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Background 

40% energy is used in the built 
environment 

 
20-20-20 EU Target 
•  -20% GHG (1990) 
•  +20% RW 
•  +20% Energy efficiency 

EPBD recast (2010): future buildings will 
be:  
•  Low-Energy Buildings 
•  Zero-Net Energy Buildings (ZEB)  
 
Extensive efforts to reduce energy use in 
new buildings 
Older buildings consume more and still 
constitute the major share of the building 
stock 



Growing importance of how 
ICT can improve the energy 
management in our society 
 
•  Improved buildings 

monitoring  
•  Understand complex 

phenomena like human 
behavior  

•  Better building systems 
control 

•  Improve the services 
systems  

 
 

ICT and the built environment 

Previous work has shown 
that there are inefficiencies 
due to, among others: 
•  Human behavior 
•  Faulty systems 
•  Design and construction 

standard 
•  Heating and ventilation 

system performance 
degradation 

 
 
 



Previous work: KTH EES Smart Building 
Testbed 



Smart buildings in practice: Wireless 
sensors network 
Smart buildings in practice: HVAC 
schematic 

People counter

Temperature/
CO2 sensorMote



room temp. 

heating 

cooling/ventilation 

weather 

internal 
gain 

water tank laboratory 

Stochastic MPC 

LP solver Scenario generation 
through copulas 

Measurements from sensors 

Weather forecasts (from web)

Laboratory daily schedule 

Prediction error processing 

Building dynamics 

Input constraints 

Comfort range 

HVAC Control Scheme 



Architecture 



Lessons learned 

Positive experiences 
•  Flexible system and 

architecture 
•  Reproducibility 
•  Encouraging results 

(10-30% energy savings) 
•  Reliable control system 

Challenges 
•  Implementation labor 
•  Standardization 

–  Software & programming 
languages 

–  Hardware 
–  Communication protocols 

•  Proprietary systems  
–  Welcome open source 

approach! 



Example of sensors 

Passive part 
All apartments: 
•  Temperatures 
 (Inlet, outlet, room) 
•  CO2 concentration 
•  Air flows 
“VIP” apartments 
•  Light  
•  Windows opening 
•  … 
 
 

Temperatures 
CO2 concentration 

Air flows 

Windows opening 
Light 

Heat  pump control 

Boreholes 
monitoring 

Wireless sensors for flexibility 

…and many more 



Adaptive Controllers: pilot projects 

Residential buildings: Live-In Lab Office buildings: Undervisning Hus 



Live-In Lab IoT workshop 

Venue: Dome of Vision, 
Valhallavägen 79 

Date: 26th November 
Link for registration: https://

www.liveinlab.kth.se/kalender 
 


