
security control
strategy

1. The confirmation of
quality assurance methods
(e.8.. data correctness);
2. The confirmation of

security methods (e.g., 1D).

Establish a gquality and
security control

strategy

Establish a new
asset/data resource/
technology development

strategy

Establish a sustainable development plan
{including society, economy and environment )




@ IES - Intelligent Communities Lifecycle (ICL)

Bridging the gap between the real world and simulation, the ICL
Digital Twin enables the energy efficient design and continuous
operational optimisation of not just single but entire groups of

buildings.

* Undertake sustainable master planning COllgll):ll"gtion

Y/

e Operate buildings or communities more effectively
e Connect, visualise and analyse any data from any source
e Citizen and operational team collaboration and engagement

* Delve into zero-carbon construction/retrofitting of individual buildings

* Integrate with utilities and renewables to create local energy networks
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@ IES - Intelligent Communities Lifecycle (ICL)

.é= BAua 1°: Avalntnon mAnpodoplwVv CXETIKA LE To Tpoypappa iCD

Collaboration

Cloud

Y/

A Single Platform for Decarbonisation

UNIVERSITY OF . .
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https://www.iesve.com/icl

% IES — intelligent Community Design (iCD)

@ iCD is a 3D urban master planning tool

Quickly analyze multiple sustainability metrics directly within one central tool. Plan and visualise impact of changes over time.
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P Ertimeda mAnpogoplag 0to HoVTEAO

Sk UK “Level of Definition” LOD 2013

K1 N

Stage number

Model name

5

Build and

Handover and

=

Conceptual

LOD 200

Approximate geometry

LOD 300

Precise geometry

LOD 400

Fabrication

USA AIA “Level of Development” LOD 2008

LOD 100

LOD 500
As-built

Systems to be
covered

Graphical
illustration
(building
project)

Graphical
illustration
(infrastructure
project)

What the
model can be
relied upon for

N/A

<
-

Model

information
communicating
the brief,
performance
requirements,
performance
benchmarks and
site constraints

Models which

communicate the
initial response
to the brief,
aesthetic intent
and outline
performance
requirements.
The model can
be used for
early design
development,
analysis and
co-ordination.
Model content
is not fixed and
may be subject

PO SRR J Y

Standard: PAS - 1192-2

PAT
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A dimensionally

correct and
co-ordinated model
which communicates
the response to

the brief, aesthetic
intent and some
performance
information that
can be used for
analysis, design
development and
early contractor
engagement. The
model can be used
for co-ordination,
sequencing and

A dimensionally

correct and co-
ordinated model
that can be used to
verify compliance
with regulatory
requirements.

The medel can

be used as the
start point for the
incorporation of
specialist contractor
design models

and can include
information

that can be used
for fabrication,

R S -

commission
All

An accurate model of

the asset before and
during construction
incorporating
co-ordinated
specialist sub-
contract design
models and
associated model
attributes. The
model can be used
for sequencing of
installation and
capture of as-
installed information

LoD2 ]

LOD2.0

Lon3

0D3.0

LoD2.1

LOD3.1

closeout
All

An accurate
record of the
asset as a
constructed
at handover,
including all
information
required for
operation and
maintenance

LOD2.2

LOD3.2

All

An updated record

of the asset at a
fixed point in time
incorporating any
major changes
made since
handover, including
performance and
condition data and
all information
required for
operation and
maintenance

The full content will
be available in the
yet to be published
PAS 1192-3

LOD33

The Model Element
may be graphically
represented in the
Model with a symbol
or other generic
representation, but
does not satisfy the
requirements for LOD
200. Information
related to the Model
Element (i.e. cost per
square metre, etc.)
can be derived from

]
=

Source: i

other Model Elements.

The Model Element is
graphically
represented in the
Model as a generic
system, object, or
assembly with
approximate
quantities, size,
shape, location, and
orientation.

Non-graphic
information may also
be attached to the
Model Element.

The Model Element is
graphically
represented in the
Model as a specific
system, object, or
assembly accurate in
terms of quantity, size,
shape, location, and
orientation.

Non-graphic
information may also
be attached to the
Model Element.

The Model Element is
graphically
represented in the
Model as a specific
system, object, or
assembly that is
accurate in terms of
quantity, size, shape,
location, and
orientation with
detailing, fabrication,
assembly, and
installation
information.

Non-graphic
information may also
be attached to the
Model Element.

The Model Element is
a field verified
representation
accurate in terms of
size, shape, location,
quantity, and
orientation.

Non-graphic
information may also
be attached to the
Model Element.
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https://www.thenbs.com/knowledge/what-is-the-pas-1192-framework
https://bim.natspec.org/images/NATSPEC_Documents/NATSPEC_BIM_LOD_Paper_131115.pdf
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Construction Data

Building Information Data
* Feel free to add rows to the table os necessary to describe all different constructions.
2.1 Location / Orientation

Location ot Source Category Description U value
(W/m?K)
Ground Floor
2.2 Orientation Roof
External wall
Orientation Extornal Doors
External Window External Window
2.3 General information & * gvalue=
Roof Lights # Shading Coefficient =
Buildings month of use » Light Transmittance =
Building days of use
Internal Ceiling/Floor
Building hours of use (Moming & Evening)
Max Occupancy Internal Partition Internal Partition {Stud Type)
Baoikeg MAnpo@opieg yla tnv KataokeuaoTikeg TANPOPOPLEG
KXTOOKELN YO ETIPEPOVG TUAHUATA TNG
KOTOOKEVNG

Bripa 3° & 4°: Emtloyn kat avalAtnon Twv anopaitntwyv SeSoUEVWV yLa TN EKTEAECN TWV CEVAPLWY




P MAnpogopia 0TO HOVTEAO

Systems

Renewables

* Feel free to add rows to the table os necessary to describe all different zones.

If applicable please complete the tables below:
Zone* HVAC systemn Room End Use

PV

#W module nominal efficiency

Mominal cell temperature [NOCT) degC
Reference irradiance for NOCT Wimz2
Temperature cosfficient for module efficiency K

Degradation factar

Shading factor

Electrical Conversion efficiency

Panel area
Azimuth deg clockwise from N
Inclination deg from horizental

CHP

Fuel type

MAnpoopieg yia cLOTAPAT
KALLOTIOMOU

Performance at rated output:

Hest output ke

Thermal efficiency

Power efficiency

MAnpoopieg yia tapoywyn
EVEPYELOG I CUOTNHATWY
alomoinong ATE

Perfarmance at minimum output:

Fraction of rated heat output

Thermal efficiency

Power efficiency
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https://www.google.gr/maps/d/u/0/viewer?mid=1BHb_AAnbjO92mga4BAsjsUi_VtsO2fpA&ll=38.28134205555854%2C21.772664526733426&z=15
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IES — intelligent Community Design (iCD)
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IMPORT OPTIONS

Include buildings
with 3D shell
[ as adjacent bldg
Estimate building height and/or
storeys

Default height (m): 8

Roofs: | Flat

Include roads & pavements
Include landscaping

Include terrain

Include map tiles (ground plane)

/ Filtering; |None

/

/

©2021 MAPQUEST, © MAPBOX, ©® OPENSTREETMAP | TERMS

\\"“‘-‘ Powered by Leaflet - Geocoding & Tiles Courtesy of MapQuest k. Data by € OpenSireetMap, under OBDL.

Reset

| Import | | Cancel |




% IES — intelligent Community Design (iCD) project
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% IES — intelligent Community Design (iCD)

B &5 |
EDIT OBJECTS < >
Name o
¥ GENERAL
Object type  Building
Number of storeys 1
Building storey height (m) 5
Building type  Office

Space type
Glazing ratio (%) 30 : AESO “éva
Roof type  Flat v ’
/ Roof angle (degrees) 30 O-XEIT l Ka HE TOV
Sp— TUTIO KOl TN
Roof Glazing ratio (%) 0 yEw “ETp'I.a Tr‘]c
Level of Detail - Building ~ Shell v KGTGOKEU rl] C

Max bldg height (m)

Total floor area (m?) 831937
Footprint area (m?) 831037 %

Water fixtures

Z axis offset (m) 0 J

MNMAnpoopieg
HVAC service OXETle }J.E Tr]
Occupancy (m’ per person) X p r’] Or] TOU

y Fuel Type (heating & hot water) KTr] p iOU

v DETAILS (OPTIONAL)

¥ HVAC SERVICE

Address # / street
Address district
Address region
Address town
Condition
Country

Date Constructed

Date Demolished n
O1Ddyg,
Doy

—— —
= —~ s

Eland nlain £ ricl —
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% IES — intelligent Community Design (iCD)

==

=3

EDIT OBJECTS

Name

¥ ADVANCED - ENVELOPE

Ceiling
Deoor
Ext wall
Ext window
Ground floor
Int wall
Int window
Roof
Roof light

¥ ADVANCED - SYSTEMS
Override total floor area (m?)
Power factor - dhw
Power factor - general
Power factor - heating

» SIMULATION RESULTS

¥ BENCHMARKS
Benchmark cooling (demand) (kWh /
m? per year)
Benchmark heating (demand) (kWh /
m? per year)
Benchmark hot water (demand)
(kWh / m” per year)
Benchmark lighting (demand) (kWh /
m® per year)
Benchmark power (demand) (kWh /
m? per year)
Benchmark total carbon (inc
renewables) (CO: kg/m® per year)
Benchmark total energy (demand
only) (kWh / m” per year)
Benchmark total energy (inc
renewables) (kWh / m? per year)
Renewable energy (elec generation)
(kWh / m® per year)
Renewable energy (heat generation)
(kWh / m® per year)

¥ USER DEFINED

Additional description

— —

©

2 In. Light Weight C ¥
Wooden Door (U= ¥
41n. Face Brick 2Ir v
Small Double-Glaze ¥
Un-Insulated Solid+ v
Lightweight Plastert ¥
Small Double-Glaze v
19mm Asphalt 13m v

Polycarbonate Doul ¥

—

— .
-

Aedopéva
OXETIKA E TO
KEALPOG TNG
KOTOOKEVAG

Aegdopgva amo
METPNOELG TIOV
£XOLV
TipayaToTtotn el
0TO TIAPEABOV

UNIVERSITY OF
PATRAS 34
[IANEMIZTHMIO TIATPON |




Epyaocia opadwyv - Bapata

Bripa 1°: Avalntnon nmAnpodopLwv OXETLIKA LE To Ttpoypappa iCD

Bripa 2°: EmttAoyn mepLloxng LEAETNG

Bripa 3°: EmttAoyr oevapiwyv HEAETNG

Bripa 4°: Avalntnon Twv anopaitntwyv §€SopEVWV yLa TN EKTEAEDCN TWV OEVOPLWV
Bripa 5°: Eloaywyn 6edopévwv 0To HOVTEAD

Bripa 6°: AlevEPYELO TIPOCOUOLWOEWY

BApa 7°: A€loAdynon avadopwVv TPOCOUOLWOEWV

Bripa 8°: AqPn amodpdoewv yLo mapeUPACELS KOl TPOTIOTIOLROELG

|

Bripa X°: MNpotaon TPOMOMOLNCEWVY OTLC UPLOTAUEVEC UTTOOOUEG







