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control, air conditioning, and even heated seats and 
steering wheel. We can call it the “The High-tech car vs. 
Low-Tech house paradox” (Figure 1), or, in other words, 
“why we do treat ourselves as kings in our cars, as 
Neanderthals in buildings”. The discrepancy between 
high-tech cars and low-tech houses is explained through 
Trust and Effort. 

 
Figure 1 The High-tech car vs. Low-Tech house paradox 
We trust that systems in cars will work together, that they 
will deliver the expected service, and we know one brand 
(the car-brand) guarantees that the components (produced 
from a number of different companies) will work and 
communicate together. On the contrary, in buildings we 
generally connect a retrofit to a big effort (craftsmen at 
work, dust) and we distrust that the building will reach the 
promised performance. As a consequence, we need tools 
that can evaluate, in real time, the performance of 
buildings: the first goal to mitigate the BPG is hence to be 
able to prove that buildings deliver the requested level of 
comfort without wasting energy. Ensuring this means 
being transparent about both indoor environment data and 
energy usage data of buildings. A transparent data 
handling could be key to get buildings’ owners’ trust. 
Secondly, to address the entire building stock, we need to 
develop scalable solutions that can quickly be rolled out, 
and hence have the lowest possible retrofit effort. 
Volatility 
The third aspect we should keep in mind when dealing 
with buildings is connected to volatility. Volatility in 
buildings is both on the usage side, as well as on the 
production side (Figure 2).  
On the one hand, buildings are mostly planned and 
controlled based on assumptions and fixed schedules 
which might have been valid in the Sixties. However, our 
society evolved: For example, residential buildings where 
families live are often empty during the day while both 
parents go to work and children stay until afternoon at 
schools; in parallel, work-from-home became reality, also 
several times a week. On the other hand, not only is the 
demand for comfort volatile: to minimize buildings’ 
impact on climate change, we must maximize the use of 
renewable energy sources. Consequently, the production 
of energy is non-projectable. Matching the volatile usage 
of buildings with intermittent energy production can help 

both enhancing personal comfort and reducing CO2 
emissions caused by heating, ventilating, and cooling the 
existing building stock. 

 
Figure 2 Volatility issue in buildings, and related goal 

A path to solve the buildings’ performance gap 
The call for transparency is clear and cannot prescind 
from a valuable monitoring tool of the building 
performance. Moreover, the goals identified in the 
previous section call for a paradigm shift in the way we 
control buildings today. The fast developments in IoT and 
their potential integration in the built environment 
represents a big chance to transform legacy buildings into 
a Cyber Physical System (CPS) (Gil et al., 2020). 
Bavaresco et al. (2019) state the necessity to include the 
“human-dimension” into the control loop of buildings, 
which they identify as “Cyber Physical Social Systems” 
(CPSS). On the one hand, buildings handled as a CPS or 
a CPSS can easily integrate the human dimension through 
a human-in-the-loop perceived-based control. On the 
other hand, they can provide valuable data to understand 
issues, and find optimal solutions to address them. 

Methods 
In this section, we describe the building we adopted as a 
case-study and developed as a CPSS, in order to test our 
HuiL perceived based control platform, as well as the 
solution we propose to the “TRUST, EFFORT and 
VOLATILITY” issues. 
Demonstration Case 
In order to demonstrate the project, we selected an old 
building from a school (Lex et al., 2019) located in the 
Høje Taastrup Municipality, in the Greater Copenhagen 
Area in Denmark. The school building (Figure 3) was 
built at the beginning of the twentieth century and was, 
years ago, partially refurbished with new windows and a 
ventilation system. A total of 28 locations (10 classrooms, 
2 meeting rooms, 1 office room, 8 open spaces such as 
corridors, entrances, and stairs, 7 service rooms.), are 
distributed over three floors.  Both the heating and the 
ventilation system are connected to district heating. Most 
of the radiators of the classrooms and corridors are old 
cast-iron radiators; some of those are also under-
dimensioned. 
Through a server using an MQTT (Message Queuing 
Telemetry Transport) publish-subscribe network 



protocol, we established a two way connection to the 
HVAC system. Hence, we are able to monitor the HVAC 
system and eventually change set points of the inlet 
temperature both in the ventilation as well as in the 
heating system. Moreover, we can turn on and off the 
ventilation system. On some radiators, we installed 
sensors to monitor the outlet temperature. Through energy 
meters, we monitor both electricity and heating energy 
use. In February 2019, we installed 65 smart thermostatic 
valves, and six gateways, to control the set temperature of 
each single radiator/room.  

 
Figure 3. Facade of the building of the school. 

Online monitoring platform: Climify 
TRUST and EFFORT are connected, since our willing to 
make an effort to retrofit a building is proportional to the 
trust we have in the benefit that such a retrofit solution 
would bring. Transparency is a key component of TRUST: 
being transparent means to provide an access (to the 
buildings’ owners/occupants/managers) to the raw data 
and to pre-evaluated data of the buildings, related to the 
indoor environment, and related to the energy use.  

 
Figure 4 Qualitative evaluation of the measurements 

(e.g. a single measurement, such as the room 
temperature, or a combination of measurements, such as 

temperature and humidity combined) in each room, in 
live-stream modus. 

In order to maximize TRUST and minimize the EFFORT, 
we developed Climify, a platform dedicated to the 

monitoring of buildings. Through Climify, also existing 
buildings with legacy systems can become a Cyber-
Physical-System: Climify connects IoT devices from 
different vendors together. 
The devices that can be connected to Climify include 
sensors (e.g. CO2, temperature, humidity, etc.) and 
actuators (e.g. smart thermostats, smart shutters, window 
motors, pumps, etc.). Through Climify, the data are 
collected and presented to the buildings occupants, and to 
the buildings managers/owners. The visualization options 
of Climify include both qualitative (Figure 4, Figure 5) 
and quantitative methods. 
Climify can be used to visualize issues in the built 
environment and check that the indoor environmental 
parameters and the energy use of the building are aligned 
to the expectations.  
Finally, occupants can use Climify to exchange 
information (e.g. to signalize issues) with each other and 
with the building managers, and to learn about good 
practices on operating buildings (through the 
visualization of learning videos e.g. on the correct way to 
ventilate buildings).  

 

 

 
Figure 5 Qualitative evaluation of the measurements 

through time (selection of day and time of day). 
Feedback app: FEEDME 
As discussed in the previous chapter, VOLATILITY has 
to do both with occupants’ volatile needs, and energy 
volatile production. Through the app FEEDME we 
address the volatility of the occupants. In standard 
buildings, occupants interact with the built environment 
either by choosing set points (e.g. set points of the 
thermostat, of the ventilation) or by controlling actuators 
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