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What is Green BIM: BIMALEED

Green BIM is “a model-based process of generating and
managing coordinated and consistent building data that
facilitates the accomplishment of established sustainability
goals”

(Wong & Zhou, 2015)
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What is BIM 7D~ BIMALEED

“7D - seventh dimension: Simulation of the building or of its
elements according to the sustainability (economic,
environmental, energy, etc.) of the intervention, as well as of
space, time and production costs.”

(UNI'11337-1:2017)
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What is LEED: BIMALEED

LEED, or Leadership in Energy and Environmental Design, is
the most widely used green building rating system in the
world. Available for virtually all building, community and
home project types, LEED provides a framework to create
healthy, highly efficient and cost-saving green buildings.

LEED certification is a globally recognized symbol of
sustainability achievement.
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What is LEED® BIMALEED

Ratl n . . BUILDING DESIGN INTERIOR DESIGN OPERATION NEIGHBOURHOOD
N2 ! ) + CONTRUCTION + CONSTRUCTION + MAINTENANCE DEVELOPMENT

Each rating system is made up of a combination of credit categories.

Within each of the credit categories, there are specific prerequisites projects must satisfy and a variety of credits projects can pursue 1o earn points,
The number of points the project earns determines its level of LEED certification.

INTEGRATIVE PROCESS LOCATION & MATERIALS & RESOURCES WATER EFFICIENCY ENERGY & ATMOSPHERE SUSTAINABLE SITES INDOOR ENVIRONMENT INNOVATION REGIONAL momrv
Encouraging cross discipline  TRANSPORTATION  Using sustainable materials Smart use and reuse of water  Energy Performance Minimising impact on Indoor air quality & access
collaboration Access to variety of & reducing waste ecosystems & water resources  to natural light & views erwnonmntal priorties
transport and/or credit for
constrained

sites



SUSTAINABLE
PLACES

éBIMMEED
o

LEED Credits 16
P 10

Project Checklist Project Name:
Date:
B [ oo 1 1 1
"18 0 7 0 'Location and Transportation LAINE | ) 0o'oro IMEHM 13
Ces  LEED for Neighborhood Development Location 16 Y Storage and Colection of Recydabies Required
1 Ceat  Sensitive Land Protection 1 Ba Prees  Cor jon and Waste Planning Required
1 Cwat  High Priority Site 2 Crest Buliding Lifo-Cycle Impact Reduction 5 —
et Surrounding Density and Diverse Uses 5 ot '"c iding Product Disclosure and ¢ g Product 2
o Access to Quality Transit 5 Crost Buiding Product Disclosure and Optimization - Sourcing of Raw Materials 2
e Bicycle Faciities 1 cest  Buiding Product Disclosure and O - Material Ings 2
Cws  Reduced Parking Footprint 1 Crest [~ and D Wasto N 2
Coce Green Vehicles 1
0 70 70 [Indoor Environmental Quality 16 |
ofo’o [mmhloﬂho 10 | Y] Frereq Minimum Indoce Alr Quality Performance Required
Y Canstruction Activity Pollution Prevention Y Preceq Enviconmental Tobacco Smoke Control Requied
Coce Site Assessment Crost Enhanced Indoor Air Quality Strategies F
Cest  Site Development - Protect or Restore Habitat (Crost Low-Emitting Materials a
Ces  Open Space cront Construction Indoor Air Quality Management Plan 1
Cagad Rainwater Management Crost Indoor Air Quality Assessment 2
Cest  Heat Island Roduction Croct Thermal Coméort 1
Cwat  Light Pollution Reduction Crose Interior Lighting 2
Crost Daylight 3
oro IMMW ] Cost Qualty Views 1
Outdoor Water Use Reduction Crost Acoustic Performance 1

Indoor Water Use Reduction
Building-Level Water Metering
Outdoor Water Use Reduction
Incoor Water Use Reduction
Cooling Tower Water Use
Water Matering
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LEED Certification BIMALEED

LEED BD+C: New Construction v3 - LEED 2009
New Offices

United Kingdom
@ Map

|. Overview | [ Scorecard ] | Stories |

k Share on Twitter

LEED Scorecard Gold 6”1 10 # Share on Facebook
in Share on Linkedin
8 Print
P> SUSTAINABLE SITES 13 OF 26 @
LEED Facts
P> WATER EFFICIENCY 8 OF 10 for LEED BD+C: New Construction
(v2009)
I
P ENERGY & ATMOSPHERE 20 OF 35 Certilcation in progress
Gold 61
P MATERIAL & RESOURCES 3 OF 14 Sustainable sites 13026
Water efficiency aMo
P INDOOR ENVIRONMENTAL QUALITY 7 OF 15 Energy & atmosphere 20025
Material & resources M4
’ INNOVATION 6 OF 6 Indoor environmental quality s
Innovation B/5
Regional pricrity credits 44
P REGIONAL PRIORITY CREDITS 40F 4
Integrative process credits o3

P> INTEGRATIVE PROCESS CREDITS 0OF 3
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Certified Silver Gold Platinum

40-49 points earned 50-59 points earned 60-79 points earned 80+ points earned
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BIM & LEED intersection
BIMALEED

Detailed Design Analysis

Sustainable
. (I Efficiency
e ‘ Innovation
in Operations
&Regional ,
Priority S, e

Conceptual '@
Design o

’
'

Programming /

Building | -
Information |
Modeling |

Energy &
Atmosphere
Indoor
it Envlrongl:;;:yl
Renovation . E " Construction Materials &

4D/5D
Resources

Operation & Construction
Maintenance Logistics
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BIM iy LEED
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RESEARCH AEC SOFTWARE
INDUSTRY INDUSTRY
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BIM & LEED intersection: RESEARCH

A BIMALEED
RESEARCH PAPERS

real-life cases conceptual boundaries
6% 1%

education 3“d training _ organlzatmnal adoption

A study covering

"'% matury 1500 papers published

industry wide adoption

13%
over the past 25 years
~.__ standardization by B”\/I reSea rCherS
14%
emergency .
— from 65 countries

._ lean and green

building geo-information | 5%
integration 4

1%

building information \ process simulation and
services - manitoring
16% 22%

Cb Amarnath (2016).
“Global trends in BIM research”
BIMe Initiative
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March 2011: Salman Azhar, Wade A. Carlton, Darren Olsen,

weie- N ishad Ahmad

s i
-‘“’4"! Building information modeling for sustainable design and LEED®

AUTOMAT'ON IN rating analysis

CONSTRUCTION
T R September 2012: Wei Wu, R.R.A Issa
sourean cuns Leveraging cloud-bim for leed automation

L
L Nty v b

* Devige & Engincering

e indhs Setocon January 2015: Wei Wu, R.R.AIssa
* Muirtenasce & Mansgement BIM Execution Planning in Green Building Projects: LEED as a Use
Case

May 2015: F. Jalaei, A. Jrade
Integrating building information modeling (BIM) and LEED system
at the conceptual design stage of sustainable buildings



http://www.sciencedirect.com/science/article/pii/S0926580510001482
http://www.itcon.org/paper/2012/24
https://www.researchgate.net/publication/264159324_BIM_execution_planning_in_green_building_projects_LEED_as_a_use_case
http://www.sciencedirect.com/science/article/pii/S2210670715000748
http://www.sciencedirect.com/science/article/pii/S2210670715000748
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BIM & LEED intersection: AEC INDUSTRY o
4 BIMA4LEED

PROJECTS

LEED LEED for LEED 7or LEED or

BUILDING DESIGN BUILDING OPERATIONS INTERIOR DESIGN NEIGHBORHOOD
+ CONSTRUCTION + MAINTENANCE + CONSTRUCTION . DEVELOPMENT
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USA EUROPE
Turner Construction: 139 LEED Gold 2017: Manifattura Bulgari, Valenza (AL),
LEED-BIM projects and many more...

Turner Projects
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November 2006: Autodesk and U.S. Green Building Council Partner on Technology Initiatives to Move Building
Industry toward Greener Future
September 2014: Revit Credit Manager for LEED plug-in developed by Autodesk Lab

July 2011: AECOsim Energy Simulator built into the Bentley Microstation quickly run simulations that generate
documentation and reports that are ASHRAE Standard 90.1 compliant and LEED certified.

February 2017: IES-VE Navigator for LEED V4

Automated credit assessments across Daylighting, Thermal Comfort, Water, Renewables, Alternative
Transport, Parking, Open Spaces, Storm Water, Heat Island, Water Efficiency landscaping, Controllability of
Systems & Views.

August 2017: Which LEED credits does DesignBuilder calculate?
Under Energy & Atmosphere (EA):
- Minimum Energy Performance prerequisite 2 (required)
- Optimize Energy Performance credit 1

Under Indoor Environmental Quality (EQ):
- Minimum Indoor Air Quality prerequisite 1 (required)
- Increased Ventilation EQ credit 2
- Daylight & Views: Daylight EQ credit 8.1



http://usa.autodesk.com/adsk/servlet/item?siteID=123112&id=9726719
https://www.youtube.com/watch?v=nYI3id2VfbI
https://www.bentley.com/en/products/product-line/building-design-software/aecosim-energy-simulator
https://www.iesve.com/software/engineers/iesve-for-leed.pdf
https://support.designbuilder.co.uk/index.php?/Knowledgebase/Article/View/121/14/which-leed-credits-does-designbuilder-calculate
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RESEARCH AEC INDUSTRY

AUTOMATION
OF LEED CREDIT
CALCULATION

SOFTWARE
INDUSTRY
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April 2008: Eddy Krygiel, Brad Nies, Steve McDowell
Green BIM: Successful Sustainable Design with Building Information Modeling

BIMALEED



http://eu.wiley.com/WileyCDA/WileyTitle/productCd-0470239603.html
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BIM

Credit to Simone Viani (2015),
tratto dalla tesi di laurea “BIM per il retrofitting energetico ed impiantistico in edifice storici”.
University of Bologna
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Interoperability Issues: a BIM ‘round trip’

BIMA4LEED
BIM
modeling BIM tool B BIM tool A
tool A

export import

I:> ‘ Model

export |mport
Model
Al

such that A1 = A2, for any model Al

(the ‘Sacks Test’)

© 2016 Rafael Sacks
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The only way for total automation BIMALEED
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LEED®-NC credits that can be earned using BIM-based Can the LEED® Performance Is the credit Was the credit B I M 4 I I I D
performance analysis software credit be earned  analysis being attempted validated in the
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using BIM? software that by Salisbury case study?
(yes/no) could be or was  Building? (yes/no)
used? VE/REVIT

LEED credit Credit description LEED® points

Sustainable sites

ssp1 Construction activity pollution prevention Required No Yes

SSc1 Site selection 1 Yes Revit Yes

SSc2 Development density and community connectivity 1 No Yes

SSc3 Brownfield redevelopment 1 No Yes

Ssca.1 Public transportation access 1 No Yes

§5c4.2 Bicycle storage and changing rooms 1 No Yes

SSc4.3 Low-emitting and fuel-efficient vehicles 1 No Yes

SSc4.4 Parking capacity 1 No Yes

55¢5.1 Protect or restore habitat 1 No No

§5c5.2 Maximize open space 1 Yes Yes

SSc6.1 Stormwater quantity control 1 Yes Revit No

$5c6.2 Stormwater quality control 1 No No

55¢7.1 Reduce heat island effect — nonroof 1 Yes Revit Yes

§5¢7.2 Reduce heat island effect — roof 1 Yes Revit Yes

S5c8 Light pollution reduction 1 Yes No

Water efficiency

WECc1.1 and WEc1.2 Water efficient landscaping 2 Yes Revit No
WEc2 Innovative wastewater technologies 1 Yes VE No Yes
WEc3.1 and WEc3.2  Water use reduction 2 Yes VE Yes Yes

Energy and atmosphere

EAp1 Fundamental building systems commissioning Required No Yes
EAp2 Minimum energy performance Required Yes VE Yes Yes
EAp3 Fundamental refrigerant management Required No Yes
EAc1 Optimize energy performance 10 Yes VE Yes Yes
EAc2 Renewable energy 3 No No
EAc3 Enhanced commissioning 1 No Yes
EAc4 Enhanced refrigerant management 1 No Yes
EAc5 Measurement and verification 1 No No
EAc6 Green power 1 No No

Materials and resources

MRp1 Storage and collection of recyclables Required Yes Revit Yes
MRc1.1 and MRcl.2  Building reuse — existing walls, floors and roof 2 Yes Revit No
MRc1.3 Building reuse — existing interior nonstructural elements 1 Yes Revit No
MRc2.1 and MRc2.2  Construction waste management 2 No Yes
MRc3.1 and MRC3.2  Materials reuse 2 No No
MRc4.1 and MRc4.2  Recycled content 2 Yes Revit Yes
MRc5.1 and MRc5.2  Regional materials 2 Yes Revit Yes
MRc6 Rapidly renewable materials 1 No No
MRc7 Certified wood 1 Yes Revit Yes
Indoor environmental quality

EQp1 Minimum indoor air quality (IAQ) performance required No Yes
EQp2 Environmental tobacco smoke (ETS) control required No Yes
EQc1 Outdoor air delivering monitoring 1 No Yes
EQc2 Increase ventilation 1 No No
EQa3.1 Construction IAQ MGT plan — during construction 1 Yes Revit No
EQc3.2 Construction IAQ MGT plan — before occupancy 1 Yes Revit No
EQc4.1 Low-emitting materials — adhesives and sealants 1 No Yes
EQc4.2 Low-emitting materials — paints and coatings 1 No Yes
EQc4.3 Low-emitting materials — carpet systems 1 No Yes
EQc4.4 Low-emitting materials — composite wood and agrifiber 1 No Yes
EQc5 Indoor chemical and pollutant source control 1 No Yes
EQc6.1 Controllability of systems — lighting 1 No Yes
EQc6.2 Controllability of systems — thermal comfort 1 No Yes
EQc7.1 Thermal comfort — design 1 Yes VE Yes Yes
EQc7.2 Thermal comfort — verification 1 No Yes
EQc8.1 Daylight and views — daylight 1 Yes VE No Yes
EQc8.2 Daylight and views — views 1

- " e Building information modeling for sustainable design and LEED rating analysis.
o LEED et pfesona i o e (2010) Salman Azhar, Wade A. Carlton, Darren Olsen, Irtishad Ahmad
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How many LEED credits can we automate BIMALEED

with a BIM process?

I 1 3 out of 16 available points

m 3 out of 10 available points

72%
8 out of 11 available points

22 out of == available points

7 out of 13 available points

6 out of 16 available points

Percentage of LEED credits that the Lombardini22 can verify in a BIM process.
Credit to A. Meneghelli, R. Cerda, G. Faccio, G. Drudi of Lombardini22
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How many LEED credits can we automate BIMALEED

with a BIM process?
81% 30% 72%

Location and Transportation Sustainable Sites Water Efficiency
Credit  LEED for Neighborhood Development Location 16 Prereq  Construction Activity Pollution Prevention Required Prereq  Outdoor Water Use Reduction Required
Credit  High Priority Site 2 Credit  Site Development - Protect or Restore Habitat 2
. Prereq  Building-Level Water Metering Required
Credit  Surrounding Density and Diverse Uses 5 Credit Open Space 1
Credit  Access to Quality Transit 5 Credit  Rainwater Management 3 Credit  Outdoor Water Use Reduction 2
S | oo pet e ©cun mewvassern
y . ) Credit  Light Pollufion Reduction 1
Credit  Reduced Parking Footprint i ! Credit  Gooling Tower Water Use 2
Credit Green Vehicles 1+1 | Credit  Water Metering 1
66% 53% 37%
Energy and Atmosphere Materials and Resources Indoor Environmental Quality
Prereq  Fundamental Commissioning and Verification Required  proreq  Storage and Collection of Recyclables (7R Al Prereq  Minimum Indoor Air Quality Performance Required |
Pi Environmental Tobacco Smoke Control ired
| Prereq C&D Waste Management Planning Required m e ° cc . ke . Reauir
Prereq  Building-Level Energy Metering Required - . . - Credit Enhanced Indoor Air Quality Strategies 2 |
Credit  Building Life-Cycle Impact Reduction Credi Low-Emitiing Materials 3
i et e Credit  Building Product Optimization EPD 2 ) -
ildin mi i P G i
Credt  Enhanced = . g Credit  Construction Indoor Air Quality Management Plan 1
| Credit ~ Sourcing of Raw Materials 2 Credit  Indoor Air Quality Assessment 2
i i i Credit  Thermal Comfort 1
Credit ced Energy = 1 Credit  Material Ingredients 2 gt
Credit  Demand Response 5 Credit  Construction and Demolition Waste Management 2 Credit  Interior Lighting 2
Credit I 3+1
Credit  Renewable Energy Production 3 : Davlm
_ . Credit  Quality Views 1
Tl SR R T 1 Credit  Acoustic Performance 1
Credit ~ Green Power and Carbon Offsets 2

Percentage of LEED credits that the Lombardini22 can verify in a BIM process.
Credit to A. Meneghelli, R. Cerda, G. Faccio, G. Drudi of Lombardini22
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BIM4LEED BIM4LEED

LEED v4 for BD+C: New Construction and Major Renovation N° Credits RATING DONE RATING HYPO Workflow Notes
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Indoor Environmental Quality 16
Prereq Minimum Indoor Air Quality Performance Required Option 1. ASHRAE Standard 62.1-2010
Option 2. CEN Standards EN 15251—2007 and EN 13779—-2007 3 Revit - Dynamo
Prereq Environmental Tobacco Smoke Control Required Option 1. No smoking (Residentioal Only) - 2
Option 2. Compartmentalization of smoking areas 2 Revit
43 Credit Enhanced Indoor Air Quality Strategies Option 1. Enhanced IAQ strategies 2 Revit
Additional Enhanced 1AQ Strategies
44 Credit Low-Emitting Matenials 3
45 Credit Construction Indoor Air Quality Management Plan 1
46 Credit Indoor Air Quality Assessment 2
47 Credit Thermal Comfort 1
48 Credit Interior Lighting 2
Simulation—Spatial Daylight Autonomy Revit - Plug-in: Daylight Insight 360
49 Credit Daylight Simulation—llluminance Calculations
Measurement
50  Credit Quality Views Revit
51 Credit Acoustic Performance
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an objective value of much is suitable the BIM process for the specific
LEED credit

4
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BIMALEED Rating: O

You can’t verify it in the
BIM Authoring Tool

ey

BIMALEED
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BIMA4LEED Rating: 1 BIMALEED

You must export the model in IFC or
gbXML to verify it



Energy and Atmosphere S'C
o BIMALEED
Optimize Energy Performance

Requirements
Option 1. Whole-building energy

simulation (1-18 points) Calculation Method
Demonstrate an improvement maore (Baseline building performance — Design building performance )

than 6% for new construction in the
proposed building performance rating
compared with baseline building
performance rating.

> 6%

Baseline building performance

SUSTAINABLE
PLACES
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Aims to analyze building design configuration and heating and cooling load reduction strategies

Spaces Name
Breakroom CopyRoom | Electrical Shaft | Office || Stair/ Elevator [ Technical Room
| Conference Room Corridor I MechanicalShatt [l Shaft [ Storage B ot

Spaces Thermal Template
-nferenoe Meeting [Mlunge/ Recreation | Plenum B starway
nnidor&Traspomtion Wice - Enclosed . Restrooms | Storage

Lombardini22 Engineerng &

DESIGN THINKING



Optimize Energy Performance BIMALEED

‘4

R

Lombardini22

DESIGN THINKING

L22 ooy

Spaces (1) ) B8 dit Type
Return Airflow Specified -
Specified Return Airflow 10,00 L/s
Actual Return Airflow 0,00 L/s
Specified Exhaust Airfflow 0,00 L/s
S Type Setti L&n Actual Exhaust Airflow 0,00 /s
i Outdoor Airflow 2820L/s
LEED_OA provided 3363 /s g
Fter:  Ente Search Words Q [1dentity Data , A
Workset 103_Interior
— — — _ Number 004
v Center -C w Al | Parameter | Value | Name Office
Judges Chambers - Courthouse Room Number 1004
Laboratory - Office 000 m' Room Name Office
Laundry - Ironing and Sorting - Image
e Tt o W ' r
ary - z A
Living Quarters - Dormitory 'u.90 W/m? Edited by a.meneghelli
Living Quarters - Hotel 16,00 W/m® Design Option Main Model
Living Quarters - Motel 2 m e —— . e -
Lobby Plenum Lighting Contribution a o
(7% Lobby - Hotel Occupancy Schedule) 2
=1 Lobby - Motion Picture Theatre Lighting Schedule Default
m Lﬂy:z‘fumkb'lmn Power Schedule e
ﬂ Lobby - Religious Buidings Outdoor Air per Person v
Mall Concourse Sales Area - Retal =
EU) Mass Merchandsing Sales Area - Retal Air Changes per Hour Office - Enclosed
l'-l-'l Medium/Buky Material - Warehouse Outdoor Air Method T =3
KG Merchandsing Sales Area - Retal Buikding
= O Museum and Gallery - Storage - Museum and Gallery i
= |
UD: iﬂ: Office - Open Plan Outdoor Air Information  From Space Type
—] Office Common Activity Areas - Inactive Storage Outdoor Air per Person 12,50 L/s
m D—| L[ T — » Outdoor Air per Area 0,30 L!(sm')
= Air Changes per Hour 0,000000
o O T Outdoor Air Method by People and by Area
Calculated Heating Load {1114 22 W
¢ Design Heating Load 142w
w %] Calculated Cooling Load 261398 W
= Design Cooling Load 261398 W




Export design info in gbXML

SEML - Sat 3l =T
e Project information: . A |TiEE a
— Location
— Orientation
e Spaces information: _
— Geometry B
— Spaces Name | j
y — Space thermal template surfaces
2l =]
5 — Surface type =
. . 8 oo - =
=% — Materials thermal properties £ 8 =t
=8 - aE -
o — Components thermal properties T
n : e
o — Shading surfaces o
e =
_— ]
P?:mmden 20,000 i Area per Rarsan -
T ——

Lombardini22 m Engineerng &

DESIGN THINKING
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Model potential HVAC proposed system type o
MALEED

G2 AIBH|EH( D HBRABE [P RG[ 0 L
JOBAE F I« AT FAL I

L ASHRAE 90.1-2010 - App. G PRM and ] =]
Up space grouging tar HvA T
* System Schedules and Setpoints | |
© Basdline System
" G Doy 7 Centrale Frigonfera
o Generate Boseline HYAL systems for 907, 180°
and 270° ratations al
) Propased System
* Tmpeove Upon Baseline
® Edit Current Propased
* OrCustom System
= Sizing Runs
* Room Load Calculations ?
() Room/Zone Loads and Sizing Reports
“ Review/edit current Bassline systems.
* Review/edit current Proposed syctem
* System Load Calculations
* Update Baseline fan sizing data
(1) Syetem Sizing reports
= Simulations
* Daglight Simulaticn
* PRM Simulation

[HVAL Comganents

o
[ S Sy e e

[«

[S]=[=]s
b b

"o

| Sy ey )

(=1 HYAC Netwark
A

-
=4t Waterside

1 %) Chilled water loops

-/ 5) WL000000 : One Electric Warer-Conled Chiller with
; : One Electric Air-Cooled Chiller — F
+ Two Sequenced PL Chillers - COP incly -@'

+ Dlustrative GSHP cooling mode modd!

: Three seq. EWC Screw chillers with IS,

: Electric Water-Cooled Chiller with Wt %
: Centrale Frigorifera

=) Hot water loops

 S——

y
R
L)

= L Nat-Draft Eoiler, Primary-only HW Lo
-2 Forced-Draft Non-Cond Boilers, diff s,
+2 Condensing Boilers, 110-140-F SWT |
+ 3 Mat-Draft Boilers - sequenced, Primar N )
< Centrale Termen
145 Heatransfer loops

4% HT000000: Heet Transfer Loog - Cooling tower het
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L T T— r -
v #® ® ‘ [ I J v
Enter fiter test here - | |[kedl[<][2 1] ¥ contal= Friorifera | e Secme water-Cosisd Chiler wih VSD pump an Saconcary CHi Loop | Cra Siacmz Ar-Caoked chiler | Two Crilere - COP Includes coolng tower Fan and CW pump; C+ | modl Fusing b e [ \l

4 Milanc/Linate (ASHRAE Climate Zone derived]  [2F 547, -15 [F] Tasks Did-3Alerts

Lombardini22 P roraetr b

DESIGN THINKING



Energy Simulation with IES VE o
e BIM4LEED

ot o Unie: Us:
DateTiese: 20 Mae 1130
External conduction gain

-1.500
-1.350
-1.200
-1.050
0.900
£0.750
0.600
0.450
0.300
0.150
0.000

i

dan

il | Bl WF”MN‘(

o
Fed Mw Age May an i Aug 9 Oa Nov

W ApHVAC chilers 6act (p_D0CO - GE RO1.ape) W ApHVAC hat watar locp 0ad (p_0000 - GE =01 apa)

Date: Wed 21/Mar

Date: Wed 21/Mar
ra7o

F285

r2%0

F255

304
24

2%

24

224

20 —/

T
o
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000 | 0200 | 0400 060D | 0800 | 12:03 | 1200 1400 1600 1800 | 2000 2200 | 000D e e ek 270
00:00 0200 0400 0500 00) 10:00 1200 1400 1600 1800 2000 2200 000
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Results and interpretation of
Energy Simulation with IES VE BIMALEED

Consumption Report
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TABLE 1. Points for percentage improvement in energy performance

(Baseline building performance — Design building performance )
= = = : Baseline building performance
2% 6% 5% 2
Wk B% ™% 3
12% 10% o% 4
14% 2% n% 5
6% % % &
1E% 6% 5% 7
0% 8% 7% a8
22% 0% 19% 9
24% 27% % 0
6% 24% 3% mn
9% T 6% 12
1E% 6% 5% 7
0% 8% % a
2% 0% 9% 9
24% % % 0
6% 24% 3% n
2% % 6% 12
2% 0% 9% 3
I5% IT% 2% 11
IE% 36% 5% 15
4% 40% 9% 16
46% 44% 43% 7
0% 48% 47% B

Lombardini22

DESIGN THINKINC
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BIM4LEED Rating: 2

You can use the
2 BIM Authoring Tool
“like CAD” to verify it
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Promoteia

Client: Prometeia spa
! Type: Headquarter

B Site: Bologna, Italy
Area: 50.000 sgm
Year: 2017-2019

FEASIBILITY STUDY

PRELIMINARY DESIGN

URBAN PLAN IMPLEMENTATION
ARCHITECTURAL EXECUTIVE DESIGN
STRUCTURAL EXECUTIVE DESIGN
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Case Study Project °
Prometeia HQ, Bologna, Italy BIMALEED
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Indoor Environmental Quality BIMALEED

Prerequisite: Environmental Tobacco Smoke Control

Requirements
Prohibit smoking inside the building.

Prohibit smoking outside the building except in designated smoking areas located
at least 7.5 meters from all entries, outdoor air intakes, and operable windows.

SUSTAINABLE
PLACES
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Environmental Tobacco Smoke Control o
Workflow RIMAI EED

e Create a new Revit view for the — O
ground floor T e o,,e;?,“,,s
e Create annotation families for e
. . I Designated Smoking Area
— Signage for no smoking area -
— Signage for designated smoking area e
. . ) E Signage for Designated Smoking Area
o Signage for no smoking area outside the =
2 property line —————
N,

SUSTAINABLE

Note: Any operable window will be kept closed and alarmed as per OPR.

Any door not marked as "Regularly used entrance” or "Roof terrace access" is
an alarmed exit only




Environmental Tobacco Smoke Control v
Workflow BIMALEED

e Design circumferences with 7,5 m radius and the centre at the
entrance

e Put signage of no smoking areas outside the circumferences
e

/m |- N d - et -0
kG — - :
=1%) S |

KGH e

=0 —
gﬂ B [T L O O I l,,L,__,l,::!T_! Lol
/o] P ~In e vad )/




ﬂl_ll_l@ SUSTAINABLE
PLACES

BIMA4LEED Rating: 3

You can use the
3 ~—~ BIM Authoring Tool + Visual
Scripting Tool to verify it

S(

BIMALEED



Materials and Resources

Building Life-Cycle Impact Reduction

Option 4. Whole Building Life Cycle Assessment

Requirements

Demonstrate reduced environmental |
effects during initial project decision-making % ——

o,
s
<y /
&
.
Vs
wipd 3
{ \
J
.
]
\J
WX
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How can | calculate LCA?

Environemntal
: Materials Bill of Impacts Schedules
v Materials and Quantities access drafting

N Liiad

selection (Revit) development

components BIM Platfrom BIM Model @

aw il
= ...‘ ...‘ N :
— — K j — .

h M= Design Strategy
l ----------------------------- ’_VE : _‘; modlflcatlon
. Materials =ul :
@ LCA : Parameters Environmental
m g:_ Fgamtework EEE S NN NN EEEEEEEEEEEEEEEEEEEEEEN L] setting Report é ..‘
= — | adoption J : .
m : y v uy : s, = ncne i
K EPD .o” Y - v & kY i
=1%) S > g 4+ 1= — | N =-= It _breeam IE
< O XLS \U -
N Environmnetal Data Management Spreadsheet Visual Scripting Tool . GBRSs L
D] . Environmental Criteria
o, Data collection Tool draft (Dynamo) Evaluation
(MS Excel)
‘lllllllllll..
g ® input ¢
*  Analysis
.:\. Output j
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1. Development of the BIM Model
the external opaque envelope (thus

through Reuvit:
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Architecture  Structure  Systems  Insert  Annotate  Analyze  Massing & Site Collaborate  View  Manage  Add-lns  Modify =~

B q
. @ 2ER R L 0 E s = =
~ nan B L =B g 2o om ® o~
: ) = E) - ) 74 li [t o
Modify| Materials _ o= Additional _ Design Manage _ |,  Phases \40 Dynamo
m KT - L v - - i fall i -
ik E3 Settings @ Options | Main Model T links B =24 Player
Select ~ Settings Project Location Design Options Manage Project Phasing Selection Inquiry Macros Visual Programming
Properties X
@ 3D View i
3D View-Work
3D View: {3D} ~ BB Edit Type
Graphics A A
View Scale 1:100
Scale Value 1: 100
Detail Level Medium
Parts Visibility Show Parts
Visibility/Graphics O... Edit...
Graphic Display Opti... Edit...
= Discipli Architectural
- iscipline rchitectura v
2 Properties help Apply
= Project Browser - 1803.BIM.AR00.006.002-LEVEL5-8... X
|—|CD —
kg 10, Views (OP-Phase-WorkPrint) PN
[_'O Existing
g'd:: =} New Construction
mi - Architectural

- [=+Floor Plans

< > 15100 FIEA% X GRBEGY o &S < > .
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L4
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How can | calculate LCA?

5. LCA data collection and
development of a
spreadsheet containing

xE Materials Environmental Data.xls

LCA Modules (e.g. A1-A3)

Material Material Other Functional Service 1
LcA LcA LcA . . suce  €nvironmental data about
N Type Info Indicator Indicator Indicator Lhit Life .
egGWP) (e.g. ODP (e.g AP Wa"S materla|S

ID_ Name ID _Type Inffo  Value/Unit  \Value/Unit  Value/Unit Value Vaue  Reference

- Codifying and Classifying

x ID_Name ID_Tye |50 \mlue/Unit \Alue/Unit  \Alue/Unit  \alue \due  Reference .

= walls materials

= ID_Name  ID_pe  nfo  \aAue/Unit  \alue/Unit  Value/Unit \alue \due Reference oL

Zen - Listing the selected

iy IPName IDpe info  value/Unit  Value/Unit  Value/Unit \alue \Alue  Reference . :

B environmental impacts for
—]

712

each of the LifeCycle phases
INPUT considered



How can | calculate LCA?

Creation/update of new
materials in the Revit model

according to spreadsheet
materials column

of just those 6. Implementation

O which allocate

ervironmental impacts) of the Dynamo
script to import
Selection of just the spreadsheet

those non-null

(ervironmental data into the BIM

Allocation of spreadsheet
(non-null) names to Revit
model’'s materials

|
Creation of alist
containing materials

namesan? relrlrn\ﬁil = 2 F SRR |/ impacts) values to
of null cells ' / /) T .
_ . ; 3 | alocate to Revit e
(headings etc) | ' /& 43 — model’s materials mOdeI .
Data mining
L fromthe , Allocation of the
g spreadsheet : (environmental
K impacts) values to
1%, materials
E [ parameters
=0 (identified by the
2050 Creation of lists of name)
ai (environmental
impacts) values
sorted per impact Data miri ofi
Ca[egoryand ife 1 TN [ e N e § T amlnerg operations -
-------- BIM materials related operations
cycle stage ) )
-------- Environmental data related operations
-------- Data allocation to materials parameters




File Architecture  Structure  Systems  Insert  Annotate  Analyze  Massing & Site Collaborate  View  Manage  Add-lns  Modify =~

F 7
N D FEE B p O = Py @ OF w a3
B —l E PCH W 2| -
. g ﬁ l:}m ' e IL,' ) F) E‘i' .l‘ [ N
Modify| Materials __ Additional _ - Design - Manage _ |  Phases ey ~ .@j Dynamo
I B& - settings @ - Options | Main Model Y links B uz Player
Select * Settings Project Location Design Options Manage Project Phasing Selection Inquiry Macros Visual Programming
Properties x
3D View .
E 5 3D View-Work
3D View: {3D} ~ | B8 Edit Type
Graphics A A
View Scale 1:100
Scale Value 1: 100
Detail Level Medium
Parts Visibility Show Parts
£ Visibility/Graphics O... Edit...
NI Graphic Display Opti... Edit...
2 Discipline Architectural ~
Properties help Apply
=1%)
m [ Project Browser - 1803.BIM.AR00.006.002-LEVEL5-8... X
=0 =10, Views (OP-Phase-WorkPrint) A
m'd:: - [ Existing
BE é----New Construction
' E}----Architectural
[~ Floor Plans
[~ Print
00 v v
S > 1:100 A% K GMEpBE R o BEGIE < > .

’ Script execution effect on the BIM model



= [ 5%

A B c D | E | F | G | H | [
Product Stage
Comments Material: Name Material: Volume  GWP (A1-A2-A3) . ODP (A1-A2-A3)  EP (A1-A2A3) AP (A1-A2-A3) POCP (A1-A2-A3) PERE (A1-

WE_PS-100mm-JendyJoss75LRcg

Envelope  MX-SubstructurePlastboard-RockWool50 1349 m* 561.921868 0.000019 0.299692 3.746146 0.486999 766.69061%
Envelope  PB-CalciumSilicate-Sheet 216 m? 4089.07936 0.000022 1.063647 5817202 0.357794 6717 77327
Envelope PB-Plastboard-Sheet-AluminiumVaporBarrier 234 m? 71.758729 0.000013 0.033922 0.450123 0.038489 443.59941¢

17.98 m? 4722 759958 0.000054 1.397261 10.013471 0.883282 7948 0632¢€

WE_PS5-120mm-JendyJoss

Envelope  MX-SubstructurePlastboard-RockWool70 746 m® 500.7744 0.000017 0.26708 3.338496 0.434004 701.08416
Envelope PB-CalciumSilicate-Sheet 0.83 m* 1571.821978 0.000009 0.408861 2.236104 0.137534 2582.2789¢
829 m* 2072.596378 0.000025 0.675941 5.5746 0.571539 3283.36312

WE_PS-174mm-JendyJossE150LR

Envelope  MX-SubstructurePlastboard-RockWool70 1917 m° 128618875 0.000043 0.685967 8574502 1114697 1800 6642¢
Envelope  PB-CalciumSilicate-Sheet 307 m 5813376307 0.000032 151217 827022 050867 9550 5467¢

E 2224 m® 7099 565057 0.000075 2198137 16.844812 1623367 11351.211C

(=)

Kq WE PS-220mm-JendyJoss

EUD Envelope  MX-SubstructurePlastboard-RockWool70 721 483 479487 0.000016 0257856 3223197 0419016 676.871282

Kl Envelope  PB-CalciumSilicate-Sheet 042 m? 787951907 0.000004 0204961 1120955 0068946 1294 49241

?)S_): 7.62 m° 1271431394 0.00002 0462817 4344152 0.487961 19713637

=

(/p]a N < >

8. Creation of custom Schedules in order to visualize the
actual environmental impacts of each materials or
aggregation of components (walls)
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BIM4LEED Rating: 4

You can use the
4 -\') BIM Authoring Tool basic
commands to verify it
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BIMALEED
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TABLE 1. Points for reuse of building materials

Percentage of completed project

Points BD+C Points BD+C (Core and Shell)
surface area reused

25% 2 2

50% 3 3

75% = 5
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Building life-Cycle Impact Reduction

Workflow
e Create a Revit model with

— structural elements (e.g., floors,
roof decking)

— enclosure materials (e.g., skin,
framing)

— permanently installed interior
elements (e.g., walls, doors, floor
coverings, ceiling systems)

<.
BIMALEED
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Building life-Cycle Impact Reduction v
BIMALEED

e Set phases and discipline in the Revit model

\
7

EXISTING DEMO NEW

J_ Structural Roof Deck Stair Case-

Structural Roof Deck Stair Case-
New construction

SUSTAINABLE
PLACES

Structural Foundation- Reused J
Structural Columns- Reused

Interior Structural Wall (both sides)- Reused
Retainig Structural Walls-Reused

Structural Floor Deck-Reused

Structural Floor Deck- Reused




Building life-Cycle Impact Reduction v
BIMALEED

e Existing and reused area of structural column must be calculated on both sides: create schedules with
“« XY/
calculated value “Area*2
<Structural Columns_EXISTING AREA>
I B | c [ o [ E [ E I [
|Family and Type Volume Short Side Area Face lArea face x 2 x numero plhsg Count I
'ST-CL-Concretelncast-Rectangular: 300x1000mm Ho07Tm 0.30 355m 1420 m* 2
- ST-CL-Concretelncast-Rectanguiar: 300x1200mm Ii.éenﬂ - - 10.30 | “{26 mo o i7t{8ém= - 9 ) ) I
IEsisting steLc 030 ' :129.14 m 52 |
| Existng |ST-CL-Concretelncast-Rectangular: 300x750mm I 10.30 | 1101.50 m* 20 I
e
P————— 1 e . "“
paameterToe e "..
m npmlm::ar“Mr ‘ ......... E ,..."...
[ | (Can appear in schedules but not in tags) B o,
/m ’) Shared parameter ’\‘
w (Can be sharad by multiple projects and families, exportad to ODBC, and . .,
z appaar in schedules and tsgs) : s
E i T | W Calculated Value X B! Calculated Value X
=0 .
m,a: N;\::Side  Type Name: [ArelFaod ] Name: [Amafacexenumempilami |
{%E Wﬁ m 3 it ) Formula Percentage Formula Percentage
Type of Parameter: () Values are aigned per group type Discipline: [ = ek Common =
Length o Values can vary by group instance : — -
mm e v Type: “ Y‘ Type: A" ~]
Tooltip Description:
<MNo tooltip description. Edit this parameter to write a custom tooltip. Custom tooltips hav 3 " ‘ Volume / Short Side ] - Fe ! [Araa Face * 2 ‘
[FAAdd to all elements i the selected categories II] Cancel Help ' OK I | Cancel Help




BIMALEED

SUSTAINABLE

Elsmatit L Reused or
Element Beoiis Existing Area  gayaged Area
(Sq m) (sq m)
Structural roof deck E] 1,760 1,582 +
Finished ceiling E] 5,035 0|+
Interior floor finish E] 11,610 3,836 +
Exterior enclosure (excluding windows) E] 6,910 6,910 +
Rev |t S C h e d u I es Interior wall partition (both sides) B 483157 147354 +
Stuctural columns EI 2,992 2,992 +
Interior structural wall E] 8,220 8,220 +
Foundation E] 806 806 +
Structural floor deck E] 11,534 11,534 +
Total area (sq m) 53,698.57 37,353.54
w2 Percent building reuse (%) 69.56 o
0] 50 /
&3 > (V)
lq: TABLE 1. Points for reuse of building materials
—] 9
D" Percentage of completed project
Points BD+C Points BD+C (Core and Shell)
surface area reused
25% 2 2

3PT [ 3 3
4 5

75%
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BIM4LEED Rating: 5 BIMALEED

You can use the BIM Authoring Tool
with specific LEED plug-in to verify it



Indoor Environmental Quality
Daylight

e

Option 1: Simulation: Spatial Daylight Autonomy and Annual Sunlight

Exposure

Requirements

Provide manual or automatic (with manual override) glare-control devices
for all regularly occupied spaces.

SUSTAINABLE
PLACES




 Where: regularly occupied floor area (%), at 76,2 cm (30 in) above
the finished floor

* When: between 8:00 a.m. and 6:00 p.m., over an entire calendar
year

 What: Spatial Daylight Autonomy (sDA) > 55% or >75% and,
Annual Sunlight Exposure (ASE) < 20%

SUSTAINABLE
PLACES
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Module



@ How can | calculate sDA and ASE?

SUSTAINABLE
PLACES

¢

Project
materials
Project location Colour Colour
Real North

I Thickness*

*
Room setting no more from

Lighting v4.0+



Analysis output-> Plan view

Properties X

Analysis Results (1) M
Identity Data £ oA
Edited by ; ;

Data

SDAASE Pass/Fail Results-01 (PassOrFail)

Analysis Conﬁgurationi sDA Pass/FaiI

Data Range Lighting sDA Pass/Fail

Description Lighting ASE Pass/Fail
Visibility Lighting sDA Pass/Fail by Room ASE
Results Visibility Edit... v
Properties help Apply

Project Browser - 1734.BIM.AR00.001.001_stefano.p... X

SUSTAINABLE
PLACES

03-w A
_InsightLighting — 03 Plar
_InsightLighting — 03 Plan Shee

04-w

_InsightLighting — 04 Plan
_InsightLighting — 04 Plan Shee

05-w

"




Daylight Autonomy (sDA Preview) Results Summary: Via Guido Guinizelli, 17, 40137 Bologna BO, Italia

An al y S I S O utp u t 9 S C h e d u | e Building scores/3I/EED points with' 76% Building area passing thresholds

At least 55% must exceed sDA300/50 in Rooms with ASE1000/250 < 20% of Room area

B T D E F [ G H [ [ J | K
Include In sDA 300/50 ASE 1000/250 SDAIASE
Nome Numero Area Daylighting % Points % : Pass % i Points
Lighting Analysis - Results Summary ? X Meeting L1083 Bm
Meeting 0.01 249 m? [~ 100 3pt 4 Yes 100 3pt
Dayllght Autonomy (SDA previ eW} Reception 0.02 105 m? [ 94 3pt 1 Yes 94 3pt
i i i Zona Ristoro 0.03 134 m? ] 98 3pt 1 Yes 98 3pt
For all Rooms Included in Daylighting Meeting 0,04 7 me W 100 3pt 16 Yes 100 3pt
Office 0.39 12 m? ] 100 3pt 90 No 0 none
Jan 1 to Dec 31, 8:00 am to 6:00 pm Meeting 040 13 m? ¥ 98 3pt 0 Yes 98 3pt
(Both s0A and ASE must be met for Room area to qualify) ..WCF 0.38 12m* M 83 3nt 13 Yes 83 3pt
Ufficio Open Space 0.35 142 m? ] 89 3pt 25 No 0 none
sDAzoors0 + ASEioo0/250 3 Points Office 102 50 m ol 83 Ipt 0 Yes 83 Ipt
77% of Building area meets sDA % hours mﬁﬂ 12; g:; & §§ :D:L ? 1:2 gg HZD:Z
. N - /|
in Rooms with <10% area above ASE Office 151 19me ™ 95 Ipt 73 Vos 9 3pt
Office 1.04 16 m? “ 100 Ipt 0 Yes 100 3pt
|'_|_'| Detailed Summary: Office 1.06 26 m? & 34 none 0 Yes 34 none
IJ e Office 1.18 27 m? ] 3 none 2 Yes 3 none
77% of Building area meets sDA % hours Office 157 4 e i 7€ Tt ) Voo 78 Ipt
m 0% of sDA Building area fails for Rooms >ASE Office 138 25 m? [ 83 3pt 1 Yes 83 3pt
ﬂ Office 139 34 m? ] 90 Ipt 19 Yes 90 3pt
z Cf:) 0% of Building area =ASE hours threshold Meeting 1.40 57 m? [ 75 3 pt 8 Yes 75 3pt
=
m |'_|_‘| 95% of Rooms meet sDA >=55% Room area
[_|O 95% of Rooms meet sDA =75% Room area F | G H | | J | R
0 0
m'(]:: 0% of Rooms =ASE hours =10% Room area SDA 300/50 ASE 1000/250 SDA/ASE
o N % Points % Pass % Points
Design Ti H ;
7,1a0 n e
100 3 pt 4 Yes 100 3pt
94 3pt 1 Yes 94 3pt

98 Ipt i Yes 98 3pt
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Next Step BIMALEED

structure the BIM data to insert them automatically in the
LEED Online Spreadsheet

C | ® htips//wwwusgbcorg/leedonline/

LEED Online

g Streamline your LEED project management experience,
¥ organize your work, and engage with your whole team.

Now available for LEED v4 and LEED 2009 projects.

NO USGBC ACCOUNT?

No problem—just fill in some
basic information and a

. USGBC login will be yours in
| Password aflash.

VES R |

How to Become LEED Certified
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Currently

All the previous methodology was under BIM level 2 maturity level

g+

Files Libraries

BIM RS ., LEED

DEEP A
* UNDERSTANDING
@ IFC/GBXML LEARNING VISUAL
SCRIPTING
N 4 i
Building
BIM: |
Modeling .
e

@ OFERATE @

o v s

L 4 A d
....-“‘

H2020 G.A. 820773

Drawings - Shapes - Lines 2D drafts - 3D Models

BIMALEED

Level 2 Level 3

BIMs - Defined Cloud BIM models
Information Models

2D drafts are combined
with 3d models

Computer Aided Design
(CAD) is used fo create
drawings. Paper and prints
are shared with the teams

Other dimensions are Asset Life Cycle
added, such as Time Management (6D) is
Management and Cost added. Full collaboration
Calculation. Full and full integration in a
Collaboration and partial cloud based environment
infroperability through the
use of information models

Lifecycle Managment
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The future of interoperability

structural analysis

engineering

NS

o

BIMALEED
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The future >
BIMA4LEED

But the industry now is moving to BIM Level 3 which will ease/automate the integration
between BIM and sustainability certifications

Integrated web-services Level 0 Level 1 Level 2 Level 3

Drawings - Shapes - Lines 2D drafts - 3D Models BIMs - Defined Cloud BIM models
Information Models

Computer Aided Design 2D drafts are combined Other dimensions are Asset Life Cycle
(CAD) is used fo create with 3d models added, such as Time Management (6D) is
drawings. Paper and prints Management and Cost added. Full collaboration
are shared with the teams Calculation. Full and full integration in a

Collaboration and partial cloud based environment

infroperability through the
use of information models

P

Lifecycle Managment

H2020 G.A. 820773
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Ontologies & Semantic web .
BIMALEED

Wl H2020 G.A. 820773




SUSTAINABLE
PLACES

Ontologies & Semantic web 'E.
Use case requirements BI M4I.EED

EES
.4

Ontology Development

A aly A == Enrichments

Existing ontologies Developed Modular
ontologies

l"':' H2020 G.A. 820773
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Ontologies & Semantic web 'C..
Use case requirements BIM4I.EED

4
Ontology Development

A 9P A = Enrichments

Existing ontologies Developed Modular
ontologies

4

Ontology Harmonization

R
B * (e

Alignment Evaluation

H2020 G.A. 820773
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Reasons to develop an ontology &
BIMA4LEED

Create a common understanding of information among people

Make a domain’s main assumptions explicit

Enable reuse of domain knowledge

Separate domain knowledge from the operation knowledge

Analyze domain knowledge
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IGBR framework - Example

i —

Source: (Zhang D., et. 2019)

H2020 G.A. 820773

BIM4LEED

————————————————————————————————————————

P AN
BIM- based Bulldlng Design  communication (@ %
/ \ l

\ BIM

| I J" Authoring : &‘ Stakeholders
\ / Communlcatlon
BIM model in Cloud Design team
B f,

L T T T P T
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Semantic Knowledge Representation

/4
|
I
: Knowledge Ontological
I Analysis V — Engmeerlng
I V =
| v =
1 v_
I
l
Green Building Rating

: standard Knowledge suitable iGBR Ontology
1 for iGBR
\

\\_ _______________________________________

Source: (Zhang D., et. 2019)

H2020 G.A. 820773

L T T T T L T

SN EEN N N BN BN BN BN BN BN BN B By

IGBR framework - Example

-C
BIMALEED

Stakeholders

Communlcatlon

L T T T P T
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IGBR framework - Example

’
. . \
" Semantic Knowledge Representation \I
[ [
: Knowledge Ontological :
I Analysis Vv - Engmeermg I
I V — [
I ‘/- i
: I
Green Building Rating !
[ . I
. standard Knowlfedge suitable iGBR Ontology |
\ or iGBR 1
\
\N_ _______________________________

-C
BIMALEED

’ ™
\
'l Feedback 1
; I
: I
: I
: I
: I
[

I Green buildin

SWRL Rules g I
: Design Data ‘ :
[ Mxnxn :
: O« I
I Rule-based Reasoning O :
Source: (Zhang D., et. 2019) & — |
I ; ; I
‘\ Jess Reasoning Engine Rea-time Green Building ,l

H2020 G.A. 820773 AN Rule-based Reasoning Scores L

\

|
|
i
_ |
-1 l I
|
Stakeholders :
i
|
Communlcatlon :
i
|

I

/

’
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ifcOWL: Web Ontology Language 'E.
BIMALEED

Using the ifcOWL ontology, one can represent
building data using state of the art web technologies
(semantic web and linked data technologies).

IFC ifo0WwL
Schema Ontalogy

Simpledatatype  owlclass + owl:DatatypeProperty restrictian

Dr=li ype ow
Apgregationdatatype  owl rclass
--------------------- nen-functional owl-ObjectProperty
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