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Agenda 

• From Green to regenerative sustainability

• Defining digital twins 

 

• UofT digital twin design 

• BIM-based Green analytics: demo 

• Future plans 



Summary

• Can greening 

buildings be a driver 

for the economy?

Analytics

Occupant

BIM

Digital 
twins 

Building as a 

platform for 

(energy) 

innovation

• Can greening 

buildings be a driver 

for the economy 

through innovation? 

• Objective: How to overcome the difficulty of green analysis, 

throughout the life cycle, to help operators and users to transfer 

greening their facility into economic and business benefits? 



Regenerative sustainability



People behavior matters 

Stegnar, G., & Cerovšek, T. (2019). Information needs for progressive BIM methodology 
supporting the holistic energy renovation of office buildings. Energy, 173, 317-331.



Regenerative sustainability 

Creating conditions for:

• Harnessing energy flows

• Support design as nature

• Empower people to innovate

• Green as the driver for economy 

• Building to re-generate natural sys. 

Reed, B. (2007). Shifting from ‘sustainability’to 
regeneration. Building Research & Information, 35(6), 674-680.



BIM & green buildings 



Why BIM is needed for Green Buildings 

• BIM based design enables in-depth assessment of energy performance

• BIM offers knowledge- based decisions for renovation strategies and quality 

control. 

• BIM enhances the design and project management of green buildings 

• better management of project requirements and capacity to manage building information

• better communication between project stakeholders

• improved decision making enabled by multiple design options - alternatives in the early project 

stages

• interdisciplinary coordination and validation, and analysis leading to effective collaboration, 

resulting in a reduction of delays, errors and omissions in construction and a reduction in 

construction waste.



The problems of BIM in green building analysis  

• Extensive modelling and processing of captured data into se- mantic BIM 

objects is required; 

• Demanding information up-dates of pre-existing BIM models and databases are 

needed; and 

• Data about the objects and relationships that are actually located and used in 

buildings is unreliable. 

 Barki H, Fadli F, Shaat A, Boguslawski P, Mahdjoubi L. BIM models 
generation 
27.from 2D CAD drawings and 3D scans: an analysis of challenges 
and opportunities for AEC practitioners. In: Presented at the BIM 
2015, Bristol, UK; 2015



Not just design data

• Engineering 

calculations/Technical 

models (e.g. thermal 

analysis/energy audits); 

• Simulations (e.g. usage 

scenarios);

statistical methods (e.g. 

performance);

• Machine learning (e.g. 

patterns and trends); 

 Borgstein EH, Lamberts R, Hensen JLM. Evaluating energy 
performance in non-domestic buildings: a review. Energy 
Build Sep. 2016;128:734e55. 

Stegnar, G., & Cerovšek, T. (2019). Information needs for progressive BIM methodology 
supporting the holistic energy renovation of office buildings. Energy, 173, 317-331.



The problem: limitations of IFC & linked data

• Interactive linkage between BIM and 

energy analysis systems 

• Semantics 

• Capture of unstructured data 

Borrmann, A., König, M., Koch, C., & Beetz, J. 
(2018). Building Information Modeling Technology 
Foundations and Industry Practice: Technology 
Foundations and Industry Practice.



Digital twins 



A Bad of Digital Twins 

• Digital twining is different from 

digitization

• Digital twining is not virtual 

reality 



A Typical (product) view of digital twins 

This view is missing the following:

• Asset management 

• Occupant empowerment

• Data governance 

The Evolution of Digital Twin – and How Emerging Tech Is Driving 
Adoption
Written By: David Immerman
https://www.ptc.com/en/product-lifecycle-report/digital-twin-technologies-driving-adoption



Types of digital twin

• Product digital twin

• Predictive twin 

• Process twin

• Examining alternative designs 

• Re-designing the digital twin 



DT & RS : when green is the economic driver 

• Data

• Facility data 

• Operational data

• Occupant data 

• Futures and simulations

• Energy models 

• Operational schemes

• Analytics  

• Business intelligence 

• User profiling

• Predictive analytics 

• People empowerment  

• Innovation 

• New green business models  
Image credit:  Keith Shaw and Josh Fruhlinger: What is a digital twin 
and why it's important to IoT
Network World | JAN 31, 2019 



The UofT 
Intelligent Building Digital Twin



Digital twins and facility management 
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A perspective on digital twins 
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Digital twin project scope

Digital Twin
Building Data

UofT Facility Management Staff

Pahse 1: Interactive floor plans & reports 
Phase 2: Data reliability & interoperability 

Phase 3: Business intelligence 

Building Stakeholders

Phase 1: access for researchers
Phase 2: access to occupants 

Phase 3: building-as-a-platform

Contextual Data

Structured 
Data

Un-structured 
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IoT
BIM

Energy 

Weather 
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logs
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Conditions
Access 
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Data Security

Access
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Interactive BIM systems 

Interactive 
3D Model 

Access rights

Usage patterns 

Cross-building analytics of items and data Cross-item analytics of data

Item data cube Item data cube 



Machine learning in intelligent buildings 

• The modeling issue: 

BIM should 

encompass all 

building data

• The linkage issue: 

BIM data is not 

limited to IFC

• The analysis issues: 

No generic 

reasoning and 

querying.

• Complexity: a 

challenge to 

implement 

correctly in 

software. 
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Figure 4: System Architecture fora linked data-based recom m ender system in the AEC industry.

This linkset serves as a hash table w ith identifiers from
user profiles and the building data repository. N ote that
Listing 3 only includesls:like relations,butother,m ore
specific relations could be used asw ell,depending on how
userinteraction and feedback istracked.

people:EkaterinaPetrova
ls:likes buildings:building_987d706d-877a-4b1d-80f6-6

ee89d856319 ;
ls:likes buildings:building_af41d889-f50c-456e

-9625-96655150838d .

Listing 3: Linksetbetween buildings and people.

W e have applied this principle to the B uilding D ata Store,
U serProfile Store,and LinksetStore as follow s.Through
userinteraction and K D D ,im plicitdata is retrieved about
the buildings in the building data repository. A s such,
the buildings can be enriched w ith m etadata tags. The
resultis displayed fortw o exam ple buildings in Listing 4.
W hereas this exam ple only includes four sim ple m eta-
data tags (buildingType,designedBy,energyLabel,
sustainabilityCertificate ), m any m ore m etadata
tags can be used, e.g. category,occupancy data, m ined
perform ancepatterns,design requirem ents,energy source,
etc.These m etadata can be used to form categories ofde-
sign references,to com pose queriesin the database,to sort
search results in a certain dim ension,etc.

buildings:building_00dd6c87-6a6e-f482-7490-e6613659708a
a bot:Building ;
bmeta:buildingType bmeta:theater ;
bmeta:designedBy people:architectX ;
bmeta:energyLabel bmeta:A ;

bmeta:sustainabilityCertificate bmeta:LEEDPlatinum .

buildings:building_2e0dcc1c-b981-4c47-adb4-2b9887f10481
a bot:Building ;
bmeta:buildingType bmeta:theater ;
bmeta:designedBy people:architectY ;
bmeta:energyLabel bmeta:A ;
bmeta:sustainabilityCertificate bmeta:DGNBGold .

Listing 4: Exam ple building data in TTL form at.

In sum m ary,the system holdsthree R D F-based data stores
(besides the U ser Log Store): the U ser Profile Store,the
B uilding D ata Store, and the Linkset Store. It is now
possible foran end user to query each ofthese stores for
relevantdata. Forexam ple,an end userm ay query forall
buildings ofa particulartype,category and/orw ith a spe-
cific energy label(Listing 5). In this case the bmeta tags
are used in the query. O fcourse,itis also possible to in-
clude userpreference (LinksetStore)oruserprofile (U ser
Profile Store)data in the queries.The returned results can
be displayed to an end user,w ho is then able to sortthe
results using the available attributes and categories.

SELECT *
WHERE {

?b a bot:Building .
?b bmeta:buildingType bmeta:theater ;
?b bmeta:energyLabel bmeta:A .

}

Listing 5: Q uery for buildings of a particular building
type.

Petrova, E., Pauwels, P., Svidt, K., & Jensen, R. L. (2019). 
Semantic data mining and linked data for a recommender 
system in the AEC industry. In 2019 European Conference on 
Computing in Construction (pp. 172-181).



Green 2.0



Conceptualization: mixing structured and unstructured data 

To realize interactive intelligent buildings, we 

need a green supply chain of material, 

information, and ideas:  

• BIM: data access, visualization

• User: profiling, social & semantic networks  

• Designers: optimal design features 

• Operators: adaptive operations schemes 
Social Network 

 
Sustainability Games 
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Way-finding   
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The Requirements 

Interaction 
• Users navigate the BIM Model, explore, 

learn and comment

• Designers, contractors do the same

• All contribute data, ideas, needs, apps. 

Machine learning 
• Analyze the chat and extract the needs, 

learn about the opportunities, 
exchange knowledge 

• Find synergies, discover overlaps, and 
synchronize business processes



Green 2.0



The technical architecture 



Open platform 

BIM Access Management

BIM Visualization

BIM 
Communication

Module

BIM Social 
Network Analytics 

Module

BIM Green In & 
Out Analysis

Module

BIM Storage & Indexing BIMServer, IFC

BimQL

BIMSurfer

BCF, BCFServer gbXML, energyplusOTS (SNAP, JUNG)

Green2.0 Logic

Green2.0 UI

Green2.0 DB

RESTful API
Module

HTTP, XML, JSON

Alert/Notification
Module

Rules, Email, SMS



Linking BIM to energy analysis: IFC to OpenStudio

IFC
Compatible

OpenStudio
Compatible

In a BIM model a 
building is described 
as a decomposition 
of building elements 
with individual solid 
representations

For energy analysis 
geometry needs to 
be aggregated into 
‘water-tight’ ‘thin-
walled’ thermal 
zones



A model of the comment 

Comment Product Actor 

Issue Phase/Time

Question Answer Approval 

State

has has

Advice Preventive Problem/Flag 



Comment repository 



Tracking the debate: comment networks  



Analyzing the results 

	 	

Game 	With 	 A 	 Purpose 	 (GWAP) 	 	Expert	 	 & 	 user 	 generated 	 classi ication 	
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In luence 	 detection 	 among 	 the 	 users	

Semantic 	 analysis 	 of 	 the 	 contents	
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S2
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Social 	 annotation 	 of 	 social 	 generated 	 contents 	

	 	 S3
	

	 	 	 	 	 	 	 	 	 	 	 Opinion 	 	 	 	 	 		 	 	 	 	 Dynamic 	Analysis 	

Natural 	 Language 	 Processing 	 (NLP)/Machine 	 learning 	
In luence 	maximization 	 algorithms 	Graph 	 topology 	 analysis 	

Simulation 	

Statistical	
	 pattern 	
	 	 	 recognition 	

Information 	 retrieval/data 	mining 	 algorithms 	Matching 	 algorithms 	



The value proposition 

Commenting is tied to 
IFC objects 

Streamlined and intuitive reporting

Profiling building components 

Semantic analysis of 
comments   

Understanding context and detecting issues

Profiling topics 

Network of people
Understand the dynamics of actor relations 

Profile actors 

Product catalogue 
Offering customization options

Capturing selection patterns and rationales

Energy analysis 
Promote green options

Educate users 

Trend analysis
Topic trends 

Cross-topic trends  

Prediction 
Better planning

Re-use best practices/smart components  



Future Plans 



Smart elements (profiling element signatures) 

• Profile of users interested in the element

• Issues, ideas, problems with the element

• Issues, ideas problems for groups of elements

• Element-specific Analytics (Complete Graphs) 

• Project-specific Analytics (Discussion Trends)

• Cross-project Analytics (Discussion Networks)

• What changes altered user or operator views

• Which user is predicted to provide what input

• What issues to expect with this element 

• What alternative designs can be used

• Which other elements can match 



Empowerment
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Thanks 


