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BIMAEEB General objectives

An EU-funded project supporting the renovation industry
In retrofitting existing residential buildings with a
complete

BIM-based toolkit for Efficient rEnovation In
Buildings, in order to :

« make the flow of information efficient
« decrease intervention working time,

« Improve Dbuilding performances, quality and
comfort for inhabitants.
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The BIMAEEB specific objectives

O1. Maximise efficiency in building renovation:

Renovation working time reduction (20%)
Renovation costs reduction (15%)

Building quality control with less than 10% performance gap
Faster energy audits -50% of time

Net primary energy use decrease (10%)

O2. Accelerate the market uptake across Europe towards a digital built environment:

Uptake of BIM-based renovation by construction companies (50%)
Uptake of BIM-based dynamic energy assessment plus 30%
Connection of BIM and GIS environments

Implementation of as-built data collection in logbooks
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The BIMAEEB objectives

O3. Speed-up data gathering and processing

« Fast mapping tools for acquiring data of existing buildings and creating BIM
models (30% time reduction)

* Innovative tools for connecting BIM models and BACS

 Improved performance and environmental data monitoring/ analysis to
support decision-making on renovation scenarios (30% time reduction)

*  Occupant behaviour data monitoring to enhance comfort, performance and
building operation

Enhanced simulation (performance gap of max. 10%)

O4. Interoperability of different stakeholders and tools, harmonising data exchange
formats

. Improve the utilisation of increasingly heterogeneous building data by
making it more accessible and interconnected

. Central, accessible, reusable platform for storing information

. Harmonised standardisation for data exchange formats

. Standardise data exchange between BACS and BIM
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The project in a nutshell

CALL/Topic
* INDUSTRIAL SUSTAINABILITY - ENERGY-EFFICIENT BUILDINGS (EEB)
« LC-EEB-02-2018 Building information modelling adapted to efficient renovation (RIA)

ACTION ID
- BIM4EEB

« BIM based fast toolkit for Efficient rEnovation in Building:
* GA No. 820660

Duration:
* 42 months - 1 January 2019 — 30 June 2022

Financial
e Costs 6'933'940 EUR
 EC Funding 100%

15 partners representing main stakeholders
« 3 Universities: PoliMi, UCC, TUD i S S— l' )
« 2 Research Institutes: VTT, RISE,

» 2 Public administrations: Lombardy Region / ALER VCBM

* 4 SMEs/ Start-ups: SOLINTEL, SUITES5, OneTeam, VisualLynk
« 3 Large Enterprises: CAVERION, GCI Sverige, PROCHEM
« 1 Association ACE
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The BIM4EEB toolkit
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From BIM towards Digital Twin

Common elements — 3D model viewer and IoT connection

+ IFC Viewer

s BIM4AEEB - BIM viewer
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From BIM towards Digital Twin
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From BIM towards Digital Twin
Digital Logbook to manage the building and its renovation interventions

< Resource Data A - O - A S
M 8 H e
Digital Logbook ¥
“ Element rio Value Lnked Data 30 Linked Data Document FC Unked data Htory
Hove Page
22 Genenl and administratve information
Roies 2 et General and administrative information
Buliding 1D
g Bulding construction information
Resowrce = Name of the buliding Main destination (Residential, Commercial,
matagevet Industnial, etc)
A Buldng Energy Performance
as Other destinations (if any) Building category (Single-family detached, Single-
Logoock Dasa family attached, Large muiti-family, Office, Retail,
Ust Buiang Operaton and Use Hotels, Special-purpose, Manufacturing,
Werehouse/distribution, etc.)
2a )
M modes SMART information Building permit 1D (Amnesties) Construction year
" year
Last (partial or general) year Energy class r
your
Cadastre 1D (Cadastral sheet, Cadastral map) Bullding address (Nation, Province, Town, Postal
code, Street/Road' Square, Nr)
GIS coerdinates, Longitude GIS coordinates, Latitude
00 » )
Height above the sea level Distance from sea
- -

Max number of occupants

Operational tool

Registry
Urban and services data
Geotechnical and Geological data
Tender agreemant

Dimensional data
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DIGITAL TWIN definition
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- “a set of virtual information constructs that fully describes a potential or actual physical
manufactured product from the micro atomic level to the macro geometrical level” Grieves &
Vickers

- “a digital duplicate of the physical environment, states and processes. While a BIM model
contains as-is and historical data, a DT can be used to assess the current state, and to potentially
forecast the future state” Stojanovic et al.

- “a realistic digital representation of assets, processes, or systems in the built or natural
environment’Bolton et al.
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Role of ONTOLOGIES in the BIMAEEB toolkit

Explore renovation Specify the location Schedule week plans
Receive/create BIM scenarios breakdown structure | . Tasks scheduled
* From BIM tool or * Renovation measures * BlMspaces, to a specific week X X
*  From fast - OPR (owner’s project externalareas, : e L
MapPINg Identify occupa requiremer Detail renovation work Monlt?r pEcupants
. " Make a master plan execution * Alert, notify
Condition/consumption measures ! _ '€
SEFEEIE . Room automation e Baseline of * Actual times * Visits, safety,
* Preferences * Constraint checking act|V|.t|es . and resources notse,
- erformance anal s’is * Multiple versions outages
Fast mapping  BIM4Occupants P v mrmvmpu—merlanner CrviroTcupaTTe

s .~—-4t-—m _
BIM Occupancy g Scenarios BIM Systems, BIM LBS Occupants Nom
Occupants profiles OPRs components, Measures Master plan Apartments feedbac
Apartments measures OPRs Week plan  Activitie

(BIM) ————
Extern RDF RDB
al data (Linked Data) (synchronized) (Traditional)
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Areas of the renovation terminology

Built
assets

Apartments,
owners

Ownership, tenancy
Lifecycle impacts

Safety and recycling.
demolition

Notifications
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Occupancy, preferences,
acoustics, Indoor air

Building
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Building performance

Container
of models

Occupancy
profiles

Product requirements,
product selections

Renovated
entities

Renovation
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Past energy profile
Energy simulations
Energy systems
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Sensor &

Required activities

imagin
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E Required ) gl
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spaces, Energy-related
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Existing ontologies or terminologies

Building
design (BIM)

UniClass
CoClass
Talo2000

Sensor &
imaging

Classifi-
cation
systems
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DiCon relations

Established ontologies

Saref Core ICDD I| ichWL4I DCAT2 I| FIBO I| PROV-O I Org II FOAF I| SSC?:IA II BFO II OWL-Time I| BOT II REC I| OPM I wgs°854_ | QuDbT
A A A A A A A A A A

Saref Bldg A A A A A
Saref ICDD ifcOWL DACT2 FIBO PROV-O Org FOAF SSN/SOSA BFO OWL-Time BOT REC OPM WGS84 QuUDT
alignment J§ alignment li alignment li alignment | alignment |} alignment J alignment alignment Jf alignment Jj alignment | alignment J} alignment alignment [ alignment J§ alignment Jj alignment
3 £ 2 g 2 g o 2
£ & & 5 g = I o E% P B B £ g
2 = 5 I = 2 = s 3 al ¥ © 33 ° g 2 2
3 2 E 8 & g 2 g sl 5§ El 3¢ g e g 5
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pro] v CEN TC442
H2020 call LC-EEB-02- ) _ _ S tic Modeli d
2018 “Building collaboration D.C future contribution el II: e
) ) ) > > Linking, Part 2
information modelling I on “ e o
o Domain-specific
adapted to efficient 'y modeling patterns”
renovation” building objects, information | multi-model fundamental Ing p n
geometry, management| information top-level
| properties practices exchange categories I
|
| 1 |
1ISO 16739 1ISO 19650 1ISO 21597 ISO/IEC 21838
IFC BIM-based IM ICDD BFO
Relevant standards
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Modules of DiICon

LOD systems;

Building
lifecycle
stages

Information content
entities, information
containers, designs,
plans, events, issues

Activities, behaviors,

Actors, stakeholders, .
time, resources,

roles, legal persons,
capabilities, capacities

Building objects,
assets, equipment,
breakdowns,
categories

\

\

assignments
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Lifecycle

—

Information

Occupants

A

A 4

Energy

»| Processes >
Entities
»| Agents -
v v
Materials
Contexts Variables

Occupant behavior,
comfort, safety and
health; indoor air
quality and
building acoustics

/

N\

Energy efficiency;
Energy systems;
LCA/LCC

Building materials,
material layers and
properties;

As-designed/as-built
Planned/actual

material bacthes LOD levels

Values changing over
time, value histories,
value metadata
(author, time, unit)
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Digital Construction Ontologies (DiCon)

Saref Cocel[ icoo || icowes | pcarz || FBo || PROW || org ForF || oonn || BFO || oweTime|| BOT Rec || oPM ""pf:‘— QuoT
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Contexts Variables _
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Legend:
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Comparison with sister Ontologies

v

')
BIM-SPEED

Jese pLion

NELSC0 QIIIOIOEIES

No direct reuse
Reno-Inst Installation of windows, ETICS panels, and radiators in renovation projects.
LCA-C LCA/LCC assessments, the assessed building, and the products/materials
BEM-Reno A renovation ontology based on the structure of BOT, albeit not reusing it Copy, adapt and extend BOT
BIMERR Reuse by reference
Occupancy Profile  |Occupants behavior inside buildings for the BIMERR project Saref, Saref4Building, OWL-Time, SKOS, FOAF
Sensor Data Sensors located inside buildings for the BIMERR project Saref
KPI Key performance indicators related to building renovation works Saref, Saref4City, OWL-Time
Weather Weather data for the BIMERR project Geo, Saref, SSN, SOSA, Saref4City
Building Building data for the BIMERR project BOT
Material Properties |Properties to describe building elements in BIMERR Saref
Annotations Objects | Annotations and extra information of building elements -
Information Objects | Tthe files and documents attached to building elements =
Renovation Process |The construction processes in a building renovation Saref
Metadata Annotations for ontology to data model transformation —
buildings Elements related to a basic description of a building, inspired by BOT Copy, adapt and extend BOT
buildingcomponents | Components of the building that as walls, windows, ... -
buildingsystems HVAC, domestic hot water, lighting and appliances. -
occupancy Occupants and their activities within the building -

energ)

Ene

Multi-contexts data: planned/actual, as-designed/as-built

Objectified properties for time varying values, constraints, value metadata

QUDT, Geo, OPM, ifcOWL, PROV-0, SSN/SOSA, Saref

Basic categories with identifiers, classifications, breakdowns, and groupings

BFO, Geo, ifcOWL, OWL-Time, FOAF, Org, BOT, REC, SSN/SOSA,

S48BId

Processes Activities and resources, resource assignments, and objects of activities ichWEL, FOAF, PROV-0O, REC, Saref

nts Actors, stakeholders, roles, legal persons, capabilities, capacities ifcOWL, Org, FOAF, FIBO, ICDD, REC
Information Information content entities, containers, designs, plans, events, issues ifcOWL, PROV-O, FIBO, DCAT2, ICDD, REC
Materials Material structures, properties and material batches ifcOWL, BOT
Occupancy Occupant behavior, comfort, safety, health; air quality; building acoustics ifcOWL, BOT, SOSA, REC, Saref
Energy Energy efficiency including energy systems ifcOWL, Saref
Lifecycle Information over LOD levels and construction lifecycle ifcOWL, Org
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BIM4AEEB Conclusioni: toolkit validated and
available for further developments

Demonstration in

linked data &ontologies :
. relevant environment

Tools development
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2 A I survey & tracking |
K l !
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Conclusion2: Digital Twin for energy buildings’
renovation based on new ontologies and
linked data

 BIMA4EEB toolkit and ontologies are available for sharing,
standardization further developments

« Digital Twin developments is ongoing: need for an agreed
definition and finalization
 Dynamic Digital Logbook is one priority for existing building
* Need for an International and European Coordination Action
to share Sister Projects results and to finalize them for:
« Standardization (ex. CEN TC 442)
* Buildingsmart, W3C
« Building Digital Twin Association
 DIGIPLACE
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