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1943

• Walter Pitts 
and Warren 
McCulloch 
create a 
computer 
model based 
on the neural 
networks of 
the human 
brain

1956

• John 
McCarty 
coins the 
term 
“Artificial 
Intelligence” 
at a 
conference 
in Dartmouth

1960

• Henry J. 
Kelley 
propose the 
first 
continuous 
back 
propagation 
model

1979

• Kunihiko
Fukushima 
uses the first 
convolutional 
neural 
networks

1997

• Computer 
program 
Deep Blue 
beats world 
chess 
champion 
Garry 
Kaparov

Why now?

AI 



“Construcción 4.0 - What’s next?” 

https://ourworldindata.org/technological-progress
https://ourworldindata.org/technological-progress
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Heterogeneous data 
sources

IoT

PLC Wireless sensors Smart home User inputs

Sources from left to right: 1) This photo is under CC BY-SA licence, 2) Wireless sensor from Pressac, 3) This photo is under CC 

BY-SA licence, 4) Source: Photo by Torsten Dettlaff from Pexels

https://en.wikipedia.org/wiki/Google_Home
https://creativecommons.org/licenses/by-sa/3.0/
https://en.wikipedia.org/wiki/Google_Home
https://creativecommons.org/licenses/by-sa/3.0/
https://www.pexels.com/@tdcat?utm_content=attributionCopyText&utm_medium=referral&utm_source=pexels
https://www.pexels.com/photo/black-and-gray-digital-device-193003/?utm_content=attributionCopyText&utm_medium=referral&utm_source=pexels
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Moving to BIM maturity 
level 3

BIM

Level 0

CAD

Low 
collaboration

Level 1

2D, 3D

Partial 
collaboration

Level 2

4D/5D

Full 
collaboration

Level 3

6D

Full 
integration 
and life-cycle 
management

https://www.digiplaceproject.eu/
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The technical  bases of the 
construction industry are ready 

to move to the next level of 
digitalisation

Source: Tecnalia

Building digital twin

BIM IoT
Digital 
Twin

https://www.youtube.com/watch?v=h4ohUX4_xWc
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KUBIK is a building with configurable 
architecture:

❑ Configurable exterior elements 
(facades, Windows, roof, shading 
system)

❑ Configurable internal partitions

❑ Accessibility and aging laboratory

More than 800 sensors that record the 
internal and external test conditions. 

From experimental platform 
for building technologies …

KUBIK

Configuration (2010)

Configuration (2011)
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… to KUBIK 4.0 Digital 
Twin

KUBIK

Digital 
Twin

Architectonic 
model 

Structural 
model

System 
model

Sensor 
model

KUBIK 4.0 has an infrastructure of:

❖Simulation of both a tertiary and residential 

environments

❖Singular and experimental thermal systems

❖Heat pump coupled to PCM thermal storage 

battery.

❖Solar thermal installation

❖Absorption equipment

❖ IoT node for data interconnection where the 

different technologies on the market coexist to 

monitor and control the facilities (Modbus, Backnet, 

KNX, Dali, Z-wave, EnOcean, LORA, ...).

❖ It has a complete monitoring and control system of 

the installation that allows up to 10 structural or 

digital experiments to be carried out in parallel.

❖ Installation Virtualization Environment. BIM-MEP 

model of the installation connected in real time with 

the building's infrastructure. Allowing a complete 

monitoring of the installation.
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Energy 
efficiency

Renewable 
energies

Aging 
population

Digitalisation

Respond to the needs of 
the physical world

DIGITAL TWIN

Photo by Singkham

from Pexels

Photo under CC 

BY-SA licence 

This photo is under 

CC BY licence

This photo is under 

CC BY licence

https://www.pexels.com/@singkham-178541?utm_content=attributionCopyText&utm_medium=referral&utm_source=pexels
https://www.pexels.com/photo/clear-light-bulb-planter-on-gray-rock-1108572/?utm_content=attributionCopyText&utm_medium=referral&utm_source=pexels
https://creativecommons.org/licenses/by-sa/3.0/
https://www.pressmyweb.com/actualites-du-web/digital-boutiques-physiques/
https://creativecommons.org/licenses/by/3.0/
https://www.australiansolarquotes.com.au/2016/01/29/renewable-energy-emission-reduction/
https://creativecommons.org/licenses/by/3.0/
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❑ Exploit the big quantity of data harvested during
the building life cycle (design, technical
characteristics, data, …)

❑ Maintain the knowledge gained when the actors
change

❑ Know in real time the state of all the
components of the building and predicting their
future behaviour

❑ Consider all the scales of the building, from the
high-level processes’ conceptualisation to the
performance of each individual equipment

❑ Test new configurations and generate scenarios

❑ Visualize and plan during the building life cycle

Like never before we 
can …

DIGITAL TWIN
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Time 
series & 
images

Reinforcement 
learning

Classification

GNN

Predictive 
models

Where does artificial 
intelligence fit? 

DIGITAL TWIN

http://holisder.eu/
https://foreseeproject.eu/
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Design Construction
Operation & 
Maintenance

Decommissioning

Digital twin for the 
building life cycle

DIGITAL TWIN
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Use

User

Physical infrastructure

Technical infrastructure

Hybrid ecosystem

AI in the build environment
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Diversity of use

Use

Photo by Noelle Otto from Pexels

This photo is under CC BY licence

https://www.pexels.com/@noellegracephotos?utm_content=attributionCopyText&utm_medium=referral&utm_source=pexels
https://www.pexels.com/photo/old-couple-walking-while-holding-hands-906111/?utm_content=attributionCopyText&utm_medium=referral&utm_source=pexels
https://www.flickr.com/photos/jlcernadas/19082333530
https://creativecommons.org/licenses/by/3.0/
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Aging population

User

Antón, M.Á.; Ordieres-Meré, J.; 

Saralegui, U.; Sun, S. Non-Invasive

Ambient Intelligence in Real Life: Dealing

with Noisy Patterns to Help Older People. 

Sensors 2019, 19, 3113. 

https://doi.org/10.3390/s19143113

https://doi.org/10.3390/s19143113
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Energy behaviour

User

Noyé S, Saralegui U, Rey R, Anton MA, Romero A. Energy demand prediction for the 

implementation of an energy tariff emulator to trigger demand response in 

buildings. E3S Web Conf. 2019;111:05025. 

https://doi.org/10.1051/e3sconf/201911105025 Clima19

http://www.epc-recast.eu/
http://holisder.eu/
https://doi.org/10.1051/e3sconf/201911105025
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Management of 
historical heritage

User

Zubiaga, M.; Izkara, J.L.; Gandini, 

A.; Alonso, I.; Saralegui, U. Towards

Smarter Management of

Overtourism in Historic Centres 

Through Visitor-Flow Monitoring. 

Sustainability 2019, 11, 7254. 

https://doi.org/10.3390/su11247254

https://doi.org/10.3390/su11247254
http://shcity.eu/
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From parametric design …

Physical infrastructure

https://bim4ren.eu/
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… to generative design

Physical infrastructure
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Control of a multi-renewable 
system with  GSHP

Technical infrastructure

https://geo4civhic.eu/
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Energy management 

Technical Infrastructure

https://www.youtube.com/watch?v=gfSWQ1ss1_s
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Maintenance

Technical infrastructure

From reactive 

to predictive, 

preventive and 

corrective 

maintenance 
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Harvest the power of the building 
digital twin with artificial intelligence

Hybrid ecosystem

BIM IoT AI
Digital 
Twin

• The construction industry is ready 
for digital twins 

• AI is key to achieve DT’s potential

• The digitalisation will only be 
successful if use, user, physical 
infrastructure and technical 
infrastructure are considered 
together

Use

User

Physical infrastructure

Technical 
infrastructure
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Thank you for your 

attention

Sarah Noye, sarah.noye@tecnalia.com

José Antonio Chica, joseantonio.chica@tecnalia.com

mailto:sarah.noye@tecnalia.com
mailto:joseantonio.chica@tecnalia.com
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