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EXECUTIVE SUMMARY

Deliverable D9.7 focuses on the main actions developed in Task 9.5, which are about citizen science and
educational activities. The aim is to involve students at different educational stages in disseminating,
discussing, interacting, and developing projects about PRELUDE-correlated topics, such as intelligent
buildings, smart monitoring and actuating, building energy efficiency, climate correlated design and
operational aspects, including climate change, proactive optimisation, Indoor Environmental Quality (IEQ)
and Indoor Air Quality (IAQ) issues. These experiences, on the one hand, act as dissemination actions. On
the other hand, they act as additional explorative works looking at focused topics and challenges and
analysing the potential impact of simplified smart solutions and activities in society.

Task 9.5 works are organised around three main actions:

i. The organisation of a series of international conferences/lectures and workshops, i.e. the
“PRELUDE Educational event series”, presenting PRELUDE results and theories and discussing
them with recognised experts coming from the consortium and outside the PRELUDE
partnership;

il. The management of a series of university student projects, investigating and proposing
solutions, e.g. prototypes, software, tools, workflows, about given smart and bioclimatic
building open challenges;

iii. The development of a citizen science activity involving six middle and high schools of the
Piedmont Region in collective action for monitoring and improving IEQ and especially IAQ
levels in classrooms and laboratories. Citizen science includes cloud monitoring systems, the
use of LED alerts to suggest window opening at a given CO; threshold, direct communications
(lectures) to students about IAQ, IEQ and intelligent building topics, and a restitution of their
ability to manage self-actuation of their windows to improve IAQ levels.

Concerning the Educational event series, seven conferences plus a final educational workshop have been
performed, including 25 speeches and seven general introductions. More than 300 participants were
reached in the seven meetings. The final event includes a final restitution of primarily PRELUDE outcomes
and the PRELUDE educational activities, plus a workshop about citizen science involving local schools and
the Piedmont Regional Educational Division, part of the PRELUDE advisory board, and including nine
speakers and an expected number of about 75 participants. Treated topics include proactive building
optimisation, free-running buildings, urban climate dimensions, parametric design, retrofitting actions,
intelligent building solutions, building monitoring and control logic, digital twins, and climate changes.

Looking at the educational projects, five master's degree theses and five interdisciplinary group projects
have been organised involving 22 students from architecture and telecommunication engineering. Treated
topics focused on dynamic energy simulation platforms, considering optimisation algorithms for both
design choices and building operational management, the development and use of surrogate models, the
integration of open weather data sources, the development of parametric building optimisation scripts,
the definition of cost-optimal retrofitting scenarios, development of intelligent cloud IoT monitoring and
alerting solutions, arriving at testing prototypes considering thermal comfort, multi-comfort IEQ and IAQ
domains, weather sensoring kit development, free-running building optimisation via fuzzy logic control
systems, and the development of solutions to identify occupancy profiles from actual buildings. Results are
presented in the final educational PRELUDE exhibition via posters.

The citizen science experience involved six schools, i.e. three middle schools and three high schools, half
of which were in the Turin city area and the others in small cities within the Turin Province. Cloud monitoring
IEQ and IAQ systems are installed in all schools, aligning with PRELUDE demo case-used technologies.
Defined a first measurement period to set benchmark conditions; lectures are given to students to
introduce and discuss smart building, building energy needs, and multi-comfort domains, focusing on
Indoor Air Quality challenges and building monitoring and self-actuation actions. Students start the citizen
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science action, following the LED alerts activated on specific sensors in classrooms or other school spaces,
e.g., laboratories. Finally, the outcomes of different IAQ pollutant levels are analysed, and feedback is given
to students and/or teachers to communicate citizen science outcomes. More than 1500 students directly
used the measured school spaces, while more than 650 followed a PRELUDE citizen science lecture. In total,
7 gateways, 41 CO,, 10 TVOC, and 7 PMx sensors, plus a U-value cloud-monitoring kit and additional
routers, have been installed. Results underlined the importance of supporting CO2 measurements to
improve and control IAQ levels, especially where high classroom densities require high ventilation rates.
Positive results are obtained in the majority of cases. However, the need to develop solutions to maintain
the attention of the end-users over time is underlined to avoid a progressive decrease in IAQ levels.

All three actions obtained positive results and were appreciated by students and participants, suggesting
the need to prosecute these activities in the future to disseminate intelligent and proactive building topics,
supporting the next generations in being involved in increasing their confined space comfort conditions,
reducing energy needs, and acting to the spread of digital culture.
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1.

INTRODUCTION

D9.7 reports the educational activities conducted during T9.5. These activities involved students with their
teachers of different grades and ages, including middle school and high school classes (citizen science) and
university ones. Furthermore, dissemination events are also organised and opened to society.

The PRE
1.

LUDE educational works are organised around three main actions:

The organisation of an “Educational event series” involving internationally recognised speakers
within and outside the consortium to discuss and present in a series of 7 lectures/conferences for
university students and open to professionals and interested people. Speakers come from research
institutions, universities, and companies covering transdisciplinary visions. The meetings were
organised in the hybrid model, being accessible both physically and remotely, while all events were
recorded to increase accessibility.

The organisation of 10 “Educational projects” involving university students from architectural and
ICT engineering backgrounds. Projects included both master's degree theses and student group
works supporting PRELUDE correlated topics, pursuing an explorative vision and aiming at
disseminating PRELUDE innovations into future professional generations.

The organisation of a significant “citizen science” action involving six schools of the Piedmont
Region in an IEQ (Indoor Environmental Quality) and IAQ (Indoor Air Quality) shared work. During
the citizen science action, IEQ and IAQ sensors were installed in the mentioned schools, measuring
relevant KPIs (Key Performance Indicators) that were aligned with the PRELUDE works.
Furthermore, thanks to the activation of LED alerts, students and teachers have been involved in
self-actuation actions to improve the space IAQ levels. In parallel, a series of lectures have been
organised in the schools involved to support citizen science action, motivate students, and show
results. The action promotes educational dissemination and increases future generations'
consciousness of IEQ/IAQ topics and the intelligent building dimension.

A poster Exhibition has been organised showing point 2 results (2023), followed by a final Educational
activity event including a workshop/conference on the main obtained results (20" of November 2024) and
a large exhibition (20-22"¢ November 2024) including the primary outcomes from the three main actions.

This deli
i.
ii.
iil.
iv.

A sixth s

PRELUDE

verable is organised into 4 Sections:

Section 2 is devoted to the Educational event series activities,

Section 3 illustrates the Educational projects thanks to a series of posters,

Section 5 focuses on the citizen science action describing the organisation, the monitoring
solutions and the user activities with results, and

Section 6 shortly reports the final event and exhibition results.

ection is finally reporting conclusions.
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2. The Educational Event Series

2.1 Introduction and Organisation

The PRELUDE educational and citizen-science dissemination action includes the organisation of an
Educational Event Series based on lectures/conferences. They are performed following a hybrid accessibility
approach, allowing people to follow both in presence (Turin-based) and remotely via a shared link open to
all interested participants. The series started in 2023 and continued till the end of the project, with the 7t
lecture/conference held on the 14" of June 2024 and the 8" event: the final educational
workshop/conference on the 20" of November 2024. All events are announced via the PRELUDE
dissemination channels (e.g. the devoted section of the project internet site) to support mainly remote
participation and register participants and via POLITO channels to support remote and physical
involvement. All the events also involved local student classes that focused more on ICT engineering and/or
architectural backgrounds according to the specific topics being addressed.

Records are made available at the following link.

Figure T — QR code for the PRELUDE educational event series YouTube playlist

Speakers are recognised experts in the topics of smart buildings, data-driven analyses, GUI (Graphical User
Interface) development, control and proactive-control logic, building digital design, low-energy solutions,
climate-correlated design issues, including the urban dimension, and other topics correlated to the
PRELUDE project contents and actions. Speakers have academic and/or industrial backgrounds and include
consortium partner people. Additionally, selected external speakers are invited to support dissemination
and discussions outside the project and enlarge perspectives.

2.2 Overview of the organised events and correlation to PRELUDE topics

A total of 7 lectures/conferences have been organised’. Considering all events, we reached more than 300
people in total, with the number of presences (both remote and in-presence) per single event ranging from
22 to 55. The majority of attendees were students, with a little participation of external interested
professionals and people. The total number of speeches is 25, plus 7 introductions to the PRELUDE
educational series and the events. The list of the events is reported here below — see also the following
sub-section for more profound descriptions:

1. "Proactive, forecasting and optimisation approaches for intelligent buildings”, 13/01/2023, 9:00-12:00
(52 people, of which 24 were not students);

2. "Free-running, zero energy buildings, and climate-correlated solutions”, 31/03/2023, 9:30-12:00 (54
people, of which 3 were not students);

3. "The urban climate dimension: urban heat island and microclimatic issues”, 26/05//2023, 13-14:30 (45
people, of which 2 were not students);

! The final educational event (the 8th workshop/conference) is described in a devoted section.
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4. "Parametric, environmental, and smart solutions for building retrofitting”, 12/12/2023, 14:30-16:00 (28
people, of which 2 were not students);

5. "Building monitoring, proactive control logic, and smart solutions”, 16/01/2024, 14:30-16:45 (22
people, of which 1 was not a student);

6. "Intelligent building and digital twins: platform, data treatment, lessons learnt”, 24/05/2024, 11:00-
13:00 (50 people, of which 3 were not students);

7. "Building resilience to climate changes and urban climate issues”, 14/06/2024, 11:00-13:00 (55 people,
of which 2 were not students).

A final event was also organised for the 20" of November 2024, followed by an exhibition of works (20-22
November 2024) to correlate all the educational activities, including the results of the Educational projects
and the citizen science (41 people followed the conference, 9 of which were not students, and 72 people
attending the exhibition opening, half of which were not students), with the Prelude project — see Section
5.

2.3 Specific event descriptions

Each event is described here with some details, including the conference flyer and a resume of the
interventions.
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2.3.1 15t lecture/conference: Proactive, forecasting and optimisation approaches for
intelligent buildings

PRELUDE T9.5 | educational event series

it

Ist lecture/conference meeting
Proactive,forecasting, and optimisation
approaches for intelligent buildings

13th January 2023 | 9:00-12:00 (vET)

Virtual room link:

https://didattica.polito.it/VClass/PRELUDE_IstEDU_event

Physical room:

Room 118, Politecnico di Torino — Main Campus, C.so Duca degli Abruzzi, 24 Turin (Italy) | ICT4SS students

Abstract:

The PRELUDE project - Prescient building Operation utilising Real-Time data for Energy Dynamic Optimization — aims at
supporting advanced innovative, smart and low-cost solutions supporting intelligent buildings and proactive optimisation
services. Among the others, the project pursucs the minimisation of energy uscs, the maximisation of sclf-consumption and
renewable sources balance, and the improvement of comfort conditions supporting the maximisation of free-running
building potentials. Among project works, a significant educational and citizen-science action is conducted, including the
organisation ol workshops and lectures. This event is the [irst of a series of lectures/conlerences on smart building issues,
climate-free-running building design, and operational solutions. [t will present different approaches related to building smart
management and optimisation, including proactive and forccasting algorithms. The speakers arc academic and
industrial-recognised experts participating in the PRELUDE consortium.

Keywords: PRELUDE, smart building, forccasting techniques, machine learning, cnergy saving

Programme:
9:00 | Giacomo Chiesa (POLITO) — Welcome and introduction to the educational event series
9:15 | Michal Pomianowski (AAU) — PRELUDE project introduction, aims and challenges
9:35 | Kais Dai (TREELOGIC) — Scaling-up technologies for multiple models aggregation
10:00 | Nikos Sofias (CORE IC) — ML solutions for weather and energy forecasting in f:
energy efficient buildings w
10:25 | Christian Heschl (FB) — The energy saving potential of data driven 1
predictive control
10:50 | small break
11:00 | POLITO - Platform for building energy white box modelling and dRERTY
24h forecasting consuLTN
11:15 | Mattia Repossi (STAM) — The EnPower platform
11:40 | Q&A session

&%
e TAMPERE
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/
POLITECNICO
DITORINO

IN(:DTEC
@) prelude-projecteu W @PreludeEu i prelude-project o
The next educational event will be organised in spring 2023 and will focus on Free-running and climatic building solutions. Additional
conferences/lectures will follow, discussing preliminary PRELUDL results and open challenges in the smart building domain.

roject has reeeived funding from the European

. : : Z info and contacts:
L s Horizon:#2020 research and innovation

glacomo.chiesa@polito.it

programme under Grant Agreement N 958345

Figure 2 - Flyer of the 1st Edu event series

The first educational event introduced smart building management, control, and modelling issues. It also
includes a PRELUDE project presentation by the project general coordinator, prof. Pomianowski. Involved
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speakers from the PRELUDE's consortium, including POLITO, AAU, TREELOGIC, CORE IC, FB, and STAM, for
a total of 8 speakers. The final programme included:

- 9:00 | Giacomo Chiesa (POLITO) — Welcome and introduction to the educational event series;

- 9:15 | Michal Pomianowski (AAU) — PRELUDE project introduction, aims and challenges;

- 9:35 | Kais Dai (TREELOGIC) - Scaling-up technologies for multiple models’ aggregation,

- 10:00 | Nikos Sofias (CORE IC) — ML solutions for weather and energy forecasting in energy-
efficient buildings;

- 10:25 | Christian Heschl (FB) — The enerqgy-saving potential of data-driven predictive control;

- 10:50 | small break

- 11:00 | Giacomo Chiesa & Paolo Grasso (POLITO) — Platform for building energy white box
modelling and 24h forecasting,

- 11:15 | Mattia Repossi & Lorenzo Farina (STAM) — The EnPower platform.

Shortly, the conference/lecture was on smart building issues, discussing “Proactive, forecasting, and
optimisation approaches for intelligent buildings”. Held on the 13th of January 2023, the event has been
followed in a hybrid mode, both physically at POLITO and remotely online. This conference included six
technical presentations focussing on PRELUDE topics and an introduction to the educational event series
led by Giacomo Chiesa by POLITO. In particular, Michal Pomianowski by AAU has shortly introduced the
PRELUDE projects, Kais Dai by TREELOGIC has discussed scaling-up technologies considering multiple
model aggregations supporting a machine learning vision, Nikos Sofias by CORE IC has introduced the use
of machine learning algorithms for weather and energy forecasting in the building sector, Christian
Heschl by FB has described data-driven predictive control strategies adopted in the Living Lab Energetikum
including their energy saving potentials, Giacomo Chiesa and Paolo Grasso (POLITO) have described some
free-running application of the PREDYCE tool to support shading and ventilation scheduling optimisation
including white-box model forecasting, Mattia Repossi and Lorenzo Farina (STAM) have discussed the
EnPower platform and the application of smart building management technologies. An intense debate
followed the presentations discussing the replicability of the illustrated approaches, current limitations, and
future paths in the intelligent building proactive sector.

Focusing on contents.

In the introduction, Giacomo Chiesa illustrated the PRELUDE educational and citizen science task focusing
on the "education event series” activity. Furthermore, he introduced the other speakers and treated topics.

Michal Pomianowski described the PRELUDE project - Prescient building Operation utilising Real-Time data
for Energy Dynamic Optimization — as a project that aims to support advanced innovative, smart, and low-
cost solutions that support intelligent buildings and proactive optimisation services. Among the others, the
project pursues the minimisation of energy uses, the maximisation of self-consumption and renewable
sources balance, and the improvement of comfort conditions supporting the maximisation of free-running
building potentials. This presentation focused on the overall PRELUDE project presentation, its aims, and
challenges, reminding that the project concept is developing a modular PRELUDE platform built and
integrated around the middleware solution FusiX. Several PRELUDE modules are based on historical data
availability to analyse and proactively forecast weather, energy, and comfort.

Kais Dai focused on the TREE project’'s proposed solutions to efficiently aggregate models in multiple
buildings' scenarios (i.e., neighbourhood, district, city) towards generating knowledge and intelligence at
the different scales based on the aggregation of the individual ones (i.e,, taking the predictive models and
optimisation features to the neighbourhood/district/city scale). Several techniques have been proposed to
achieve this goal, such as consumption profile clustering, ensemble models and federated learning. All
these models perform 24-hour-ahead forecasting of the district heating energy consumption. In this
lecture, Kais described how TREE solution has applied these methods and explored the pros and cons of
each one.
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Nikos Sofias introduced some of the topics CORE-IC treated during PRELUDE. In particular, he described
data-driven methodologies (Machine Learning) for local climate Weather and Energy Forecasting. This
process includes energy-efficient buildings as pilots in different European climate zones. Successfully
forecasting Energy consumption and production plays a crucial role in residential building's energy
management, planning, and functionality optimisation. The context of the presentation also illustrated the
fundamentals of data analysis and time-series forecasting tools. Results from PRELUDE project real demo
cases, considering the 24-hour ahead weather and energy forecasts, were also presented in this speech.

Christian Heschl, director of the study program building technology and building management at the
University of Applied Science FH Burgenland and in charge of the centre of building technology at the FB
research centre. His presentation focused on energy-saving potentials reached by applying data-driven
predictive control logic to the Forschung Burgenland (FB) living lab Energetikum. Firstly, an introduction to
data-driven predictive control approaches was given and supported by the description of the Energetikum
systems. Secondly, data-driven space models were introduced, followed, and thirdly, by a discussion about
linear state space models. Finally, the speech focused on the approaches needed to implement data-driven
predictive control algorithms in actual buildings by defining and detailing energy-saving potentials driven
by this approach.

Giacomo Chiesa and Paolo Grasso presented some new functionalities and usage scenarios added to the
POLITO’s PREDYCE tool during the PRELUDE project. They focused on describing a Python library acting as
a dynamic simulation platform connecting EnergyPlus with monitored data. PREDYCE supports sensitivity
analyses and massive simulation studies, directly comparing KPIs calculated from simulation and real-time
monitored data. Considering forecasted weather conditions and building characteristics, a new usage
scenario was presented to optimise the next day's shading and ventilative cooling activation schedules.
According to building smartness levels, outputs are conceived to be sent to mechanical actuators via BMS
or end-users for self-actuation. The presentation showed the 24-hour forecasting architecture and
discussed sample results on a PRELUDE demo flat simulated under typical weather. Comparisons between
optimised conditions and standard shading/ventilation controlling action were given to better describe the
approach.

Mattia Repossi and Lorenzo Farina detailed the STAM's EnPower platform visions for the PRELUDE project.
The Al supports users in controlling and optimising HVAC, adopting a holistic approach that considers
Thermal Comfort and IAQ in real time with constant synchronisation with the connected home devices
integrated within a modular, collaborative platform. This goal is achieved by load distribution optimisation,
which considers economic, environmental, technical, and user-related data to forecast the optimal schedule
for the times ahead. Therefore, the typical starting point is the optimal exploitation of the contractual
conditions concerning the canonical tariff bands. This is associated with the smoothing of the power peaks,
giving the user the possibility to decide whether to request a reduction in the contractual power, with the
consequent economic advantages, in the face of imposing a technical limit on the quantity of loads
electricity that can be powered at the same time and therefore to the reduction of comfort. A homogeneous
distribution of the withdrawal demand allows the electricity provider to manage the user more efficiently,
reducing network problems such as overloads and overvoltage.
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2.3.11 2" lecture/conference: Free-running, zero energy buildings, and climate-correlated

solutions

PRELUDE T9.5 | educational event series

(o)
s

2nd lecture/conference meeting
Free-running, zero energy buildings, and
climate-correlated solutions

31st March 2023 | 9:30-12:00 (vET)

Virtual room link:

https://didattica.polito.it/VClass/PRELUDE_2ndEDU_event

Physical room (Climate studio class):

Room 5V, Politecnico di Torino — Castello del Valentino, V.le Mattioli, 39 Turin (Italy) | BArch, students

Abstract:

The PRELUDE project - Prescient building Operation utilising Real-Time data for Encrgy Dynamic Optimization — aims at
supporting advanced innovative, smart and low-cost solutions supporting intelligent buildings and proactive optimisation
services. Among the others, the project pursues the minimisation of energy uses, the maximisation of self-consumption and
renewable sources balance, and the improvement of comlort conditions supporting the maximisation of [ree-running
building potentials.

This event is the second of a series of lectures/conferences on smart building issues, climate-free-running building design,
and operational solutions. It will present different approaches and experiences related to free-running, low-energy building
technologies and climate correlated indicators pursuing a bioclimatic and zero-energy vision. The speakers are academic
expetts in the topic.

Keywords: PRELUDL, zero energy buildings, building climate, bioclimatic, low-energy buildings

Programme:
9:30 | Giacomo Chiesa (POLITO) — Welcome and introduction to the educational event
series and to the PRELUDE project
9:45 | Milica Mitrovic & Laura Carnieletto (UNIPD) — UniZEB, a Living Lab on Zero
Energy Building of the University of Padua
10:50 | small break
11:00 | May Zune (BUL) — Indoor environment prediction using climate
correlation models ‘
11:20 | Francesca Fasano & G. Chiesa (POLITO) — Platform for studying the = ¥
geo-climatic potential of low energy technologies including KPIs 4
11:45 | Q&A session

UNIVERSITY
EUROCORE
CONSULTING

BRUNEL

@@ prelude-project.eu , @PreludeEu in prelude-project

This-projeet has reeeived tfunding from the European
Union’s Horizon#2020 research and innovation
pregramme under Grant Agreement N2 958345

giacomo.chiesa@polito.it

PRELUDE

Figure 3 - Flyer of the 2nd Edu event series
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The second lecture/conference was focused on climate-building correlations, free-running and low-energy
technologies, and bioclimatic building visions. Involved speakers are part of the PRELUDE's consortium,
including POLITO and BUL, and external experts, for a total of 5 speakers. The final programme included:

- 9:30 | Giacomo Chiesa (POLITO) — Welcome and introduction to the educational event series and
the PRELUDE project;

- 9:45 | Milica Mitrovic & Laura Carnieletto (UNIPD) — UniZEB, a Living Lab on Zero Energy Building
of the University of Padua,

- 10:50 | small break

- 11:00 | May Zune (BUL) — Indoor environment prediction using climate correlation models;

- 11:20 | Giacomo Chiesa & Francesca Fasano (POLITO) — Platform for studying the geo-climatic
potential of low enerqy technologies, including KPIs;

- 11:45 | Q&A Session.

Shortly, the second event of this series was a conference/lecture on low-energy and bioclimatic buildings,
discussing “Free-running, zero energy buildings and climate correlate solutions”. Held on the 31st of March
2023, the event has been followed in a hybrid mode, both physically at POLITO and remotely online. This
conference included three technical presentations focussing on PRELUDE-connected topics, including an
external presentation and an introduction to the educational event series led by Giacomo Chiesa by
POLITO. In particular, Milica Mitrovic and Laura Carnieletto from Padua University described their
experience designing and building the UniZEB building, a zero-energy building living lab at the UNIPD,
detailing the long work done with student workshops. This external experts’ speech opened the discussion
within the audience and the PRELUDE partners about zero- and net-energy-building correlated topics. May
Zune by BUL has introduced and discussed the PRELUDE indoor/outdoor correlation module, supporting
indoor environmental predictions based on climate correlations. She also included sample applications on
PRELUDE demo sites. Giacomo Chiesa and Francesca Fasano (POLITO) have described the very beginning
initial development of a new PREDYCE tool usage scenario, supporting geo-climatic studies in the climate
change dimension to support local policies and designers in identifying the low-energy bioclimatic
potential of different natural technologies. After the presentations, a vibrant debate was conducted to
discuss the replicability of the illustrated samples, their connections with architectural topics, and their
educational aspects.

Focusing on contents.

The introductive speech illustrated the PRELUDE educational citizen-science works, focusing on the action
of the education event series. This part also introduced the PRELUDE project, its main topics, and its
objectives.

Milica Mitrovic (Padua University) and Laura Carnieletto (Ca’ Foscari and Padua University) illustrated in
detail the long and challenging development of the UniZEB building project. This building is a
multidisciplinary students’ laboratory at the University of Padua. The project aimed to build a Living Lab
and a Zero Energy Building based on a long-term activity involving students and professors pursuing a
citizen science vision. The speech focused on developing the first physical building prototype (UniZEB),
which Scuola Edile of Padua hosted. UniZEB was born in 2015 thanks to a bottom-up initiative, and today,
it involves more than 40 companies and different local institutions.

May Zune, a Research Fellow at BUL with a PhD in Building Technology, presented the “"Climate Correlation
Models” developed in the PRELUDE project that encourage building occupants’ decision-making processes
in predicting Indoor Environmental Prediction. The presentation was aligned with PRELUDE’s innovation
and solution to realise natural ventilation and passive cooling to maintain comfort and indoor air quality.
This new method provides evidence to apply both in smart home devices and simplified calculation without
a high degree of building physics knowledge, so it is a user-focused approach. In the presentation,
simulation results were also shown.
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The presentation by Giacomo Chiesa and Francesca Fasano (POLITO) introduced the new PREDYCE energy
dynamic simulation platform able to manage massive simulations in EnergyPlus and real-time monitored
data supporting the calculation of different KPIs to support usage scenarios. The PREDYCE tool, developed
in Python, is co-supported by two EU H2020 Projects (EDYCE and PRELUDE). During the presentation, they
treated PRELUDE's correlated issues, focusing on the under-development platform’s ability to support
climate change and geo-climatic studies to analyse the local potential of low-energy technologies and
systems concerning passive cooling. This specific usage scenario is under development for the PRELUDE
project. The presentation introduced the methodological framework, a preliminary sample application, and
the next steps in development.
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2.3.111 3rd |ecture/conference: The urban climate dimension: urban heat island and
microclimatic issues

PRELUDE T9.5 | educational event series

;éﬁ_‘@ o
di Torino
v"lw:

3rd lecture/conference meeting

The urban climate dimension:
urban heat island and microclimatic issues

26th May 2023 | 13:00-14:30 (vtT)

Virtual room link:

https://didattica.polito.it/'VClass/PRELUDE 3rdEDU_event

Physical room (Climate studio class):

Room 5V, Politecnico di Torino — Castello del Valentino, V.le Mattioli, 39 Turin (Italy) | BArch, students

Abstract:

The PRELUDE project - Prescient building Operation utilising Real-Time data for Energy Dynamic Optimization —aims to
support advanced innovative, smart, low-cost solutions supporting intelligent buildings and proactive optimisation services.
Among the others, the project pursues the minimisation of energy uses, the maximisation of self-consumption and
rencwable sources balance, and the improvement of comfort conditions supporting the maximisation of frec-running
building potentials.

This event is the third of a series of lectures/conferences on smart building issues, climate-free-running building design, and
operational solutions. It will present different approaches and experiences related to the urban climatic dimension, including
urban physics theories, urban microclimate studies and methodologies, the impact of green infrastructures on the urban heat
island, and the climate change dimension. The speakers are recognised academic experts in the topic.

Keywords: PRELUDE, urban climate, microclimate, urban heat island, urban physics, green infrastructure

Programme:
13:00 | Giacomo Chiesa (POLITO, Italy) — Welcome and introduction to the educational event
series and to the PRELUDE project 3
13:15 | Agnese Salvati (UPC, Spain) — Urban microclimate and climate change impact on
building thermal performance #
13:45 | Massimo Palme (USM, Chile) — Green infrastructure for the Urban Heat Island £, i uRnERaTY
mitigation in Mediterranean climates
14:15 | Q&A session ) s
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Additional conferences/lectures will follow, discussing preliminary PRELUDE results and open challenges in the smart and low-energy
building domain. The next educational event will be organised in autumn 2023.

This project has reeeived funding'from the European

Union’s Horizon#2020 research and innovation
programme under Grant Agreement N> 958343

Figure 4 - Flyer of the 3rd Edu event series
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The third lecture/conference focused on climate issues correlated to the urban dimension, connecting
building performances with urban contexts and urban climate and climate change issues. It introduced the
urban physics theory, urban microclimate studies and applied methodologies, impacts of natural-based
solutions and other mitigation techniques, including urban heat island phenomena. Involved speakers are
external experts, for a total of 2 speakers from Spain and Chile, plus the POLITO introduction. The final
programme included:

- 13:00 | Giacomo Chiesa (POLITO) — Welcome and introduction to the educational event series and
to the PRELUDE project

- 13:15| Agnese Salvati (UPC, Universitat Politécnica de Catalunya, Spain) — Urban microclimate and
climate change impact on building thermal performance

- 13:45 | Massimo Palme (USM, Universitat Técnica Federico Santa Maria, Chile) — Green
infrastructure for the Urban Heat Island mitigation in Mediterranean climates

- 14:15 | Q&A Session

Shortly, the third conference meeting was held on the 26th of May 2023 in dual mode, both physically at
the Valentino Castle (POLITO) and remotely online. This event focused on urban heat island and urban
climate topics, detailing innovative microclimate study experiences and methodologies thanks to the
presence of recognised invited experts. The conference included an introduction to the educational event
series led by Giacomo Chiesa by POLITO and two invited speeches. In particular, Agnese Salvati, lecturer at
the Universitat Politécnica de Catalunya, Spain, detailed her research on urban microclimate and climate
change impacts on building performances in the urban environment. Differently, Massimo Palme, an
associate professor at the Universidad Técnica Federico Santa Maria, Chile?, had a lecture on green
infrastructure for mitigating the Urban heat island effect in Mediterranean climates. After the presentations,
a debate was established among the audience about urban climatic issues.

Focusing on contents.

The introduction by Giacomo Chiesa focused on the PRELUDE educational citizen-science activities,
focusing in particular on the education event series. Additionally, the PRELUDE project, its main topics, and
its objectives were also introduced.

Agnese Salvati is an expert in energy and environmental performance of the built environment at different
scales, particularly regarding the urban dimension. Her speech described the interdependencies between
urban morphology, building energy performance and urban climate, including the urban heat island
phenomena (UHI) and countermeasures. The presentation focused on current studies on the topic and
included results from different research combining urban climate and climate change dimensions. The UHI
phenomenon is initially presented, introducing and discussing the variations between rural and urban
microclimatic conditions. Urban microclimate amplifies the negative effect of climate changes in city
spaces, requiring additional countermeasures, as underlined in previous EU projects, such as the ReCO,ST
project. Results from demo applications were discussed with innovative methodological approaches for
morphing weather files and analysing the urban microclimatic environment, including climate changes and
sample applications in different London urban contexts.

Massimo Palme focused on climate change adaptation in the urban climate context, including natural-
based solutions and their mitigation and resilience effects. The presentation introduces the correlations
between the urban characters, local climate and microclimate environments and which UHI mitigation
strategies may be applied to the different contexts. Different international case studies are discussed in
three Mediterranean sites (Spain, Chile, and Italy), including adopting different investigation tools. Among
the mitigation strategies to reduce the urban heat island, nature-based solutions are discussed, including
green roofs, envelope treatments and tree installation.

2 Visiting researcher in Italy (La Sapienza University 2015-2022, Catania University 2019), Japan (Kobe University - JSPS
Fellow 2020) and Ecuador (National Institute of Energy Efficiency and Renewable Energy 2015-16).
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2.3.1v 4t lecture/conference: Parametric, environmental, and smart solutions for building
retrofitting

PRELUDE T9.5 | educational event series

4th lecture/conference meeting
Parametric, environmental, and smart
solutions for building retrofitting

12th Dec 2023 | 14:30-16:00 (vET)

Virtual room link:

https://didattica.polito.it/VClass/PRELUDE_4thEDU_event

Physical room (Climate studio class):

Room 2P, Politecnico di Torino — Sede Centrale Cittadella, C.so Castelfidardo, 44 Turin (Italy) | MEng, students

Abstract:

The PRELUDE project - Prescient building Operation utilising Real-Time data for Energy Dynamic Optimization — aims to
support advanced innovative, smart, low-cost solutions supporting intelligent buildings and proactive optimisation services.
Among the others, the project pursues the minimisation of energy uses, the maximisation of self-consumption and
renewable sources balance, and the improvement of comfort conditions supporting the maximisation of free-running
building potentials.

This event is the fourth of a series of lectures/conferences on smart building issues, climate-free-running building design,
and operational solutions. It will present different approaches and experiences related to building retrofitting solutions,
focusing on energy efliciency aspects, including new simulation and optimisation digital platforms supporting professionals
and end users in delining design options, including cost optimal and LCA analyses, and in potentially analysing
post-intervention impacts. The role of data and ICT aspects are also treated during the event. The speakers are recognised
academic and professional experts in the topic.

Keywords: PRELUDE, retrofitting, cost optimal, LCA, digital simulation platforms, GUI

Programme: omes
14:30 | Giacomo Chiesa (POLITO, Ttaly) — Welcome and introduction to the educational event -, @
series and to the PRELUDE project :

14:40 | Nathalie Dumas (ESTIA, Switzerland) — the EPIQR+ method and its platform to
cfficiently diagnosc renovation costs and rclated CO, emissions o

15:05 | Valentina Stojceska (BUL, GB) — Building a greener future: improving eEnVlronmental
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15:30 | (POLITO, Italy) — PREDYCE cost-optimal analyses — energy dynamic A
simulation supporting sensitivity analyses and optimisation 21 *? \Z"
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Additional conferences/lectures will follow, discussing preliminary PRELUDE results and open challenges in the smart and low-energy

building domain. The next educational event will be organised in autumn 2023.

This project has reeeived funding ffom the European
Union’s Horizons2020 research and mnovation
programme-under Grant Agreement N 958345

info and contacts:

glacomo.chiesa@polito.it

Figure 5 - Flyer of the 4th Edu event series

The fourth lecture/conference discussed building retrofitting, focusing on different experiences and
application domains. The conference addressed the aspects of energy efficiency, including adopting a new
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dynamic energy simulation platform for sensitivity analyses, upgrading a professional tool supporting
professional decisions, and cost-optimization and LCA (Life Cycle Assessment) aspects. Digital and data
analysis and database aspects were also treated during presentations. Involved speakers are part of the
PRELUDE's consortium, including POLITO, BUL, and ESTIA experts, for a total of 3 speeches plus the
introduction. The final programme included:

- 14:30| Giacomo Chiesa (POLITO, Italy) — Welcome and introduction to the educational event series
and to the PRELUDE project;

- 14:40 | Nathalie Dumas (ESTIA, Switzerland) — the EPIQR+ method and its platform to efficiently
diagnose renovation costs and related CO2 emissions;

- 15:05 | Valentina Stojceska (BUL, GB) — Building a greener future: improving Environmental
sustainability through retrofitting and renewable energy integration;

- 15:30 | Giacomo Chiesa, Francesca Fasano, Davide Mecca Cici (POLITO, Italy) - PREDYCE cost-
optimal analyses — energy dynamic simulation supporting sensitivity analyses and optimisation;

- 15:50 | Q&A

Shortly after, the fourth lecture/conference meeting, held on the 12th of December 2023 in a hybrid mode,
physically at the PoliTO Main campus and online, discussed the parametric, environmental, and smart
solutions for building retrofitting. The event hosted an introduction to the education event series by
Giacomo Chiesa (POLITO, Turin, Italy) and three presentations by PRELUDE partners. In particular, Nathalie
Dumas (ESTIA, Lausanne Switzerland) presented the new EPIQR+ web interface supporting professionals
during the complex activity of diagnosis via a systematic approach to identify building degradations and
identification of retrofitting solutions considering a fast approach to costs and the newly developed CO,.
eq Calculations. Valentina Stojceska (Brunel University, London, UK) focused on improving environmental
sustainability through retrofitting and renewable energy integration, presenting LCA-LCC's vision for
building retrofitting. The POLITO team (Turin, Italy) discussed the possibility of running sensitivity cost-
optimal analyses via the PREDYCE EnergyPlus interface, including costs and massive simulations applied to
the Turin PRELUDE demo case.

Focusing on contents.

The introduction by Giacomo Chiesa briefly described the different PRELUDE educational citizen-science
activities. A focus on the education event series was given, detailing and introducing the speeches of the
current events. Additionally, the PRELUDE project and its objectives were also introduced.

The first speaker was Nathalie Dumas, an ESTIA engineer whose interests are focused on the energy and
environmental performance of the built environment, the building scale, and both professional and
industrial research and innovation issues. Her presentation focused on the EPIQR+ platform3, a user-
friendly simulation tool to support community and retrofitting actions, comparing design solutions and
supporting the identification of shared decisions. A new version of the tool has been developed within the
PRELUDE project with a fast interface, including a web application, that includes, in addition to simple
energy and intervention costs analyses, also CO,-correlated indices to identify the grey energy of the
different intervention scenarios.

Valentina Stojceska, a Reader at Brunel University, London, College of Engineering, Design and Physical
Sciences, is leading the second speech. Her intervention focused on building environmental sustainability,
considering building retrofitting and environmental assessment, including LCA studies, and also included

3 https://www.epigrplus.com/ (last view July 2024)

PRELUDE GA n° 958345 Page 22 of 101


https://www.epiqrplus.com/

o D9.7 — Educational activit t
PRELUDm ucational activity repor

a case study building in Geneva. She fixed the great responsibility of the building sector in energy
consumption and greenhouse gas emissions (GHG). She reminded the EU of the zero-emission building
roadmap, including a description of the most diffused GHG mission-efficient retrofitting choices. The
ongoing challenges and issues for building retrofitting are also introduced, together with the LCA
framework and correlated system boundaries of buildings. The mentioned LCA analysis is hence applied to
a caste study, represented by the PRELUDE Geneva demo building, underlining the impact of the building
refurbishment on different environmental indicators, including global warming and ecotoxicity.

The latter presentation, by Giacomo Chiesa and Francesca Fasano, focused on adapting the newly
developed PREDYCE (Python Realtime Energy Dynamics and Climate Evaluation tool) dynamic simulation
platform to support cost-optimal analyses. The new approach includes cost variables correlated to
retrofitting actions expanding, in a beta version, the sensitivity analysis scenario. The approach allows us
to correlate retrofitting parametric actions, e.g. adding wall insulation with different thicknesses, changing
the system COPs, changing window systems, and adding shading solutions, with a parametric cost
database, assuming the regional building intervention price list. In addition, post-elaboration analyses are
conducted by translating results into readable graphs, such as the heat map ones correlating input variation
with outcome KPIs. Some calculations correlated to cost-optimal, and ROI analyses need to be performed
post-elaboration, but preliminary results show good potential for future expansions.
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2.3V 5th lecture/conference: Building monitoring, proactive control logic, and smart
solutions

PRELUDE T9.5 | educational event series

5th lecture/conference meeting
Building monitoring, proactive control
logie; and smart solutions

16th Jan 2024 | 14:30-16:45 (veT)

Virtual room link:

https://didattica.polito.it/VClass/PRELUDE_S5thEDU_event

Physical room (Climate studio class):

Room 2P, Politecnico di Torino — Sede Centrale Cittadella, C.so Castelfidardo, 44 Turin (Italy) | MEng, students

Abstract:

The PRELUDE project - Prescient building Operation utilising Real-Time data for Energy Dynamic Optimization — aims to
support advanced innovative, smart, low-cost solutions supporting intelligent buildings and proactive optimisation services.
Among the others, the project pursues the minimisation of energy uses, the maximisation of self-consumption and
renewable sources balance, and the improvement of comfort conditions supporting the maximisation of free-running
building potentials. This event is the fifth of a series of lectures/conferences on smart building issues, climate-free-running
building design, and operational solutions. This lecture/conference focuses on building monitoring solutions, intelligent
control technologies optimisations, and proactive control logic. Contents focus on lessons learnt, including PRELUDE
project initial outcomes and external expert experiences. Results include demo buildings and living lab facilities in different
countries. Speakers are recognised academic and professional experts in the topic.

Keywords: PRELUDE, proactive control logic, intelligent building, monitoring, lessons learnt
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PRELUDE project
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The next two conferences/lectures of the educational event series will be organised in spring 2024 focusing on climate resilience in the
built environment and on intelligent building, smart platforms, and digital twins.
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programme-under Grant Agreement N° 958345

Figure 6 - Flyer of the 5th Edu event series
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The fifth educational event was about building monitoring and smart solutions. Involved speakers come
from the PRELUDE's consortium, including ESTIA, AAU, UNIPD, and FB, as well as from outside the
consortium, thanks to a presentation from an ENEA speaker. The final programme is organised as described
below.

- 14:30| Giacomo Chiesa (POLITO) — Welcome and introduction to the educational event series and
to the PRELUDE project:

- 14:40 | Michele Zinzi (ENEA, Italy) — Integrating smart technologies in the ENEA Living Lab:
examples from field studies;

- 15:00 | Tristan de Kerchove (ESTIA, Switzerland) — High energy performance building: a challenge
for monitoring and control;

- 15:20 | Martin Frandsen (AAU, Denmark) — Monitoring of NZEB buildings — lessons learned from
two-direction communication from and to the buildings;

- 15:40 | small break

- 15:50 | Angelo Zarrella & Enrico Prataviera (UNIPD, Italy) — Sensitivity analysis on the best heating
setpoint strategy for retrofitted residential buildings: a case study of with radiator systems;

- 16:10 | Peter Klanatsky (FB, Austria) — Long-term test results of data-driven predictive control;

- 16:30 | Q&A session.

This conference/lecture event focused on "building monitoring, proactive control logic, and smart
solutions, including lessons learnt by in-field studies considering several demo cases and two living lab
facilities. Preliminary PRELUDE and demo building results are also introduced. Held on the 16™ of January
2024, the event has been organised in a hybrid mode, both physically at POLITO main campus and remotely
online. This conference included five technical presentations and an introduction to the educational event
series led by Giacomo Chiesa by POLITO. In particular, Michele Zinzi by ENEA (the Italian National Energy
Agency) has detailed a living-lab field study on the integration of smart technologies in an office
building, Tristan de Kerchove by ESTIA has discussed current challenges for high-performative building
monitoring and control, Martin Frandsen by AAU focused on NZEB building monitoring, including lesson
learned from building cloud bi-directional connections, Enrico Prataviera by UNIPS concentrated on the
optimisation of setpoints of radiator systems via a sensitivity analyses on a residential demo building, while
Peter Klanatsky by FB, focused on the long-term results of data-driven control logics in the Energetikum
living lab.

Focusing on contents.

Giacomo Chiesa illustrated in its introduction the PRELUDE educational and citizen science works, primarily
focusing on the "education event series” reminding previous events. Furthermore, he introduced the
speakers and the treated topics.

Michele Zinzi, a researcher at ENEA and national ExCo member of the IEA EBC, described a living-lab
experience conducted during different previous projects focusing on the integration of smart technologies
in a real living lab office building — the ENEA Casaccia one sited near Rome — and reporting correlated
lessons learned. The speech described the ENEA living lab — currently covering about seven rooms and 100
m2 of a 3-floor office building — and its main technological features, including the progressive installation
of new smart solutions. Results from a study on performance gaps were also reported. The developed
SBEM (smart building energy management) is described, and the recently installed GUI supporting
monitoring (energy and environmental) and actuation is shown. Focusing on the performance-gap analysis,
this considers the energy performance gap between simulated and measured data. Adopting a verified
model, different input model variations are considered to detail the impact on the divergencies by the
parallel measured data, by also considering different control rules and building management variations.
Results suggested how smart technologies coupled with energy-efficient building technologies are
relevant in reducing energy uses; smart technology applicability is potentially possible in all building
components and services, while one of the current barriers is correlated to the different protocols, systems
and standards increasing the complexity in integrating solutions.
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In his speech, Tristan de Kerchove by ESTIA focused on the challenges in energy monitoring of buildings,
taking advantage of the Geneva real demo case building of PRELUDE. The building is a complex residential
building that was recently retrofitted. It is described together with its systems and installed monitoring
solutions. In addition to energy issues, IAQ key performance indicators are also considered, allowing the
inclusion of indoor environmental quality analyses. Looking at the cons of having extensive monitoring
solutions, the presentations underlined that they may require higher maintenance and that a large number
of data may support many potential analyses. Still, several data may be questionable, and high coordination
is needed among technical people. Nevertheless, these systems' usability may drastically improve from
practice, and predictive maintenance may help cover data gaps and support a fast intervention when
necessary. The lessons learned are the importance of the proper design of these technologies during the
refurbishment project, the need to limit data bridges, inform as early as possible tenants in order to avoid
conflicts, anticipate the needed analyses to prevent time losses, and that monitoring probes and
communications need to be often verified to prevent issues.

Martin Frandsen, by AAU, presented the establishment of a two-directional communication to monitor and
control the Ry Danish PRELUDE demo building. Considering the PRELUDE proactive goal, not only
monitoring is needed, but logging also allows the management of data. After having described the
different PRELUDE technologies to be correlated to the building monitoring and management system and
the communication workflow, the presentation focused on the different measured data points, including
energy uses and IEQ indicators. The solutions also control ventilation and shading systems, in addition to
PV and heating solutions. Lessons learnt focused on i. where positioning in spaces the different IEQ sensors
to reduce multi-factor influences; ii. the identification and access to the monitoring systems, underlining
the current complexity and the high time consumption needed to integrate data and solutions; iii. the
current limitation of older smart home systems in remote controlling while allowing data logging, and the
fact that the integration of different solutions may not be possible, requiring new industrial solutions; and
iv. the need to properly design the systems on the base of every single real building, supporting multi-
feed-back visions, including inspections, installation, refinement, rechecking, and constant verifications of
time series to avoid issues.

The speech of Enrico Prataviera by UNIPD introduced a parametric analysis on the optimisation of setpoint
strategies to control residential radiation systems. The energy flexibility and smart readiness of a building
are introduced underlining the importance of flexibility in current building management considering active
demand response in the building heating season. Furthermore, the presentation focused on the results of
parametric control analysis to support via EnergyPlus simulations the anticipated control of radiator thermo
valves acting on local setpoints. The proposed approach variates the set-point and set-back temperatures,
together with the ramp and the delay times to optimise the energy and thermal comfort simulation
outcomes. The approach showed a visible improvement in comfort without increasing energy needs.
Conclusions underlined how the increase in comfort is not supporting a reduction in energy uses, although
strategies may increase comfort using the same energy when the pre-heating phase and ramp set-point
are currently optimised, shifting and reducing energy peaks.

Peter Klanatsky by FB presented what data-driven predictive control approaches are and their importance.
Additionally, He described a data-driven predictive control approach application in the Energetikum office
living lab, showing the data and technological structures and the obtained energy savings in a long-term
test. The data-predictive control logic is an innovative approach that does not require a detailed building
model but allows for saving peak energy and shifting loads, optimising run and turn-off times, avoiding
active heating and cooling during neutral periods, optimise plant sizing and hourly loads and exploiting
solar gains better. In the demo building, grey-box models are developed and coupled with past and
forecasted data to support mixed-integer linear programming optimisation. Savings are very consistent,
both in reducing the heating and cooling periods and in reducing the daily energy uses during activation.
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2.3.VI 6t lecture/conference: intelligent building and digital twins: platform, data
treatment, lessons learnt

PRELUDE T9.5 | educational event series

LAY 5
{é—ﬁe pttice
ol

6th lecture/conference meeting
Intelligent-building and digital twins:
platform, data treatment, lessons learnt

24th May 2024 | 11:00-13:00 (vET)

Virtual room link:

https://didattica.polito.it/VClass/PRELUDE 6thEDU _event

Physical room (Climate studio class):

Room 5V, Politecnico di Torino — Castello del Valentino, Viale Mattioli, 39 Turin (Italy) | BArch, students

Abstract:

The PRELUDE project - Prescient building Operation utilising Real-Time data for Energy Dynamic Optimization — aims to
support advanced innovative, smart, low-cost solutions supporting intelligent buildings and proactive optimisation services.
Among the others, the project pursues the minimisation of energy uses, the maximisation of self-consumption and
renewable sources balance, and the improvement of comfort conditions supporting the maximisation of free-running
building potentials. This event is the sixth of a series of lectures/conferences on smart building issues, climate-free-running
building design, and operational solutions. This lecture/conference focuses on energy and comfort in building management
platforms, discussing some of the novelties introduced and tested during the PRELUDE project. Contents focus on lessons
learnt, including predictive maintenance, BIM and digital twins, user comfort optimisation, user energy profile optimisation,
energy and comfort monitoring platforms, middleware and data treatment issues. Results include demo buildings in different
countries and discussion of platforms, systems, and GUIs. Speakers are recognised professional experts in the topic.

Keywords: PRELUDE, predictive maintenance, BIM, middleware, BMS, comfort optimisation, lessons learnt, IEQ

Programme:
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The next conferences/lectures of the educational event series will be organised in late spring 2024 focusing on climate resilience in the
built environment.
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Figure 7 - Flayer of the 6th Edu event series
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The sixth PRELUDE educational event continued presentation and discussion about PRELUDE's lessons
learnt. This specific conference discussed smart building and digital twin topics, including data storage,
treatment and elaboration. The event also included a short presentation of the project and the educational
activities. The speakers involved are experts within PRELUDE's industrial partners, including EMTECH, STAM,
and LA SIA. The programme is structured as follows:

- 11:00 | Giacomo Chiesa (POLITO) — Welcome and introduction to the educational event series and
the PRELUDE project;

- 11:10| Vagelis Alifragkis (EMTECH, Greece) — PRELUDE Middleware & Portal — Stitching everything
together. Lessons learnt and the road ahead;

- 11:45 | Mattia Repossi & Lorenzo Farina (STAM, ltaly) — Comfort energy efficiency and
maintenance: novel digital platforms for enhanced building-user interaction (part 1)

- 12:20 | Rosaria Aversa & Amilcare Paolella (LA SIA, ltaly) — Comfort energy efficiency and
maintenance: novel digital platforms for enhanced building-user interaction (part 2);

- 12:55 | Q&A session.

Shortly, this conference/lecture was on intelligent building and digital twin technologies, discussing lessons
learnt correlated to data production, storage, elaboration, and usage in different company-based contexts.
Speeches focused on energy and comfort in building management platforms, discussing some of the
PRELUDE's introduced and tested novelties. Among the topics addressed, it is possible to mention
predictive maintenance, BIM, advanced digital twin generation and their applications, user comfort and
energy profile monitoring and optimisation, middleware organisation and multi-sources data treatment
issues. Results correlate with PRELUDE's demo buildings and project platforms, including graphical user
interfaces.

Focusing on contents.

Firstly, Giacomo Chiesa described the PRELUDE educational and citizen-science task with particular regard
to the Educational Event Series. This speech also introduced the PRELUDE project objectives and detailed
the following speeches and speakers.

Vagelis Alifragkis by EMTECH presented the developed PRELUDE middleware devoted to connecting
different data sources and PRELUDE modules to allow interoperability and integration among the various
project technologies and applications. From a software point of view, the PRELUDE project connects tenants
with buildings by supporting user information, combining building monitoring, technology providers, and
building control and actuation. The project's Middleware, based on the FusiX platform, supports these
connections and supports I/O flows. The platform acts as a generic framework for developing DSS
applications and enables interoperability and data resource management, storage, security, and
homogeneity. The architecture is scalable and cloud-based, supports external tool simulations, and has an
independent GUI and several services. Additionally, He introduced the recently developed PRELUDE portal,
enabling access to measured data and supporting early elaborations. The speech focused on lessons
learned, positive aspects, and open questions. During the speech, a newly under-development monitoring
solution by EMTECH, i.e. COMFORT, is also presented, taking inspiration from PRELUDE.

After an introduction to the STAM company, Marco Barbagelata and Lorenzo Farina by STAM introduced
their En-Power platform, which supports different layers of operation in building, from design to
operational phases, including predictive maintenance and energy optimisation. Focusing on the latter
topic, the PRELUDE energy efficiency optimiser technology is presented. It supports the correlation
between indoor comfort and energy efficiency while exploiting renewable sources. The scope is helping
the users to reduce consumption and save energy costs, e.g. by improving the operational time of the
different facilities. Furthermore, the presentation focuses on a new predictive maintenance facility whose
approach is based on anomaly detection models and their training. These technologies are tested during
the PRELUDE project in demos, including the LLE living lab facility (Austria). Considering the latter, a grey-
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box approach is adopted for the Energy Optimiser, focusing on an aRC model to define the building
characteristics from basic measurements to predict the internal temperatures. Considering the Predictive
maintenance, the test applies to air handling units (UHA), defining an anomaly detection model with a train
and test approach on existing monitored data. Similarly, applications arrive with good results in the Ry
demo building (Denmark), considering PV panels, heat pumps and electric cars. In this demo, the aRC
model is not strong enough, suggesting black-box approaches like neural networks. For predictive
maintenance, the test is trained for AHU on past data to verify the ability to detect a broken fan that arrived
in 2022.

Rosaria Aversa and Amilcare Paolella by LA SIA focus on BIM processes and AIM (Asset Information
Management) platform applications, including scan-to-BIM and digital twin development. After a
presentation of the LA SIA company, the speech describes advanced BIM approaches and innovations,
including the use of proprietary technologies and tools, including drone and laser scanner applications.
BIM is used in several phases, including design, construction and maintenance. A series of sample
applications of AIM platforms are presented, showing integrations among building and system models,
AIM management, supporting data loading and visualisation, managing and monitoring and including
static and dynamic data treatment via IoT. The AIM LA SIA platform can help navigate various buildings
and modelling versions via its interface, allowing to pursue an integrated approach. Each modelled
element, from building to system ones, can be interrogated to retrieve information by adopting filters. With
this approach, a maintenance user may check via tablet or smartphone the Digital Twin platform without
being a BIM expert, current information and upgrade them when needed. The platform also suggests
current and future maintenance interventions to correctly plan and manage the building. The same also
allows to see historical or real-time measured information. Finally, the speech introduces a real example of
a BIM workflow process considering a very complex and large case, the City of Sport in Rome by Calatrava.
The construction site is unfinished, requiring an attentive series of BIM processes: scan-to-model survey,
including the definition of modelling specification and rules and the geometric acquisition via more than
1000 stations, laser scanners and drones, documentary research, structural investigation, and maintenance
plan development.
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2.3.vIl 7t lecture/conference: Building resilience to climate changes and urban climate
issues

PRELUDE T9.5 | educational event series
2

Politecnico

7th lecture/conference meeting

Building Resilience to Climate Changes
and-Urban Climate Issues

14th June 2024 | 11:00-13:00 (ceT)

Virtual room link:

https://didattica.polito.it/VClass/PRELUDE_7thEDU_event

Physical room (Climate studio class):

Room 5V, Politecnico di Torino — Castello del Valentino, Viale Mattioli, 39 Turin (Italy) | BArch, students

Abstract:

The PRELUDE project - Prescient building Operation utilising Real-Time data for Energy Dynamic Optimization — aims to
support advanced innovative, smart, low-cost solutions supporting intelligent buildings and proactive optimisation services.
Among the others, the project pursues the minimisation of energy uses, the maximisation of self-consumption and
renewable sources balance, and the improvement of comfort conditions supporting the maximisation of free-running
building potentials. This event is the seventh of a series of lectures/conferences on smart building issues,
climate-free-running building design, and operational solutions. This lecture/conference focuses on climate change and its
impacts on the built environment. It discusses some of the novelties in climate modelling and introduces the new approaches
for building resilience tested during the PRELUDE project. Contents focus on the one side on introducing the climate
change dimension with more recent innovations in future climate models from devoted projects and, on the other side, the
discussion and presentation of PRELUDE’s innovations regarding urban climate analyses and climate resilience studies,
including a new dynamic simulation platform mixing building simulations and climate analyses at both territorial and single
site scales. Speakers are recognised academic experts in the topic both from and outside the PRELUDE consortium.

Keywords: PRELUDE, climate change, urban climate, climate resilience, bioclimatic design, building simulation, building

optimisation
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A final event of the PRELUDE educational and citizen science task will be organised in early autumn 2024, focusing on the results of
the three educational actions: the educational event series, the educational university projects, and the IEQ/IAQ citizen science.
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Figure 8 - Flayer of the 7th Edu event series
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The seventh educational event was the last lecture/conference of the Educational Event Series. It was
devoted to discussing climate change issues in the built environment, focusing on both climate change
and urban climate dimensions. Speakers are recognised academic experts, including POLITO and BUL from
the PRELUDE's consortium, who are discussing building and city-correlated issues, and a climatologist from
POLITO-DIATI introduced climate change and climate modelling aspects at different scales. The
programme is presented here:

- 11:00 | Giacomo Chiesa (POLITO) - Welcome and introduction to the educational event series
and the PRELUDE project;

- 11:15 | Jost von Hardenberg (POLITO DIATI, Italy) - Addressing climate change adaptation with
high-resolution global numerical modelling,

- 11:45 | Maria Kolokotroni (BUL, UK) — Urban context and climate change impact on the thermal
performance of residential buildings,

- 12:15 | Giacomo Chiesa, Paolo Carrisi, Ali Jahanirahaei (POLITO, Italy) — Built environment climate
change, and bioclimatics: territorial and single site analyses via a new simulation platform;,

- 12:45 | Q&A Session.

This seventh event focuses on climate change and its impacts on the built environment. It discusses some
of the novelties in climate modelling and introduces the new approach for building resilience tested during
the PRELUDE project. Contents introduce the climate change dimensions, including recent innovations in
future climate models. Additionally, they are presented and discussed PRELUDE's outcomes correlated to
climate and urban climate resilience. Correlated upgrades to the PREDYCE dynamic simulation platform
are discussed to support both territorial and single-building climate analyses.

Focusing on contents.

In the introduction speech, Giacomo Chiesa illustrated the PRELUDE educational and citizen science task,
focusing on the "education event series”. Furthermore, he presented the other speakers and described the
treated topics.

Jost von Hardenberg (POLITO DIATI) introduced the climate change phenomenon, the development of
global numerical modelling and the study of results based on numerical climate models and their
projections. In addition, the speech also discusses the current and under-development state of the art in
terms of modern numerical climate models acting as digital twins of our climate system. Climate models
clearly do not represent particular days (they do not do weather forecasting) but the type and variability of
possible days. von Hardenberg reminded the historical paths of the development of forecasting numerical
models applied to weather forecasting before, and climate after. The global earth-system model considers
many components, including oceans, land surface, and atmospheric variables. The increasing complexity
and resolutions in modern global climate models (GCMs) are discussed, describing the passage from
500km of spatial resolution and limited variables in 1990 to less than 87km in 2013-21. Nevertheless, higher
resolutions are needed when specific analyses are required, e.g. including cities, and may be covered by
regional climate models. The EC Earth system model is mentioned. Furthermore, examples of applications
of future climate change projects are shown, including the recent CMIP6 global models and some samples
from regional models like EUROCORDEX. Finally, recent ongoing works to bring global climate models to
km-scale resolutions are discussed, with an introduction to Destination Earth, an EU-funded initiative.

In her speech, Maria Kolokotroni (BUL, UK) presented the PRELUDE correlated works, including the urban
dimension in climate change impact analyses focused on thermal performance and ventilation in residential
buildings. An approach to include the urban climate dimension in building energy performance analysis is
presented and applied to Athens, focusing on the local PRELUDE demo case. The Athens pilot building is
a densely built area with limited vegetation. Dynamic energy analyses are typically based on Typical
Weather Files (TMY), generally obtained from an Airport meteorological station, although the urban
dimension is missing. The proposed methodology includes a previous approach that can morph rural TMY
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into urban ones by considering the local morphology and its impacts on temperature, humidity, solar
obstructions, and the wind. Comparing results for the Athens site, the temperature increase among current
and future weather data is underlined. Similarly, an increase is highlighted in the city context concerning
the airport. For wind, general urban weather slightly modifies the wind, although, in urban canyons, wind
velocities are drastically reduced, cutting down natural ventilation wind-driven potential. Applying the
morphed urban conditions to building simulation results, the impact of Urban Heat Island (UHI) and climate
changes show a reduction in heating demand and growth in cooling demand. At the same time, the effect
is higher in upper building floors where solar heat gains are higher (fewer shades), reducing heating and
increasing cooling needs. When urban canyon wind is adopted, the mentioned effect increases in
magnitude, showing that without a proper urban morphed file, we risk overestimating heating needs and
underestimating cooling ones.

In the last presentation, Giacomo Chiesa (POLITO) discussed the initial results of the PRELUDE climate-
resilient task, considering a new approach that couples massive simulations with large climate territorial
databases. The scope is to include the climate change phenomenon as a dynamic variable in building
energy and IEQ performance evaluations. The latter is essential for correctly evaluating low-energy and
bioclimatic technologies whose applicability is firmly climate- and microclimate-dependent. The work
included the definition of a new methodology hybridising climate and bioclimatic design, the identification
of a specific series of key performance indicators (KPIs), the integration and elaboration of large
climate/weather databases into building simulation flows, and the application of massive simulation runs
to support territorial and specific site studies on climate change resilience. KPIs refer to climate-based
variables, such as virtual building and building simulation. The adopted climate databases are re-analysis
hourly defined data from ERA5 (1949-2022) and ERA5-land (1950-2022), and future models from
EUROCORDEX (20 couple of global and regional models, four elaborated for the final analyses) with
historical data from 1970-2005 and projections RCP2.6, 4.5 and 8.5 (2006-2100). Data are elaborated, and
specific EPW is generated with modified versions of the PREDYCE EPW compiler tool (ERA5 for Europe,
ERA5-land for a smaller territory and EUROCORDEX for single points). Furthermore, simulations are run to
compute the KPIs using a climate PREDYCE version and re-elaborated PREDYCE KPIs to run via CDO and
Python. Initial results for single PRELUDE demo sites, mainly for Turin, Ry and Athens, and territorial
bioclimatic potential analyses are shown and discussed.
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3. Educational projects and exhibition

3.1 Introduction and Organisation

The second educational activity focuses on the proposal and elaboration of didactical projects. The scope
is to involve POLITO’s university students in developing innovative solutions to focused challenges
compatible with the PRELUDE-project-treated topics and objectives. It needs to be mentioned that the
approach is didactical, pursuing the possibility of challenging students with innovative issues but focusing
on results reaching a TRL (Technical readiness level) among 3 to 5. Involved students are from architecture
and telecommunication engineering, covering PRELUDE correlated knowledge backgrounds. The POLITO
research team conceived student project topics, objectives, and expected outcomes and proposed them
to groups of students (interdisciplinary works) and single ones (thesis works). The main obtained results
are summarised homogeneously to prepare a series of posters.

3.2 Overview of the developed student projects and correlation to PRELUDE topics

During the PRELUDE project, 10 student project activities have been carried out, supporting the
development of a specifically proposed thesis and interdisciplinary project contents. In particular, among
these activities are treated the following primary PRELUDE-correlated topics:

- Design optimisation studies and sensitivity analyses via parametric simulation platforms
supporting free-running building and retrofitting — see 3.3.1, 3.3.1], 3.3.1V, 3.3.V;

- Monitoring IoT cloud-accessible system development — see 3.3.VI, 3.3.VII], (3.3.1X, 3.3.X);

- Actuation and operational building management approaches — see 3.3.X, (3.3.V], 3.3.VIL);

- Occupancy profile developments via data analyses — 3.3.VI[;

- Climate change and urban climate data analysis tools, including cloud-accessible weather
monitoring system development — see 3.3.1I[, 3.3.IX, (3.3.I[, 3.3.IV).

The projects and their main results have been disseminated to the public via the organisation of one poster
exhibition parallel to the PRELUDE 7% consortium meeting and open to the public in the Atrium of the
Turin Energy Center building facility — 27% and 28" of June 2023 (7 projects)*. Additionally, one final
exhibition, including all the PRELUDE educational results (T9.5) coupled with a PRELUDE final educational
event (20t November 2024), has been held in the Sala delle Colonne, at Valentino Castle>, Turin — from 20t
to 22" of November 2024. Students from projects 3.3.VIII and 3.3.IX also discussed their works during the
7 PRELUDE consortium meeting in a devoted T9.5 session and during two meetings organised with the
Piedmont Region advisory board member, one of which is open to high-school teachers (28/03/2024 and
18/05/2023).

In both exhibitions, each project is represented by a 70x100 cm poster, including the following sections:
title, abstract and keywords, short state-of-the-art and background definition, proposed methodology
description, results, and discussion. Each poster is prepared by POLITO on the base of the student post-
elaborated materials. Below are the two panels presenting the exhibition group projects’ contents and
guiding the visitors, while Section 3.3 reports all the educational project posters.

4 Research into innovative and proactive smart-building solutions continues at the Politecnico | Politecnico
di Torino (polito.it)
> Valentino Castle — Humanity UNESCO Heritage site
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PRELUDE T9.5 | educational activities & citizen-scientist
W

27-28 June 2023 - POLITO EnergyCenter, Via'Paolo Borsellino 38/16 - 10138 Torino, Italy

Exhibition description: Master Degree Theses:

The PRELUDE project - Prescient building Operation utilising Real-Time data for Energy Dynamic
Optimization — aims to support advanced innovative, smart, low-cost solutions supporting intelligent
buildings and proactive optimisation services. PRELUDE includes an extensive multi-year
educational and citizen-scientist action - T9.5 - involving students at different school levels in
developing and/or testing simple simulation and monitoring platforms and facilities, including
developing apps, web services and ToT sensoring solutions, following and disseminating different
PRELUDE topics during educational activities. The work involves the Regional educational division
(Piedmont Region), part of the project advisory board. Additionally, activities of the PRELUDE T9.5
includes an educational event series based on the organisation of lectures/conferences on smart
building issues, climate-free-running building design, and operational solutions. This exhibition
reports the results of some of the currently performed educational activities, including master’s degree
theses and interdisciplinary group projects.

Keywords: PPRELUDE, citizen science, educational activity, smart building, intelligent monitoring,
10T, DIY, digital twin, dynamic building simulation, climate design, building optimisation

Interdisciplinary Group Projects:

atfide atis fromy oppen Sonirees for climate analysis

This project has receivedsfiinding from the European Union’s: Horizon 2020 research and innovation T9.5 info and ¢onta
progfamme undepGrant Agreement N> 958345 giacomo.chiesa@polito.

s

sisl-prelude-projecteu 3 @PreludeEd in prelude-project

Figure 9 - Introductive poster for the 1st Educational Activity Poster Exhibition (Educational projects) — 27-28 June
2023, Atrium of the EnergyCenter, Via P.Borsellino 38/16, Turin
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PRELUDE

PRELUDE T9.5 | educational activities & citizen-scientist

20-22 November 2024 - POLITO Valentino Castle; le Pier Andrea Mattioli 39 - 10125 Torino, Italy

PRELUDE T9.5 ii. educational group projects - poster exibition

Educational project exhibition:

PRELUDE includes an extensive multi-year educational project action involving students in developing and/or testing simple simulation and monitoring platforms and
facilities, including developing apps, web services and IoT sensoring solutions, building design optimisation, building operational optimisation, customised digital twin
scheduling, control logics. Part ii. of the exhibition reports the results of the currently performed educational project activities, including five master’s degree theses
and five interdisciplinary group projects. Involved students come from both architectural and engineering backgrounds (mainly from the ICT for Smart Societies
Master's Degree), and they support a transdisciplinary vision of intelligent buildings and ICT solutions in the building sector. All the proposed works involved students
for about one academic year, requiring an attentive identification of project objectives and requirements, developing prototypes (virtual and/or physical), testing the
proposed solutions, and elaborating a thesis or a report. Works are organised following a project management approach, allowing participants to improve their skills in
this domain.

Keywords: educational activity, smart building, intelligent monitoring, IoT, DIY, self- ion, dy ic buildi imulation,
optimisation, multi-comfort domains, IAQ, IEQ, digital twin, fuzzy control, climate change, climate des:gn, app development GUIs

ic design and operational

Master Degree Theses:

E.Vignani- Rhino-Grasshopper EncrgyPlus Z.Zhuo- Seripting Architecture: Orienting
Interfaces > Early Design Choices via Optimisation
(2021-22) (2023-24)
Keywords: PRELUDE, Parametric design, Keywords: Multiple-objectives
EnergyPlus, Grasshopper optimisation, Optimisation, Building energy simulation,
climate change, building simulation, Genetic algorithm, PRELUDE
sustainable technological design.
free-running bui

D.Mecea Cici - Scenari di retrofit ¢
cost-optimal / Retrofitting scenarios and
cost-optimal

(2023-24)

P.Carrisi - Surrogate modelling and
Optimisation in EnergryPlus environment
for Smart Buildings

(2021-22)

PDe Santis - Colleeting and using weather
data from open sources for climate
analysis and building simulations
2-23)

Keywords: PRELUDE, PREDYCE,

surrogate modelling, genetic algorithm,

building optimisation, smart building

Interdisciplinary Group Projects:

A.Avignone, T.Carluccio - Smart Building

PMV/PPD Monitoring Platform and
Visual Interface
(2020-21)
Keywords: Keywords:
thermal comfort; PM

Keywords: PRELUDE, PREDYCE, open
weather data, big-data analyses, TMY,
Climate change, UHI, climatic design,

EPW

D-Montrucchio, G.A.Patarino, D.Ruta -
Multi Comfort Citizencience Platform

(21
Keywords: PRELUDE, smart building,
10T monitoring, multi-comfort,
microservices architecture

Keywords: PRELUDE, Retrofitting,
cost-optimal, sensitivity analyses, building
simulation, technological design.
PREDYCE

R.FBratu, L.Brocchi, F.Callerio, J.Heru,
8. Viceari - FRYZZY  Free-Running and
Hybrid Building Comfort Optimisation via
Fuzzy Logic Alerting
(2023-24)

Keywords: ICT, loT, SmartHome, Fuzzy

remote monitoring: i Logic, Home Automation, Openhab,
Mobile App. Building Energy optimisation

T:Song, D.Wang, Z.Zhao - Mobile M.Bogoni, A.Corino, L.De Matteis,
User-Occupancy App for Building Smart : G.Sarvia - Weather sensoring
fanagement cloud-connected kit
(2021-22) x (2022-23)
Keywords: PRELUDE, occupancy Keywords: PRELUDE, smart building,
detection, building scheduling, building real-time weather, meteorological station,
optimisation, smart building, mobile app digital twin, cloudiness, cloud data

This project has received-fiinding from the European Union’s:Horizon 2020 research and innovati T9.5 info and contacts:
progfamme underG Agreement N® 958345 giac .chiesa@polito.it

J-prelude-project.eu Y @PreludeEu N preldde-project

Figure 10 - Introductive poster for the Educational projects section of the 2nd PRELUDE Educational activity
exhibition — 20-22 November 2024, Sala delle Colonne, Valentino Castle, V.le PA Mattioli 39, POLITO, Turin
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3.3 Main obtained educational project results

The ten projects are the following:

L

IL

1L

Iv.

VL

VIL

VIIL

IX.

MEng (ICT4SS Master Degree in Telecommunication Eng.) Thesis: “Surrogate Modelling and
Optimisation in EnergyPlus Environments for Smart Buildings”, P.Carrisi, AY. 2021-22;

MArch (Architecture for Sustainability) Thesis: “Rhino-Grasshopper EnergyPlus interfaces.
Development of a simple input compiler to study technological strategies for low-energy
buildings”, E.Vignani, A.Y. 2021-22;

MEng (ICT4SS Master Degree in Telecommunication Eng.) Thesis: “Collecting and Using
Weather Data from OpenSources for climate analysis and building simulations”, P.De Santis,
AY.2022-23;

MArch (Architecture for Sustainable Design) Thesis: “Scripting Architecture: Orienting Early
Design Choices via Optimisation”, Z.Zhuo, A.Y. 2023-24;

MArch (Architecture for Sustainability) Thesis: “Scenari di retrofit e cost-optimal / Retrofitting
scenarios and cost-optimal”, D.Mecca Cici, work started A.Y. 2022-23, discussion planned A.Y.
2023-24;

MEng (Telecommunication Eng.) group project: “Smart Building PMV/PPD Monitoring
Platform and Visual Interface”, A.Avignone, T.Carluccio, A.Y. 2020-21;

MEng (Telecommunication Eng.) group project: "Mobile User-Occupancy App for Building
Smart Management”, T.Song, D.Wang, Z.Zhao, A.Y. 2021-22;

MEng (Telecommunication Eng.) group project: “Multi Comfort Citizencience Platform”,
D.Montrucchio, G.A.Patarino, D.Ruta, A.Y. 2022-23

MEng (Telecommunication Eng.) group project: “Weather sensoring cloud-connected kit”,
M.Bogoni, A.Corino, L.De Matteis, G.Sarvia, A.Y. 2022-23

MEng (Telecommunication Eng.) group project: “FRYZZY — Free-Running and Hybrid Building
Comfort Optimisation via Fuzzy Logic Alerting”, R.F.Bratu, L.Crocchi, F.Callerio, J.Heru, S.Viccari,
AY.2023-24

All projects’ posters are reported below, summarising the obtained outcomes by reporting the abstracts,
objectives and conclusions in a larger font dimension and adding PRELUDE's connection points.

PRELUDE
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3.3.1 M.Eng thesis: Paolo Carrisi, “Surrogate modelling and Optimisation in EnergryPlus
environment for Smart Buildings”, A.Y. 2021-22

PRELUDE T9.5 | educational activities & citizen-scientist

Master thesis

Surrogate modelling and*Optimisation in EnergyPlus environments for
Smart Buildings

Abstract

The specific goal of this work is to add functionality to the PREDY CL software (Python semi-Realtime Energy DY namics and Climate Evaluation), which is a Python library developed inside the
E-DYCE and PRELUDE projects to work as an EnergyPlus simulation platform, allowing automatic editing of IDF files (building models) and KPIs computation on both simulation results and
monitored data. The added functions are optimisation methods that use genetic algorithms (e.g., NSGA2) to solve multi-objective problems, as well as "black-box" simulation methods that use the
design and training of artificial neural networks (ANN) to simulate or predict the KPIs of a building, using the building's structural parameters or external climate data as input. These functions

have been designed to be helpful during the design phase of a building but also as a tool in the context of smart buildings, helpful in terms of saving ption and comfort since
the implementation of artificial neural networks allows for a large number of simulations to be performed almost in "real-time."
Keywords: PRELUDE, PREDYCE, surrogate modelling, genetic algorithm, building optimisation, smart building Fiwo s
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Python library: Pymoo

2. Artificial neural networks for Surrogate modelling (Multi-Layer-Perceptron Neural
network ) - Python library: Scikit-Learn
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Conclusions

The most important results are as follows:

1.Using the multi-objective optimisation process, it was possible to identify, at the end of a
sensitivity analysis, the building's parameter scttings that produce the best results tor the

df file
(building

selected targets. Information on how the single p affect the objecti is
. also retrieved. However, the algorithms required several simulations from EnergyPlus to

ks achieve satisfactory results, resulting in high computational power demand.
Black-box approach 2.The surrogate model created through neural network training considering building

paramelers or climate data as input is very accurate. The ability of the surrogate model to
simulate building performance without having to use EnergyPlus has proven to be very

PREDYCE uselul in the optimisation phase, as it has been possible to generate a massive number of
samples within the set parametric space of input data and retrieve the required KPIs in a
limited time.

The PRELUDE project - Prescient building Operation uilsing Real-Time data lann:vgyDynumu Opumvnlmn aims to support advanced innovative, smart, low-cost solutions supporting intelligent buildi proactive optimisation services. Among the
others, the project pursues the mmlnmu(mn of energy uses, the i balance, and the i of comfort conditi Hing the maximisation of fi 8 building potentials. PRELUDE includes
an -19.5 - involvi atdi levels in developing andior esting simple simulati ‘monitorin; facilites.including doveloping apps, wab services and IoT sensoring

solutions, following and d|swemmnlmg different PRELUDE topics during educational activities. The work involves the Regional educational division (Piedmont Region), part of the project advisory board. Additionally, activities of the PRELUDE T9.5 includes
an educational event series based on the organisation of lectures/conferences on smart building issucs, climate-free-running building design, and operational solutions.
Keywords: PRELUDE, smart building, intelligent monitoring, IoT, DIY, digital twin, dynsmic building simulation, climate design, building optimisation.

This project ha eived-funding from the European Union’s Horizon 2020 research and innovation
progfamme underGrant Agreement N* 958345

{\ﬁﬁj} prelude-project.eu " @PrefudeEn in prelude-project

Figure 17 - Poster: Surrogate Modelling and Optimisation in EnergyPlus Environments for Smart Buildings (P.Carrisi)
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Abstract:

The specific goal of this work is to add functionality to the PREDYCE software (Python semi-Realtime Energy
DYnamics and Climate Evaluation), which is a Python library developed inside the EU H2020 co-funded E-
DYCE (GA 893945) and PRELUDE (GA 958345) projects to work as an EnergyPlus simulation platform,
allowing automatic editing of IDF files (building models) and KPIs computation on both simulation results
and monitored data. The added functions are optimisation methods that use genetic algorithms (e.g.
NSGA?2) to solve multi-objective problems, as well as "black-box" simulation methods that use the design
and training of artificial neural networks (ANN) to simulate or predict the KPIs of a building, using the
building's structural parameters or external climate data as input. These functions have been designed to
be helpful during the design phase of a building but also as a tool in the context of smart buildings, useful
in terms of saving consumption and comfort management since the implementation of artificial neural
networks allows for a large number of simulations to be performed almost in "real-time."

Keywords: PRELUDE, PREDYCE, surrogate modelling, genetic algorithm, building optimisation, smart
building

Objectives:
The educational project pursues the following two main objectives:
1. To exploit optimisation enablers into EnergyPlus multiple runs;
2. To design a tool for the creation of Surrogate Models after multiple EnergyPlus runs.
Concerning the Optimisation topic, the goal is to introduce within the sensitivity analysis scenario of
PREDYCE a series of genetic algorithms (NSGA2, NSGA3) able to select the best configurations of building
input parameters, e.g. window-to-wall ratio, insulation layer thickness, type of glazing, and so on, to
minimise energy consumption and/or maximise indoor environmental comfort conditions. This potentiality
allows the user to evaluate which parameters have the most significant impact on the outcome of building
energy simulations and the ability to choose which of these configurations may represent a fair trade-off
for the various output values that one wants to maximise/minimise.
On the other hand, the surrogate model is intended to replace traditional white-box simulations, such as
EnergyPlus-based ones, with a black-box prediction method, such as artificial neural networks, which are
significantly less expensive in terms of computational complexity and execution time. This approach'’s
specific goals are as follows:
1. perform sensitivity analysis/optimisation of building parameters by utilising a much larger number
of samples while maintaining high accuracy;
2. train a network capable of predicting, given a specific building configuration, the consumption
and/or comfort score as the external environment’s climatic data changes.

Conclusions:
The most essential obtained results are reported below:

1. Using the multi-objective optimisation process, it was possible to identify, at the end of a
sensitivity analysis, the building's parameter settings that produce the best results for the selected
targets. Information on how the single parameters affect the objective functions is also retrieved.
However, the algorithms required several simulations from EnergyPlus to achieve satisfactory
results, resulting in high computational power demand.

2. The surrogate model created through neural network training considering building parameters
or climate data as input is very accurate. The ability of the surrogate model to simulate building
performance without having to use EnergyPlus has proven to be very useful in the optimisation
phase, as it has been possible to generate a massive number of samples within the set parametric
space of input data and retrieve the required KPIs in a limited time.

PRELUDE connection:

This work supports the first use of surrogate models inside the PREDYCE simulation library, suggesting
future developments of the tool, potentially substituting white-box real-time modelling with black-box
simulation solutions. Additionally, thanks to this work, optimisation genetic algorithms have been added
to PREDYCE. Paolo’s work continued after the thesis, entering the POLITO PRELUDE team.
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PRELUDE

3.3.11 M.Arch thesis: Eleonora Vignani, “Rhino-Grasshopper EnergyPlus Interfaces -
Development of a simple input compiler to study technological strategies for low-

energy buildings”, A.Y. 2021-22

PRELUDE T9.5 | educational activities & citizen-scientist
)

% Politecnico
d Torino

Master thesis
Rhino-Grasshopper EnergyPlus Interfaces

Development of a simple input.compiler to study technological strategies for low-energy buildings

Abstract

The tool developed in this research harnesses the potential of the Rhino-G to establish a link between 3D modelings and performance analysis engines, such as
EnergyPlus and Radiance, to assess bulldmg performance and optlmlse formal and technical decisions made during the early design stage. Through Honeybee and Ladybug plug-ins, thermal and
daylight comfort metrics are in fi and ised by means of |he Oclopus evolutionary simulator to find optimal configurations of selected design variables. Minimization
of glare, predicted by the LEED ASE index, is also d for in the multi-obj ion process. Once the “best” optimal solution is selected, the tool identifies wherever discomfort
periods are still present, in accordance with the adaptive comfort model, and generates HVAC control schedules to be applied to the building when simulated in the mixed mode so that heating and
cooling systems are only turned on when really needed. Hence, energy savings that derive from applying the proposed methodology are assessed. Different tests are also performed.

Keywords: PRELUDE, Parametric design, EnergyPlus, Grasshopper optimisation, climate change, building I I design, fr g building
Results i &
Results retrieved for the show box models demonstrate
the ability of the workflow to reduce original discomfort B oy

conditions (both thermal and visual) and provide energy
savings. The mentioned savings are also tested under
climate change scenarios. North sites look to be very
favourable, while the hottest ones show a slight reduction
in savings due to the unfavourable free-running potential.

Pareto front for the Turin shoebox model. On the
right, the Delaunay front mesh approximating the r
3D Pareto optima
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Map distribution of TEUI and LEUI under present and 2050
climate scenarios. Percentages of energy saving: optimised
HVAC systems vs not-optimised ones.

Concerning the Turin apartment, results show a very
high potential in energy savings for thermal control,
while visual comfort is also improved, altough lighting
energy savings are not considered since any dimmer &
solutions is installed in the house. The analysisshowsthe T = == = r
high free-running potential of local climatic conditions.
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Methodology

The proposed methodolog is based on a predictive modcl of users” thermal and visual comfort in a free-running space and
aimed at finding, under 1
needs for heating, cooling and artificial lighting. Rhino- Gmsslmpper s solocted as the platform for the development of the |
100l, as it provides an open-source user-friendly 3D interface for energy and daylight dynamic performance simulation
engines. A nine-step approach is presented. It has been defined u:mg Mone'ybee and Ladybug plug-ins for environmental
analysis and using Octopus simulator for the multi process. The followed path is not

cpumal st
S0 st 1.0 Ul 0188

linear, yet it is “circular, iterative.  Uoroe 23, poaen 0, 1, . s NVOS
First, the geometry is parametrically modeled and characterized in its features. Present and 2050 apartment optima 5,,.“ values
| | oy Secondly several design variables, proven to significatively impact on the cooling e
needs, are optimised, including building orientation, location, size and opening it s i
AL ToNE SerneTIoN configuration of windows, envelope insulation and shading devices position. 1 Mo
e After defining boundary conditions, performance analysis is carried out through
e EncrgyPlus and OpenStudio, Radiance and Daysim engines. Performance level of 5 o
12 s the zone without any nor heating systems on is evaluated R i
re—— using specific thermal and visual comfort indicators: percentage of the time ¥ [ H I Pl
s comfortable (adaptive comfort method), Daylight Autonomy (DLA), Useful % i) e
= Daylight Intensity (UDLI) and Annual Sunlight Exposure (ASE) are considered in o LI o X
soumonsvconomons the presented case. Optimization of these parameters allows to search for the * T opt 0 M,P(,v, thermal comfort
@ e optimal ion of the design variables mentioned above, Through Octopus -G | S "
e = algorithm, several optimal solutions are found. Designer’s action is required to ~iii 1 Gt Parameters or genes considered for the optimization: insulation
O S— interpret these design options and = thickness, fagade windows U-value, g-value and t,, veranda
- @ i et courorTueTmCs. choose between them “the best” e - windows U-value, g-value and 1, percent of window area
Foower [ [ emeR ol '? alternative. Once the optimal solution is -t St operable for NV. Free-running results: % of time comfortable
e sewhe) selected, the tool identifies wherever - increased from 61-639% to almost 100%. No increase in DLA and
= e a— o W discomfort is siill present during the = y UDLI100-2000kx, while ASE remained the same (no dimmer).
koot \ == analysis period for that design option S s Energy savings: 92-99% TEUI saved 0% LEUI saved (no
L X7 e and generates two schedules for the C petplots for actual and optimal dimmer).

HVAC system control, one for cooling
and the other for heating. Hence, the

Conclusions

B[ L L

HENg

optimal solution is further analyzed,
running the building in a mixed-mode.
The model set up phase includes the
definition of the following issues:

The proposed design methodology s based on a predictive model of users' thermal and visual comfort n a free-running space
minimising energy needs for heating, cooling and artifiial ightng. The developed workflow proves to be an essental tool
for the preliminary stage of the project in a view of 2n, as it assists architect

in exploring a large number of design options at ne time by comparing thei levelof prformance and s efects on comfort.

The developed workflow e . the tool allows fying comfort levels in the indoor environment without any mechanical cooling or
— building’s fr The tool is tested in ten European and Italian locations (Kemi,
i) Geometry, ii) Building orientation, iii) Windows, iv.) Materials and Aalborg, Geneva, Turin, Athens, Bari, Paphos, Palermo, Rome, and Trieste) under present and 2050 climatic conditions. The
constructions, v.) Zone program and level of conditioning, vi.) Schedules and optimisation processes satisfied visual and thermal comfort levels and good energy savings (over 90% of thermal energy
loads, vii.) Passive strategies (natural ventilation + shading), viii.) Boundary o saved in Palermo and Paphos) in optimised solutions. However, the tool could have been more effective in colder climates
conditions (climate + context). Similarly the genetic optimisation via Octopus such as Kemi or Aalborg. The developed workflow is finally applied to two case studies, a school classroom in a small city
bases on the following objectives: i.) max% of time comfortable (ACM), max near Turin and an apartment in Turin, part of the local PRELUDE demonstrator. Concerning the actual simulated situations,
average DLA, max average UDI, , ., min ASE. thermal comfort improved in both cases (by 15% in the school and by almost 40% in the apartment), and TEUI savings
The methodology is applied to: i. a single-zone shoebox model (office building) Gegeva T reached 90% and over under present conditions as well as in 2050. Visual comfort and LEUI savings were discovered to be
located in 10 European sites; ii. a classroom located near Turin, ii. an apartment Thrin more challenging to optimise. To conclude, the tool has proven to be a valid instrument to support an essential
localted in Turin (part of the Turin PRELUDE demonstrator). Tests are conducted Ronfe: «Bari ‘methodological change in the design process. Further analyses and developments will contribute to better investigating the

under current and future 2050 climate conditions (Meteonorm). [ tool's potentialities and overcoming its limitations found within the presented research.

J “Paphos
The 10 considered locations

The PRELUDE project - Prescient bui
odms lhe pmjeﬂ pursues me inimisati ‘energy uses, bal: and (M
sohmons. following and dissemins ng different FRFLUDE‘ (opnc! during cducauonﬂ activities. The work involves the Regional educations! division (Picdmont Region), part of the project |dv1wry bond Adduwnally. activities of the PRELUDE T\) s mclndes
an educational event series based ot of art building issues, climate-free-running building design, and operational solutions.

Keywords: PRELUDE, smart bulldmg‘ intelligent monitoring, 0T, DIY, digital :wm, dynamic building simulation, climate design, building optimisation.

ing Operation ulxllsmg Real-Time data !er Energy Dynamic Optimization — aims o support advanced innovative, smart, low-cost soluions supportin intelligent buildings and proactive optimisation services. Among the
offre-running building potenias. PRELUDE lnclnd«
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Figure 12 - Poster: Rhino-Grasshopper EnergyPlus Interfaces (E.Vignani)
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Abstract:

The tool developed in this research harnesses the potential of the Rhino-Grasshopper parametric
environment to establish a link between 3D modelling and performance analysis engines, such as
EnergyPlus and Radiance, to assess building performance and optimise formal and technical decisions
made during the early design stage. Through Honeybee and Ladybug plug-ins, thermal and daylight
comfort metrics are evaluated in free-running and maximised using the Octopus evolutionary simulator to
find optimal configurations of selected design variables. Minimisation of glare, predicted by the LEED ASE
index, is also accounted for in the multi-objective optimisation process. Once the “best” optimal solution
is selected, the tool identifies wherever discomfort periods are still present by the adaptive comfort model
and generates HVAC control schedules to be applied to the building when simulated in the mixed mode
so that heating and cooling systems are only turned on when needed. Hence, energy savings that derive
from applying the proposed methodology are assessed. Different tests are also performed.

Keywords: PRELUDE, Parametric design, EnergyPlus, Grasshopper optimisation, climate change, building
simulation, sustainable technological design, free-running building

Objectives (short):

The main objective is the development of a simplified and user-friendly script within the Rhinoceros-
Grasshopper environment aimed at optimising building envelope design choices made in the early design
stage that have been proven to have the most significant impact on the final quality and efficiency of the
building. Ladybug and Honeybee plug-ins for Grasshopper allow for establishing a link between 3D
geometry and energy/daylight simulations by implementing analysis engines such as EnergyPlus, Radiance,
and Daysim. By applying the proposed optimisation tool, designers can create an integrated building
model and get rapid and iterative performance feedback on their decisions. The goal is to optimise formal
parameters (e.g., orientation, window-to-wall ratio, insulation, shading devices, etc.) of a free-running
single-zone spatial unit to improve users’ indoor thermal and visual comfort while minimising energy
demand related to heating, cooling and artificial lighting. The research studies the application of passive
strategies (e.g. natural ventilation) that harness the potential of the boundary conditions in which the
building lies. The tool is tested in ten European and Italian locations (Kemi, Aalborg, Geneva, Turin, Athens,
Bari, Paphos, Palermo, Rome, and Trieste) under present and 2050 climatic conditions. The workflow is then
applied to two real case studies in Italy: a school classroom in a small city near Turin and a residential
apartment in Turin, part of the local PRELUDE demonstrator.

Conclusions (short):

The proposed design methodology is based on a predictive model of users’ thermal and visual comfort in
a free-running space, minimising energy needs for heating, cooling and artificial lighting. The developed
workflow proves to be an essential tool for the preliminary stage of the project, given environmental
sustainability and conscious design, as it assists architects in exploring many design options at one time by
comparing their level of performance and its effects on comfort. The optimisation processes satisfied visual
and thermal comfort levels and good energy savings (over 90% of thermal energy saved in Palermo and
Paphos) in optimised solutions. However, the tool could have been more effective in colder climates such
as Kemi or Aalborg. The developed workflow is applied to two case studies: a school classroom in a small
city near Turin and an apartment in Turin, part of the local PRELUDE demonstrator. Thermal comfort
improved in both cases (by 15% in the school and by almost 40% in the apartment), and TEUI savings
reached 90% and over under present conditions as well as in 2050. Visual comfort and LEUI savings were
discovered to be more challenging to optimise. To conclude, the tool has proven to be a valid instrument
to support an essential methodological change in the design process.

PRELUDE connection:

The study investigates using different tools to design free-running optimisations, including building system
schedule management. Advanced daylight tools suggest potential future dynamic energy simulation
platform development directions.
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3.3.1M M.Eng thesis: Paolo De Santis, “Collecting and using weather data from open sources
for climate analysis and building simulations”, A.Y. 2022-23

PRELUDE T9.5 | educational activities & citizen-scientist
g

Master thesis
Collecting and using weather data from open sources for climate analysis
and bulldmo snnulatlons

Abstract

This thesis aims to show the potential of using open-source weather data to generate local weather files and for climate analyses in the built environment domain. The first step is the massive
download of weather data from a weather station’s network. The data is organised and stored in a time-series database (InfluxDB). This local data is then used as input for some self-developed
tools, able to generate standard weather file formats, such as EnergyPlus Weather (EPW) files and Typical Meteorological Year (TMY) files, used for dynamic building simulations integrable with
the simulation platform PREDYCE, recently developed at POLITO. The results in a location near Turin are then compared to the ones gathered using a combination of the ERAS, ERAS-Land and
CERRA reanalysis models’ data as input to show how the latter often underestimate the local dry-bulb air temperature in urban areas and, more in general, the required cooling. Additionally, a tool
for assessing the urban heat island (UHI) effect is developed, and it shows how this effect is evident both in the Turin and Barcelona areas. Moreover, a tool for the evaluation of the climatic
potential of two different passive cooling and heating systems, Earth-to-Air Heat Exchangers (EAHX) and Passive Downdraught Evaporative Cooling (PDEC), is developed, and the results for
selected locations show how they both can be effective in reducing the aulve cooling needs. Finally, the possibility of using the gathered data for climate change analysis is considered. Still, it is
concluded that the specific source is not signifi for this particular application due to the short data history with respect to the other considered databases. The work is part of the PRELUDE
T9.5 citizen science and educational activity.

Keywords: PRELUDE, PREDYCE, open weather data, big-data analyses, TMY. Climate change, UHI, climatic design, EPW
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Methodology

“Two data sources have been implemented to collect weather data (mm multiple locations in a given lemlory [he maxnnum
accepted data resolution is set to | hour to feed d;
the considered data sources are:

i.) Weather Underground is & website allowing users to share weather data from their stations publicly. The database is
based on a citizen science vision, while connected stations may differ for monitored variables, data precision and
resolution, and installation period or accessible historical data series;

1 20 2
reshold [°C)

2
Thveshals (1
A Multi-year comparison of CDH (cooling degree hours) - left - and HDH (heating degree hours) - right - indices for the

ii.) Open Meteo API, a recent service which provides easy access to historical weather data based on reanalysis datasets
(ERAS, ERAS-Land and CERRA). PO 4

In order to have easier access to the data, a code that first extracts data from the two identified services has been developed.
Secondly, the code uploads the retrieved data to a local InfluxDB instance. Having two data sources, it is also possible o
compare the weather variables for a specific location and for a particular window time to evaluate the adherence of reanalysis
models to real monitored data sources. In parallel, the data comparison performed by the developed tool may also be adapted
to compare different weather underground connected stations. In order to generate local EPW files, Weather Underground's
data is mainly used. At the same time, some variables. such as the soil temperature, must be extracted from the re-analysis
models because no station can measure them. Weather stations with an extended data history (= ten years) can also be used
to generate local TMY files, which help evaluate the potential of different hioclimatic and low-energy cooling/heating
technologics, such as PDEC (Passive Downdraught Evaporative Cooling) tawers, EAHX (Earth-to-Air Heat eXchangers)
systems, or ventilative cooling solutions. TMY are calculated in line with the methodology reported in the current standard
(UNI EN ISO 15927-04:2005), while average typical years are also produced under request. TMY and real-monitored
weather series are coded to generate EPW files (EnergyPlus Weather file), allowing simulations and the calculation of typical
KPIs to be fed. Both climate-correlated KPIs, such as the ones proposed in the literature, and building-correlated KPIs
supported by EncrgyPlus simulations are used to perform some tests about potential ussge scenarios of the proposed
approach. The EPW generation is based on expanding the PREDYCE EPW compiler by adding extra coding lines that are
able to generate the EPW header information.
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o

7 B ) 3 ®

Results A UHI varitions for the
different hours of the day
Comparison between avergaing over all years (2013-2022) of data TMY construction
- —— Mean aver all years.
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A Sample Urban Heat Island analysis by comparing the monitored air temperature data of different local weather stations

Conclusions
Results show the ability of the it i 1o perform climatic building correlated
analyses and generate EPW files, as well as typical metcorological years for some of the stations. The possibility of
comparing reanalysis data with open monitored data is also interesting in analysing the consistency of the two sources
supporting different literature approaches to study climate change impacts on the building sector. Additionally, the
methodology demonstrates the ability to detect urban heat island phenomena thanks to the apenly available citizen
< Sample comparison between the  meteorological stations. Moreover, the possibility of using locally sourced weather data to study the climatic potential of
conventional calculated TMY (1SO passive cooling and heating systems has been demonstrated, and their effectivencss in the considered location has also been
\ ! 15927-4) and the averaged 10-year  shown. Finally, regarding climate change analysis, it was concluded that, at the moment, Weather Underground’s data history
™Y is not long enough to provide significant insights. It could still be used in the future, while ERAS, ERAS-land and CERRA
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an action - 19.5 - invalving t di school Jevels i ing and/or testi itori facilities, includi  loT sensoring
solutions, following and inating different PRELUDE topics during educational activities. The work involves the Regional educational division (Piedmont Region), part of the project advisory board. Additionally, activities of the PRELUDE T9.5 includes

an educational event series based on the organisation of lectures/conferences on smart building issues, climate-free-running building design, and operational solutions.
Keywords: PRELUDE, smart building, intclligent monitoring, IoT, DIY, digital twin, dynamic building simulation, climate design, building optimisation.
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Figure 13 - Poster: Collecting and Using Weather Data from OpenSources for climate analysis and building
simulations (P. De Santis) — V.2
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Abstract:

This thesis aims to show the potential of using open-source weather data to generate local weather files
and for climate analyses in the built environment domain. The first step is the massive download of weather
data from a weather station’s network. The data is organised and stored in a time-series database
(InfluxDB). This local data is then used as input for some self-developed tools, able to generate standard
weather file formats, such as EnergyPlus Weather (EPW) files and Typical Meteorological Year (TMY) files,
used for dynamic building simulations integrable with the simulation platform PREDYCE, recently
developed at POLITO. The results in a location near Turin are then compared to the ones gathered using a
combination of the ERA5, ERA5-Land and CERRA reanalysis models’ data as input to show how the latter
often underestimate the local dry-bulb air temperature in urban areas and, more in general, the required
cooling. Additionally, a tool for assessing the urban heat island (UHI) effect is developed, and it shows how
this effect is evident both in the Turin and Barcelona areas. Moreover, a tool for the evaluation of the
climatic potential of two different passive cooling and heating systems, Earth-to-Air Heat Exchangers
(EAHX) and Passive Downdraught Evaporative Cooling (PDEC), is developed, and the results for selected
locations show how they both can be effective in reducing the active cooling needs. Finally, the possibility
of using the gathered data for climate change analysis is considered. Still, it is concluded that the specific
source is not significant for this particular application due to the short data history with respect to the other
considered databases. The work is part of the PRELUDE T9.5 citizen science and educational activity.
Keywords: PRELUDE, PREDYCE, open weather data, big-data analyses, TMY, Climate change, UHI, climatic
design, EPW

Objectives:

The following main objectives are pursued: i.) Exploit the wide availability of local open weather data to
improve building simulations' inputs. In particular, this is done by creating EPW files (with a custom header)
and TMY files, which closely reflect the meteorological conditions of a specific location; ii.) Identify the
"Urban Heat Island" effect, thanks to the data collected by weather stations located in different city areas
and their surroundings; iii.) Assess the climatic potential of passive and cooling systems using local weather
data. In particular, earth-to-air heat exchangers (EAHX) and passive downdraught evaporative cooling
(PDEC) systems; and iv.) evaluate the feasibility of using data from Weather Underground’s network to
study trends indicative of climate change.

The work also compares different data sources. Finally, a testing application is defined for the Turin
metropolitan area.

Conclusions:

Results show the ability of the proposed methodology to retrieve reliable weather data to perform climatic
building correlated analyses and generate EPW files, as well as typical meteorological years for some of the
stations. The possibility of comparing reanalysis data with open monitored data is also interesting in
analysing the consistency of the two sources supporting different literature approaches to study climate
change impacts on the building sector. Additionally, the methodology demonstrates the ability to detect
urban heat island phenomena thanks to the openly available citizen meteorological stations. Moreover, the
possibility of using locally sourced weather data to study the climatic potential of passive cooling and
heating systems has been demonstrated, and their effectiveness in the considered location has also been
shown. Finally, regarding climate change analysis, it was concluded that, at the moment, Weather
Underground'’s data history is not long enough to provide significant insights. It could still be used in the
future, while ERA5, ERA5-land and CERRA allow this analysis.

PRELUDE connection:

This work is correlated to the PRELUDE climate resilience works of T8.5, anticipating some actions on the
PREDYCE EPW compiler, integrating TMY generation and EPW headers. Additionally, it investigated the
potential for future expansions, integrating existing data sources in urban climate analyses via a big-data
approach, both considering future expansions and applications of PREDYCE or other actions.
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Master Thesis 2023-24 - Architecture
Scripting Architeeture: Orienting Early Design Cheices via optimisation

Abstract

This work, part of the PRELUDE T9.5 educational project activity, explores how ic design, simulation, and intertwine, sk g their i in
architectural early design across various climatic contexts. Firstly, a way to design an imagined box office with paramemc skill is defined. Secondly, we evaluated the latter from 3 perspectives:
economic assessment, energy needs intensity and comfort performances. Thirdly, a genetic algorithm is scripted and applied to get multi-variable optimised results and allow experiment repetitions
under different climate conditions. Lastly, we collect the results and visualise and analyse them.

Keywords: Multiple-objectives Optimisation, Building energy simulation, Genetic algorithm, PRELUDE

D9.7 - Educational activity report

M.Arch thesis: Ziyan Zhuo, “Scripting Architecture: Orienting Early Design Choices

Methodology

Our methodology can be subdivided into three main parts.
1. The first is how to design an estimated shoebox with parametric tools;
2.The second is how to simulate this box adopting an energy dynamic environment and
retrieving comfort, energy and cost results;
3.The third is employing a genetic algorithm optimiser to retrieve optimal design
configurations, maximising the model performances for comfort, energy and cost key
per indi (KPIs).

terating for the next generation's gene pool (in blue)

Fig. 1 - Draft of the
proposed
methodology

Firstly, an office room shoebox was eslabllshed in the Rhino-GH environment, and
geometries are correlated to Gi plug-ins, i ing LadyBug and Honeybee, to

are used for single gene variations, while the latter is used for chromosome combinations.
Thirdly, genetic optimisation algorithms are added to the flow, generating several variations
in the simulation model inputs. Three methods are considered to create new gene
combinations: sex, mutation, and crossover. The first two are used for single gene variations,
while the latter is used for chromosome combinations — see Fig 2. The optimisation is based
on the three target variable categories: comfort (maximise), EUI (minimise) and total cost
(minimise). During each iteration, the algorithm decides which individuals can live on in the
next generation. It categorises the solutions with non-dominant ranking. The one with a prior
ranking will survive. The critical factor is the inated sorting; the ing distance is
introduced for the category being cut, leaving the distant individuals.

Results
Figures 3 and 4 focus on the optimisation process. Figures 6 and 7 report sample results for
two locati adapting early-desig; ions with local climate aspects.

— Fig. 4 (below) - The ratio of decrement
with the CNV system activated.
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Fig. 3 (above) - Standard devi: in red,
and 50-99 generations are in the gradient from red to blue. Among them,
the SD is growing wider, resulting in a richer range of genotypes. In
general, 100 e [

our project. 467

As shown in Fig 4, CNV enhances the performances and creates more diversity, improving
results. Without CNYV, to pursue some fitness values the solutions occur with extremely low
WWR and do not reach acceptable design conditions. When CNV is introduced, the problem
is solved, enhancing the importance of the windows, so the salu(ions with Iarger WWR
prevail, helping to create better inspiralion for designers. t &‘6
Torino and Geneva are all /

Cfa and have similar ‘
latitudes - see Fig. 5 & 6.
Fc»cusmp= on Tonna, the

9&‘

support energy and comfort simulations. In addition to geometries, additional model
information is given via the GH plug-ins by defining a series of databases, connecting systems
and devices and defining needed schedules and logic. Secondly, two simulation steps are
defined, where the first simulation run allows the feeding of the second one. The first step
supports dynamic simulations, defining visual comfort indices, such as daylight autonomy
(DA), and running thermal energy simulations calculating energy needs for thermal (TEUI)
and lighting (LEUI) uses together with indoor temperature profiles. In this step, the initial
intervention costs are also defined. In the second step, the definition of operational and
maintenance costs is added to calculate the Net Present Value (NPV) and total costs and
finalise the thermal comfort evaluation of results. Three methods are considered to generate
new gene combinations: sex, mutation, and crossover. The first two are used for single gene

Ramhizg o ) 01 Fig. 2 (left) - The

Sunhorsfrom (P, + Q) = S,.,

W 1L00P

) WD 0 AR B
Parets Paenatuoes i)

e PRELUDE project - Pescient buiding Operation wilsing Real-Tie da for Enerey D)-naxmc Oplimimnm) -

are
Ilke those in Geneva, but
the roof, louvres count,
and delta differ. For
Torino, in the summer, due
to the calmness of the
wind, once the heat gains
are accumulated, it is
harder to dissipate them
via natural ventilation.
CNV works more effectively in Geneva. For Torino, the passive design should focus more on
solar gain protection (summer) and maximisation (winter).
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Fig. 5 - Turin sample optimisation results
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Abstract:

This work, part of the PRELUDE T9.5 educational project activity, explores how parametric design,
simulation, and optimisation methodologies intertwine, showcasing their effectiveness in architectural early
design across various climatic contexts. Firstly, a way to design an imagined box office with parametric skill
is defined. Secondly, we evaluated the latter from 3 perspectives: economic assessment, energy needs
intensity and comfort performances. Thirdly, a genetic algorithm is scripted and applied to get multi-
variable optimised results and allow experiment repetitions under different climate conditions. Lastly, we
collect the results and visualise and analyse them.

Keywords: Multiple-objectives Optimisation, Building energy simulation, Genetic algorithm, PRELUDE

Objectives:

Three categories of target variables are defined to analyse and optimise architecture design correlated
performances. These categories are i. comfort, ii. EUI (Energy Use Intensity), and iii. cost. Correlated
performances coordinate with sustainability goals in the built environment to support early-design choice
optimisation by parametrically acting on shapes and technological design configurations. Performances
are expected to be measured in a simulated environment. To face this goal, genetic algorithms are applied
to find the optimal configuration, maximising the building performance in each target category and the
most balanced configuration. The work aims at testing and adopting an automatic genetic algorithm
workflow that repeatedly tries several combinations of defined design parameters, i.e. insulation thickness,
glazing type, louvres count, Window-to-Wall Ratio (WWR), and delta control temperature of ventilative
cooling. A sample showbox office unit is designed in the Rhinoceros®-Grasshopper® environment to test
the workflow in several climatic conditions, identifying optimal local design conditions.

Conclusions:

This work entered into design optimisation solutions, suggesting an early-design approach including
dynamic energy and visual comfort simulations and adopting energy needs, comfort issues and cost
aspects as target variables. The approach can be correlated to some PREDYCE functionalities, suggesting
alternative development directions.

PRELUDE connection:

This thesis work investigates the parametric optimisation of design choices, aligning with the PREDYCE
sensitivity analysis scenario. The work is here based on existing Grasshopper-Rhinoceros plug-ins,
suggesting that dynamic simulation tools like the one co-developed in PRELUDE can be improved by
developing interfaces for existing coding CAD environments. Additionally, this educational experience
touches the climate change resilience domain, aligning also with this PRELUDE topic.
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3.3.v M.Arch thesis: Davide Mecca Cici, “Scenari di retrofit e cost-optimal / Retrofitting

scenarios and cost-optimal”, started A.Y. 2022-23, discussion planned A.Y. 2023-24

PRELUDE T9.5

| educational activities & citizen-scientist

Master Thesis 2022-24
Retrofitting scenarios and cost-optimal

Abstract

The project aims to develop a transdisciplinary workflow to improve the use of the PREDYCE dynamic energy simulation platform to perform retrofitting and cost-optimal analyses, including
new cost-correlated functions and defining a post-production pipeline. The proposed method will identify the most suitable retrofitting solullons for d]fferem climates, supporting energy and
cost-optimal scenarios considering massive retrofit options. Based on the development of extra PREDYCE cost ionalities and a post-simul; pp! , the defined workflow is tested on
existing building models, including the Italian PRELUDE demo building. Additionally, two different meteorological year EPWs are assumed to consider Lhmate change aspects, considering
historical Typical Metcorological Years and data monitoring in recent years (2022) from cloud-connected weather stalion facilitics. The workflow supplies feedback to end-users considering energy

PRELUDE

which is d

and comfort aspects together wﬂh economic data. Results show a high interest in the p d
Keywords: PRELUDE, R; g, cost-optimal, itivi

Methodology

The developed workflow is structured in two phases: i. the PREDYCE dynamic energy
simulation platform run, mpumng the proposed rctroﬁmng packagcs into the chosen building
model(s); ii. the data elat of the ieved d KPIs, including manual
elaborations via a spreadsheet defining the overall cost of each simulated package. Firstly,
relevant retrofitting interventions are identified considering cach IDF model's specific climate
and building characteristics, e.g., adding external insulation, replacing windows, adding

d to be suitable for supporting designers in early design choices.

ty analyses, building slmulatwn teclmologrcdl design, PREDYCE

Heatmap TPM 82.1 HVAC system ON

Heatmap TPM 82.1 HVAC system OFF
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Fig.3- Relofitting healmaps studying the impact of each action on PREDYCE retrieved KPs. (left) mechanically driven ™

building case, (right) free-running case. Each map is absed on about 14000 simulations.

Results
The PREDYCE platform provided about 14,000 simulations for each reference building and
scenario of use retricving massive KPI databases. Results arc obtained via the rescarch unit
server facility, including a synthetic multi-si ion CSV file and graphical KPI results for
each simulation. To elaborate on these data, a PREDYCE post-elaboration Python code
compares KPIs with correlated input variations using heatmaps to quantify the magnitude of
actions’ impacts —see Fig. 2.

PR 5 PayBack Period Variation
shading, increasing system efficiencies, or installing mechanical ventilation units (CMV). The energy demand during the winter period is the w0

Different options, e.g. insulation thickness, are defined for each intervention. The work is most influential component for the given climates, 0

based on PREDYCE, which is parametrically editing the various solutions on a building IDF both economically and in primary energy. = =

model to analyse a pool of thousands of simulations. Several retrofitting actions are combined Therefore, adding envelope thermal insulation | & =

to generate the different user-defined intervention packages and obtain oorrelaled bmldlng remains the solution with the highest impact on “

energy needs. The same building model is also simulated in fre energy efficiency. Nevertheless, the cooling o

deactivating the systems to evaluate Adaptive thermal Comfort conditions (ACM). demand triples when the recent AMY scenario is * & ¢ Ea & &

Concerning the weather files, a Turin Typical Meteorological Year (TMY) was generated from
Meteonorm. At the same time, an Actual Meteorological Year (AMY) was defined from
measured weather data (2022-23) - see Fig.1. The simulation workflow uses an additional
functionality that can combine IDF modification with correlated initial investment costs.
Costs are correlated to each action and intensity (e.g., thickness), considering the Piedmont
Regional cost database and company quotes. Via PREDYCE, the following KPIs are
provided: Energy signature, initial scenario costs, system energy needs, Fanger comfort
conditions with the system active, and the adaptive comfort model distribution for
free-running simulations.

Fig. 1 - Indoor free-running
simulated  temperatures
considering a  sample
retrofitting solution for
(left) the Turin TMY and

ity Rats 99501

Renovstien Acticrs

assumed (compared to TMY), increasing the
effect of cooling-correlated actions (shading and '
ventilative cooling). The economic analysis
conlirmed that the main cost-optimal packages are
adding thermal insulation and replacing the
lighting system with effective LED solutions.
Stll, it has also revealed how other
energy-effective actions, such as installing DMV
systems and window replacement, drastically
increase the total cost of the retrofit intervention,
negatively counterbalancing the positive effect on
cnergy needs

— ey —

Energy needs
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Fig. 4 -Variations in energy needs for different wal
insulation thicknesses.

{right) the measured AMY " Conclusions
‘rj:’:;;:;’ s;’g‘;z&mi’;”ﬁ X ‘The PREDYCE tool enabled massive si of retrofit pack g final energy

increase in  summer
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Secondly, the workflow post-elaborates the massive data provided by the tool to identify the
optimal economic and energy solutions. This step focuses on the economic evaluation of the
mechanical system scenarios. The user (designer), starting from the extrapolated outputs, will
derive the annual energy demand based on the efficiency of the systems (final energy) to

Iculate, via the d d dsh the operative yearly costs based on the energy
unitary costs per vector (e.g. elecmcny, natural gas) published by the energy national agency
ARERA. As a final step, a simplified discounted cash-flow analysis is carried out,
considering 20 years of operation, through which the overall cost is calculated and
cost-optimal retrofitting solutions are identified using the European Standard EN 15459:2007
methodology and according to the designer’s interpretation.

needs and retrofitting initial investment costs, further elaborated to include operational costs.
Resuming the specific outcomes, thermal insulation of the external envelope and heat
recovery are demonstrated, as expected, to be crucial for the analysed climate. Nevertheless,
recent years showed a significant increase in air conditioning demand, underlining the
growing imp of low-energy cooling ions. The parallel ic analysis provided
a comprehensive view of the practical impact of each retrofitting package on the building's
performance, identifying a proper balance between energy and monetary savings.
Cost optimal solutions can differ from en:rgy-opnmal ones because, for example, the high
Ilation and operating costs of mechani syeleme mcrease Ihe positive impact of passive
In ion, the work d d the ge of using such a
vcrsalllc and semi-automated simulation platform to obtain detailed calculations. A significant
li ion is the high requi in terms of’ ional efforts requiring a severe facility,
although optimisation algorithms and/or surrogate modelling may strongly reduce this issue.

The PRELUDE project - Prescient building Operation unllsmg RealTime dtafr Energy Dynamic Optimization - sims 0 s ad‘.anced innovative, smart, low-cost solutions supporting intelligent buildings and proactive optimisation services. Among the

others, the project pursues the munmnsnnon orenergy uses,
multi-year
solutions, following and

different PRELUDE ¢

action - TM mmhmgsmdemsatdxffmmschoolle\elsmdc\elopmgmd/or

tof comfort conditions supportin the maximisation of fre-running building polevmals PRELUDE includes
d facilities, includi d IoT sensoring

educational activities. The work involves the Regional educational division (Piedmont Region), part of the project advisory board. Additionally, activities afthe PRELUDE 19.5 nludes

an educational event series based on the organisafion of lectures‘conferences on smart building issues, climate-free-running building design. and operational solutions.
Keywords: PRELUDE, smart building, intellizent monitoring, 10T, DIY, digital twin, dynamic building simulation, climate design, building optimisation.
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Figure 15 - Poster: Retrofitting scenarios and cost-optimal (D.Mecca Cici)
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Fig. 3 - PayBack times of different renovation actions.
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Abstract:

The project aims to develop a transdisciplinary workflow to improve the use of the PREDYCE dynamic
energy simulation platform to perform retrofitting and cost-optimal analyses, including new cost-
correlated functions and defining a post-production pipeline. The proposed method will identify the most
suitable retrofitting solutions for different climates, supporting energy and cost-optimal scenarios
considering massive retrofit options. Based on the development of extra PREDYCE cost functionalities and
a post-simulation approach, the defined workflow is tested on existing building models, including the
Italian PRELUDE demo building. Additionally, two different meteorological year EPWs are assumed to
consider climate change aspects, considering historical Typical Meteorological Years and data monitoring
in recent years (2022) from cloud-connected weather station facilities. The workflow supplies feedback to
end-users considering energy and comfort aspects together with economic data. Results show a high
interest in the proposed approach, which is demonstrated to be suitable for supporting designers in early
design choices.

Keywords: PRELUDE, Retrofitting, cost-optimal, sensitivity analyses, building simulation, technological
design, PREDYCE

Objectives:

This project will demonstrate that the existing PREDYCE dynamic simulation platform can be adapted to
investigate optimal energy retrofit solutions from a technical and economic perspective. This work,
developed together with the POLITO research team, aims to define a preliminary workflow allowing the
use of advanced analysis to support designers, from early design stages, in the identification of the most
appropriate retrofitting package, including passive solutions, according to the climate zone and typical user
profiles, including cost analyses. The main objectives can be summarised as follows: i.) Define a workflow
to use the PREDYCE platform to identify retrofitting optimal solutions, including energy and technological
choices and cost-optimal values; ii.) Support the beta-integration in PREDYCE of a cost database, based on
the local, regional price catalogue, correlating IDF modification actions, e.g. “add wall insulation”; and iii.)
Test the workflow on calibrated building models assumed from ongoing projects, including the Turin
PRELUDE demo case.

Conclusions:

The PREDYCE tool enabled massive simulations of retrofit packages, analysing final energy needs and
retrofitting initial investment costs, further elaborated to include operational costs. Resuming the specific
outcomes, thermal insulation of the external envelope and heat recovery are demonstrated, as expected,
to be crucial for the analysed climate. Nevertheless, recent years showed a significant increase in air
conditioning demand, underlining the growing importance of low-energy cooling solutions. The parallel
economic analysis provided a comprehensive view of the practical impact of each retrofitting package on
the building's performance, identifying a proper balance between energy and monetary savings. Cost-
optimal solutions can differ from energy-optimal ones because, for example, mechanical systems' high
installation and operating costs increase the positive impact of passive solutions. In conclusion, the work
demonstrated the considerable advantage of using such a versatile and semi-automated simulation
platform to obtain detailed calculations. A significant limitation is the high requirements in terms of
computational efforts requiring a severe facility, although optimisation algorithms and/or surrogate
modelling may strongly reduce this issue.

PRELUDE connection:
This work is strongly supported by the research unit that prepared the massive simulation runs and
integrated the new database in a transdisciplinary vision. The activity is a beta test analysing the possibility
of adding cost-optimal functions inside the PREDYCE simulation library correlated with the sensitivity
scenario of use. Results focused on integrating some possible initial costs, although operative ones are
post-elaborate in Excel.

PRELUDE GA n° 958345 Page 46 of 101



PRELUDﬁ D9.7 - Educational activity report

3.3.vI Eng.group project: Andrea Avignone, Tommaso Carluccio, “Smart Building
PMV/PPD Monitoring Platform and Visual Interface”, A.Y. 2020-21

PRELUDE T9.5 | educational activities & citizen-scientist
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Interdisciplinary project 2021 - ICT4SS

Abstract®

Smart building issues are critical for current energy and comfort managing aspects in built environments. Nevertheless, the diffusion of smart monitoring solutions via user-friendly graphical
interfaces is still an ongoing issue subject to the need to diffuse a smart building culture and a low-cost series of solutions. This paper proposes a new low-cost IoT sensor network explollmg
Raspberry Pi and Arduino for I-time data and evaluating specific thermal comfort indicators (PMV and PPD). The overall archi was

the hardware setup, the back-end and the Android user interface. Eventually, three distinct pi ping pl: were deployed for initial testing of the general syslcm and we analysed the
obtained results for different building typologies and seasonal periods, based on collected dala and users’ preferences This work is part of a large educational and citizen science activity.
Keywords: PRELUDE, thermal comfort; PMV; IoT; mobile app; remote monitoring; citizen science

Ile. s v e

Scroenshots of the developed application

“The user kit is composed of a central HUB, in charge of contacting the server, and one or more devices associated with the
HUB. Each device represents a new room of the existing platform, allowing the user to have a hicrarchical organisation for
each building. The central HUB is organised as a simple REST-based API exposed within the local network. A unique
platform ID is associated with each HUB (e.g., ‘MP-A00013") to
support the server communication. When the device is powered
on, it discovers the local central HUB and automatically performs
the association, contacting the server. Three different types of
notifications are currently implemented: i.)Feedback reminder RV
live), the user periodis ides the actual feeling about
the thermal comfort. ii.) Association performed. It is used to
the user of the corre tallation of a new platform or room. iii.
Alerting. If the PMV is outside the suggested range, the system

wams the user about discomfort conditions. /1] — L

Methodol Results ———

ethodo ogy St P The first platform we tested (ID: MP-A00003) collected data  Simple view of one of the three Grafana dashboards
The proposed system is composed of three constantly for about five months in a residential house in Nichelino
main actors: e (Turin) from March to mid-July 2021. Standard vs perceived (feedback) comfort
@) lv-he back-end with the related software LA Results in the extended comfort zone are remarkable,
'mp;."e‘?'::m " 3 ie., 62.16% vs. 56.73%. Similar values were also
(ii.) the hardware platform, a = retrieved for “cool” conditions, although the 2.88%

(iii) the graphical interface (Android

=0 of“warm" feedback highlights that it is not possible
@00 to exactly predict all user feelings. Over the whole
= o period, the user was estimated to experience slightly

cool conditions on average, with an average PMV

application) devoted to end-users.
The following technical requirements are
mumed during the system definition:

§§

Overview of the developed system rer araghcs et

:"“:::im ;f the core element of the developed platform (a) PMV and (b) feedbacks retrieved over the whole period equal to ~0.865 and an average PPD of 25.1%.
- a server (a Raspberry Pid for this sample); o] | Evolution of the PMV
(iv.) public API support; and - a python environment incuding a Cherry framework; B The picture supports the analysis of
(v) automatising and plug and play. - Ngrok (pro-plan) for tunnelling; | potential trends following & 24h approach.
= - Influx DB (time-series database); Espemlly for March, it is possible to
sameen - Graphana for the dashboard; Eost reasonsble _ increase in
Monsoeeg snd o s wamiog Messages | - Monitoring node based on Raspberry Pi and Arduino s} 1‘ d'mmfoﬂ d"rms“w night but the thermal
UNO plus sensors. 1o} T comfort returns within the suggested range
The work adopts a micro-ervices approsch, supporting | | when approaching midday—=£0.5 PMV,
- —— | i commniaio Hru;P poning AP ertaces T TR R e e lon ol ke of N 1758-12019.
0 process requests. The chosen intern Platform comparison
e, Messgo st | | Pieme e | protocolsare HTTP and MQTT. ""‘"“ ""’""‘"’ PMV distriution over te day—March Apriland My . The two phlgo‘:l\s had significantly
Moitpdsiat “ TSl different behaviours. However, both
Android Studio environment in orde to have a complecly | . demonstrated the ability 1o react o
| web-based user interface. application _retrieves |1 stimuli, showing an increase in thermal
23 information by the server to minimise disk memory usage ¢ .| st comfort values when days started to be
- | and retrieve real-time upgrading. ' | ol warmer. The user associated with
— et = The platform kit is composed of: (i) a Raspberry Pi 3B+, = =% platform  MP-A00013 showed ~less
comgtuions T | which is i charge to communicate with the server, (i) an | | tolerance for cold environments,
\ /. Arduino One R3 board, which is used as an analogue of a L LI = preferring warmer clothing. Warmer
< digital converte, (i) a breadboard 1o which (iv) al the : < oy Saye Jadiced. wacs to adopt. EiTwewet
e sensors and (v.) the display is attached. Daily distribution of PMV for MP-A00003 and MP-A00013, and T, "r-'es_iﬂdi"‘ s of destivion, 53
- underlined also in the 3 station tests.
= e s | Conclusions
Vi Osta

- Despite the educational purpose of the project, the proposed architecture is able to guarantee the system’s flexibility and
‘modularity, ensuring the possibility of casily including new functionalities even at run-time.

- The overall cost of the system is notably low including cheap but accurate sensors (i.c., air velocity and a globe
thermometer), allowing one to retrieve PMV/PPD and Top. The system may be easily reproduced and upgraded.

- The final product is user-friendly, in terms of both setup and user interface. Users are supported by alert messages with
coherent tips with the actual conditions, an accurate dashboard to meet different users’ needs, external weather conditions
and the possibility o customise and manage the installed platform via an application.

Additionally, the following aspects will be of primary interest for future expansions:

- The subjectivity of thermal comfort is a crucial aspect. This aspect needs to be explored deeper in future works by also
including prediction capabilities and supporting machine learning techniques to support personalised suggestions.

- The automation of the system should always be strictly related to the final purpose. Extra developments arc suggested to
increase alert types and actions, to eventually include proactive optimisation.

For testing the developed system in operation, the three - Data analysis provides important insights concerning the thermal conditions of different buildings. It may underline both

mentioned monitoring platforms are given to three different individual preferences and building consiruction types. This aspect could be important also in terms of developing

voluntary users. i ) ¢ driven ions, i.¢., HVAC scheduling.
Breadboard view of the proposed hardware kit

The developed layer structure of the system software, with the
«corresponding main functionalities.

Hardware kits includes probes for detecting air temperature
(DS18B20), RH% (DHT22), globe temperature (self-bult
based on a MAX6675 thermocouple and a tennis table ball
painted with a know RAL grey), and air velocity (Rev.C). he
wind sensor Rev-c required an initial calibration to set the
proper zero value. The last component of the hardware kit is
an OLED display.

‘The PRELUDE project - Prescient building Openllun wilising Real-Time data for Encrgy Dynanuc Optimizaton - aims 0 supportavanced nnovative, st ow-<ost solutions supportingint Idings and proactive optimisation services. Among the

others,the project pursucs the mini the balance, and the i 8 building potentials. PRELUDE includes
ive mul -; ds | and citi; tion - T9.5 - involvi d Is in devel i facilities, including d¢ 10T sensoring
solutions, foll d disseminating different PRELUDE topics during educational activities. The work mvolveuhe Regional educational a-mm(r.mom Region), pan of the project advisory board. Addlmmlly.aclxvme: of the PRELUDE T9.5 includes

an educational event scrics based on the organisation of lectures/conferences on smart building issues, climate-frec-running building design, and operational solutio
Keywords: PRELUDE, smart building, intelligent monitoring, oT, DIY, digital twin, dynamic building simulation, climate design, building optimisation.

This project has receivedsfiinding from the European Union’s:Horizon 2020 research and innovation 9.5 info and contact:
progfamme under<Grant Agreement N* 958345 gilacomo.chiesa@polito.it

{i'l‘,"; prelude-project.eéu , @PreludeEa in prelude-project

Figure 16 - Poster: Smart Building PMV,/PPD Monitoring Platform and Visual Interface (A.Avignone, T.Carluccio)
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Abstract:

Smart building issues are critical for current energy and comfort managing aspects in built environments.
Nevertheless, the diffusion of smart monitoring solutions via user-friendly graphical interfaces is still an
ongoing issue subject to the need to diffuse a smart building culture and a low-cost series of solutions.
This paper proposes a new low-cost IoT sensor network, exploiting Raspberry Pi and Arduino platforms for
collecting real-time data and evaluating specific thermal comfort indicators (PMV and PPD). The overall
architecture was accordingly designed, including the hardware setup, the back end

and the Android user interface. Three distinct prototyping platforms were deployed for initial testing of
the general system, and the obtained results were analysed for different building typologies and seasonal
periods.

Keywords: PRELUDE, thermal comfort: PMV, IoT; mobile app,; remote monitoring, citizen science

Objectives:

This study's main objective was to develop a beta version of a new smart building monitoring platform that
can collect indoor comfort data (Fanger model) and make them accessible to a user via a server facility.
This work is part of an extensive research-based educational activity (PRELUDE T9.5), and the proposed
system is expected to be implemented during the subsequent project phases to develop an IoT monitoring
network based on pre-assembled nodes. The following specific objectives are defined in this particular
project: i.) To develop the beta-version of a smart platform based on a sensor network for monitoring
thermal comfort (PMV/PPD) in building spaces. The platform is required to be low-cost compared to
professional equipment. Compared to existing comparable home monitoring systems, the measured values
are more significant, including air velocity and mean radiant temperature, and the system allows the
calculation of the PMV/PPD thermal comfort indices in line with ISO 7730 and EN 16798-1; ii.) To develop
a system suitable for addressing different end-user profiles, including a mobile application for data
visualisation and collecting end-user feedback; and iii.) To detail the making of a low-cost IoT monitoring
device detailing different phases, i.e, research design, method, monitoring solutions and initial result
interpretations supporting didactical activities.

Conclusions:

The proposed architecture can guarantee the system’s flexibility and modularity, ensuring the possibility of
easily including new functionalities even at run-time. The overall cost of the system is notably low, including
cheap but accurate sensors (i.e., air velocity and a globe thermometer) that allow one to retrieve PMV/PPD
and Top. The system may be easily reproduced and upgraded. The final product is user-friendly in terms
of both setup and user interface. Users are supported by alert messages with coherent tips about the actual
conditions, an accurate dashboard to meet different users’ needs, external weather conditions, and the
possibility to customise and manage the installed platform via an application. The following aspects will be
of primary interest for future expansions: i.) the subjectivity of thermal comfort is a crucial aspect. This
aspect needs to be explored deeper in future works by also including prediction capabilities and machine
learning techniques to support personalised suggestions; ii.) the automation of the system should always
be strictly related to the final purpose; iii.) data analysis provides important insights concerning the thermal
conditions of different buildings. It may underline both individual preferences and building construction
types. This aspect could also be important in terms of developing personalised machine-learning-driven
suggestions, i.e, HVAC scheduling.

PRELUDE connection:

The work correlates with the citizen science IEQ and IAQ monitoring actions of T9.5 and the PRELUDE
interest in building monitoring and end-user informing via GUIs.

A post-elaboration of the obtained results was also published in a journal paper: G.Chiesa, A.Avignone,
T.Carluccio (2022) A Low-Cost Monitoring Platform and Visual Interface to Analyse Thermal Comfort in
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Figure 17 - Poster: Mobile User-Occupancy App for Building Smart Management (T.Song, D.Wang, Z.Zhao)

PRELUDE

App for Building Smart Management”, A.Y. 2021-22

PRELUDE T9.5 | educational activities & citizen-scientist

§ Poltesnico
Torino

Interdisciplinary project 2022 - ICT4S§

Mobile User-OccupancyApp for Building Smart Management

Abstract

In order to reduce the energy ion, the optimi: of smart buildings is essential, which is based on personalized occupant’s profiles. In this project, we have developed a
mobile application to detect user’s presence and generate the user occupancy profile accordingly to feed the smart building management. Furthermore, our system allows to perform visualization
as well as simulation through a graphical user interface (GUI). At last, to identify the performance of our system and verify the impact of occupancy, we derive and compare four experimental
results, using a simple cube-like building as a case study.

Keywords: PRELUDE, detection, building scheduling, building optimis smart building, mobile app

Background

Smart buildxng\ include the development of management and forecasting solutions 10 support operational optimisation,
nocds. ibility of defining prafiles

or schedules to mansge intelligent building simulations and control strtegics in 2 more precise and focused way avoiding

supporting optimisations and suggestions for standard user profiles. Occupancy schedules are complex to be and

optimisated,and the proposed system focuses on this topic.

Results

(=}

Core functions of the application
We have developed an Android mobile application
using Android Studio with the programming
language of Kotlin - scc the application screenshots
and functions, The user is able to login by creating

count or by using the Google login. The
Methodology an accoun *Goorl

upplication enables. the mobile device (Android
“The system is composed by three main technical parts: mobile application development, data processing and simulation :;phm bl p‘;m,:n prpind minga:lstnm
interface. The whole system can be cansidered s 3 subsystem of the smact building management and an elaboration of the

S T4 Sl oy 1o continuously deteet the user's presciice during a
e application focusing on occupsicy data. s | i 4
The sysiem architecture i inchudes: kowp peuiod In et by yed Lo

- the mobill app: responsible for the detcction of user ey | System architecture Scceaakis oFtbs ipplioatioa
presence and raw data uplonding. It provides three l s
detection methods. B ey
- the backend is running on the cloud or a remote server o e Cloud {Aibdows sesons onde | o =T, e
o perform the deta &> . Ao serupaey ot | e pa i |
processing 1o derive the building occupancy profile . I o ——
based. it will also deal with all the other funcrions like o musezsnen | L Lona e |
di oo, pp petocmines decion g e S
- the frontend is implemented as @ graphical user ol T ] Snegy b o) o
interfuce (GUT) to allow the users to download and T b e e T e i o o
visualize occupancy profiles, generate pseudo data and The fimetion architocture of GUI
perform simulation together with the  simulation
vare. e whole frontend is realized by the GUI controlled by the data user logether with

- Data producer {c.g. tenants or end-uscrs) and Data user (c.g. building managers) the integration of & simulation tool, EnergyPlus. The GUI is developed using the

“loud messaging vin app notifications to users (restart cte.) programming language of python with package PySimpleGUL ‘The GUI also
-EnergyPlus is used as energy simulation engine via and is integrated in the front-end to perform simulations with standard provides some extra functions like pseudo data generation. For testing purposes, a
and mobile-elaborated user profiles shoebox model has been used 1o verily the GUI functionalities with good results.
- The smart building management represent both the hackbone and the objective of the system. Te will react based on the
information gathered from the occupancy profiles derived by the frontend and the results outputted by the simulation. Sample oceupancy profiles claborated on the base of the long test detected data are

shown here below. It s intesrosting to oz the high potential differences between  GUI for EnergyPius simulations
standard and occupation-based data.

The proposed approach includes a
wmobile upp with three oceupancy
detection methodalogies and &
GUI  allowing  elaborated
scheduliog profiles o support
building energy simulations and,
eventually, BMS functionalities.
The performed tests show how all
theee detection approaches can
help properly detect user presence,
even if aulomatic ones ensure
long-term  applicability
continuous

ions. Nevertheless,
ou ot i1e Boodad
guarantee e backend
functionalities in the long run to
prevent tool blocks. Results show
how customised proiles may
enormously differ from standard
ones, allowing for better detect

Presence detection is based on three mothods:
1. WIFi based method. The smart phone with WiFi bascd method on will continuously chock the current WiFi conncction
and compare with the predefined WiFi configurations of the target building, Consequently, if it cutputs a matched result. the
device is connecting lo the WiFi router in the target building and thus, the user is considered present. Specifically, the App
will firstly make comparison of BSSID and then refer o SSID, and if both of them fail the comparison, the user will be
cansidered as not present.
Positioning based methiod., The basic logic behind them is comparing the current location (latirade and longitude) of the
vice with the location of the target building and considering the user 1o be present if the distance in becween is within
certain range. We have implemenied wo diflerent approaches:
21 besed method i g2 of the. exploit the
{85 et dovios a0 compiee th Tosutions of e s target buling [ has the edvainges of belag vesatls sioee
almost every smart phoac nowadays has the location service which doesn't need any further hardware and supports.
However, it may have the privacy issues and be aot favoured by some people. On top of that, continuous location updating.
requires a large amount of battery consumption.
2.2 Geofencing is un Android API that enable to define and generate perimeters, also referred 1o & geofences, which
surround the areas of the target building. It is able to deteet the the “enter” and “exit™ actions of the smart phone with
respect to the target area. It s energy fiendly since it elis on the ocation updates from other sources (App). ke Google
‘map, bus Geofencing won't work If the user seldom use | d may lead to i upancy peotile.
3. Manual method Being oppasite o previous two metheds, manual method is an active way that requires the interactions.
between user and smart phone. The logic is simply that the user record the "in" action by clicking the bution ar the shoricut
whenever cntering the target building and the “out” action whenver lcaving the target building. It totally retics on the habits
of users, which means it would be a disaster if the user forgets to da it.
Considering WiFi based method and the pure positioning based method, both need 1o work in the background for a long
periad requiring solutions (o gusrantee the quality and improve the performance of such service. We have implemented 4
passive way and an active way. The passive way bases on WorkManager. Particularly for positioning based methad, beside wser presence and consequently
the usage of WorkManager, we still come up with a solution named forcground service to solve the privacy issve. We have improving  user  comfort
implemented pushed notifications as the active way. The pushed notifications are realized through the Firebase cloud i optimisation and building energy
messaging service. Androi not stop WorkManager but can suspend the work. Android has a so-called Doze mode which . . “ need  identifications.  Further

s s m
will not respond to any services. Therefore, it i impossible o distinguish the duration for around 1.5 hour between Daze . ey Studies are suggested.
mode and actual going out. Specific filters have been implemented to retrieved data. Rtaod diS Kok G UL visw i ool
T FRELUDE poject - Prscieatbikling Operaion ulising ReslTim dt for Eersy Dynacc Optiizon s 1 support advansed innoive, st lowost oo supprtin nelges bl ogsand proscive op services. Among the
: ot bl 2k dibe tofcomrt i i g building p 5. PRELUDE includes
d citizen-scientistaction - T9.5 - involvi s ;i acil ToT semsor

solutions, 1ollm~mg and disscminating diffrent PRELUDE topics during cducational ctivitos. The work involves the Rogional educational division (ledmont Reglon), part of the project v isary oard. Additionally, activitics of the PRELUDE '19.5 includes
an educational event series based on the organisation of lectures‘conferences on smart building issues, climate-free-running building design, and operational solutions.
Keywords: PRELUDE, smart building, inteliigeat monitoring. 10T, DIY. digital twin, dynamic building simulatioa, climate desiga, building optimisation.
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Abstract:

In order to reduce energy consumption, the optimised management of intelligent buildings based on
personalised occupant profiles is essential. In this project, we have developed a mobile application to detect
the user’s presence and generate the user occupancy profile accordingly to feed the intelligent building
management. Furthermore, our system allows visualisation and simulation through a graphical user
interface (GUI). Finally, to identify the performance of our system and verify the impact of occupancy, we
derive and compare four experimental results using a simple cube-like building as a case study.
Keywords: PRELUDE, occupancy detection, building scheduling, building optimisation, smart building,
mobile app

Objectives:

Building occupancy considerably impacts simulation results, although quickly adapting user profiles to
specific end-user behaviours is still an open issue. This work investigates the possibility of efficiently
extracting user profiles via mobile apps and automatically feeding a simulation pipeline. The proposed
approach can be adopted for short-term investigations, supporting model calibration periods, or long-
term analyses, defining typical adapted behaviours helping the optimisation of intelligent control solutions.
The main objectives pursued in this paper are:

- to develop an Android mobile application able to detect people’s presence in target buildings and
collect data based on different detecting methodologies;

- to develop a tool that can elaborate personalised actual presence conditions and aggregate
occupants’ information into building occupancy profiles;

- to develop a device/interface able to transform occupancy profiles into simulation-ready inputs to
feed an existing building energy dynamic simulation tool — i.e. EnergyPlus — to adapt standard
conditions to adapted ones in simulations, nearing the model to actual conditions. The data may
also be potentially sent to intelligent building management systems.

Conclusions:

The proposed approach includes a mobile app with three occupancy detection methodologies and a GUI
allowing elaborated scheduling profiles to support building energy simulations and, eventually, BMS
functionalities. The performed tests show how all three detection approaches can help properly detect user
presence, even if automatic ones ensure better long-term applicability, avoiding continuous user
activations. Nevertheless, additional efforts are needed to guarantee the backend functionalities in the long
run to prevent tool blocks. Results show how customised profiles may enormously differ from standard
ones, allowing for better detect user presence and consequently improving user comfort optimisation and
building energy need identifications. Further studies are suggested.

PRELUDE connection:

Customised occupancy profiling is a PRELUDE-correlated topic, considering works in WP3 and the
technologies supported by other partners (e.g., FB). This educational project acts as an early test activity
looking at extracting customised occupancy profiles from different measurement solutions based on the
development of a mobile app. Profiles are furthermore generated and elaborated to extract statistically
aggregated weekly schedules. In order to correlate this action to the PRELUDE building simulation flow, an
EnergyPlus simplified interface was produced (PREDYCE compatible) to compare the effect of the use of
real, aggregated, and standard (i.e. EN 16798-1) schedules on building KPIs, supporting future potential
expansions to high real-time alignments of digital twin models. The results are interesting, and we expect
to expand this research point.
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3.3.vill Eng.group project: Davide Montrucchio, Giuseppe Antonio Patarino, Dario Ruta,
“Multi Comfort Citizencience Platform”, A.Y. 2022-23

PRELUDE T9.5 | educational activities & citizen-scientist
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Interdisciplinary project 2023 - ICT4SS
Multi Comfort Citizenscience Platform

Abstract

This project proposal is part of PRELUDE T9.5 citizen science and education activities. The aims of this project is to develop communication and cloud storage solutions for multi comfort
10T sensor kits distributed in several Picdmont buildings. Kits will measure different comfort variables in confined spaces (thermal comfort both for mechanical and free running buildings IAQ.
isual comfort and/or acoustic comfort). Kits are expected based on Arduino using local Wi Fi for data transmission. The platform is developed based on the concepts that nodes may be
independent (single node + Wi-Fi communication) able to shared data through the service created using data format and protocols already well-known. The solution involves a server facility that
can collect and manage data from nodes, store it in a database, and display it through a web application. A micro services architecture was developed to make the platform more flexible
and adaptable to better fit the next phases of the PRELUDE project.
Keywords: PRELUDE, smart building. IoT monitoring, multi-comfort, microservices architecture

Background

“The web application must easily and effectively allow interaction with the data sent by the kits and stored in the respective
database. The platform must allow individual metrics and processed data to be visualized in KPT indices of & home s comfort
such as PPD, PMYV, and Adaptive Comfort. Air quality indications are also provided by apgregating information of
humidity, wind specd, co2 and pm10 and a corresponding visual output both in the dashboard and on the songolo kit through
a status LED.
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Methodology
The web application is the access point of the platform and is fully
customized without relying on third-party software but programmed
following the HTML, CSS. Javascript paradigm. It is a dynamic, login
equipped web app capable of interfacing with the cloud software and
database being deployed on the Turin Polytechnic s servers. The platform
provides full access 1o all data that the individual user possesses, allowing
monitoring of both raw data (e, temperature and humidity) and
processed data and on calculated comforts (e.g., TAQ, PMV), The cloud 1
plmfmm is entirely de\eloped in Pylhon adopting mxcmser\'lces U U I "
0 meet the and The i
software guarantees the management of errors coming from the physical kits
and the correct redirection of data in a structured way on an influxDB
database to make them available 1o the monitoring graphical interface.
The electronic kit is developed with an Arduino board equipped with a WiFi
module 1o send data vin the MQTT protocol and by design choice the
platform is independent from the chosen hardware both for the sensors and
the microcontroller. To make the platform work correctly it is necessary and
sufficient to send data to the same topic through the MQTT protocol by
commecting to the same broker.

The PRELUDE project - Prescient building Operation utilising Real-Time dnm for Energy Dynamic Optimization - aims to support advanced innovative, smart, low-cost solutions supporting intelligent buildings and proact
athers, the project pursucs the minimisation of energy uses, the i If ion and bl balance, and the t of comfort conditons supporting the maxiimisation o freeruming bulldmg potentials. mu;n.uuu includes
an extensive multi-year educationsal and ciizen-scientist action - T9.5 - mmlwng students at difTerent school levels in d andior testing sis s and facilities, including developing apps. web services and 10T sensaring
solutions, following and different PRELUDE during educational activities. The work involves the Regional educational d.m.on(medmunmcg.mm.pm of the project advisory board. Additionally, activities of the PRELUDE 9.5 includes
un educalional event series based on the anganisation of leclures/conferences on smart building issues, climate-free-running building design, and operational solutions.

Keywords: PRELUDE, smart building. intelligent monitoring, lo; DIY, digital twin, dynamic building simulation, climate design, building optimisation.

Results

After testing the correctness of the measurements sampled from the kit by comparing them to professional sensors, the
validity of the messages sent by the Arduino board was verified using MQTT via wifi in a local test environment, Onee the
local board test is succeed the cloud software was tested by presenting it with missing or wrong data as input so as to study
its behavior and verify its fault tolerant propertics: in conclusion the platform is able to run cven if there are services in
‘maintenance and so matching the micro services requirement for the project. The platform is responsible even for writing
data in the database that is the layer through which the GUI retrieve data. The dashboard also proves to be resilient and able
1o effectively manage logins and information retrieve to collect and display both raw and processed data taken from each kit.

Conclusions and Future Works

The platform as a whale has praven ta be solid and capsble of handling even large workloads correctly, The possibility of
the final user to be able to add kits and have a single access point for monitoring the collected data makes the software
scalable and highly i The main problems reside in the choice of the MQTT server and a non solid
internet connection. For future uses, it is recommended to create the electronic kit with higher quality sensors and with more
reliable microcontrollers with higher enhanced hardware performance in order to reduce the difference between the
measurements taken in the field and bring them closer to those caplured by profiessional sensors.

o,

This project has receiveddfiinding from the European Union’s:Horizon 2020 rescarch and innovatio T9.5 info and contacts:

progfamme underGrant Agreement N 958345 giacomo.chiesa@polito.it
s .
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Figure 18 - Poster: Multi Comfort Citizenscience Platform (D.Montruccio, G.A.Patarino, D.Ruta)
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Abstract:

This project proposal is part of PRELUDE T9.5 citizen science and education activities. This project aims to
develop communication and cloud storage solutions for multi-comfort IoT sensor kits distributed in several
Piedmont buildings. Kits will measure different comfort variables in confined spaces (thermal comfort for
mechanical and free-running buildings, including IAQ, visual comfort, and/or acoustic comfort). Kits are
expected to be based on Arduino and use local Wi-Fi for data transmission. The platform is developed
based on the concept that nodes may be independent (single node + Wi-Fi communication) and able to
share data through the service created using data format and protocols already well-known. The solution
involves a server facility that collects and manages data from nodes, stores it in a database, and displays it
through a web application. A microservices architecture was developed to make the platform more flexible
and adaptable to fit the subsequent phases of the PRELUDE project.

Keywords: PRELUDE, smart building, IoT monitoring, multi-comfort microservices architecture

Objectives:

The overall architecture must be able to manage and distinguish data from different electronic kits,
ensuring the attributes of availability, scalability, fault tolerance and disruption to achieve a resilient
microservices platform capable of handling large amounts of data and issue management, alerting and
monitoring. The proposed electronic kit aims to be an effective and low-cost solution capable of interfacing
with the platform and sending messages via Wi-Fi containing the different measurements taken in the
place of installation. As an added value of the platform, the cloud must be transparent to the chosen
hardware, thus ensuring complete customisation for future developments with custom kits and sensors
other than those selected.

Results and Conclusions:

Concerning results, the correctness of the measurements sampled from the kit was tested by comparing
them to professional sensors. The validity of the messages sent by the Arduino board was verified using
MQTT via Wi-Fi in a local test environment. Once the local board test succeeded, the cloud software was
tested by presenting missing or wrong data as input to study its behaviour and verify its fault-tolerant
properties. In conclusion, the platform can run even if there are maintenance services, so it matches the
microservices requirement for the project. The platform is even responsible for writing data in the database,
the layer through which the GUI retrieves data. The dashboard is resilient and can effectively manage logins
and information retrieval to collect and display raw and processed data from each kit.

In conclusion, the platform has proven to be solid and capable of handling even large workloads correctly.
The possibility of the final user being able to add kits and have a single access point for monitoring the
collected data makes the software scalable and highly customisable. The main problems encountered were
choosing the MQTT server and the non-solid internet connection. For future uses, it is recommended that
the electronic kit be created with higher quality sensors and more reliable microcontrollers with higher
enhanced hardware performance in order to reduce the difference between the measurements taken in
the field and bring them closer to those captured by professional sensors.

PRELUDE connection:

Real-time building performance measurements and restitution to end-users of data via GUIs are part of
the PRELUDE main activities. This educational project aims to face this topic with a parallel exercise,
developing a low-cost multi-comfort IoT measuring kit connected with a web interface to show building
KPIs aligned with the PRELUDE comfort ones (see, for example, the PREDYCE KPI list). Selected KPIs cover
the thermal (Fanger and adaptive thermal comfort models), visual, acoustic and air quality comfort
domains.

PRELUDE GA n° 958345 Page 52 of 101



D9.7 - Educational activity report

011

PRELUD

3.3.IX

00110

Eng.group project: Matteo Bogoni, Andrea Corino, Luca De Matteis, Giacomo Sarvia,
"Weather sensoring cloud-connected kit”, A.Y. 2022-23

PRELUDE T9.5 | educational activities & citizen-scientist

Inferdisciplinary project 2023 - ICT4SS
Weather sensoring cloud=connected Kit

Abstract

This work is part of the PRELUDE T9.5 citizen science and education activities. The project aims to build an affordable weather station that bines hard: sensors, softy data processing,
cloud storage, and a graphical user interface (GUI) application. The station will provide meteorological data accessible to a wide range of users and more specifically, Lo experts in the energy
building sector. The hardware includes carefully selected sensors for sensing temperature, humidity, wind speed, and solar irradiation. The software processes the sensor data in real-time, and a
cloud infrastructure securely stores the collected data. The GUT application offers an intuilive interface to display current weather conditions and historical trends. This integrated system will enable
individuals and communitics to access accurate, up-to-date wcalhcr information for informed decision-making.

Code available at: https://github.com/demalu/WeatherStation.
Keywords: PRELUDE. smart building. real-time weather. meteorological station, digital twin, cloudiness. cloud data

Background

Nowadays, the growing need to cope with cli benefit from its causes, magnitude and extent.

Thus, weather monitoring can act as & weapon (o register climate events and their consequences on human life, inspecting
comfort i how much urban life is affected. Moreover, daily life is contained within the walls

of offices or houses, making it relevant to understand the relationship between weather and building energy consumption

through Energy Simulations.

Results

A comparison between our station and a professional one, installed on
the PoliTO rooflop and manitoring the same microclimate, has been
conducted. As shown in Figure 2, the station has proven reliable for
most of the measured data, although, some sensors have proven to be
less precise when compared 1o the other station (Figure 3). Mareover,
the collected data has proven to be also suitable for building a

Methodology

‘The weather sensoring kit comprises an Arduino and a Raspherry. Tt retrieves data from the sensors, while images of the sky.
are obtained through a camera and then sent to the Olgyay server. Here is p the data cleaning by relying on a Kalman filter,
and the KPIs are computed with the cleaned data. Then, all the valucs are stored inside the InfluxDB database, chosen for its
time-series approach. Instead, the images are stored locally in Olgyay snd sent o the HPC Polito server, where they are
processed through machine learning algorithms to retrieve the percentage of cloud coverage. The results are retuned to the

psychrometric chart (Figure 4) and calculate different bioclimatic and
environmental KPIs, inleuding some autdoor comforl  indices.
Additionally, monitored data are hourly filtered to suppor the automatic
production of an upgraded EPW file by exploiting the PREDYCE EPW
compiler tool connection. Furthermore, the monitored data allows for
real-time EnergyPlus simulation runs. Finally, thanks to the machine

Fig. 2 - Global Horizontal Irradiation data
comparison between the developed kit and
the professional PRELUDE meteostation

learning calculation of the cloudiness indice, different direct-diffuse

Olgyay server and stored in the database. Finally, all the information is sent to the mobile application, where it can be easily

Wi sed

visualised. Morcover, third parties can dircetly access the data stored in the database to perform building energy simulations. splitting equations are also under comparison. .
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In conclusion, the project has successfully achieved its goal of developing an economical yet efficient weather station capable of providing reliable results. The comparison between the data collected by the designed station and the professional one has ensured
its accuracy and eliabilty. A buiding manager can ulis this wetber station a it snables hom to aceess and usethis data to save encrey,safoguardthe environment, and reduce costs The teting connection with encreysimulations and outdoor comfort KFPIs

as alsa reached relisble . such as ile learning approsh ta compute the cloudiness in respect to the daily image collection based an the 360° fisheye lens mounted on the Raspberry Pi camera. Implementing this cost-eflective weather
station provides accurate weather data and offersa practical solution for sustainable resource management making it an atuactive option for businesses and individuals seeking to support smart building real-time optimisations.

the developed kit the PRELUDE pro.

meteorological station

Collection of pictures taken during the station hardware development

The PRELUDF, project - Prescient building Operation utilsing Real-Time data for Fnergy I'))mnnu, Ophml/umm aims to support sdvanced innovative, smart, low-cost solutions supporting intelligent buildings and proactive optimisation services. Among the
others, the pr(uecl pursues the minimisation of energy uses, the maxi ofs b balance, and the i tof comfort conditions supporting the maximisation of free-running Imlldmg potentials. PRELUDE includes

lti-y and acion- 19,5 - nvolving srdonts st Aifferent schonl levels in devel or testing i nd monitoring ud nsoring
solutions, mnumm and disseminating difTerent PRELUDE topics during educational activities. The work involves the Regional educational division (Piedmont Region), part of the project ml\m»r) Soird Additionally, ot ol the PRET DR 'ro S includes
an educational event series based on the organisation of lecturesiconferences on smart building issues, climate-free-running building design, and operational solutions.

Keywords: PRELUDE, smart building. intelligent monitoring, loT. DIY. digital twin, dynamic building simulation, climate design, building optimisation.

19.5 info and contacts
giacomo.chiesa@polito.it
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Figure 19 - Poster: Weather Sensoring Cloud-Connected Kit (M.Bogoni, A.Corino, L.De Matteis, G.Sarvia)
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Abstract:

This work is part of the PRELUDE T9.5 citizen science and education activities. The project aims to build an
affordable weather station that combines hardware sensors, software data processing, cloud storage, and
a graphical user interface (GUI) application. The station will provide meteorological data accessible to a
wide range of users and, more specifically, to experts in the energy building sector. The hardware includes
carefully selected sensors for sensing temperature, humidity, wind speed, and solar irradiation. The
software processes the sensor data in real-time, and a cloud infrastructure securely stores the collected
data. The GUI application offers an intuitive interface to display current weather conditions and historical
trends. This integrated system will enable individuals and communities to access accurate, up-to-date
weather information for informed decision-making.

Keywords: PRELUDE, smart building, real-time weather, meteorological station, digital twin, cloudiness,
cloud data

Objectives:

Since weather monitoring is crucial for many aspects, like supporting real-time building analyses, the
system aims to be a low-cost cloud-connected portable weather monitoring kit, making the collected data
available in real time. Moreover, the collected data must be stored and cleaned to allow the computation
of several KPIs to be as precise as possible. Also, a smartphone application has been developed to enable
user-friendly data visualisation. An ideal system user can use the data directly to feed building simulations
and study the impact of the local microclimate without using tools that are usually prohibitive due to their
high cost.

Conclusions:

In conclusion, the project has successfully achieved its goal of developing an economical yet efficient
weather station capable of providing reliable results. The comparison between the data collected by the
designed station and the professional one has ensured its accuracy and reliability. A building manager can
utilise this weather station as it enables them to access and use this data to save energy, safeguard the
environment, and reduce costs. The testing connection with energy simulations and outdoor comfort KPIs
has also reached reliable and effective results, such as the machine learning approach to compute the
cloudiness with respect to the daily image collection based on the 360° fisheye lens mounted on the
Raspberry Pi camera. Implementing this cost-effective weather station provides accurate weather data. It
offers a practical solution for sustainable resource management, making it an attractive option for
businesses and individuals seeking to support smart building and real-time optimisations.

PRELUDE connection:

Using real-time weather data to feed building digital twin models and to inform/suggest user/BMS control
actions is part of the PRELUDE activities — see for example the 24h forecasting scenario of the PREDYCE
platform. The need for near-weather station data is essential to guarantee the correct implementation of
control operational logic and to manage building simulations using current weather and site-correlated
typical conditions by elaborating long series of measured data. Developing low-cost solutions with high-
reliability sensors is also significant, as current solutions are expensive or lack specific sensors to feed all
the required variables to feed a building's dynamic simulation.
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Stefano Viccari, “FRYZZY - Free-Running and Hybrid Building Comfort Optimisation

via Fuzzy Logic Alerting”, A.Y. 2023-24
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Interdisciplinary project 2023-24 - ICT4SS

ree-Running andhYbrid building comfort optimisation via fuZZY logic alerting

Abstract

A fuzzy logic alerting system is developed optimal based on indoor and outdoor environmental circumstances. This syslem 's essential fealures include
lighting, shading, cooling, heatmg, IAQ humldlf'catlon and vennlatlon The system produces dations that can be impls d Ily or [ly through | data
analysis. In parallel, a simul, is also ped to test the methodology. To enable | actuation, the system can cmnmumcate with a Building Management System

(BMS) in a virtual setting. This method harmonises energy efficiency and occupant comfort, offering a smart solution for contemporary smart buildings. By allowing users to make
11-infc d decisi the fuzzy logic-based ions improve the overall efficacy and flexibility of building control, enhanced concerning other types of logic, like Boolean or

threshold ones.

Results

Concerning the EnergyPlus virtual BMS environment, a sample model of one of the Turin
PRELUDE demo flats is used but simulated under a hotter climate (Larnaca). Actuators are
managed outside the EnergyPlus simulation engine ing BCVTB (Building Controls
Virtual Test Bed), to run the Fuzzy control algorithm and passing EMS the results to the IDF
actuators. Connections demonslraled to be very effective. Results showed that the Fuzzy is
able, ing a Binary imise failure in adaptive thermal comfort
conditions from 51% (binary) to 1.6% (l'uzzy) in January and from 41.3% to 0% in July.
Considering mechanically driven conditions, energy needs are reduced in starting and ending
seasonal months, while in January and July, needs look to be slightly higher than in the Binary
case, suggesting extra analyses better integrate thermal mass activation.

Methodology el e A
The project pipeline is based on the tollowmg steps set a monitoring solution to retrieve Fig. 3 - Sample ip functions, (a) input g on current (b) output

real-time indoor and outdoor envi ions, ii. define a cloud-based platform able point, () output humidification setpoint, (d) mpmco fe) output window opening percentage

to store, filter, and elaborate on the measured data to calculate relevant multi-comfort KPIs for The actual demo test is conducted in Rivalta (TO) in a residential house, supporting the test

summcr and wmwr, iii. analysc the data via a fuzzy logic controller (fuzzification, of the Telegram bot and the self-actuation methodology. The data flow and the GUI were

fi ion of results), retrieving alerting and actuation demonstrated to be very effective, while by following the suggestion provided by the

iv. i to end-users (or to automatic actuators via BMS) via Telegram Bot, higher temperature peaks were rapidly decreased and managed. Hence, we can

GUI to support actuation. state that our logic offers an adaptive and correct response to the change in environmental

analysed by P e %@

Measured input data are parameters.
developing a "Fuzzy logic” control unit to g

s
[ Wwxos

select proper actuation actions considering the
different variables. The fuzzy logic control will
be based on a "main unit" (Raspberry-driven)
that is interoperable with a GUI furnished by a
"control app". The project gives users
suggestions to guide their energy-saving
behaviour and better understand their comfort
state. An alerting system will be implemented via a Telegram bot to present real-time alerts
and advice to suppon self- actuanon actions. All the solutions are hence tested by adopting a
double app - i.) a Long-t ion, comparing the Fuzzy logic performances with
the ones of two other control logics (a simple Boolean logic and a refined threshold logic);
and ii. an actual demo flat where physical sensors are cloud-connected and the Fuzzy logic is
used to support user suggestions for a few days.

The first test integrates an EnergyPlus building model into OpenHAB-supporting Energym
facilities. The approach allows Openhab to simulate a BMS facility by combining a series of
artificial sensors and actuators in each EnergyPlus simulation step, expanding the EMS
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./

[ SADATION 1

REA.WORLD.
sensons oams |

Fig. 1-The proposed methodology

Fig. 4- (left) Telegram bot suggestions {temperature
peak, 12-13:00), (right) GUI rooms and sensors
sample view

Fig. 5 - Indoor and outdoor temperature profiles during a fuzzy
logic testing day. Note the ability of FRYZZY to support
seff-actuations to maintain stable temperature conditions

Finally, a survey was conducted with several people to discuss user GUI usability. Usability is

possibilities by externalising the control logic in the artificial BMS platform for each
simulation step. The simulated outputs of the previous step (or the measured data in the actual
test) are retrieved by MQTT binding deploying the actuation phase. Finally, they are
published through the MQTT broker to feed the following simulation phase inputs (or to
support control alerting in the actual test). Both virtual simulated and real sensors (here based
on Netatmo weather sensors and expansion sets) are passed to the OpenHAB platform, which
is also connected to the Telegram bot for user alerting. The HABapp allows the creation of a

high, and all the people are generally satisfied and will be happy to suggest the product to
others. User-friendliness is rated around 4/5, with minimal scores at 3.

Conclusions
The initial tests proved the advantages of the FRYZZY proposed solution, compared with
existing control logic, which can be run on a simple BMS facility. The proposed fuzzy-based

a fully functional system, collecting inputs
from OpenHAB, passing them to the fuzzy
logic code, and sending back outputs to be

blished by OpenHab using the MQTT
protocol. A Raspberry is used as a server to
manage the activities for the actual test.

control combines the hardware simplicity of a simple Boolean (on/off) control system and the
improved forecasting control of the fuzzy logic theory. , the long-term si

test shows that the employed solution can reduce underheating and overheating.
Ci ly, a reduction in I costs and energy waste can be observed. Noteworthy,
the mstallatlon step requires few simple passages and a limited cost; the user interface Mobile
App, interoperable with the alerting system, provides an intuitive and practical tool to
Data are managed via InfluxDB, and communicate with the underlying management system directly. Also, the short-term test in a
Graphana is used for visualisation. Hence, real envnronmenl conﬁrmed the friendliness of the approach and the ability to support
the Flutter application is used to support in their i performances by exploiting the real-time
user-friendly GUIs. free-running potemml of their house by maximising multi-comfort KPIs via the same
approach.

Enenens

GopenAT  Fake Gateway  Fake Actuator
GYM SMQTT SMQTT

openHAB £ HABAPP

Fig. 2 - External interface and connections
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an educational event series based on of issues, g building design, and operational solutions.
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Figure 20 - Poster: FRYZZY — Free-Running and Hybrid Building Comfort Optimisation (R.F.Bratu, L.Crocchi, F.Callerio,
J.Heru, S.Viccari)
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Abstract:

A fuzzy logic alerting system is developed to recommend optimal management decisions based on indoor
and outdoor environmental circumstances. This system's essential features include lighting, shading,
cooling, heating, IAQ, humidification and ventilation. The system produces recommendations that can be
implemented manually or automatically through environmental data analysis. In parallel, a simulation
environment is also developed to test the methodology. The system can communicate with a Building
Management System (BMS) in a virtual setting to enable mechanical actuation. This method harmonises
energy efficiency and occupant comfort, offering a smart solution for contemporary smart buildings. By
allowing users to make well-informed decisions, the fuzzy logic-based recommendations improve the
overall efficacy and flexibility of building control, enhanced concerning other types of logic, like Boolean
or threshold ones.

Keywords: PRELUDE, ICT, IoT, SmartHome, Fuzzy Logic Control (FLC), Home Automation, Openhab,
RaspberryPj, Mobile App, Building Energy optimisation

Objectives:

The project aims to develop and test an ad-hoc ICT environment that can monitor the environment via
real-time data sensors, e.g. measuring temperature, relative humidity (RH) and CO2 concentration of
different rooms. The system also needs to retrieve the perceived feeling in each room with a sliding bar
from the user, which contributes to setting a proper user-centric solution by shifting state variables. Finally,
the FRYZZY solution must suggest actuation actions to optimise multi-comfort performances coupled with
indoor and outdoor conditions. The system needs to be scalable and allow interoperability while being
technology-neutral. The selection of the best configuration needs to be performed using a fuzzy logic
control approach that can manage multi-variable optimisation without requiring high computational
power. Hence, the three main objectives are: i. develop a user-suggestion system using fuzzy logic to
optimise building multi-comfort; ii. create a simple, user-friendly graphical interface for bi-directional user
communication; iii. maximise comfort conditions and reduce energy needs in testing environments.

Conclusions:

The initial tests proved the advantages of the FRYZZY proposed solution, compared with existing control
logic, which can be run on a simple BMS facility. The proposed fuzzy-based control combines the hardware
simplicity of a simple Boolean (on/off) control system and the improved forecasting control of the fuzzy
logic theory. Moreover, the long-term simulation test shows that the employed solution can reduce
underheating and overheating. Consequently, a reduction in operational costs and energy waste can be
observed. Noteworthy, the installation step requires few simple passages and a limited cost; the user
interface Mobile App, interoperable with the alerting system, provides an intuitive and practical tool to
communicate with the underlying management system directly. Also, the short-term test in a real
environment confirmed the friendliness of the approach and the ability to support end-users in optimising
their environmental performances by exploiting the real-time free-running potential of their house by
maximising multi-comfort KPIs via the same approach.

PRELUDE connection:

This educational project strongly correlates with the PRELUDE control logic technological development.
This activity opens a different point of view on the currently developed logic, supporting and testing an
alternative vision to thresholds or advanced ML techniques, able to correlate decisions with a fast and low-
computational vision based on fuzzy logic methods. Furthermore, the project adopts, on the one hand,
dynamic energy simulation to test BMS conditions and, on the other hand, an actual demo building with
sensors, which correlates to the professional tests developed in the PRELUDE project. Results also suggest
that future PREDYCE developments may integrate alternative platforms to use the EnergyPlus simulation
as a set of sensors and actuators, detaching the decisional logic from the simulation flow.
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4. Citizen-science action

4.1 Introduction and Objectives

In addition to the educational event series and the educational projects, the activities of T9.5 included a
significant citizen science aiming at involving students of middle and high schools and their teachers in
studying and improving the Indoor Environmental Quality (IEQ) with particular regard to the Indoor Air
Quality (IAQ) of selected school environments, i.e. classrooms and laboratories. The citizen science has
disseminated PRELUDE and smart building correlated topics to a large audience, thanks to installing sensor
networks, activating LED alerting for CO> thresholds, and focused lectures/discussions with students or
teachers to support the self-actuation exercise.

More focused actions have been defined for middle schools, such as directly giving lectures to students. In
contrast, in high schools, with the exclusion of one case, the communication level stays at the teaching
level, involving school professors in activating their students when the IAQ level overpasses the given
threshold, suggesting starting space ventilation. The activities have been strongly supported by the
PRELUDE advisory board member Giovanni Borgarello, Piedmont Region, allowing the dissemination of
the activity among many schools and involving six of them directly in the citizen science action.

Here below is described the developed methodology considering on the one side (4.2) the monitoring
infrastructure and pre-defined KPIs to be elaborated and, on the other side (4.3), the citizen science pipeline
for user engagement. Finally, the main obtained results (4.4) are underlined shortly.

4.2 Citizen science methodology (data acquisition and elaboration)

The citizen science action aims at supporting the dissemination of smart building culture and attention to
IEA and IAQ topics in participant users and the extended communities of people reached during
dissemination actions. For this reason, citizen science actions are based on the use of measurement
solutions that can monitor typical building variables to detect indoor air and environmental quality and
retrieve potentially typical key performance indicators aligned with the PRELUDE project ones. A series of
monitoring systems have hence been acquired and installed in the participating schools, reproducing real
solutions in line with the ones adopted during the project. At first, there was the idea of adopting a series
of IoT do-it-yourself solutions developed by specific participating high school students based on the
models designed and tested during the PRELUDE Educational projects. Although this relay approach is
exciting, it couldn’t be applied in practice, as these types of solutions are based on prototypes without
administrative documentation or certificates. In order to cover all needed requirements and to ensure an
approach acceptable to all schools, the installed sensors have been selected among commercial solutions.
Sensors are described in the following sub-sections, while the expected data elaborations are mentioned
afterwards.

4.2.1 Monitoring solutions

Monitoring systems need to be easily installed, considering a flexible network configuration that allows the
addition and the reduction in the number of sensors in each building to follow citizen science requirements
and to support a fast installation process. Sensors are required to measure IEQ, especially IAQ Key
Performance Indicators (KPIs), which help user engagement when a specific threshold is overpassed. To
identify the proper monitoring solution, the following requirements have been defined:

- Being a commercial solution allowing for proper documentation and certificates;

- Allowing to have on CO; sensors (as a minimum) a lighting alerting solution to inform when
ventilation is required*;

- Allowing data storage and cloud access;

- Allowing to manage alerting threshold in remote to reduce the number of physical interventions;
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Based on batteries, to reduce electricity plug requests to the minimum, e.g. one point per school
supporting cloud connection (plugs are not available in most classrooms, complex to be managed,
requiring technical interventions and additional costs);

Allowing to measure minimal IEQ and IAQ variables, including CO, concentration, air temperature
and relative humidity, and potential additional variables, e.g. TVOC, Particulate matter, thermal
transmission...;

Being able to work, minimising data losses, also if the internet connection or the energy plug (e.g.
gateways) envisage interruptions, requiring local data storage;

If possible, have an autonomous internet connection, reducing dependencies on local Wi-Fi
networks;

If possible, being correlated to the other PRELUDE monitoring systems, aligning data management
and elaboration with one of the actual project demos, coupling potential costs for accessing the

cloud platform, etc.

*Discussing with teachers and the advisory board member during preliminary meetings, it was determined
that the teaching staff does not require sound alerts. Moreover, teachers were worried that sound alerting
would interrupt the didactical activities, reducing the students’' concentration. Finally, the list of sensors
with an embedded sound alerting system is limited, and the use of apps or web interfaces is incompatible
with the policies on using mobiles during lectures.

Table 1 - Short description of the relevant sensor types

-

CopEttiA -

Ueso

—

New COz probe. It measures i
ambient temperature, ii. relative
humidity, iii. CO2 concentration, and
iv. pressure

Note: it has an LED alert based on
cloud-defined threshold(s)

CO2 probe. It measures i. ambient
temperature, ii. relative humidity,
and iii. CO2 concentration.

Note: it has an LED alert based on
cloud-defined threshold(s)

Note: some of them are already
available, thanks to a former E-DYCE
EU co-founded H2020 project (GA
893945)

TVOC probe. It measures i. ambient
temperature, ii. relative humidity,
and iii. TVOC

\

PM10-PM2.5 probe. It measures i.

U-value kit.

Sample SIM gateway for cloud

ambient  temperature, ii. CO: . transmission and connection
. . The kit allows the measurement of

concentration, iii. PM10, and iv. .
thermal transmission through an

PM2.5 .
opaque wall, detecting the wall U-
value.
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Note: this sensor has a high battery
consumption

Considering these requirements, the Capetti Winecap system was selected, which is in line with the
measuring solutions adopted in some of the Italian PRELUDE demos. In each school, they have been
installed a SIM gateway and a series of probes able to cover at a minimum 3 classrooms or other didactical
spaces with sensors including LED alerting. Additional sensors (e.g. TVOC, particulate matter) were defined
with each school aligning with specific activities and local interests. Table 1 briefly describes the different
types of installed sensors.

4.2.11 KPIs and Expected Elaborations

Sensors are used to detect indoor environmental variables related to IAQs. In particular, the users will be
activated based on IAQ levels, assuming CO; as the reference gas — e.g. [1-4], requiring lighting alerting
when certain thresholds are overpassed. In addition, air temperature and relative humidity are also
detected for potentially covering a large IEQ spectrum of KPI, which is also correlated to thermal comfort
conditions. In specific cases, e.g. chemistry labs in a high school or sample classrooms in middle ones,
TVOC probes are included to potentially underline the difference among the use of CO; or other pollutant
sensors, showing the differences in graphical restitutions. Furthermore, 7 PM10-PM2.5 sensors have also
been installed, focusing on indoor and outdoor conditions to detect potential peaks. Adopting multi-IAQ
variables allows us to check several indices in school environments, considering the large number of
variables suggested in these cases — see, for example, the Italian DPCM 26 July 2022 [5]. However, CO; has
been chosen as the tracking IAQ gas to support citizen science alerting.

Focusing on CO, the measured values are analysed, adopting the French [6] and Swiss [7] ICONE
methodology. This method was introduced in [8] and classifies CO, ppm levels in different air confinement
domains, assigning them a simple number and a colour and aligning specific counteractions. The domains
assured for this citizen science are six, elaborating on the mentioned sources: i. <450ppm (aligned with
outdoor conditions), ii. 450<ppm<1000 (very good — ventilation may be excessive if naturally performed
in winter), iii. 1000<ppm<1700 (good/acceptable), iv. 1700<ppm<2000 (slightly bad, action needed), v.
2000<ppm<3500 (bad condition, urgent action), and vi. >3500ppm (very bad condition). These domains
are used for data post-elaboration, while the student self-actuation action is based on LED activation using
a single threshold value. Additionally, a specific study is also elaborated to verify the ability of the users to
follow the LED suggestions by subdividing the occupied hours above and below the primary adopted
threshold (1700 ppm) and comparing this performance before and after the LED activation.

In addition, also, CO, concentration carpet plots are elaborated. During specific restitution
communications, the latter has also been used to communicate with students about their IAQ levels in their
classes. Similarly, TVOC and PM10-PM2.5 results are also reported in carpet plots.

Considering thermal comfort, temperature distribution during the occupancy is elaborated. Additionally,
are also elaborated, in some specific cases, adaptive thermal comfort plots (summer) — see EN 16798-1 and
[9,10] — assuming that the mean radiant temperature is mainly aligned with the measured air temperature
[11]. Sample KPI restitutions are given in Figure 21.
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Figure 27 - Sample KPI restitutions: (a) CO: carpet plot distribution — av. hourly, (b) CO: data distribution (10
Intervals), (c) temperature carpet plot. (d) CO- cumulative distribution

4.3 Citizen science methodology (user engagement)

4.3.1 Citizen-science pipeline

A methodological citizen-science pipeline is defined by identifying five operative steps. In step 1, sensors
are installed in the selected rooms, including a discussion with representative teachers. Secondly, in step
2a, sensors are left monitoring the actual conditions without any alerting activations to define a benchmark.
Retrieved 2-3 weeks of data, step 2b, a lecture is given to involved students (middle schools) discussing
building IEQ and IAQ topics, the PRELUDE project, and the citizen science action; a survey on smart building
topics is also distributed. During this moment, LED alerting is started, defining the set thresholds with
students. The lecture in Step 2b can be substituted (high schools) with specific communication with the
teaching staff. The following step, 3 (3-8 weeks), is the self-actuation period during which students will look
at sensors to activate manual window operation when the IAQ overpasses the threshold of acceptability.
After 3-4 weeks, a slight reset of the thresholds may be defined together with teachers, especially in one
of the schools where personalised ambitious thresholds were defined during the first year of activity (e.g.
around 1000ppm), requiring too many actions. In step 4, data are partially elaborated to communicate to
teachers the advancement of the action, and optional restitution is given to the involved classes. Finally, in
step 5 (optional), the activity will continue maintaining the sensor system active for more extended periods
(end of the school year), allowing for verification of the long-term impact of self-actuation actions. Hence,
the retrieved data were elaborated to analyse the effect of the citizen science action.

Nevertheless, step 0 is needed before starting the pipeline, including a detailed discussion with the involved
school representatives and an inspection allowing the definition of sensor localisations.
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4.3.11 The involved schools

Six schools have participated in the project, answering the open call shared by the Piedmont Educational
Division via the Eco-active school group. Among them, three are high schools (“Scuola secondaria di
secondo grado”, in Italy) and three middle schools ("Scuola secondaria di primo grado”, in Italy).
Considering the high schools: one of them is a technical industrial high school involving students from the
Telecommunication, Informatic, Electronic, Energy and Chemical educational domains, one is a Classic,
Scientific and Linguistic Liceo, involving mainly scientific profile classes, and one is a Scientific, Scientific
with Applied Sciences, Cambridge, Mathematic, Digital Liceo and a Technical Economic school, where
primarily involved students come from the Scientific with Applied Sciences educational domain. Middle
schools do not have a specialisation domain in Italy, presenting a traditional domain and an extended
domain with some extra hours (mainly Italian and Maths) not affecting on specialisations — a music address
exist, but is not here represented —, while contact teachers are from the technological, mathematics, and
science teaching domains.

Additionally, three are positioned outside Turin, while the other three are in the Turin extended city area.
In addition, two of the high schools and one of the middle schools also adopted the measured data in their
activities, allowing to include, in parallel to the base citizen-science action, the development of local
projects, asking the students to participate in data analysis. Two of these schools were former EU H2020 E-
DYCE project (GA 893945) demonstrative buildings, allowing us to take advantage of previous POLITO
monitoring systems. However, maintenance, sensor integration and substitution, and re-organisation
actions have been performed for the PRELUDE activities. At the same time, new sensors were required for
the other schools.

The schools are:

- IC "Luserna S. Giovanni” (Middle school), Luserna S.Giovanni, Italy [3 classes 2023-24, 3 thematic
classes 2024-25];
- IC "Foscolo” (Middle school), Turin, Italy [5 classes 2024-25 (4 classes mute sensoring in 2023-24)]
- IC "Gianni Rodari” (Middle school), Torre Pellice, Italy — note: former demo B2.1 of the E-DYCE EU
H2020 co-funded project [9 classes 2023-24, 2 new classes +6 classes (continuation) 2024-25]
- ITIS Pininfarina (High School), Moncalieri (Turin extended city area), Italy [6 laboratories with multi-
sensors, 1 classroom 2024-25]

- Liceo Valdese (High School), Torre Pellice, Italy — note: former demo B2.2 of the E-DYCE EU H2020
co-funded project [8 thematic classes and 1 office both 2023-24 and 2024-25]

- IIS Ettore Majorana (High School), Turin, Italy [4 thematic classes 2024-25]

A total of 42 classes/rooms® have participated in citizen science, directly reaching about 250 students in
2023-24 and 420 students in 2024-25, plus a total of 22 professors, 10 of whom actively contribute to the
local organisation. An additional 750 students, at the minimum, have used the rooms (classes and
laboratories) with sensors installed’ participating in the activities thanks to teachers’ support. Since the
activity has also been disseminated inside each school, the action has indirectly reached more than 2000
people.

® Bi-annual participation of the same class is not counted. Differently, the passage (between school years
2023-24 and 2024-25) from one class per room to thematic room is counted as a class addition, such as
the involvement of a different student class (e.g. a new first year class).

’ For laboratories it has been considered average class dimension for two turns, even if the room is used
by a larger number of classes/turns.

PRELUDE GA n° 958345 Page 61 of 101



PRELUD# D9.7 - Educational activity report

4.3.111 Step 1: sensor installation

POLITO has installed sensors in all schools. In order to reduce potential damages, sensors have been
positioned in several cases at about 2 m from the ground instead of the suggested 1.5 m height.
Nevertheless, they guarantee a sufficient distance from room ceilings. Additionally, they are placed on the
wall opposite the window side, or laterally in limited cases, to avoid direct exposure to the direct solar
radiation. The following pictures — Figure 22 — show sample installed sensors.

Figure 22 - Sample installation pictures from different schools

In particular, the following sensors have been positioned — note that the order of schools is not following
the following one (Table 2):

Table 2 - List of the adopted sensors

School® | Gateways COo; TVOC PM10-2.5 Others
sensors | sensors sensors
P01 2 9 4 3 Heat meters
P02 1 8 Heat meter
P03 1 3 1 2
P04 1 8 1 2

8 Schools' identifier is not following the previous order
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P05

1 4
P06 1 9 4
TOT: 7 41 10 7 U-value sensor?

It can be noted that in one school, the building's technical characteristics made signal transmission between
probes and the gateway very complicated, requiring the installation of routers (signal repeaters) and the
refinement of the sensor network over time to avoid black zones. For example, Figure 23 shows one of the
sensor configurations (the grid can vary over time when the system is self-optimised).

crosoftTeams x| [ PRELUDEDS Titedoox X | A WINECAP centroseniz X [3 Network comes

< 25-09-2024 12:08:49 >

i ®
@
©,
o ,©;,,
@
@
@ : ®
®
@® ®
®
o
A @

Figure 23 - Sample sensor grid self-configuration in one of the schools with a poor signal

4.3.1V Step 2: introductory lecture

An introductory lecture has been prepared for the involved Middle Schools and further customised for the
different schools to align with specific local requirements. The lecture was performed in all middle schools
and a scientific high school, excluding the other two high schools, which directly participated in the self-
actuation exercise for a total of 26 frontal didactical hours, reaching 33 classes. The lecture’s main treated
topics are:

Climate changes and energy efficiency (reminder/introduction) — e.g. the ecological footprint,
some contents from T8.5;

Building Sector and intelligent buildings — e.g. buildings are responsible for 40% of total primary
energy, GHG emissions, energy labels & EPC, energy meters;

SURVEY on intelligent buildings and IEQ-IAQ;

PRELUDE project objectives;

PRELUDE educational activities (including the citizen science);

Comfort in buildings, Indoor Environmental Quality and Indoor Air Quality — e.g. comfort domains,
IAQ and IAQ-thermal comfort correlations, comfort classification and monitoring;

The citizen science action on IAQ - e.g. reading monitoring data, how data can be used to feed
actuators;

? Installed using an additional gateway to provide data to high-school and university students for didactical
purposes.
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The citizen science self-actuation activity, e.g., what to do, the flux control diagram, defines the

veloped base lecture to give examples of contents —
r each lecture to focus on the specific school context

and report to students their proper condition. The texts are in Italian, the language used in the involved

schools.
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Figure 24 - Sample slides extracted from the base reference lecture (original Italian text)

During the lecture, a survey was conducted via an anonymous questionnaire focused on intelligent
buildings, indoor environmental quality, and smart monitoring conceptions. The questionnaire, named
"PRELUDE CitizenScience on IEQ-IAQ", is composed of 11 questions that are reported (translated from
Italian for this report) here below, including the available potential answers (A):

1.

w

10.

11.

Do you know the meaning of the expression “intelligent building? (If the answer is no, this is
not a problem! We will explain to you what it is)— A: Y/N

Have you ever studied or lived in an intelligent building?— A: Y/N

Have you ever seen an intelligent building? — A: Y/N

If you answered Yes to questions 2 and/or 3, which type of intelligent building do you refer to?
— A: School/House/other: ..o

How important do you think it is to visualise the status of your building at any moment? - A:
From 1 (nothing)-to-6 (totally)

How much would you like to have the possibility to apply smart solutions and monitoring
technologies in the buildings you are using?— A: From 1 (nothing)-to-6 (totally)

Which aspects are more essential to be visualised and monitored? (multiple selections are
possible, eg. 2 points) - A Energy-consumptions (electricity, natural gas,
...)/temperature/humidity/indoor air quality (IAQ)/ lighting (illuminance)/other: ......................
Have you ever heard about thermal comfort? — A: Y/N — If yes where?— A: School/House/media
(information channels)/others: .......................

Have you ever heard about indoor air quality? — A: Y/N — If yes where?— A: School/House/media
(information channels)/others: .......................

Are you happy about the indoor air quality of your class (window opening)? — A: From 1
(nothing)-to-6 (totally)

How important is managing the window openings on the base of the real-time monitored
indoor air quality level?— A: From 1 (nothing)-to-6 (totally)

The results of the survey are reported in the following Section 4.5.
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In high schools, students are informed by their teachers about the experiment and will follow the citizen-
science self-actuation exercise as the middle school ones.

43V Step 3: citizen-science user self-actuation exercise

In all involved schools, CO;-installed sensors host a luminous blinking alerting LED — the other sensors do
not have an alerting system, supporting mainly post-analysis elaborations — allowing them to be remotely
controlled by setting specific activation thresholds. When the CO2 concentration overpasses the given
threshold, the light alerts occupants that the IAQ level is not optimal, suggesting that they manually self-
actuate windows or ventilation systems to exchange the indoor foul air. The self-actuation action — in Italian
schools, mechanical ventilation systems have rarely been present, requiring natural ventilation manual
activations, for example [12] — can be described with the following logical scheme (Figure 25).

PRELUDE T9.5 | Il comfort, I'lEQ e I'lAQ

Citizen science action Il flusso & un pochino piti complesso
[
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®
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s
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Py 4
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Figure 25 - The proposed flowchart describing the self-actuation procedure (original Italian text)

As a reference, the base chosen led activation threshold is 1700 ppm, aligning with the French ICONE
method for school buildings, detecting the index of confinement [6]. This approach has also been adopted
in Swiss buildings — see SIA 180 [7]. ICONE allows the classification of indoor CO; concentrations in levels,
starting from outdoor nearer values to hazardous concentrations, assuming 800ppm for sufficient air
renovation and 1500ppm for fast action requirements. This aligns with the Swiss dimension, allowing for a
1000-2000ppm range for action activation, e.g., assuming 1700ppm as a potential threshold.

Nevertheless, to increase the participation level of students and to avoid excessive lighting activation with
the consequent risk of annoying and causing education activity interruptions, the set thresholds are
discussed with middle school students to define more rigid thresholds like in a contest among classes
and/or with the teaching staff to balance potential issues. In high schools, the reference threshold is instead
directly communicated and selected.

4.3.VI Step 4: restitution of results

Results have been communicated to participating middle schools and students via a devoted second
lecturing moment or sharing a presentation file with relevant teachers to be disseminated to students.
Regarding Liceo Valdese, restitutions are given to selected students who follow the scientific high-school
course profile. Nevertheless, in all cases, all students using the monitored rooms were directly engaged
with their teachers in the self-actuation activity.
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Here below are reported some sample slides used during one of the restitution lectures (texts are in the

original Italian language):
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Figure 26 - Sample slides extracted from result-based lectures aiming at discussing outcomes and student
engagement levels (original Italian text)

Participating students and teachers communicate a great interest in the activity and the topics being
discussed. Additionally, the continuous self-actuation action results demonstrate a general improvement
in the IAQ conditions.

Numerical results are reported in the following Section 4.4.

4.3.v1l Step 5: (optional) Continuous monitoring action

This methodological step refers to the possibility given to the participating schools in extending the
monitoring and the citizen-science activities for a longer period, e.g. the whole school year. In particular,
in the school year 2023-24, three schools with sensors installed extended the activities for the entire
didactical period, requiring participation in the action also in the following year (2024-25). Furthermore, all
six schools are now defined to continue the activities until the end of the current school year. This
underlines the high interest of all schools in citizen science and the possibility of supporting self-actuation
actions to improve the IAQ of the used spaces.

4.4 Main obtained results (data analysis)

The collected data are elaborated to discuss the main results of the citizen science action. In particular, the
IAQ concentration levels are studied to verify the impact of the self-actuation activity. Selected results are
retrieved using the MAC of each sensor to avoid the identification of the specific room.

CO: concentrations (IAQ)

A first analysis was conducted by simply representing the measured CO; concentrations on a linear chart
via the Capetti Winecap system. Sample results are shown below with some comments — see Figure 27.
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08/04/2024 08/05/2024 08/06/2024 08/07/2024 08/08/2024 08/09/2024 08/10/2024
00:00 00:00 00:00 00:00

P_017 - data from the School Year (S.Y,) 2023-24 (from 8/02/2024) and 2024-25 (till 24/10/2024). The school’s general
trend shows that in several hours, different rooms overpass 2000 ppm of CO:2 concentration, with some peaks
between 3500-4000 ppm in the first year and above 4500 ppm in the current one. This suggests that improving the
IAQ level is needed. After the LED activation (19-20/04/2024), an improvement is visible for most sensors (at least
during the first weeks). Looking at the new school year, the starting condition is worse, while a slight improvement
/s visible for some classes after the latest series of lectures (17/10/2024).
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P_02 - data from the School Year (S.Y.) 2023-24 (from 8/02/2024) and 2024-25 (till 24/10/2024). Data show a general
trend in the first year, with most hours below 2000 ppm and some peaks in the 2500-3000 ppm range. Near the
end of the year, higher values are reached in limited days, suggesting unique occupancy profiles. During the current
S.Y., higher values are detected, requiring greater attention to the LED alerts.
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P_03 - data from the School Year (S.Y.) 2023-24 (from 8/02/2024) and 2024-25 (till 24/10/2024). During the first S.Y,
very high COZ2 concentrations were detected with an improvement after the LEDs’ activation (24/04/2024), underling
how the activity has the ability to improve the IAQ levels (in this school, windows have been retrofitted with highly
performing solutions that also have a very low infiltration rate). In the current year, the conditions have improved,
and concentrations are reduced after the new series of lectures (18/10 and 6/77).
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P_04 — data from the School Year (S.Y.) 2023-24 (from 7/03/2024) and 2024-25 (till 24/10/2024). In this building, the
COZ concentration is very good, showing a general trend below 2000ppm with most time below 1700ppm. In the
first S.Y, only a few peaks overpass 3000 ppm. In the current year, the positive trend is maintained, and some
improvements are visible after the activation of LED alerts (11/10/2024).

H
g

4500

M| p 05 M§C0000F271.CO2 (Ch3
M p 05 MAC0000F272.CO2 (Ch3)
Bl p_05 MECO000F273.CO2 (Ch3)

I

4000
3500 | ? I
3000

2500

2000

1500

1000

500

0
27/09; 2074 30/09/2024 03/10/2024 06/10/2024 09/10/2024 12/10/2024 15/10/2024 18/10/2024 21/10/2024 24/10/2024
00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00

P_05 — data from the School Year (S.Y.) 2024-25 (from 27/09 till 24/10/2024). Classrooms show a general trend of
high concentrations during the morning occupation hours, with daily peaks above 3500 ppm. After activating the
LEDs (13/10/2024), a slight improvement is underfined.
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P 06 data from the 56/700/ Year (S Y) 2024 25 (from 70/09 t/// 24/10/2024). The school spaces are genera//y well
managed regarding air confinement levels (mainly below 1500 ppm), except for a sensor positioned in a crowded
classroom. The activation of the LEDs arrived on 11/10/2024, and a reduction in CO2 concentrations is visible after
this date.

Figure 27 - Measured CO: concentrations in all schools - simple initial restitutions

Secondly, data are elaborated to produce via Python coding more readable restitution based on carpet
plots representing the CO; hourly concentrations [ppm]. In this case, it is possible to see that schools may
have a general variation in the local behaviours being the latter also correlated with inputs that are not
computed in the citizen science, such as the school envelope technical characteristics (e.g. infiltration rates),
the occupancy density, or the natural ventilation capacity (e.g. cross or single side ventilation; wind
exposure etc.). In addition, three classrooms in one of the schools have a mechanical ventilation system
(detached mechanical ventilation — see [12]) supporting an additional ventilation flow. Nevertheless, in all
the other spaces, natural ventilation is the sole airflow source with the exclusion of the infiltration rates.
The following figures — see Figure 28 — show representative results of different representative cases.
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Heatmap of Co2 - Sensor MAC: MACO0O00B318.xIsx
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P_01 Sample carpet plot showing a classroom's CO, hourly concentration [ppm] (LED is activated on
19/03/2024 — see the improvements after this date, till about the end of April)

Heatmap of Co2 - Sensor MAC: MACO0O00B322.xlIsx
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P_01 Sample carpet plot showing a classroom's CO, hourly concentration [ppm] with a mechanical
ventilation system (DMV) (LED activation arrived on 19/03/2024) — DMV maintain CO2 levels below

1000ppm almost all the time (around 85%), suggesting potential overventilation
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P_02 Sample carpet plot showing a classroom's CO, hourly concentration [ppm]
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Heatmap of Co2 - Sensor MAC: MACO000B321
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P_03 Sample carpet plot showing a classroom's CO, hourly concentration [ppm] (LED is activated on
23/04/2024, followed by a visible improvement in IAQ levels)
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P_04 Sample carpet plot showing a classroom's CO; hourly concentration [ppm] (LED was activated on

11/10/2024, showing a following improvement in IAQ, although the original levels were already

excellent)
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P_05 Sample carpet plot showing a classroom's CO; hourly concentration [ppm] (LED starts to blink on
12/10, although information is given to teachers on 25/10/2024 — minor improvements are visible, even
considering the activation of the heating system on 15/10)
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P_06 Sample carpet plot showing a classroom's CO; hourly concentration [ppm] (LED was activated on
11/10/2024 without lecturing)
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P_06 Sample carpet plot showing a laboratory CO, hourly concentration [ppm] (LED was activated on

11/10/2024)

Figure 28 - Sample carpet plots showing COZ2 hourly concentration [ppm]

In addition, the distribution of the CO,-measured data points is analysed in different periods of aggregation
in order to verify the impact of citizen science with respect to benchmark periods, i.e. before the activation
of the lighting alerting system. Analyses have been refined to focus on the occupancy periods, avoiding
the weekends (when the CO, concentrations are always very good) and the unoccupied periods (nights
and early mornings) during the weekdays. Short special holidays are not filtered. This analysis compares
the distribution of time-series measured data (10-min intervals) inside the assumed ICONE thresholds to
verify the amount of exposure time to given CO; concentrations. In addition, the amount of time of sensor
LED activations is also reported on the same graphs (this value is taken by the sensors and not re-
calculated). Finally, the cumulative frequency distributions are also reported for each period to allow the
reader to analyse the number of periods in personalised threshold values. In three schools, results are given
for the first (School Year 2023-24) and second years (S.Y. 2024-25) of citizen science, while for the other
three, the results of the current school year are given. Results are shown in Figure 29 for 16 representative
selected classes, covering each school (schools are in disorder).
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Figure 29 - Selected room results of CO:z concentrations before (first bar, benchmark) and after sensor activations
(second bar). Some cases have a third bar for checking long-term attention to alerts (2023-24)
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Finally, all results obtained from the CO2 concentration classification during the occupation periods for all
36 measured rooms'? are considered to study the impact of the self-actuation citizen science action on
the IAQ by comparing post-LED activation with benchmark conditions. Figure 29 above underlined how
citizen science might impact IAQ levels only when LED suggestions are followed thanks to students’ and
teachers’ interests. It can be seen how, after a direct lecture/presentation of the initiative to students, the
IAQ grew, while the continuity of the attention was very high in some cases and decreased in other schools.
Furthermore, in those schools where lectures were not given, LED alerts were generally less followed,
underlining the importance of maintaining high attention and participation levels to support the citizen
science effectiveness. As highlighted in the conclusions, one of the outcomes is the suggestion to include,
in the future, additional user-engagement solutions, e.g. room monitors and GUIs, sound alerts, and
gamification actions to maintain a high engagement over time.

Focusing on the aggregated results from all the rooms in the S.Y. 2023-24, the IAQ grew in 55% of cases
thanks to LED activations. However, if the school where lectures are not given is excluded, the IAQ levels
rose in 75% of classes. IAQ levels are analysed here, considering occupied time spams (10-minute intervals)
and fixing CO2 concentrations below 1700 ppm as a comfort threshold. This outcome correlates the
efficiency in self-actuation to the level of direct communication with occupants. Looking at the current S.Y.
2024-25, an increase in the CO; periods below 1700 ppm during occupation arrived in 64% of the 36
measured rooms. Nevertheless, excluding the two schools where lectures to students are not given, this
percentage passes to 76%! This confirms the previous result: LED activations are effective if students are
directly involved in communication activities and informed about the importance of comfort monitoring.
In particular, in the four schools where lectures are given to students, the IAQ improved respectively by
78%, 75%, 67%, and 80% of classrooms. On the contrary, where communications are not given directly to
students, an improvement in the benchmark CO; levels is underlined in 75% and 14% of the classes, while
in the others, the IAQ decreases due to the start of the winter season. In these last two cases, it is possible
to underline how the first school, which shows positive results, is a case in which teachers are very
responsive to IAQ, being that building measured during the COVID pandemic period for air quality,
adopting a series of sensors with sound alerts (those sensors are now no more used). A general outcome
is the ability of the simple small LED activation signals to improve the IAQ in most cases, suggesting that
self-actuation via alerts is a positive approach to controlling air quality in schools. Nevertheless, to increase
the impact of this action and reduce the need to support direct communications, it can be possible to
suggest for future applications the use of different alerting typologies, e.g. sound alarms and/or large
lighting solutions, e.g. using lamps similar to the ones adopted for fire alarms.

Air temperature

Air temperatures are also measured and are used for a preliminary check on the thermal comfort
behaviours. Considering the educational purpose of the study, carpet plots were elaborated, allowing for
discussion of the temperature differences measured among the different building constructive typologies
of the involved schools, i.e. the summer free-running and un-occupied behaviours of a recent building
(built around the '70s) and a historic building (built during the XIX century). Additionally, measurements
also allow to discuss the thermal stratification of temperatures among the different school floors. Sample
results are shown in the following Figure 30, Figure 31, and Figure 32.

19 Two laboratories have two sensors being significantly extended in plan dimensions, while 3 classes also
have double sensors, i.e. the total sensor number is 41, while are here analysed the results for the 36 spaces
to avoid double counting for the same room.
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Figure 30 - Temperature carpet plots in rooms positioned on the left in a building of the 70s (6 cm of insulation.
medium weight walls) and on the right in a building of the XIX century (no insulation, high thermal mass). The
differences in summer temperature behaviours allow to discuss the impact of thermal masses.
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Figure 31 - Representation of the same behaviours using a line chart to increase the readability of the phenomenon.
Orange and pink lines represent sensors positioned in a '70s building block, while lines green and blue-green are of
an XIX-century building. Continuous differences higher than 5-6°C can be underlined for a long summer period.
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Figure 32 - Temperature carpet plots showing the differences among different floors (sensors are positioned
respectively on a ground floor, first and second-floor room). This analysis helps students discuss the thermal gradient
concept, solar access, and obstacle-brought shadings.

Thermal comfort — ACM for free-running periods

For ten sensors by five buildings, the data measured during the 2024 neutral and summer seasons
(01/05/2024 — 30/09/2024) are elaborated via PREDYCE to produce the EN 16798-1 correlated adaptive
thermal comfort charts. External temperatures are retrieved by locally installed meteorological stations,
including the PRELUDE Turin demo one. Figure 33 compares the results of the five schools with summer
2024 temperature-monitored data. Also in this case, it is possible to underline the effect of different
technical characteristics of the envelope being the high mass uninsulated building of case (a) characterised
by low summer temperatures due to the high inertia, while cases (b, ¢, d) have sensibly higher temperatures.
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Case (b) has a cavity wall with a 6-cm insulation layer and two bricks, slightly better than the others, double
windows, and all classrooms are south-facing. Finally, case (e) has reduced solar gains due to the recent
retrofitted windows and different exposures not directly facing south.
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Figure 33 - Adaptive thermal comfort charts of a selected sensor for each of the five schools monitored during the
2024 neutral season and summer 2024 (from 15t May to 30t September). (a) XIX century building, (b) ‘70s building, (c)
50s building, (d) second half of the XX century building, and (e) partially retrofitted building. Running mean
temperatures are based on local weather stations.

IAQ additional parameters

Additional IAQ types of sensors have also been installed in some rooms in order to discuss different IAQ
parameters, i.e. TVOC, PM10 and PM2.5 sensors. These sensors are installed in the school year 2024-25 and
results are reported via carpet plots and line charts.

Regarding the TVOC, the following graphs — see Figure 34 — show the measured data by the ten sensors
considering the current school year. On the left are reported the TVOC, while on the right are the CO; levels
in the same room. Data underlines that TVOC is not aligned with CO; concentrations; the latter is based on
occupants, and the previous correlates with multiple other sources. It can be noted that major TVOC peaks
arrive after the classroom occupation time, potentially correlated to room washing products. Furthermore,
the figures underline that the TVOC are higher in laboratory rooms than in classrooms, as expected -
compare, for example, (a, b) with (e, f). Comparing graph (a) and graphs (b & ¢), it is possible to see that
cases (b & ), i.e. a classroom with a mechanical ventilation system, are interested in higher values than the
ones of the case (a) that refers to a room with only natural ventilation set in the same building. Nevertheless,
peaks arrive mainly after the student occupation times, suggesting space-washing correlations.
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" Lacks of data are due to local discontinuity in the connection of the specific sensor with the gateway due
to the high signal shading effect of the specific building construction elements.
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Figure 34 - TVOC carpet plots compared to CO: concentrations in the same series of rooms.

In addition, Figure 35 compares CO; and TVOC levels in four sample rooms, showing the differences among
these two types of sensors. It is interesting to see and discuss with students that several sources, including
washing products, may release TVOC and include an extensive set of pollutants that can be differently
measured by sensors with difficulties defining proper thresholds. In these samples, it is possible to see the
TVOC increases during washing time, i.e. see cases (a) and (b), with different dilution times according to
potential variations in air exchanges. Furthermore, special laboratory activities may generate a different
trend, i.e. case (c), while the presence of a detached mechanical ventilation unit also affects TVOC trends,
i.e. case (d).

(,C) : : — (d)

Figure 35 - TVOC (pink lines) VS CO- concentration (orange lines) in four sample rooms. (a) and (b) classrooms, (c) a
chemical laboratory, and (d) a classroom with mechanical ventilation.
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Considering particulate matter, PM10 and PM2.5 concentrations are measured in three schools,
positioning a reference probe outside, on a rain-protected site, and the other(s) in a reference classroom(s).
Carpet plots of both particulates are shown in Figure 36Figure 36. It can be underlined that indoor
concentrations are lower in confined spaces compared to the outdoor environment because PM10 and
PM2.5 productions do not arrive in school spaces. A high difference is measured between the PMx
concentrations in the two locations outside the Turin metropolitan area (piedmont locations) and the
concentrations in the Turin city site. In the latter, particulate matter concentrations are drastically higher,
both inside and outside, as expected. Especially outside, PM10 and PM2.5 show a very bad condition,
although the classroom IAQ is maintained lower, not underlining an excessive inflow of these pollutants
from outside to inside spaces. Nevertheless, for crowded cities with high traffic and PMx production by
heating and other systems, adopting particulate sensors may help balance ventilation when these indices

are not at the maximum outdoor.

PM10
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Figure 36 - Carpet plots representing the PM10 and PMZ2.5 concentrations. Outdoor condjtions precede the relative

indoor measurements.

Furthermore, Figure 37 plots the measured PM10 and PM2.5 values compared to CO; concentrations in
the same enclosed space to discuss these indices' ability to describe air confinement. It can be mentioned
that particulate matter behaviours are not aligned with the CO; ones, suggesting that these pollutants are
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independent of school occupation and that CO; looks to be more representative in supporting IAQ level
control during occupation. During the occupation, PM growing trends are not correlated to the rise of the
CO; concentration, which is a direct index of the indoor air confinement directly produced by the
occupants, confirming this detachment. Nevertheless, it can be underlined how particulates grow after the
school period in indoor spaces, suggesting that it is impacted by outdoor trends, e.g. traffic due to student
family movements.

(© o - (d)

Figure 37 - PM10 and PMZ2.5 indoor concentrations VS CO: values in selected classrooms.

U-value

Finally, the thermal transmission cloud-connected set of sensors is analysed. In this case, measurements
are conducted in a protected site, requiring the possibility of having access to both a free and
homogeneous indoor and corresponding outdoor wall section. Figure 38 shows probe installation
positions (indoor — an office room — and outdoor — a semi-confined space not heated). The U-value
calculation result elaborated via the Capetti TMA (Transmittance Monitor and Analysis) software is shown
in Figure 39. The measured wall, a not-insulated single-layer concrete block wall of medium to heavy weight
(built-in 1996), is calculated to have a thermal transmittance of 2.086 W/(m?K). This result is aligned with
building physical expectations for the given material.

Figure 38 - the installed set of sensors to compute wall U-values
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Figure 39 - results of U-value calculations performed via Capetti’s TMA cloud-connected too/

4.5 Survey user feedback

The results of the smart building questionnaire submitted to students are summarised in this section. After
filtering, the received voluntary questionnaires are 421, defining a representative amount of data to be
elaborated. Considering the first question, only 30% of the students had a previous idea of a
“smart/intelligent building”. Hence, 70% of them have heard about smart buildings thanks to the citizen
science initiative of PRELUDE. Similarly, 76% have never lived in a smart building, and 65% have never
visited one of them. Among positive answers, 55% have visited or lived in a smart residential building, while

46% consider the school smart.

Looking at the importance of knowing the real-time building conditions, only 3% of the students consider
this point totally or generally not important. In comparison, 44% think it is medium important, and 53%
consider this point essential or very important. Considering question 6, 9% do not consider it necessary to
use innovative technologies in their school. In comparison, 34% feel this point is of medium importance,
and 57% think it is essential or very important — see Figure 40.

5 - knowing the building status in

real time
2%

notimportant w2 W3 W4 W5 MHveryimportant

(a)

6 - make the school a smart
building

notimportant w2 W3 W4 W5 Mveryimportant

(b)

Figure 40 - (a) answers to Question 5; (b) answers to Question 6
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Focusing on the aspects more essential to be measured and visualised (Question 7), 78% of the answering
students identified energy consumption, followed by IAQ levels (46%) and air temperatures (39%). At the
same time, 22% are interested in illuminance levels and 12% in the relative humidity of the air (more than
one answer is allowed). Only 38% of the students had heard about thermal comfort issues (Question 8),
mainly at home (50% of them), via the media (25%) or at school (24%). This underlines the positive impact
of the various citizen science lectures in disseminating general information about building IEQ and IAQ
topics, including measuring and actuating solutions. Differently, IAQ is generally known by 80% of the
students (Question 9), thanks to school (62% of the students), home (30%), and media (14%) (more than
one answer is allowed). Hence, it underlines how students have heard more about IAQ than the whole IEQ
domain. This high number of students knowing IAQ issues is very welcome, supporting a positive
integration of smart solutions in a context in which the general purpose of citizen science is already shared.

Focusing on the IAQ levels in the classes, 31% of the students are happy about their starting conditions,
52% are neutral, and 17% are unhappy or unsatisfied (Question 10). Indeed, the people involved in citizen
science show a general interest in improving the IAQ of their spaces.

Finally, considering Question 11, 78% of the students are very interested in managing the window openings
based on the real-time monitored indoor air quality level. In comparison, another 19% are generally
interested, and only 3% do not seem interested. Hence, citizen science focuses on a challenge recognised
by the audience — see Figure 41Figure 41.

10 - happy about the IAQ class 11 - real-time IAQ measurements
levels and suggestions

2%

mtotallynot m2 m3 m4 m5 &= totally yes notimportant W2 ®W3 W4 M5 Mveryimportant

(a) (b)

Figure 47 - (a) answers to Question 10, and (b) answers to Question 171
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5. Final Educational Activity Event

A final educational activity event is organised, including the following two activities:

- Afinal lecture/conference, continuing the educational event series, opening the public exhibition
(see the following point) and resuming and debating the citizen science action (20" November
2024), hosted in the Salone d'Onore, Valentino Castle, Turin, Italy (see section 5.1);

- A public exhibition (20-22 November 2024) hosted in the Sala delle Colonne, Valentino Castle,
Turin, Italy (see section 5.2);

A network business aperitif follows the latter activity.

5.1 PRELUDE final educational lecture/conference

The final lecture/conference is subdivided into two main parts: one in English debating the T9.5 educational
activities touching all the three actions and introducing the PRELUDE project, and a second part, in Italian,
discussing the citizen science with the Piedmont Region, relevant stakeholders, and participants.

The programme is:
Part A- Institutional welcome and PRELUDE project outcomes (ENG) — final educational event

14:30 — Welcome, institutional greetings and event introduction (expected participants: Prof. M.Bonino,
Head of the Department of Architecture and Design, POLITO; Prof. T.Bianchi, responsible for the M.Eng. in
ICT for Smart Society, POLITO DET; Piedmont Region)

14:40 — Michal Pomianowski, PRELUDE project coordinator, Aalborg University, Denmark | Introduction to
the PRELUDE projects and primary outcomes

15:00 — Giacomo Chiesa, PoliTO, Italy | PRELUDE project educational activities and citizen science — final
exhibition

15:20 - Q&A

Part B- Attivita educative e citizen science per le sfide energetico-ambientali (Educational and citizen
science activities on energy and environmental challenges — final educational workshop) (ITA)
15:30 — Tavola rotonda, coordina Giovanni Borgarello, Regione Piemonte / Workshop, coordinated by
G.Borgarello, Piedmont Region
15:30 — Giovanni Borgarello (Regione Piemonte), introduzione/introduction
1540 - Giacomo Chiesa (Polito), PRELUDE citizen science: organizzazione, attivita, risultati /
organisation, activities, results
15:55 — PRELUDE citizen science: voci dalle scuole partecipanti / participant school voices |
intervengono/participate: ITIS Pininfarina (Antonio Spano e Anna Braccia), IC Luserna (Francesco
Calliero), Liceo Valdese (Nicola Massucco), and others
16:10 — ITIS Avogadro (Alfonso Carlone), L'esperienza delle Scuole EcoAttive / the EcoActive school
experience
16:25 — Erasmo da Rotterdam (Rossella Seren Rosso), L'esperienza del Protocollo Abitare Sostenibile /
the Sustainable living protocol experience
16:40 — QA
16:50 — Conclusioni / Conclusions
17:00 — Networking catering event & opening of the PRELUDE final education exhibition

The event flyer is shown in Figure 42.
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PBELUDE T9.5 | educational event series

8th educational conference/workshop meeting: Final.educational‘event

Citizen-scientist strategy and educational
activities for smart buildings

20th November 2024 | 14:30-17:00 (cem)

followed by the opening of the 2nd PRELUDE educational exhibition with a networking Aperitivo
Virtual room link:

https://didattica.polito.it/VClass/PRELUDE_8thEDU_event

Physical room:

Salone d’Onore, Politecnico di Torino — Castello del Valentino, Viale Mattioli, 39 Turin (Italy)

Abstract:

The PRELUDE project - Prescient building Operation utilising Real-Time data for Energy Dynamic Optimization — aims to support
advanced innovative, smart, low-cost solutions supporting intelligent buildings and proactive optimisation services. Inside PRELUDE,
a large series of educational activities have been carried out supporting three main actions: i. the organisation of an educational event
series hosting 7 international lecture/conference events, with 25 speeches and 7 introductions; ii. the organisation of 10 “Educational
projects” involving university students from architectural and ICT engineering backgrounds; iii. a large citizen science action involving
6 schools of the Piedmont Region in an IEQ (Indoor Environmental Quality) and IAQ (Indoor Air Quality) shared work. This
workshop/conference discusses the PRELUDE educational results. Firstly (ENG), the PRELUDE main outcomes are discussed together
with the results of the three main educational activities. Secondly, a workshop (ITA) is managed to discuss citizen science and school
educational projects (Piedmont Regional context) considering IEQ and environmental challenges. After the event a networking light
Aperitivo will open the PRELUDE educational final exhibition hosted on the Sala delle Colonne (20th-22nd November 2024).

Keywords: PRELUDE, educational activities, citizen science, school involvement, interdisciplinary projects, educational event series,
smart buildings, IAQ, IEQ

Programme:

Part A | PRELUDE project and educational activity outcomes (ENG)

14:30 | Welcome, institutional greetings and event introduction (expected participants: M.Bonino, Head of the DAD Department,
POLITO; T.Bianchi, responsible M.Eng. ICT for Smart Society, POLITO DET; Piedmont Region)

14:40 | Michal Pomianowski (AAU, Denmark), Introduction to the PRELUDE projects and primary outcomes

15:00 | Giacomo Chiesa (POLITO, Italy), PRELUDE project educational activities and citizen science — final exhibition

15:20 | Q&A session

Part B | Attivita educative e citizen science per le sfide energetico-ambientali (Educational and citizen science activities on energy
and environmental challenges — final educational workshop) (ITA)
15:30 | Tavola rotonda, coordina Giovanni Borgarello (Regione Piemonte) / Workshop, coord. G. Borgarello (Piedmont Reglon)
15:30 | G. Borgarello (Regione Piemonte), introduzione/introduction ‘
15:40 | G. Chiesa (POLITO), PRELUDE citizen science: organizzazione, attivita, risultati / orgamsatlon activities, results
15:55 | PRELUDE citizen science: voci dalle scuole partecipanti / participant school voices |
intervengono/participate: ITIS Pininfarina (A.Spano e A.Braccia), IC Luserna (F.Calliero), ...

16:10 | A.Carlone (ITIS Avogadro, Torino), L’esperienza delle Scuole EcoAttive / the EcoActive school experience et
16:25 | R.Seren Rosso (IIS Erasmo da Rotterdam, Nichelino), L’esperienza del Protocollo Abitare P A ¥ )
Sostenibile / the Sustainable living protocol experience i
16:40 | Q&A session & Conclusioni / Conclusions L 5. g ig ) {
17:00 | Opening of the PRELUDE final education exhibition and networking aperitivo £ coNs‘uum} i ﬁ
Info & suggested registration: Ml * pe LY,
https://prelude-project.eu/education-activities/ rs(n’r:;iosv 1 2:[.2]—,{;\, T:?,\f:::égm,,

AIMEN
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Union’s Horizons2020 research and  innovation
programme-under Grant Agreement N> 958345

Figure 42 - Flyer of the final educational workshop/conference (8th Educational event)
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5.2 PRELUDE project educational exhibition

PRELUDE T9.5 | educational event series
@‘% Politecnico
‘:j di Torino

2nd Exhibition: Final PRELUDE education activity exhibition

Citizen science, transdisciplinary projects
and-educational event series

Smart;TEQ, climate resilience‘and free-running buildings

20-22 November 2024 | Sala delle Colonne
Castello del Valentino, Viale Mattioli 39, Turin (Italy)

Abstract:

The PRELUDE project - Prescient building Operation utilising Real-Time data for Energy Dynamic Optimization — aims to
support advanced innovative, smart, low-cost solutions supporting intelligent buildings and proactive optimisation services.
Among the others, the project pursues the minimisation of energy uses, the maximisation of self-consumption and
renewable sources balance, and the improvement of comfort conditions supporting the maximisation of free-running
building potentials. Inside PRELUDE, an extensive series of educational activities have been carried out. This exhibition
collects the main results of the PRELUDE project education and citizen science activities (Task 9.5). Three main actions
have been organised: i. an international series of lectures/conferences about smart buildings, building control proactive and
free-running optimisation, and building climate resilience; ii. a series of 10 transdisciplinary “Educational Projects”
involving ICT and architecture students and focusing on smart sensoring and actuating prototyping, parametric climatic
design and intelligent building solutions; iii. a significant citizen science involving six schools in the Piedmont Region
supporting IAQ (Indoor Air Quality) and IEQ (Indoor Environmental Quality) monitoring and self-actuation actions
improving the quality of their spaces. The exhibition is opened by a final educational workshop/conference host on the
Salone d’Onore 20th November from 14:30 to 17:00

Keywords: PRELUDE, educational activities, citizen science, educational exhibition, interdisciplinary projects,
educational event series, intelligent buildings, A0, IEQ

Programme:

20th November 14:30 -18:00 | 8th Educational workshop/conference: Final Educational event

Salone d’Onore e Sala delle Colonne, Castello del Valentino

14:30 Part A | PRELUDE project and educational activity outcomes (ENG)

15:30 Part B | Tavola rotonda attivita educative e citizen science per le sfide energetico-ambientali (Educational and
citizen science activities on energy and environmental challenges — final educational workshop) (ITA)

17:00 | Opening of the PRELUDE final educational activity exhibition with networking aperitivo

TAvPERE

21st November 10:00-17:00 | Final PRELUDE education activity exhibiti ) : e
Sala delle Colonne, Castello del Valentino 3

22nd November 10:00-16:00 | Final PRELUDE education activity exhibition ~ freeast ::u

Sala delle Colonne, Castello del Valentino o Y

BRUNEL
UNVERSITY,
LONDOF

E' ¢ WE Info & suggested registration for the opening event:

- Jmem https:/prelude-project.eu/education-activities/ ey 8
ol L pres o )
: o B
1 :P'EEL_L"F& 1AINGENIEROS —“ oo
i x5 e | oot S con
E N #‘ @ prelude-project.eu 3 @PreludeEu in prelude-project

‘]"~ ~yiee: 4 reee Ve ¥ 1 Y 5
I'his-project has reeeived tunding from the European loand contacie:

giacomo.chiesa@polito.it

Union’s Horizons2020 research and  innovation
programme under Grant Agreement N* 958345

Figure 43 - Flyer of the final educational exhibition

The exhibition hosted the second student educational group project poster exhibition — see Section 3 —
including the ten project posters and some of the developed prototypes, a recap of the 7t
lectures/conferences of the educational event series, and a series of posters resuming the citizen science
action and the results. The supplementary posters, in addition to the ones reported in Section 3, are shown
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PRELUDE

here below. The previous Figure 43 shows the exhibition flyer, while Figure 44 is the exhibition opening
poster to which the PRELUDE media released poster is added - see the project site'.

PRELUDE T9.5
%5

% Politecnico
¥ 'Torino
o

el

2nd Exhibition: Final PRELUDE education activity exhibition

| educational activities & citizen-scientist

Citizen science, Transd1sc1pllnary pl‘OjCCtS, and

Educationalactivities

Smart, IEQ, ¢climate resilience; and free-running buildings

Structure

DY.7 reports the educational activities conducted during T9.5. These activities involved
students with their teachers of ditferent grades and ages. including middle school and high
school classes (eitizen scicace) and university ancs. Turchermore, dissemination events are
also vrganised and opened o socicly.

The PRELUDT educational works are organised around three main actions:

C.The organisation of a large “citizen science™ action involving 6 schools of the Piedmont
Region in an IEQ (Indoor Environmental Quality) and [AQ (Indoor Air Quality) shared
work. During the citizen science action, IEQ and TAQ sensors have been installed in the
mentioned schools, measuring relevant KPTs (Key Performance Tndicators) aligned with the
PRELLDE works, Furthermore, thanks (o the activation of LEL alerts, students and wachers
have been involved in self-actuation actions to improve the space 1AQ levels. In parallel a
series of lectures have been organised in the involved schools to support the citizen science
au:non motivate the students and show the results. The action not only supports educational

A.lhe organisation of an “Educationul event series™ i g inler recog
speakers within and ourside the consortium to discuss and present in a series of 7
lecturesiconferences for university students and open to professionals and interested people.
Speakers  come  from  rescarch institutions, universitics, and  companics  covering
transdisciplinary visions. The conferences were organised in the hybrid model, being
accessible bolh physically and remotely, while all events were recorded for increasing
accessibility.

“Proactive, forecasting and optimisati hes for imtelligent buildings " Jamary 2023,
“Free-runiting, zero energy bm[zfrm,.x, mxd (hmate corvelated solurions” March 2023 .

“The wban climate dimension: urban heat island and microctimatic issues” May 2023.
“Parametric, environmental, and smart solutions for huilding retrofitting " December 2023,
“Building monitoring, proaciive control Jogic, and smast solutions” Jamary 2024.
“Intelligent building and digital twins: platform, data treaiment, lessons learnt” May 2024,
“Building resilience to climare changes and urban climare issues’ June 2024.

B.The organisation of 10 “Educational projects™ involving umiversity students [rom
architectural and 1CT engineering backgrounds. Projects included both master’s degree theses
and student group works supporting PRELUDE correlated topics, pursuing an explorative
vision and aiming at di inating PRELUDE i into future protessional
generations.

Design optimisation studics and ity analyses via parametric
supporting free-running building and retrofitting;

MEng thesis: Paolo Currisi. “Survogate modelling and Optimisation in EnergryPlus
environment for Smarvt Buildings™

Mdrch thesis: Eleonora Vignani, “Rhino-Grasshopper Energylus Interfoces — Development
of a simple input compiler to siudy s for l ov huildings”

M Arch thesis: Zivan Thuo, “Scripting Arrhuu‘lure. Orieming Farly Dmr;,,n Choices via
Optimisation”
M.Arch thesis: David
and cost-optimal”

imulation platforms

Mecca Cici, “Scenari di retrofit e cost-optimal / Retrofirting scenarios

+ Monitoring ToT cloud. ible system

Eng.group project: Andrea Avignone. Tommaso Carluccio, “Smart Building PMV/PPD
Monitoving Platform and Visual Interface”

Eng.group project: Davide Montrucchio, Giuseppe Anionio Patarino, Dario Ruia, “Mulii
Comfort Citizenciesce Platform™

+ Actuation and operational building management approaches;

Eng group project: Roberto F. Bratu, Lovenzo Brocchi, Fabio Callerio, Jia Heru, Stefano
Viccart, “FRYZZY — Free-Running and Hybrid Building Comfort Optimisaiion via Fuzzv
Togic Alerting™

+ Occupancy profile developments via data analyses;
Eng group project: Song Tailai, Wang Di, Zhao ZLhigiang. “Mobile User-Occupancy App for
Building Smart Managemeint”

bul also increascs the consciousness of future gencrations in TEQIAQ wopics
und in the smart building dimension.

IC “Luserna S. Giovanni” (Middle school), Lusesna S.Giovanni, Ttaly

IC “Foscolo™ (Middle school), Turin, Ttaly

IC “Gianni Rodari” (Middle school), Torve Pellice, Italy

1118 Pininfarina (High School), Moncalieri (Turin extended citv areaj, fraly
Liceo Valdese (High School), Torre Pellice, Ttaly

HIS Fttore Majorane (High Schooly, Turin, Taly

| Educational Event Serics W Citizen Science | Fducational Projects

Conclusions
The educational activities of the PRELUDE project (T9.5) lxaue reached for all three main
actions  rep i results. ing the event scrics, all  the

lecturesiconferences were followed by a large number of people who demonstrated a high
level of interest, llowing the dissemination of PRELUDE topics and results (o a technical
audience mainly composed of university students, supporting the discussion and the education
of the next of and professi working in the transdisciplinary building
domains. Tn canclusion, (he cducalional activitics demonstrated the  importance ol
disseminaling PRELUDE-correlated topics to a large audience. the interest of younger

+Climate change and urban climate data analysis tools, i
weather monitoring system development;

M.Eng thesis: Paoto De Santis, "Colfecting and using weather deta from open sources for
elimete analysis ond building simulations ™

Fng.group project: Matieo Bogoni. Andvea Corino, Tuca De Matteis, Giacomo Sarvia,
“Weather sensoring cloud-connected kit™
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cient ikling Oporatin uliing Keal<I e da far kncrgy Dynaric Optimization — i to suppart advanosd nnovi
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in the Ireated points and the possibility ol mvolving students in significant Lesting
actions. Considering the citizen science, this approach was instrumental in retrieving not only
specitic improvements in local comfort conditions but alse in testing general PRELUDE
outcomes (¢.g. the importance of monitoring. the potential us». ol informed sull'acluauon
detions in low smartness building o support imps ). ing lurge i

and identifying potential challenges or further development lmmuhc\
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Figure 44 — The introductive poster

12 https://prelude-project.eu/media-corner/resource/
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5.2.1

The Citizen science posters report the results of the citizen science action, including a general introduction,

Citizen Science posters

main results and a recap of the conclusions.
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PRELUDE T9.5 | educational activities & citizen-scientist

Introduction of

Citizen-Science Actions

Methodology

Citizen science actions are based on the use of measurement solutions that can monitor Lypical
building variables to detect indoor air and environmental quality and retricve potentially
typical key performance indicators aligned with the PRELUDE project ones. A series of
monitoring systems have hence been acquired and installed in the participating schools.

reproducing real solutions in line with the ones adopted during the project.

To cover all needed requirements and Lo ensure an approach aceeptable to all schoals, the
installed sensors have been selected among commercial solutions. Sensors are described in the
following sub-sections, while the expected data elaborations are mentioned afllerwards.

itori tems need to be easily installed, considering a flexible network configuration
addition and the reduction in the numbu of sensors in cach building to [ollow
citizen science requirements and to support a fast installation process. Sensors are required to
measure 1EQ, fally 1AQ Key Per i {KPls), which help user
engagement when a speeific threshold is overpassed.

Considering these requirements, the Capetti Winecap system was selecled, which is in line
with the measuring solutions adopted in some of the Italian PRELUDE demos. In cach school.
they have been installed a SIM gateway and a series of probes able to cover at a minimum 3
classrooms or other didactical spaces with sensors including LED alerting. Additional sensors
(e.£. TVOC, purticulate matter) were defined with each school aligning with specific activities
and local interests.

Sensors are used to detect indoor environmental variables related to [AQs. In particular, the
users will be activated based on IAQ levels, assuming CO2 as the reference gas — c.g. [1-4].
requiring lighting alerting when certain thresholds are overpassed. In addition, air temperature
and relative humidity are also deteeted for potentially covering a large IEQ spectrum of KPL
which is also correlated to thermal comfort conditions. In specitic cases, e.g. chemistry labs in
a high school or sumple classrooms in middle ones. TVOC probes are included (o potentially
underline the ditference among the use of CO2 or other pollutant sensors, showing the
differences in graphical restitutions. Furthermore, 7 PM10-PM2.5 sensors have also been
installed, focusing on indoor and outdoor conditions to detect potential peaks. Adopting
multi-IAQ variables allows us 1o check several indices in school environments, considering
the Targe number of variables suggested in these cases. However, CO2 has been chasen as the
tracking 1AQ gas to support citizen science alerting.

Involved schools

ix schoals have participated in the praject, answering the open call shared by the Picdmont
i ivision via the lico-active school group. Among them, three are high schools

1“Suw]a secondaria di seeondo grado™, in Ttaly) and three middle schools {"Scuola sccondaria

di primo grado”, in ltaly). Additionally, three are positioned outside Turin, while the other

three are in the Turin extended cily area.

IC “Luserna S. Giovanni™ (Middie school). Luserna S.Giovanni, laly {3 classes 2023-24, 3

thematic classes 2024-25]:

IC “Foscolo” (Middle school), Turin. Traly {3 classes 2024-23 (4 classes nuse sensoring in

2023-24)]

IC “Giamni Rodari™ (Middle school, Torre Pellice, Ttaly — note: former demo B2.1 of the

E-DYCE EU H2020 co-funded project [9 classes 2023-24. 2 new classes 6 classes

(continuation) 2024-

1718 Pininfarina (High School). Moncalieri (Turin extended cify areaj, Italy [6 laboratovies

with multi-sensors, 1 classroom 2024-25]

Liceo Valdese (High School), Torre Pellice, Italy — note: former demo B2.2 of the E-DYCE

H2020 co-funded project [8 thematic clusses and 1 office both 2023-24 and 2024-25]

1S Ettore Majorana (High School), Turin, Itoly [4 thematic clusses 2024-23]

1

ecation wilsing Real-Time datu for
ensrsy wnes, e ol sl

< Optimizaton s o support advanced inovatve. st

Citizen-Science Pipeline

A methadological citizen-science pipeline is cletmed by identifying five operative Steps. In
step 1, sensors are installed in the selected rooms, including « di: with repr

teachers. Secondly, in step 2a. scnsors are Ieft monitoring the actual conditions without any
alerting activations Lo define a benchmark. Retrieved 2-3 weeks of dala, step 2b, a lecture is
given to involved students (middle schools) discussing building 1FQ and TAQ topics. the
PRELUDE project, and the citizen science action; a survey on smart building topics is also
distributed. During this moment. LED alerting is started, defining the sct threshalds with
students. The lecture in Step 2b can be substituted (high schools) with specific communication
with (he teaching stafl. The following step, 3 (3-8 weeks). is the scll-actuation period during
which students will look at sensors to activate manual window operation when the 1AQ
overpasses the threshold ol aceeptability. Alter 3-4 weeks, a slight reset of the thresholds may
be defined together with teachers, especially in one of the schools where personalised
ambitious thresholds were defined during the first year of activily, requiring oo many actions.
In step 4, data are partially to i to teachers the adv. of the
aetion, and oplional restitution is given to the involved classes. Finally, in step 5 (optional),
the activity will continue maintaining the sei ystem active tor more extended periods (end
of the school year), allowing for verification of the long-term impact of sel (~actuation actions.

Step 15 Sensor Lnstallation

POLITO has installed sensors in all schools. In order to reduce potential damages, sensors
have been positioned in several cases at about 2 m from the ground instead of the suggested
.S m height. N hel they a sufficient distance from room ceilings.
Additionally, they are placed on the wall opposite the window side. or laterally in limited
cases, to avoid direct exposure to the direct solar radiation,

Step 2; Introductory Lecture
An introductory lecture has been prepared for the involved Middle Schools and further
customised for the different schools to align with speeific local requirements. The lecture was
performed in all middle schools

excluding the other two high
schaols, which dircetly
participated in the self-actuation
exercise for a lolal of 26 rontal
didactical hours, reaching 33
classes, The lectlure’s main treated topics|
are:

Climale  changes

and  energy
) - c.g. the
Tootprinl, some contents rom ''8.5;

elTiciency

Step 3; Self-actuation Exercise
In all involved schools, CO2-installed sensors host a _
luminous blinking alerting LED allowing (hem 10 be H e A Ml S iss
remotely controlled by setting specific activation
When the CO2 overpasses the
given threshold, the light alerts occupants that the [AQ
level is not optimal, suggesting thal they manually
self-actuate  windows or ventilation systems to
exchange the indoor foul air.

it rspacrs

Step 4; Restitution of Results
Results have been communicated to pnrticipxting
middle schools and students via a devoted second f

lecturing moment or sharing a presentation file with o
relevant Leachers Lo be disseminated (o students. In all
cases, all students using the monitored rooms were
directly  engaged with  their  teachers in  the
sclf-actuation activity,

, and Formfor conditions supportis the
e s

volving students it dillecent school Tevels i
uring educational activitie:

solutions, following and dissectinating Silferent PRELUDE topiv
an educarional eveat series based on the orgaaisation of lectures:

apy and [oT sensvring

<. The work involves the Regivnal educationa] division {Piedmont Regionl, pact of lhe project aduson boaed, Additionally, act |mlws ol the PRELUDL T9.5 includes
nferences on smart buikling issues, climate-free-nning building design, and opezarional solutions.

Keywords: PRELUDE, smart building, infelfigent monitoring, fo1. DIY, digital twin. dynamic building sinxilation, olimate design, duilding oprimisarion.
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Results of

Citizen-Science Actions

TEQ; Air temperature, U-value,.and Thermal comfort

Results Thermal Comfort

Air temperature For ten sensors by [ive buildings. the data measured during (he 2024 neutral and summer

Alr temperatures are measured and are used for a preliminary check on the thermal comfort scasons (0140512024 - 30/09/2024) arc claborated via PREDYCE to produce the EN 16798-1
behaviours. Considering the educational purpose of the siudy. carpet plots were elaborated, correlated adaptive thernmal comfort charts. External temperatures are retrieved by locally
allowing for di ion of the temp differences d among the different building installed meteorological stations. including the PRELUDE Turin demo one. The Ioll<.1w|ng
conslructive typologies of the involved schools, Le. (he summer [ree-running and un-occupied figures comparc the Y?S!‘ITS "f_ the five sch_ools “’“h‘ Summer: ‘2024 tcmp'eraturc-momg)ljed
behaviours of a recent building (built around the *70s) and a historic building (built during the data. Alsoin this case, it is possible (o underline the effect ol difTerent technical characteristics
XIX century). Additionally, measurements also allow to discuss the thermal stratification of of the cnvelope being the high mass ““]"SIl]_ﬂth b_“"d“‘g of casc (a) character I:‘Cd h}{ low
temperatures among the dilTerent school floors. summer temperatures due to the high inertia, while cases (b, ¢, d) have sensibly higher
temperatures. Case (b) has a cavity wall with a 6-cm insulation layer and two bricks. slightly
beteer than the others, double windows, and all classrooms arc south-facing. Finally, case (¢)
has reduced solar gains due 10 the recent retrofilted windows and to diflerent exposures not

directly facing south.

fa)

XIX century butlding

cam=a- e — Piedmant Site

& = 5 7 b s lefi (ground floor)

Representation of the same behaviowss wsing a line chart o increase the readability of the phenomenon. Orange sight (first floor)

and pink lines represent sensors positioned in a *70x building block. while lines green and bue-green are of an
XIX-contury building. Continuous differences higher than 5-6°C can be undevtined for o long summer period.

: b
Tl building,
i Piedmont Site
left (ground flooi)
right isecond floor)

s

Temperature carpet plots in rooms positioned on ihe lefi; a building .,; Ihu o (6 cm of m,\ululmn. mediunt
weight walls) and on the right; a building of the XIX century (no insulation, high thermal mass). The differences
temperature behaviowrs allow to dis the impact tqfrllrrnm/ masse

. R
<l 6 1°C1

(
“Stis buaildling
Titrin Site
tefi (central floor)
vight (lust floor)
w0 w oo ;o w o0 v’ o4

Tempe/umre ¢ urpm‘ plots showing lhe differences among different floors (sensors are puwmnml respectively on B 140 M rec®
a grownd floo; first, and second-floor room from left 10 right). This anclysis helps students discusy the thernsal
it concept: solivaecess dridobstaclabronghishodings:

U-Value
Then, the thermal transmission cloud-connected sct of sensors is analysed. In this case,
measurements are conducted in a protected site, requiring the possibility ol having access 1o (d)
both a free and homogencous indoor and corresponding outdoor wall section. The figures on second half of the
the right show probe installation positions (indoor — an office room — and outdoor — a XY cenmn‘rburlrl;r_:g
semi-conlined space nol heated). The U-value caleulation result elaborated via the Capetti Ll
i i 2 : : ) 3 5% Lefi (ground floor)
I'MA (Iransmittance Monitor and Analysis) software is shown in ﬁgurc on the left. Al he right tsecond floor) i
J wall, a not-insul single-layer concrete block wall o medium (o heavy weight = 0 R e
e

(built in 1996), is calculated to have a thermal transmittance of 2.086 W/(m2K). This result is
aligned with building physical expectations for the given material.

»
results Of U-valie . i e icsasms wisamen o
calcnlations (= V=R sss) v i [T iy
tition T 55
performed via == - I o e
Capetii’s TMA @ F *
clond-connecied tool y L g
(vight) 1 I partially vesvofitted w‘“
s & buitding
> Piedmont Site *°
Capetti’s U-valne I tground floor) =
v st : right (first floor) 6
BT i sensor istallation JRYS 0 10 >0 0 o 1o 0 15 2 10 a0
y i (top lefi and bottom &m (2] B 1°C)

lefiy *Runming wscan lemperatures are based on local weather stations.

ent building Operation uiilsing Real-Tame duhl lurl:n»rgy n,nmm Oplmnuhun—umb 1o support advaneed innovative, smart, Jow-cost solutions supporling ints
others, the prdject prrsues the of energy uses. the s balance, and the .mpmume..mfmmfnn conditions supporting the maximisation of free-rumning huildinc. pnmmh PRELUDE includes
un extensive mulfi-year educativnal and eilizen-sientist uction - T9.5 n\\ul\mg dentsw ieren, sn,lmol Tevels in developing andéuor testing simple simulation and ing platlc I icilities, inlud 10T sensoring
solutions, following and disseminating different PRELUDE topics during educational activitics. The work involves the Regional educational ivision (Piedmont Re sgion), part of the project advisory board. Additionally, activ esof lhc PRELLDE 9.5 includes
an educational event series hased on the organisation of lecturesiconierences on smarl building issues, climate-lree-running building design, and operational solutians.

Keywords: PRELUDE, smart building. intcllizent monitoring. IoT, DIY. digital twin, dynamic building simulstion, climate design. building optimisation.

igen! buildings and proactive aptimisation services, Among lhe
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Figure 46 - Citizen science results: thermal comfort
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Results of

Citizen-Science Actions
Indoor Air Quality; CO,

The collected data are elaborated to discuss the main results of the citizen science action. In
particular. the 1AQ concentration levels are studied 1o verify the impact ol the sell-aciuation
activity. Selected results are retrieved using the MAC of cach sensor to avoid the identification
of the specilic room. A [irst analysis was conducted by simply representing the measured CO,
concentrations on a linear chart via the Capetti Winecap system.

School P_O1:

The generval wend shows thot in several
hours, different rooms overpass 2000 ppm
of CO, conceniration, with some peaks |
between 35004000 ppm in the first year:
This sugggests that improving the 140 level
is weeded. After the LED activation
120/04:2024%), an improvement is visible _
for most sensors. Looking at the new school
Year, the starting condition is worse, while
light improvemens s le for some
classes aftey the latest sevies of lechves
(17/1072024%),

School P_02:
Daia show a general trend in the first year.
with most howrs below 2000 ppim and some ™
peaks in the 2500-3000 ppnt range. Near
the end of the year, higher values ave
reached in limited days, suggesting unique
accupancy profiles. During the current
S.¥, higher values are detected. requiring
wrealer atlention o the LED alerts.

data from the School Year (S.Y,) 2023-24 (from
8A)2:20247 and 20024-25 (111l 24/10/2024).
School P 03: L
During the first S.X. very high CO, |
concentrations  were detected with an
improvemen after the LEDS™ activation ™ |
(24i04:2024%), wnderling how the acti
has the ability to improve the 1AQ levels in
this sehool, windows have been retrofitted ™
with highty performing solutions that afso =
have a very low infiliration rate). In the | o —

3 o SEE
current year, the conditions have improved. ™ 2 . -
B 4 20232
i concanlfabimnseae peducee-ditor: he o /"”" the Scool Yar (S.) 2023-24 (from

new series of lectures (18/10 and 6711%). 840212024 and 2024-25 (itl 24/10:2024).

School P 04:
In this buitding, the CO. concentration is
very good, showing a general trend befow |
2000ppm with most time below 1700ppm.
In the first SY.. onds a few peaks overpays |
3000 ppm. In the cuvvent year, the positive

mend  is maivaived,  and some
improvements are  visible after  the
activation of LED alerts (11/10/2024%).

data from the School Year (8. 2025-24 (from
320245 amd 2024-25 (1l 24/70:2024)

School P 05 7
Classrooms show @ general trend of high

concentrations  duving  the  morning
occtpation hours. with daily peaks above |
3300 ppm. After activating the LEDs
(13:10:2024%), a slight improvement s .
wnderlined. -

datat from the School Year 2024-23 (from 2709 tll 24/10:2024).

Sehool P_06: :
The school spuces are generadly well
managed regarding aiv confinement levels |
fnainly befow 1500 ppmy. except for a
sensor positioned in a crowded classroom. .|
The activation of the LEDs arrived on -
H02024%. and a reduction in CO,
concentrationy i visible after this dute.

Proscient building Operstion u

oz Real-Time duta or Dncrgy Dymlmw ommmuun-mnu o support advanved innovaive, smar, kow-cost sulutions supporting int

D9.7 - Educational activity report

Heatmap

Secondly. data are elaborated (o produce
via  Python coding morc readable
restitution based on heatmaps

representing the CO, hourly
concentrations. In this case, it is possible
(o see that schools may have a general
variation in the local behaviours being the
latter also correlated with inputs that are
not computed in the citizen science, such
as the  school cnvelope technical
characteristics, the occupancy densily, or
the natural ventilation capacity.

The hcamny) visualizes hourly CO. concensration
over time, with howss of the day on vertical and
dates on the hovizontal axis.

In addition, the distribution of the CO,-measured data points is analysed in dillerent periods
of aggregation in order to verify the impact of citizen science with respect to benchmark
periods. Analyses have been refined to focus on the occupancy periods, avoiding the
weekends and the unoccupied periods during the weekdays. Short special holidays are not
filtered. This analysis compares the distribution of time-serics measured data (10-min
inlervals) inside the assumed ICONE (hresholds to verily the amount ol exposure lime (o
given CO), concentrations.

Tinally, the cumulative frequency distributions are also reported for each period to allow the
reader 1o analyse the number of periods in personalised threshold values, Results are given
for the first (School Year 2023-24) and sccond years (S.Y. 2024-25) of citizen scienee;
School Year 2023-24
Sensor B545;

The chart shows a trend of COs
concentrarion veduction over
iime across the measurement
peviods.  High CO: levels
(23500 ppm, dark  red
decrease notably from firss to
ast period, indicating
improved air qualify.

10-min periods
H H

cumuative frequency

Sensor B321;

CO: tevels above 2000 pprr
(reds) are hugely veduced from
PO w0 P2, showing
improvement in air quality:
Periods  with  lower  CO»
concentrations (<1000 ppm,
fight green) increase over ime,

indicating better ventilation g - ]

Messurement periods

(from =457y to =80%j. AT T 170 s

10min periods

cumulative frequency
o

et MRS g

The annual heaimaps for sensors BI43 (lefy) and B321 (vighy dllustrate improvements in indooy air quality (IAQ)
and reductions in COs concentrasions over time. Both heatmaps distinctly display the sunmer holiday periods.
marked by significantly lower CO> levels due 1o reduced occupancy.

School Year 2024-25 T
Senson B31D; 0

5w
The chart illustrates o clear g
improvement i indoor air £

cumulative frecuency

E a0
quuity with a marked decrease & S [0
in sensor LED activations -
(hluey progressively, reflecting pog | -
fewer alerts as air quality e ! 2 e g @ g g g g
v gl [—— g238¢8E8

improves.

Bk 00 10 s

A0 W50 — g ppm

igen! buildings and prosetive aptimisition

cthers, the project prsues e of energy
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the s alance, and the imp
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lilics, includi

slin, il
solutions, following and disseminating different PRELUDE topics during educational activities. The work involves the Regional \dutatwllal dl\ lslon (Piedmont R egion), part of the project advisory board. :\ddmonallv ﬂC(l\’llle nfthc PRELLDE T9 3 Includcs

an educational event series hased on the arg;
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Figure 47 - Citizen science results: IAQ, CO2 analyses
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Results of

Citizen-Science Actions
Indoor Air Quality; CO, and TMOC

Results €O, and TVOC

CO, and TVOC
Additional TAQ types of sensors have also been installed in some rooms in order to discuss
different IAQ parameters. i.e. TVOC, PMI0 and PM2.5 sensors.

In addition, nex( 4 ligures compare CO, and TVOC levels in four sample rooms, showing (he
differences among these two types of sensors. [t is interesting to sce and discuss with students
that several sources, including washing products, may release TVOC and include an extensive

set of pollutants that can be differently measured by sensors with difficulties defining proper
thresholds. In these samples, it is possible to see the TVOC increases during washing time, i.c.
see cases (a) and (b). with dillerent dilution times according (o potential variations in air
cxchanges. lurthermore, special laboratory activitics may gencrate a different trend, i.c. case
(¢), while the presence of a detached mechanical ventilation unit also affects TVOC trends, i.e.
case (d).

I ta

Regarding the TVOC, the following graphs show the measured data by the ten sensors
considering the current school year. On the left are reporled the TVOC, while on the right are
the €O, levels in the same room. Data underlines that TVOC is not aligned with CO,
concentrations; the latter is based on occupants and the previous correlates with multiple other
sources, It can be noted thal major TVOC peaks arrive aller the classroom occupation lime,
potentially correlated to room washing products. Furthermore, the figures underline that the
TVOC are higher in laboratory rooms than in classrooms. as expecled — compare, lor example,
(a, b) with (e, f). Comparing graph (a) and graphs (b & c). it is possible to see that cases (b &
¢), i.e. a classroom with a mechanical ventilation system, are interested in higher values than
the ones of the case (a) thal refers 10 a room with only natural ventilation set in the same
building. Nevertheless, peaks arrive mainly after the student occupation times, suggesting
space-washing correlations.

TVOC (pink Tines) VS (1
ehemical faboratory. and ()
Mechanical Ventilation
The next figures compare CO, concentrations in two classrooms, one equipped with
mechanical ventilation and the other relying solely on natural ventilation. The carpet plot on
(he right illustrates the classroom with mechanical ventilation, maintaining CO, levels
consistently below 1700 ppm, which may indicate overventilation. Conversely, the plot on the
left demonstrates that effective natural ventilation can achieve comparable results,
maintaining CO, levels within acceptable limits.,

Considering the limitations of mechanical ventilation—such as noisc, higher initial costs,
ongoing maintenance, and servicing—this analysis suggests thal, when designed and
implemented correctly, natural ventilation can be a viable and cost-cffective alternative,
meeting indoor air quality standards without requiring mechanical systems.

., concentration frmm«m lmr.'\) m [uw— \ample rooms. (c) uml thi Lr'unmtmn /r.) a

.:’{4"(4'° o l with

(aj Classroom with

oot &
Fara s P
by Classroom with mechanical ventitation

i i wai

el e G2 o e T A i 5 [ P o

Rightj: Showing a classroom's CO, hourly with @ mechanical sustent which maintain
CO, levels betow 1000ppm almost all rlw time. rummm’é"/) suggesiing pummml overventilation.
(Left); a el without @
CO, concentrations within safe limits without mechanical as
This heatmap showcases a well-performing
classroom utilizing natural ventilation. The
results are comparable to those of the -
classroom with mechanical ventilation, with 3
CO, concentrations remaining below 1700 for i
the majorily ol the time. The overall

performance  demonstrates  that  namral
ventilation, when implemented effectively,
can achieve results nearly as good as
mechanical systems.

# W
(f) Chemicai Laboratory

et building Operation v
inimisation of energy

ng Roal-Time duty for Encrgy Dymlmw ommmnun-mnu 1o support advaneed innovative, smart, Jow-cost solutions supporling intelligent buildings and proactive optimisation
the sources balance, and the imp nfmminn conditions supporting the maximisation of free-running building potentials.
an extensive mulfi-year educativnal and cilizen-scientist uction - T9.5 - involving students wdiTrent sn,lmol Tevels in developing nndiuor testing I icilitics, ineludi upps, web services and [oT sonsori
solutions, fllowing and disseminating different PRELUDE topics during educational activities. The work involves the Regional educational division (Picdmont Re sgion), part of the project advisory board. Additionally, activities of the PRELUDE T9.5 includes
an educational event series hased an the rganisation of lecturesiconferences on smarl building issues, climate-free-running building design, and operational solutians.
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Figure 48 - Citizen science results: IAQ, TVOC and COZ2 analyses
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Results of

Citizen-Science Actions
Indoor Air Quality; CO,, PM{ ;and PM, |

10%

Results

PM,, and PM,,

Considering particulate matter, PM10 and PM2.5 concentrations are measured in three
schools, positioning a relerence probe outside, on a rain-protected site. and the other(s) in a
reference classroomgs). It can be underlined that indoor concentrations arc lower in confined
spaces compared (o the outdoor environment because PM10 and PM2.5 productions do not
arrive in school spaces. A high difference is measured between the PMx concentrations in the
two locations outside the Turin metropolitan area (piedmont locations) and the concentrations
in the Turin city site. In (he latter, particulate mafter concentrations are drastically higher, both
inside and outside, as cxpected.

Case | onidoor i l =
oudside Tuvin
(Piedmant locationj

Case ! indoor
netyide Turin
(Piedmont Jocation)
sroud floor

Case I indoor
outside Turin
(Piedmont location)
Sorst floor

Case 2 ontdoor
Turin Cire

Case 2 indaor
Turin City

Cuse 3 outdoor
oudside Turin
(Piedmont location

Case 3 indoor
oudside Turii
(Piedmont location)

CO, and PM

Follm\ ing llgures plot the measured PMI0 and PM2.35 values compared o CO2
concentrations in the same enclosed space to discuss these indices' ability to deseribe air
confinement. It can be mentioned that particulate matter behaviours are not aligned with the
CO, ones, suggesting that these poll are independent of school ¢ and thai CO,
looks to be more representative in supporting TAQ level control during occupation. During the
occupalion, PM growing (rends are not correlated 1o the rise ol the CO, conceniration, which
is a dircct index of the indoor air confinement directly produced by the occupants, confirming
this detachment. Nevertheless, it can be underlined how particulates grow afler the school
period in indoor spaces, suggesting that it is impacted by outdoor trends, e.g. traffic due to
student family movements.

; i 4

PMI) (Orange line) and PM.S (Pink ling) indoor concentrations VS CO, (Green line) values in selected
classrooms.

Conclusion

Many schools agreed to participate while demonstrating a high level of involvement by
(eachers and students during the activities. Resulls are very inleresting, allowing on the one
side to produce didactical outcomes that can return information related to building 1EQ and
TAQ indicators and the intelligent building dimension to students at different school levels.
Additionally, the TAQ level improved in most measured spaces, showing that the involved
people followed the manual self-actuation actions suggested by the LLED alerts. The study also
had the opportunity to reach more than 2000 students indirectly and more than 1400 students
directly involved in the self-actuation, half of which also followed devoted lectures,
introducing them to topics like building energy needs, climate change, smart buildings,
(hermal and indoor air quality comforts, and supporting the dissemination ol a general
background and knowledge (civic cducation) about ILQ and the need to reduce cncrgy
consumptions and correlated GHG emissions. Almost none ol the involved students had
previous knowledge of these topics. On the contrary, in the end, nearly all of them
demonstrated  great  attention and the acquisition of general information  about
building-correlated topics during (he reslitution phase. The study also identifies potential
eriticalitics and positive behaviours of general school buildings in the territory, suggesting
future research lines and the importance of disseminating IEQ and IAQ smart monitoring
solutions to improve comfort conditions.

Among the potential lessons learnt (citizen science), we can mention:

* [AQ levels can be improved via sclf-actuation actions involving young gencrations, allowing
in schools where Lhe level of attention is maintained high, e.g., thanks to specific teachers’
nwol»emenl [} mmlmlce or avoid high CO, concentrations. drastically limiting peak values
and minimi cxposures to Inbh ions.

* The possibilily of controlling IAQ levels via manual window openings is conlirmed.
allowing the increasc and control of ILQ quality in classrooms cven when mechanical
ventilation is not present, such as in typical Italian and Mediterranean buildings, and its
installation is not feasible.

« CO, is a significative gas tracker compared to other air pollutants, being on the onc side
directly correlated with the occupancy, e.g. TVOCs are mainly associaled with other
activitics, not allowing, for example, to ventilate during the oceupation. Using CO, allows to
manage the air age when people are exposed to potential pollutants. Additionally, this choice
aligns with most available sensors, supporting the expansion of intelligent monitoring and
alerting systems in public buildings.

* Disseminating smart building. TAQ, low-energy building. and IEQ lopics and correlated
challenges is fandamental, as underlined by the student survey topics that arc not generally
known, suggesting the importance of preparing new for digital technologies in
the building domain and understanding the energy and the IEQ domains,
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6. CONCLUSIONS

The educational activities of the PRELUDE project (T9.5) have reached for all three main actions
representative results. Regarding the educational event series, all the lectures/conferences were followed
by a large number of people who demonstrated a high level of interest, allowing the dissemination of
PRELUDE topics and results to a technical audience mainly composed of university students, supporting
the discussion and the education of the next generation of engineers and professionals working in the
transdisciplinary building domains.

Lectures treated innovative aspects correlated to different topics, including smart buildings — e.g. adoption
of machine learning techniques, advanced building monitoring and actuation systems including challenges
and barriers, and building management platforms —and low-energy, climate and free-running building
management. The high number of speeches, 25 plus introductions, and the number of involved lecturers
from different countries, universities, research institutions, and companies also represent the dissemination
potentialities.

Considering the educational projects, all the developed projects, both the group works and the thesis ones,
have reached innovative results, supporting the potential development of future publications after the
project conclusion. At the same time, one of the projects has been published in an international paper in
the open-access journal Sustainability, reaching (30/10/2024) 9 Scopus quotations and more than 3460
visualisations. A very high impact for an educational project! The latter demonstrates how all the developed
works focused on innovation and beyond the state-of-the-art topics, answering current challenges in
PRELUDE correlated arguments. Students were delighted, and they received a high appreciation when
disseminating the results.

The citizen science action also reached relevant results. On the one hand, many schools agreed to
participate while demonstrating a high level of involvement by teachers and students during the activities.
Results are very interesting, allowing on the one side to produce didactical outcomes that can return
information related to building IEQ and IAQ indicators and the intelligent building dimension to students
at different school levels. Additionally, the IAQ level improved in most measured spaces, showing that the
involved people followed the manual self-actuation actions suggested by the LED alerts. The study also
had the opportunity to reach more than 2000 students indirectly and more than 1400 students directly
involved in the self-actuation, half of which also followed devoted lectures, introducing them to topics like
building energy needs, climate change, smart buildings, thermal and indoor air quality comforts, and
supporting the dissemination of a general background and knowledge (civic education) about IEQ and the
need to reduce energy consumptions and correlated GHG emissions. Almost none of the involved students
had previous knowledge of these topics. On the contrary, in the end, nearly all of them demonstrated great
attention and the acquisition of general information about building-correlated topics during the restitution
phase. The study also identifies potential criticalities and positive behaviours of general school buildings in
the territory, suggesting future research lines and the importance of disseminating IEQ and IAQ smart
monitoring solutions to improve comfort conditions.

Among the potential lessons learnt (citizen science), we can mention:

e IAQ levels can be improved via self-actuation actions involving young generations, allowing in
schools where attention is maintained high, e.g., thanks to specific teachers’ involvement, to
minimise or avoid high CO; concentrations, drastically limiting peak values and minimising
continuous exposures to high concentrations.

e The possibility of controlling IAQ levels via manual window openings is confirmed, allowing
the increase and control of IEQ quality in classrooms even when mechanical ventilation is
not present, such as in typical Italian and Mediterranean buildings, and its installation is not
feasible.
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CO:; is a significative gas tracker compared to other air pollutants, being on the one side
directly correlated with the occupancy, e.g. TVOCs are mainly associated with other
activities, not allowing, for example, to ventilate during the occupation. Using CO; allows to
manage the air age when people are exposed to potential pollutants. Additionally, this
choice aligns with most available sensors, supporting the expansion of intelligent
monitoring and alerting systems in public buildings.

Disseminating smart building, IAQ, low-energy building, and IEQ topics and correlated
challenges is fundamental, as underlined by the student survey topics that are not generally
known, suggesting the importance of preparing new generations for digital technologies in
the building domain and understanding the energy and the IEQ domains.

Furthermore, potential criticalities to be faced in future experiences are:

In conc

The need to attentively plan all school involvement, considering longer required time than the
ones previously planned;

The potential interest in considering activating the entire school teaching staff or the definition of
alternative solutions, i.e. monthly recaps, to support students in maintaining a high level of interest
and attention to the alerts in the long-time spam;

Potentially consider the use of local monitors or GUIs to give back results to students in an
automatic way, supporting gamification and increasing their attention while giving teachers the
possibility to analyse the class performances in aggregated periods;

Eventually, consider using additional alerting systems, e.g. a larger LED or an acoustic signal, when
a very high ICONE IAQ level is overpassed, e.g. 3500 ppm of CO,.

lusion, the educational activities demonstrated the importance of disseminating PRELUDE-

correlated topics to a large audience, the interest of younger generations in the treated points and the

possibili

ty of involving students in significant testing actions. Considering the citizen science, this approach

was instrumental in retrieving not only specific improvements in local comfort conditions but also in testing

general
actuatio
identifyi

PRELUDE

PRELUDE outcomes (e.g. the importance of monitoring, the potential use of informed self-
n actions in low smartness building to support improvements), discussing large replicabilities and
ng potential challenges or further development branches.
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