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Smart Built Environment:

 Embedded with smart objects

» Making the environment 'smart' to interact intelligently with and support
their human occupants in their daily activities

W

Light sensor

O

Camera

o

Temperature sensor

O

&

Occupancy sensor
HVAC control hub O
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Control Control

Smart Objects

Building Automation Energy Management
System System
Control

Data

Building Management
System

Smart Built Environment usually involves building energy
management system (EMS), building management system
(BMS) and building automation system (BAS).
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Energy Management in Smart Built Environment:

/ ,@ \ « Estimate and evaluate the
v energy consumption

« Justify the balance
between power
Q consumption and comfort

 Achieve energy awareness
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Also
Considered as
Smart Objects

Smart Meter On-site Renewable

Exchanging energy and/or information
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Smart Built Environment construction
% requirement and procedures
&

Utilising Building Information Modelling
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General Challenges:

« How the Smart Objects are embedded into the
environment

« How the Smart Objects interact with the
environment

 The maintenance of such Smart Objects in a
building’s post-construction phase
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Benefits of Utilising BIM:

1 Advantageous and convenient in terms of
Information interaction:

« Serve as a data repository for the physical
Information of smart objects

« Designers of the Smart Built Environment can
utilise the building knowledge to design the layouts
of tags, sensors and meters
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Benefits of Utilising BIM:

dProvides a perfect ontology database for Smart
Built Environments

Smart Objects
semantic description

{Application } @ Middleware ¢ BIM

Building/geometry data
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Facility
Management

Energy
Management

< 4

produce input

[ ) )

Material/Device Profiling

Smart Built

Information Exchange Interface Environment
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Profiling Smart Objects to design Smart
Built Environment using BIM:

|IFC shared parameter

Family properties parameter

Mark tag
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Parameter Properties rs_(

Parameter Type

(%) Family parameter

(Cannot appear in schedules or kags) —E

() shared parameter

(Can be shared by multiple projects and Families, exparted to ODEC, and :I
appear in schedules and tags)

] Farnily Twpes
Select... Export... 1
Patarneter Data
|Output_F'n:nwer | (%) Type
Discipline:
Parameters
| Zommon w | O Instance
Tvpe of Parameter; Reporting Pararmeker m
| Text b | Modify..,
Group parameker under: "
__emnge

| Energy Analysis

ok J[ cancel J[ b | ] =ED
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Using the family properties parameters as
semantic description for Smart Objects:

« Output: interface from which external software can read
the output of the object. Name format : “Output_xxxxx”.

« Input: interface from which external software can read the
generation factors/status of the device. Name format :
“Input_Xxxxx”.

« Control: interface from which external software can
modify the status of the device. Name format :
“Control_xxxxx”.
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The semantic description helps to profile a type of
Smart Objects.

To map a Smart Object placed in a building design
from BIM to an individual real world device the
mark tag Is used.

Defines
Smart Object émmmmm  Family properties
X -
Generalise
Smart Object Instance A Smart Object Instance B

Identifies I I

Mark Tag = A Mark Tag = B
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Smart Meter

Wind turbine

PV panel

Sensor

Example house design in Revit
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#192496=

[FCSENSORTYPE('3Ea9KIygfFOf3hySSKLU a'#52, Occupancy’,$,$.5.(#192495).211594' Occupancy’, USERDEFINE
D.);

#186580=FCBUILDINGELEMENTPROXY('3 IvPjYM8bS3Aof 7XNLIOFw' #52,'Wind Power Generator_modified:60"
High:60" High:201370".%,'60" High' #186579,#186574,"201370", ELEMENT.);
#186581=IFCPROPERTYSINGLEVALUE('Mark' § IFCLABEL({'OutdoorWind Turbine') $);
£186583=FCPROPERTYSINGLEVALUE('Input_windspeed' $ IFCINTEGER(0).$):
#186586=IFCPROPERTYSINGLEVALUE('EnergvResource’ $, IFCINTEGER(1).$);
#186587=IFCPROPERTYSINGLEVALUE('Control_angle’ § [FCPLANEANGLEMEASURE(0.).§);

£186590= [FCPROPERTYSINGLEVALUE('Output_power.$. IFCINTEGER(0).$):

Exported IFC file




AU

UNIVERSITY

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

l.Introduction
II.The Role of BIM in Smart Built Environment

lll.Integrating BIM in Design Phase

IV.Integrating BIM In Post-
construction Phase

V.Conclusion & Future Work




AU

s [V BIM In post-construction

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Building Manager

Utilising BIM to perform
day-to-day Smart Built
Environment
management tasks
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Building Designer

Prefer BMS solution

Building Manager
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[ BIM-based Standalone energy Management \
3D Visualization Building Data Repository
Real-time Data Query Environment Analysis
Asset Management Real-time Energy Management

K Statistical Energy Analysis j

$

Sensors HVACR

Distributed Energy Resources

Intelligent Energy Loads

\_ J

A standalone energy management tool is developed
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Adapter layer

“Output_paramA” |:>get0utput ‘paramA’) |:> Low level operation to read
paramA from device

“Input_paramB” I:>getlnput (“paramB”) I:> Low level operation to read

“Control_paramC” setControl(“paramC”) |:> Low level operation to set

paramC on device

BIM File BIM Software Device Adapter

Parsing the semantic description from BIM
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{GUI, 3D Presentation (xBIM)J_ BIM File

Smart Objects Engine

I Supplementary Database

{ Device Adapter }

DER

Smart
Meter

Data Concentrator

Sensor

Software architecture
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Model Federate View Camera COBie Energy Simulation

I
# ' RealTimeDataWindow Em
LivingRoom35ensor E

Real Time OQutput:

oocupancy Absence

temperature 21 degree

» TicWindow
IfcBuildingElementProx

A IfeDistributionControlE
Metworked Senzor0

Errr
4 m L

Properties I Quantities
Object | Type I Materials
Type IfcDistributionC  #
Ifc Label #192510

Mame Metworked Sen:
Description -

Real time data from Smart Objects
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* Real-time generation data of on-site DER give the
current energy production and indicate how many
loads can be supplied off power grid.

 Weather and temperature data from sensors forms a
view of the present and future energy
generation/consumption.

 The price signal from the smart meter helps the
building interact with the power grid and perform
demand response actions.
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View Camera COBie Simulation 2014/5/20 4000

-

.. EnergyfnalysisWindow

Distributed Energy Resource on site

CutdoorWindTurbine, generation cutput : 44 kW
RoofSolarPanel, generation output : 38 kW

Smart Meter on site

SmartPowerMeter, price next hour : 70 cents per kWh

Sensor on site

LivingRoomSensor, occupancy : Absence temperature : 26 degree

Total Distributed Generation :82 kW
Price peak, demand shift is scheduled

YUWSEDfZT thSMybpC
" at "Mot defined’ using Revit

Overall energy analysis
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* This project explored how BIM can be
utilised for energy management in smart
built environments, both in design phase and
post-construction phase.

 Through this research, an advanced BIM-
based energy management platform is
envisioned.
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* Include geometry data for energy analysis/forecast

« Use space/room data from BIM for precise energy
consumption control

 Extend the BIM tool to control BACnet compatible
appliances

« Smart Grid applications
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Project video

http://www.youtube.com/watc
h?v=2nC2gamctsO



https://outlook.aut.ac.nz/owa/redir.aspx?C=ada8bbb546d6495c843df7cbcfe28229&URL=http://www.youtube.com/watch?v%3d2nC2qgmcts0

THANK YOU!




